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Peking University is the first institute of higher learning in modern China to conduct physical education and
research. It has been nearly a hundred years since Peking University established its physics division in 1913. One
hundred years on, we have experienced the hardships of pioneering, the prime time of the National Southwest
Associated University period, the vigorous development at the foundation of the new country, and the huge
progress brought by the execution of the Reform and the Opening Up policy. Generations of scholars here have
consolidated the foundation for the education and research of physical science and modern science in general in
China with their combined vision, perseverance and innovation. Today, the School of Physics, Peking University

has become a highly renowned research and talent cultivation center for physics.

As it embarks on its second century, the Peking University School of Physics establishes its new goal of
developing into the world’ s first-class institution of physical education and academia. In order to achieve this
goal, we will carry out our distinguished traditions, identify the specific target purpose, construct a scientific and
sustainable mechanism, attract and train the outstanding talent groups, create a free and corporative environment,
develop a rigorous and truth-seeking academic attitude, and cultivate an exceeding and innovative scholarly

spirit.

The root of our work lies in promoting physical research. Based on my understanding of many colleges and
universities at home and abroad, there are quite few whose fields of study can be as broad as ours—both spatially
and temporally—as big as universes and galaxies, small as atoms and quarks, and as fast as attoseconds, slow as
billion years. Research in the School of Physics is not only devoted to the frontiers of fundamental physics but
also to the innovation of advanced technology as well as to the exploration of interdisciplinary collaborations.
We strive to follow the development trend of physical research and expect to make continuous breakthroughs in

the future.

The center of our work is attracting and cultivating talents. We have been engaging ourselves in discovering,
attracting and training leading innovative talents, including distinguished scholars and outstanding young men
and students. We seek to provide for them favorable research and living conditions, a free and friendly working
environment and a sustainable room to develop. It is our belief that the true meaning of our lives here at Peking
University the School of Physics lies in the infatuated and persistent exploration into the infinite world of the

unknown.

To study the nature of things in order to acquire knowledge is a mission that the School of Physics, Peking
University has undertaken for nearly a hundred years. Today, our school will continue to extend our great
scholarly tradition of “Diligence, Rigorousness, Truth, and Innovation” , make down-to-earth, united and
active efforts in order to build our school into a leading institute of physical education and research that not only

plays a leading role in China but also exerts an important impact on all over the world.

Xincheng Xie
Dean of School of Physics, Peking University
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General View of Personnel

' m  ZJf Faculty 191
/ #%5 A\ 5 Research Staff 74

m» 18+ /5 Postdoctoral Fellows 50
m 7B & Office Staff 20

m HAth A5 Others 8

m =4 Students 1591

#ER T 554 Faculty, Staff, and Students 1934

B 52% T 2@ Senior Engineers 35

B 4% T #2 7 Intermediate Engineers 37

m ¥)Z% T*2 )T Junior Engineers 2

B %45 Professors 112

m 2#3% Associate Professors 65 %4 N\ 2 Research Staff 74

T Lecturers 14

B AR} 4 Undergraduates 839
B f+4 M.S. Students 208
{14 Ph.D. Students 544

H 5 AR Faculty 191

=44 Student 1591
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TRERMY

IR IR HT 2L B Institute of Theoretical Physics

o RERSIE 54 RI IR HT 2 A Institute of Condensed Matter and Material Physics
o YRS ZL BT Institute of Modern Optics

s BB TYIENT R BT Institute of Heavy Ion Physics

« S B RYIE 5B T HF 5 BT Institute of Plasma Physics and Fusion Studies
« BRI % Department of Technical Physics

* KX A Department of Astronomy

s XS 515785 A Department of Atmospheric and Oceanic Sciences

o @Y IEZ = i (» Teaching Center for General Physics

o ERHIR LIS = A0 Teaching Center for Experimental Physics

« BT BHEL VL= Electron Microscopy Laboratory

s SEEIBHTZ 0 Center of High Energy Physics

o & 7 #RIRlZ 0 International Center for Quantum Materials

s RIEIE X 5 AR IEHT 2 Kavli Institute for Astronomy and Astrophysics
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AREITPNMNFR=

RIS IR R AT

]

AR

Institute of theoretical physics

ERYEMARMIABZEIRL 15 A, ARER 1A, BIZERZ3 A, DATE L A, TEZHRAEEHE:
BZETFEY. U9, 27YE. 2. BRSERSHITYES, PR TERFNFRAENN

HEEWMERNFHETRE.

There are 15 members in the institute with 11 professors, 3 associate professors and one administrative staff.

The research fields include: string and cosmology, particle physics theory, hadronic physics, nuclear physics,

condensed matter and statistical physics which cover from the scale of the universe down to microscopic scales

of elementary particles.

—. SARFAESR T RHEAL_E A AR B 3 )% (NRQCD) RS

ES R BEYVERMREFCNNFENEE
. WEAEMRRBRI O N FERFXNENL
FEARE A AR B BM L2 A ER KR —
ERESRBEVETRLANER. E5HH
BB SEABIESEAE (LO) 5XGLkH (NLO)
BHPAEE (pp) HELBEKLIBEER T -
R JRF 3 $E A Tevatron U EE/N— P EE RN
. Braaten % & F NRQCD g H & /\ & &L H/,
REBRBEEIR, BFRMSNV 0 AERL,
5 Tevatron WER I/ v EXR RN B FAER
BT IE. 2011 FRXO0 A BIRANE LR L D
F. F 9 [Y.QMa, K.Wang, K.T.Chao, Phys. Rev.
Lett. 106, 042002 (2011)] i& it & % M AF 52 4 T,
P g 8 /\E 75K NLO SUBk iR EMEIEA, BidX
T p DTHIRRITH, MLO B p* %3 A NLO
Bp, NMEHENAESNESHEHES L
FIgE, BIREBRAESEMNPEAERNR 3
N NESEETH 2 MR ERMEEES, TR
% Tevatron NS REE, BATFHSHIRON KR
BT XA LHC E RKEMEHE St /F CMS X
ATLAS )M 845 R (s E1AE 70 GeV) —F.
2012 FFF Vb A TEAI [K.T. Chao, Y.Q.
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Ma, H.S. Shao, K. Wang, Y.J. Zhang, Phys. Rev. Lett.
108, 242004 (2012)] , P g @ /\ESHTTEA N TR
thIEFEE, HOERMAS 2T T HUE kK
HEE-ZEASS HE/N\ESMBERMCATTE, A
M TREERPUERMEA TS, XBAS
2011 FTEFABRIM 2 MEBETE MRS, TR
BRIEXR E RIS R, 5 Tevatron Runll £
EXFEG. B AT, TUERNRFE
M EXESE /b £ A E MR BE W i#
B, ANXBEEEHE—FNS.

Tevatron SLIG A T PR BER x (J=1,2) U/~
SEHBEEEERER=0(X): 0(xe) A4 075, /)
FLH NRQCD fyfi = 18 5:3. % NRQCD X
S BIRFZE & BA [Y.Q.Ma, K.Wang, K.T.Chao, Phys.
Rev. D83, 114037 (Rapid Communication) (2011) ],
HTPE~EHENENENTHITHEEART,
B PEEBESE S EE/N\EDZETUEREERD
HBER, AN PEEMBE xo(=1,2) &%
BELENSEESH — B RANBER. HittHE—
#% LHC £ P REBERABHELLAMENTS, A
2012 FHEFNLWERAEIE.
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I. Charmonium production at hadron colliders and nonrelativistic QCD (NRQCD)

Heavy quarkonium physics is one of the important
fields in the study of QCD. How to understand
the production cross sections and polarizations of
charmonium , e.g., J/ b at hadron colliders has been
one of the most challenging problems in quarkonium
physics, since 1994 when the J/ b surplus was
observed at the Fermilab Tevatron. The calculated
cross sections at leading-order (LO) and next-to-
leading-order (NLO) in the conventional color-singlet
model are smaller than data by at least one order of
magnitude at large transverse momentum (p;). The
color-octet mechanism proposed by Braaten at al.
was aimed at resolving the cross section problem but
predicted J/ ¢ polarization to be transverse at large pT,
whereas the observed J/ ¥ is almost unpolarized. Prof.
K.T. Chao and his collaborators [Y.Q.Ma, K.Wang,
K.T.Chao, Phys. Rev. Lett. 106, 042002 (2011)] find
that with all color-singlet and color-octet S-wave and
P-wave contributions considered the NLO color-octet
P-wave contribution plays the crucial role to enhance
the large p; cross section by changing it from p,° at
LO to p;* at NLO. By choosing 2 combinations of 3
long-distance matrix elements the Tevatron J/ b cross
section data can be well described, and, in particular,
the predicted cross sections at the LHC are consistent
with the most recent measurements at large p; up to

70 GeV. The group further studied the polarization

problem [K.T. Chao, Y.Q. Ma, H.S. Shao, K. Wang,
Y.J. Zhang, Phys. Rev. Lett. 108, 242004 (2012)] and
found that with the determined 2 combinations of
matrix elements the transverse polarization component
is almost cancelled out at large p; between the color-
octet S-wave and the color-octet P-wave contributions,
which results in nearly unpolarized J/ ¢ . Thus the
Tevatron polarization data can be understood and J/ 1
polarization can be further predicted at the LHC. The
above works may provide a way to resolve the long
standing problems of J/ b production cross section

and polarization at hadron colliders.

At the Tevatron another puzzling result was also
observed that for the P-wave charmonium x
(J=1,2) the production cross section ratio R= o ( x ,):
0 (X »)=0.75, which is much smaller than 5:3
predicted at LO in NRQCD. The group studied the
NLO contribution [ Y.Q.Ma, K.Wang, K.T.Chao, Phys.
Rev. D83, 114037 (Rapid Communication) (2011) ]
and found that the color octet S-wave is no longer the
dominant contribution as at LO and the color-singlet
P-wave contribution, which is enhanced at large p,
at NLO, becomes significant. A partial cancellation
between the two may provide a natural explanation for
the observed ratio R. The predicted values of R at the
LHC have been confirmed by most recent experiments
at the LHC in 2012.

T B ST OR R T PR RS T T R R AR IR Gk B QCD B 1E

. A28 LHC L3 HME RN BB E T
st

KHILIK, AMNESRHEI, EARKNTH
EERNTMHERKRTERN T YEFNEL
Bz —. FAVERES, XPHENHTRE

ARG LURIL. BAMEN, SERSHERTT
EEMEBVERENAEERN, SRR
IRTIERMER T BEEEIR, BAHILER/),
ENTEE=EENSEAIA. Fit, 2HF
IBEYVEFRAENEDNSEDELE T (M
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HAFEER B T 2 EE R Tevatron F1E M
ZFHRFPOHKRESR T ITEN LHC &) —
BES NI HEIMEXE R MERFAERNLE I
B, ZFAMEA (Phys. Rev. Lett. 107, 092002,
2011) XABRBEANAEZFHAAR TINE R
PIEORRTFERSR (REMES) NE#E, S
7B LHC LTS m N\ E 2R TR TN E
kRGHEMS® QCD R BERME K/NHIEH
BIRME. GR*&xH, EXE T Tevatron fy L
REAENREBRERNNEREHT, B17
7ETTeV UL RBEEM LHC ER BB/ IR E
ZE?&L%T“TSO KFELEZDNE R RS
SRR ; WA, BEXREY, FMARSETF
B 2 b FE ST Bk X 4 tug Fl teg FNFE S
LHC HJ ATLAS #1 CMS 5235 4H 2 %33 (Phys.
Lett. B712, 351, 2012; CMS-PAS-TOP-11-022
(arXiv:1209.3489) ; ATLAS-CONF-2012-056,
ATLAS-COM-CONF-2012-028) H1¥ [ 7% X 45

R, TEANBIESBRAIRIE1EE.
2-5 T L] T T T
T ——LHC 7TeV
20 fb_1 \----'LHCMTeV
>
2 15}
S
o
5 1.0}
g
05
() [) i b
0.0 02 04 06 08 1.0 1.2
Kktug/A (0.01 TeV™ Y
E—: LHC EARERUCAREENRATE TESo

KFE LRI EBEHIXE,

Figure 1: The 50 discovery limits of the anomalous
couplings for the LHC with different c.m. energies and
luminosities.
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2. LHC 7 QCD %t
eEt|

B LML tERESmRVEY /G, Eibi
TYHEZFFNAARRRENTENETRES
LZMER. ATSRMNERRFRS, MENM
KR KRR RN fEE LHC 1517, A&
HTH—TRERESRAMPEMNALE. TEE
fff522H (Phys. Rev. Lett. 106, 142001, 2011) 25 H
THEATRNESES=EUMAESHN LHC £H
BBLT A ENERIERME , KT ATLAS
SLIG 4R R A QCD WE =41 K B FrfUES
RAETT TP ENNY, BHEREER
CMS LWHLHNEnE SR E LR TR,
X—ZERGFLBRAE LHC L IH=THES
LEMRBER, HMBEAMMIORERY RE
MHEIIAIR. LHC 1y CMS LB HAE R RN X

(Phys.Rev.Lett.106,201804, 2011; JHEP1205,
055, 2012) qﬂiﬁﬁlﬁﬁﬁzxﬁ%, M s
TER T —BEREMHNEEREM TR, =
EEE@T@iEmT&j\JLbX’%*T’E%O £ CMS =2
WHNEXEE, NFEEMRASMININE
IR R AR B X EREF T H 7805

“We would like to thank J. Gao, C.-S. Li, J
Wang, C.-P. Yuan, and H.-X. Zhu for useful discus-

sions and for providing the program to calculate the

DMK FEELRREERE

contact interaction predictions with NLO QCD cor-

rections.”

—10
- - WS

g[8, 340 Tt

an [
25 39 15 48 43 5D S0 B3 BD B3 TOD TS A9
A{Tev) A (Tav) ]

E2: Al p BERESHESR A NTHER.
H e LO 1 NLO1 (2) /\“Mﬁ%wﬁ%ﬁﬂﬁw (X5
ﬁ) KGELHY QCD B

Figure2: as functions of the compositeness scale .
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The LO and NLO1 (2) curves represent the leading

and scaled (exact) NLO results.

I1. Anomalous Top Quark Production and Quark Compositeness Research

1. Searching for Anomalous Top Quark Production at
the Early LHC

We present a detailed study of the anomalous top
quark production with subsequent decay at the LHC
induced by model-independent flavor-changing
neutral-current couplings, incorporating the complete
next-to-leading order QCD effects. Our results
show that, taking into account the current limits
from the Tevatron, the LHC with TeV may discover
the anomalous coupling at 5 level for a very low
integrated luminosity of 61 pb-1. The discovery
potentials for the anomalous couplings at the LHC are
examined in detail. We also discuss the possibility of
using the charge ratio to distinguish the tug and tcg

couplings.

2. Next-to-Leading QCD Effect on the Quark
Compositeness Search at the LHC

We present the exact next-to-leading order (NLO)
QCD corrections to the dijet production induced by the
quark contact interactions at the CERN Large Hadron
Collider. We show that, as compared to the exact
calculation, the scaled NLO QCD prediction adopted
by the ATLAS Collaboration has overestimated
the new physics effect on some direct observables
by more than 30% and renders a higher limit on
the quark compositeness scale. The destructive
contribution from the exact NLO correction will also
lower the compositeness scale limit set by the CMS

Collaboration.

=, PSR S T Al P R S A SR B N A o R B 1 R

Veselago 7£ 1968 FEMIB L FFE T HEHEN
PTE T BE 1. 3T ST 2001 £ R0 F R AR
LI HELUERE. 8728 BRLUERAEERH
R BT AN E FRIZBEEFHRAE .
B 7 1945 £, Mandel’ shtam Z 15 H 13754 2
EENBEREFNERMER. Bl FEIILF
kM RAR T —. R ER - HEBREHNRT
EHSEINE P AN KB F 0 AERRE R #1178
— N EieBieS . FAH ST ERSRNATME
fE. Bie-EBRERNSEHAWMESH LI,
HEFRRCMHARXEREHRARER. XFMH
BMESHNEHIR® T B FERRBFERS I
PRSI RAER . KUFHFREPROAT

5, FHINERETRETHEBREBTR
ATE. SR, ESAMNEBANTE
SETREANETIENRRERAN, ©8
BREBSE RFZ2HEERY, MAEESR
AR RRE . B RERETHEENE
SIERS YRR N ERREAARASE
ERHFEI, UETERRISMAREE RN
BUR BRTEEAHFEL) . ETRHESH
HE, KEILRRFMERNITA L KKFHR
A R AR BA I B R A4 B 12 [ B HY S
TREHNDATANGIR, FEHRAEREBE - g
BEFSFEERNFRERPRBLETRT 8
FHRERRS . FBARUM “HHE” FiE, 3]
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DR T ERRGMRS 87 KR SRR
AR EENAERER, ARESHBFER
RENGERSEEFSEARRENE THIE
FHE T EERERIANNNY . X—ERFFE
EFEANFIRTAENLBTERRINE
EARREENFMNE T HFZ AN ERAM
TX—MHEEEMAER S E AT ES.
HEERE BTN ISHR R @B, A
B & IUA B BT AIZ N B B B R FMF IR B,
HAREFEEBETHLITUSTERELEIKX
R&fe B—MREXUAERARNG / BFHRERE
BB E L EIUR R ZSMEH T X—iEE.
FARMERERFNEREERBEN M
FSURBERESH. BINNMTRAERFET
NERRHMEANNED RFENEZAHEET
HE LI, B SsEHEHEIEA &R TIRE
R, £TEBNAR5MNATT B RIEHE AL FRIE,
X MR T RE A BRI EN BT 8
THEEEERNEARN. MREBELEXBZE

FREN, IMHARESSENERIERT
FAIREBELBH BT R H & B IEEE Veselago
BT A EAIER

B ES

[1] B. Lv, C. Zhang, Z.S. Ma, Specular Andreev
reflection in the interface of a two-dimensional
semiconductor with Rashba spin-orbit coupling and

a d-wave superconductor, Physical Review Letters
108, 077002 (2012).

[2] Y.S. Ang, Z.S. Ma, C. Zhang, Retro reflec-
tion of electrons at the interface of bilayer graphene
and superconductor, Scientfic Reprots 2, 1013
(2012).

[3] B. Lv, Z.S. Ma, Electronic equivalence of
optical negative refraction and retroreflection in
the two-dimensional systems with inhomogeneous
spin-orbit couplings, Physical Review B 87, 045305
(2013).

III. Peculiar retroreflection of electrons and specular reflection of holes in
heterostructures consisting of semiconductors and superconductors

It is of interest to investigate the electronic analogue
of the electromagnetic phenomena of negative
refractive materials, which was predicted by Veselago
in 1968 and had been demonstrated in microwave
scattering experiments in photonic crystals in 2001.
As carly as 1945, Mandel'shtam identified that the
negative refraction is a general property of waves of
any nature with a negative group velocity. Recent
experiments in the low density semiconductors with
a strong spin-orbit interaction (SOI) discovered that
all electrons can be restricted in one of spin-helicity
bands. As the topological distinction of Fermi surface,
the SOI modifies propagating electron modes with
the appearance of negative oriented states, whose
Fermi wavevector and the group velocity emerge

antiparallel to each other. The occurrence of negative
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oriented states provides the link with an electronic
analogue of optical negative refraction. Similar to the
negative refraction in photonic crystals, the negative
refraction of electronic beam can, therefore, be occur
in the inhomogeneous spintronic systems. So far, one
firmly believes that the electron after being incident
obliquely on the flat surfaces of heterostructures will
not retrace its path so as to move retroreflectedly
after suffering reflection from the surfaces. The
retroreflection of electrons is a rare physical
phenomenon in nature with the exception of normal
incidence and is forbidden due to conservations of
energy and momentum of electrons in the scattering.
Based on the existing negative oriented states, our
team of researchers from Peking University and

University of Wollongong has revealed the first
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obvious instance of realizing electronic retroreflection
in the hybrid systems made of semiconductors with
different SOI. Utilizing the ray equation analysis,
we established an intrinsic connection between
the retro-reflection and the relative orientation of
the wavevector to the group velocity of a reflected
electron. The existence of electron retroreflection with
negative oriented states represents one last missing
piece in the quantum transport phenomena of a
semiconductor heterostructure. The result show that
avoiding the violation of the momentum conservation
rule represents a conceptually simple yet astonishing
example highlighting one major difference between
classical mechanics and quantum mechanics. With
considerations of opposite oriented characteristics
in electron and hole states, we also found that the
specular Andreev reflection is entirely possible in the
low density limit, where the equal energy surfaces of
electrons and holes are topologically different. The
finding provides another evidence of specular Andreev
reflection besides that in a graphene/superconductor
interface. The qualitative distinction is the specular
reflected hole is in the valence band for graphene while
remains in the conduction band in semiconductors.

Because of its potential applications in future

a. R BT

WRYELMFTEAMRRYE, RNIER
MHFEPHNASYRITEERTSRETT
NBETNERENESR, RELHRENSAT
SENTORE, FlMEHAEERSSHEEER
GH—. EFERDEATFHRIIR, ZMERFH
N FRIRA FAEXNFRIE. R EEE 2 1015 K
(LB GeV) BERMR, K4 BIFXIFRIEMER,
SRRBRE (BRZARRE) , EBXTH
Br. PrERAEBRTHNRERAY — &S

electronics and optoelectronics the bilayer graphene
has attracted considerable attention. Our studies show
that both retroreflection of electrons and specular
reflection of holes can be allowed to occur. The
potential of valley-dependent transport characteristics
in application is  tremendous due of the feasibility
to tune its band gap with a vertical displacement field
to break the inversion symmetry. The appearance
of negative transport fluxes can be used to focus a
divergent electronic beam in multilayer heterostructure

or as a valley-selective Veselago electron-mirror.
Relevant references:

[1] B. Lv, C. Zhang, Z.S. Ma, Specular Andreev
reflection in the interface of a two-dimensional
semiconductor with Rashba spin-orbit coupling and a
d-wave superconductor, Physical Review Letters 108,
077002 (2012).

[2] Y.S. Ang, Z.S. Ma, C. Zhang, Retro reflection
of electrons at the interface of bilayer graphene and
superconductor, Scientfic Reprots 2, 1013 (2012).

[3] B. Lv, Z.S. Ma, Electronic equivalence of optical
negative refraction and retroreflection in the two-
dimensional systems with inhomogeneous spin-orbit
couplings, Physical Review B 87, 045305 (2013).

%, XHFREBNRLERN, LMV, BN
m%&w*@mﬁﬂ$ﬁ$&ﬁﬁﬁﬂﬁwﬁ
EYEEEEZ4 1012 K (FH MeV) £4
T, RERFNH. EARFMRFERTE,
XESTHRETESIAILE MeV. BEHF
AEXTFRMERE RFRA S 2R, IANARETE
% (QCD) MIEMIMM N . MBSHETH
MEEH, XHFENECIERATEMNAET, Fit
@Dﬁ (FERBEEERYRIBEE) WA
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EFRRTZYE. NTYIE. P ERTF
HY S HEOTNERNRSE . Fit, fL/LF,
MEZ Y EN R AR T ZERANTR
THEEFEETAX NG, FF7T 2011-2012 &[5
BUSRKHR.

I BRRFENMEEREAUENE R -
By EERTAEE

HEZ ML . A5 QCD 3, &%
Uk AIEMIL QCD, BIX BHEEIRELR LG
HEAFUENREERRMESTZ2NLHAATR
77 E B M . QCD #j Dyson-Schwinger (DS)
FRFEHINHZER “ILFE—HNERNES
FAESFRMBE G B 2 A/ 5 |4 R B S
&7 . BEDS FREE—HESTHREBTHNBE
RO HREE, HEEKNAH, FTEEZHE QCD
PERANRENEN AR, FEVHANHBER
BFEBEFEENER - KT HEERATIAR
B, ZRBENARAREGEENRE—D
TN EEZY @ (B Ward-Takahashi 8 5 =
R XBcEERN (FEEZE, EEFTM
THEFERNARET 5= - KRFBEEE
FBTR AT, HIEFAENRMES) HEREGES
(B9 TRBEEREBHMMBENR T BWMIE,
NZF R EHENDENFIZE WE. X%
REFRAE (WEZ IR RIR)  (Phys. Rev. Lett.
106, 072001(2011)) £, ZIRE AL DUF LR
ARBEAFESEEN—ERE —NLINE
ENANRTFEREFER, ZRBERNNT S
—WRTA SRR, W T IUA HBERR T
NEEH;TH, FEEBRENTERNRE
I ZE. % DS 7718 SFEL 5 F Il T #J Bethe-
Salpeter (BS) FiME% &, ANANTIERT
BHESNFHRENREERS MR, TR
AABARARESNERENFHMER, LG8
MEALBTF I BRERSHIURE. EF
WA ARAE (DIEF2FIL C)  (Phys. Rev.
C 84, 042202(R) (2011); Phys. Rev. C 85, 035202
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(2012)) £, XM TERE T EXRBABFEESE
B RIEANREER 973 TIE A FE 8.

2. RALBEEIFHHE T L RAVHTEL QCD
GELES

BRGNP REZNF EEM RGN
HE%E, BEEEFERERT, AMBREEET
FHELHRGNARNRNEE, MNEgEH
BEHEEN. BE, ETREHT, REXR
AHRTNRRTEAR, HhFRihs Eh—R
L E ZRELSESITEARSRAELE
HEFRER. QCD HEFRZEHFEMFL S,
MRGFE, ENEARMAREXHRPHZO
Bz —. AFEIFMI QCD EL T 5% QCD
HEEERAERELR, ZRAASEEE]
e W FAEMAAERANE, WH—ENTFERLE
MALHS EBERIELS L (LhRAISE T
=) RIEZEBRAREETAREI TR 7
B, WIRMEE, TEENFERLEERL
% ENREBRSEZE, ¥—REBE, ~E
HNFERUEETRRESEKE. T&, FiE
W EAFANTUBE R (R HEH
ESDENALR %, BT NHE —RBE
FEHFX, MNTLUEHTHEEMRTHIERL
mo MAX—H4E, NMXAEDS FiEAE NS H
7 QCD LRI %k, R#E 7 HInRL
= WARHARA “Quakyonic” AHHYFEX FR{E
MAZEANTFELRR—RETHHFXH
RS, RIAT AT AE A G HBEEEZH
g 524 S AL B MPIENLE . BN REREARE (D)
T kR ) (Phys. Rev. Lett. 106, 172301
(2011)) o oS, RENFREFHFNFSEA
HREMABENSR, SEBERESAKS
REYE N REN— s IZEREFENE
N E % (Phys. Rev. D 86, 114001 (2012)) ., X
TR TEREARNEZESE ST HMAH
#6973 T H T BN
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IV. Study of nuclear theory

1. Models for the effective gulon propagator and for
the quark-gluon interaction vertex which includes
not only the longitudinal but also the transverse

components

In order to investigate QCD phase transition
sophisticatedly, one must take the nonperturbative
QCD approach which demonstrates both the chiral
symmetry breaking and confinement characteristics.
The QCD Dyson-Schwinger equation (DSE) approach
is now believed to be the “almost unique one”

to hold these features simultaneously and naturally,
since it provides relations between all the Green
functions of QCD. However, the QCD DSEs are
an infinite tower of coupled and nonlinear integral
equations. To make use of the approach in practice,
one must have appropriate truncation scheme and
models for the effective gluon propagator and the
quark-gluon interaction vertex. The researcher of this
group, working together with collaborators, proposed
a quark-gluon interaction vertex which includes not
only the longitudinal part (constrained by the well
known Ward-Takahashi identity) and the transverse
part (very important but less known, since one still
does not know the constraints explicitly). With such
a vertex model, it shows that the constituent quark
holds observable anomalous color/electric magnetic

moment due to the chiral symmetry breaking (then,

o e, CEP - (0A2040)GeV 1 o
012 - e :"‘"‘ 042f e CEP= (M0 14GeY [
0.10 PF 010 .~
4 . S SS—
g 0.08 Criral symemetry restongd 3 008 =
2 a06 i Craral symenelry beoken )
. £ o0 )
0.04 a4 JEA
002 ® 002 [Coamsnca], |
: \ ()
L1 A
0.00
00 01 02 03 04 05 08 0,00 0.05 0.10 0.15 0.20 0.25 0,30 0.35 040
u[GeV] 1 [GeV]

QCD #HE; A — FEBEANFEENEETH
QCD 2.

such a model is denoted as ACM model). It may have
provided a mechanism for the anomalous magnetic
moment of nucleon. This work has been published in
Phys. Rev. Lett. 106, 072001 (2011). For the effective
gluon propagator, Collaborating with some colleagues,
the researchers in the group also proposed an explicit
expression for the effective gluon propagator and the
rainbow-ladder kernel for the Bethe-Salpeter (BS)
equation, which can unify all the having existed
models. In every respect tested, this model produces
results for hadronic observables that are at least
equal to the best otherwise obtained in comparable
approaches (Combining it with the covariant BS
equation, the ground-state, radially-excited and exotic
scalar-, vector- and flavored- pseudoscalar-mesons are
studied in rainbow-ladder truncation. The properties
of the ground-states are produced excellently.
The inability of this truncation to provide realistic
predictions for the masses of excited- and exotic-states
is confirmed and explained. Possible scheme to solve
the problem is proposed). Moreover, it enables the
natural extraction of a monotonic running-coupling
and -gluon-mass. This work has been published in
Phys. Rev. C 84, 042202(R) (2011) and Phys. Rev. C
85, 035202 (2012).

2. Criterion to identify the phase transition and to

determine the critical endpoint, and the QCD phase

44 | Bi-annual Report 13



ARIIPINRRZR | Highlights

diagram

Conventionally, one studies phase transition by
analyzing the effective thermal potential of the
system. However, it is very difficult even impossible
to have the effective thermal potential as the complete
nonperturbative nature of the system is taken into
account. Then the conventional approach gets
impracticable. For phase transition itself, one has
known that the phase transition may be in different
orders under different conditions. The state separating
the first order and the crossover or the second order
is referred to as the critical endpoint (CEP). For the
QCD phase transitions, besides the phase transition
boundaries, the existence and its location of the
CEP if it exists, are highly concerned and debated,
and then become the main project of the current
RHIC energy scan experiments and future FAIR
experiments. To study the QCD phase transition with
nonperturbative approach and shed light on the QCD
phase diagram, the nuclear theory group establishes a
criterion identifying phase transitions based on chiral
susceptibilities. It shows evidently that the chiral
susceptibilities of the two phases diverge at same state
for second order phase transition and crossover, but

at different states for the first order. Then the criterion

BRERSIE SRR R A

of chiral susceptibility enables one to not only draw
the phase boundary lines but also locate explicitly the
CEP in the chemical-potential/temperature plane for
strongly-interacting quark system whose interactions
are described by any reasonable gap equation, even if
the diagrammatic content of the quark-gluon vertex
is unknown. As a consequence, the QCD phase
diagram and the CEP are given in the DSE approach.
Meanwhile, the so called quakyonic phase — an exotic
phase where the chiral symmetry has been restored
but the quarks are still in confinement, is just the
coexistence states of the first order phase transition.
Furthermore, with the model dependence of the phase
diagram being analyzed quantitatively, it is shown
that the physics mechanism for different theoretical
methods having given distinct locations of the CEP
in previous studies is that the models took different
confinement length. This work has been published in
Phys. Rev. Lett. 106, 172301 (2011). In addition, it is
proposed that the sign of the mass square of mesons
can also be a criterion to identify the stability of the
phase. A QCD phase diagram on the plane in terms
of the coupling strength and the current quark mass is
given and an intuitive picture of the dynamical mass
generation is proposed (Phys. Rev. D 86, 114001
(2012)).

Institute of Condensed matter and Material Physics

RESYE 'ﬁMﬂ%Eﬁﬁﬁﬁﬁfﬁﬁ%ﬁ T 63 A, H%iE18 %,

BZ%20%, Himlz, T8

BARARI8Z, BAHIRR 6B, MAGNHBRELETFSEYEMEM, BRESER, BAFESREK
S5¥&tTs, XKAYESHERHERS, SEBSEXEMRIMEL VESHEM, PHREMNR
@Y, WRESYIE, DR EMITARIEEL .

There are 63 faculty members in the institute, consisting of 18 professors, 20 associate professors, 1 lecturers,
18 engineering technicians, and 6 Bairen research professors. The research fields covering a wide range include

Devices and Physics of Wide-gap semiconductors, Condensed Matter Physics, Nanosized Semiconductors and
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Optoelectronic Physics, Surface physics and Scanning Tunneling microscopy, Physics and Devices of High

Temperature Superconductors, Low-dimension Nanostructure and Physics, Soft Condensed Matter Physics, and

Physics of Magnetism and Advanced Magnetic Materials.

—. RS MO T 5 IR R A

GaN E B HH ¥ SRR EE TEMM RN R
HEBESRER. 28877, BURBW. hEAFXM
HBENEFEEG MBS, EMEX,
A fE GaN EMf R s E AR T — R 50T
RIME, ERFKIEBT ZTEK 973, 863, Hi
DK EBRBE, BUSHARR 2 ENE THE.
THRIESFEMMENT AR, LB GaN B4 K
#1#}, LED, LD, #NHEN BEMRMAER, o
HIRIh Z MR A R AT AR 1, R ISEE 7 &R
PSRN, FEXS E R E B T £ BTk
REERFARX S0 £k, TERIAE:

(D) BT R, ARAR R E AR A K
BIORR 2B FEIRE T 2 51 370 BUKER A X
% GaN #fJ;E, XRD #2445 R 2 BRERNIRE
NEBFESER.

(2) f F GaN #E4R A [5] i #h 5 LED 4544,
4| H S WHACERE R LED, 2 BaTE RSO # .
EHEMLED G AHEMRAKERSHBEMNZ—,
LED F & XK E L34 %) 110lm/W, LED g 70
o M4 E R AN FREKFE

(3) FLEMMNREELIDKEE, BE
AEERE 7x105 cm-2, LEEEA LK 34 N ER
79 GaN SME f, Z4E R APL R GRIW ERZE
Z #¥F]) {compound semiconductor) M 514 “Slashing
Defects In GaN-On-Sapphire Films” #4T3R18.

(4) ¥ AW A4S InGaN, AINFFAEDEK
GaN fRIERE R TSI 7 B OC RO R B FI & A 8 0E
NEEY, Btas ik 434nm, EERTEANE —X
SLIME R R R

(5) BIhEIM T EEMAEEAFE, LED &
JeMmITix =, #5) LED AL B, 3
MRV EETTHENNA, EEEM R TIER
RERENCBIFRGE, MRIEACERFERRAE
KRR EER AL,

(6) KE7T—FET AIN/GaN B RIFHENE
BRI %R, BEMSIHEAERE S, REE
FIRGPFEELE, BERERFRFERN AlGaN/
GaN 2 7454, U & LM ThH) & BB ash
WER T aEkE (ISBT) 2 FHHEM S RA 2S¢,
7EE PR E RS 2.5-3 UK B B B £1 M R o6
BRES.

(1) FIAMBE BT BERFEAEKES
Fig InN B, BFFRITFHEIK 3280 cm2/Vs,
EEFLESHRENESE. XU INFHERR
HFREENY BIEE/RMY (RSHE) 5|&Rie
BRBEZENm, FEXRAEFREENERRNE
MERBERMABEX.

(8) AMOCVD FiAfkBasmEar &gl
fic In0.18AI10.82N SNEEZ, HEWEM EEKSRE
M7 KA InxAll-xN/GaN & 454, — BT
(2DEG) 3R E =3k 1.95X 1013cm-2, Z=BEIFH R
£ 1340 cm2/Vs, KB RI P E X EE
S REMP YR E] SdH k5% FEE £ /Y 2DEG W ¥
™. ML _EFIA In0.18A10.82N/GaN 5 45
MPhARVELNEERHRBRERNVLEH .

(D AETRITHEEZESHHZENERSGE
Al b, WEZEnF GaN FEAR AR EHSTA B
REHEAMS BSUR, FHIA GaN R f T
FHEZALZERTHANRERRERZEFE A
S AN N AR AER AR ERL.

(10) W 2L %] AlxGal-xN/GaN 5 Jiu 25 49 71 5
PERERMNSBNREBRCBMN, HE
H B REER IR RN A ~10-19 10, [EERHMEE S
JepEs R RIEE/RBIEA ~10-6 (K45, ZTI1EA
AR RMRYREM R B e B /RN AR B et
RETHALE A%, BNRE—FETARRE
ER N (AHE) A3 B e B /RN E B ey 3R
A, RINNE T AlxGal-xN/GaN F Fi4544H
2DEG Hy B Hed B A .
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1. B EEAKXA
| | F74hTE HVPE 4 K 2
B e e e #~F GaN B XK.

AR Y AL . Figure 1: The photograph

; i of 2 inch freestanding

il  GaN substrate grown

{__ by HVPE after sapphire
surface pretreatment.

2: INNSHEREMIY B e E
RN :a)mEE, b) B
Jie ¥k f¢ & & & RSHE 5
iR A= R E
Figure 2: The reversal
spinning Hall effect of InN
film: a) schematic diagram,
b) the dependences of spin
polarization density and
RSHE current on the radial
position.
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I. Study on nitride semiconductor optoelectronics and low dimension quantum structures

The materials and devices of GaN based wide bandgap
low dimension quantum structures have much
potential in the applications in solid state lighting,
full-color display, microwave telecommunication,
electric power switch and optoelectronic detection. In
2011-2012, the group carried out systemic work on
the material growth and devices fabrication, which
funded by national projects of 973, 863, Natural
Science foundation and defense. They have achieved
many important results, including not only the
fundamental investigation as quantum transportation,
infrared sub-band transition (ISBT), but also the
applied results as GaN-based substrates, LED, LD,
detector, and so on. They have published about 50
papers in famous journal, successfully industrialized
some significant study results, and made many
contributions to national defense. The achievements
included: (1) 2 inch diameter and 370 um thick
freestanding GaN substrate has been fabricated by
pretreatment of sapphire, template and pulsed flux
modification methods. X-ray diffraction results show
the best results of GaN substrate in China. (2) The
high efficiency thin film LED has been fabricated
using quasi-homoepitaxial LED structures on thick
GaN template. The luminous efficiency of white LED
has been achieved as 110 Im/W. The low leakage,

16 4£#R | Bi-annual Report

high reliability and repeatability for thin film LED
was the highest level reported in China. (3) The group
firmly collaborated with University of California,
Los Angeles (UCLA) in GaN lateral growth on
S-shape mask. The threading dislocation density is
7X105cm-2, which is 3-4 order lower than that on
conventional sapphire substrate. After published in
the journal of Applied Physics Letters, the famous
journal of Compound Semiconductor commented it
as “slashing defects in GaN on sapphire films” . (4)
Blue laser was successfully fabricated and electrical
injection stimulated emission was realized by graded
In component InGaN, AIN interlayer and GaN
cleavage cavity. Peking University is the first Chinese
university with the ability to made blue laser. (5) The
group have successfully industrialized the techniques
of patterned sapphire substrate and laser processing in
Guangdong Province. It impelled LED applications in
cultural relic lighting, urban agriculture and medical
treatment. The Dongguan optoelectronic Institution
of Peking University has been built based the group.
The institute accelerated the achievements of science
and technology of Peking University industrialized in
Guangdong province and other places in China. (6)
They developed a strain control technique based on

AIN/GaN superlattice interlayer. They prefabricated
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cracks to relaxed strain. Then the cracks were buried
to get atomic-level smoothness of AlGaN/GaN
MQW structure. Finally, we successfully fabricated
the prototype of ISBT MQW detector. They are the
first group of the world who achieved photocurrent
signal in the infrared range of 2.5-3 um. (7) The group
have grown high quality InN crystal by MBE using
boundary temperature controlled epitaxy method.
The electron mobility was achieved as 3280 cm2/Vs,
which is the best value up to now. They also found
that the surface electron accumulated layer took an
important role in reversal spin Hall effect (RSHE), and
the spin-orbit coupling coefficient of the accumulated
layer was correlated to the polarity. (8) The group have
obtained high quality lattice-matched In0.18A10.82N
epilayer. Moreover, they grew high quality relaxed
heterogeneous structure of InxAll-xN/GaN, in which
the concentration and mobility of 2DEG were achieved
as 1.95x1013 c¢m-3 and 1340 cm2/Vs, respectively.
The SDH oscillation and double sub-band occupation
in this type heterogeneous structure were firstly

reported in low temperature magnetic transportation.

The enriched indium at the screw TD were observed
and attributed to the reversal leakage current of the
structures of InAIN/GaN. (9) The group built a high
electric field transportation measurement system
themselves. They observed the negative differential
resistance (NDR) caused by the Gunn instability.
They assured that the breakdown voltage of GaN
material was much lower than that of the theoretical
one because the current controlled NDR led to micro
current in the device channel. (10) They have observed
that the abnormal spin photoelectric effect was due
to RSHE in the AlGaN/GaN heterogeneous structure.
The lateral spinning force was estimated as 10-19 N,
and the whirl Hall voltage by light spot was obtained
as 10-6 V. This work provided a new method for study
on the RSHE and spinning current in the situation at
room temperature and macro scale. Meanwhile, they
proposed a new measurement of spinning diffusion
coefficient based on abnormal Hall effect (AHE) and
spinning Hall effect. They have successfully measured
the spinning diffusion coefficient of 2DEG in AlGaN/

GaN heterogeneous structure.

L AR B TOTAOR R ORI SR I R LUROE R R DI AR

JR ¥ RE 89 %% 2 /= (graphene) 4549 5 H Ji
R EERMER. BIiT KN T H) &Rt
KESHBEMRANESED, TUERHIE
SHEHEIGRYER, EH, BRSARERRA
AR T = B AT RIAF 5 R AN SE E Rice K P
Nordlander, N. Halas Z#%&1F, JIL#H & T HE
WEREZ EHMKRENSE R, XFH=ME4
MBI B BN B8 O B 3t B F o W K eL
HNK AR BB RO R IR, O ER I SR SR A
8%%0%W SEIFc R FEERE TR
T —ERRESERTERRIET AN
iﬁi&EE? “hot electron” , A FRIEs® B B 7 1E
ATHREZB SRANICBET, XFFEKBIR

M #5720 WAL SN X FIRAG TR 20% B
WEBE TR, XIBTRFE T ETRESHE M
TOOLH R AN R B RO B AR F AR S B ET R
RO BMAERZRAE (PKRRR) £ (Nano
Letters 2012, 12, 3808-3813),

2N 5 A 2 & 3k — B W 3L 4 Nature Physics
#) “News and Views” # R 35|, FHHHEHF AR
kMR # S, 9 3 E Chemical & Engineering
Nw&ﬁﬁ%ﬁﬁﬁﬁL THEHERS. A,
FEFHETESTF/NBHEERERIEFE IED
~H % (SPIE) EBHASRERE. T
EBEYELRABRSFINEN U YIEERE
AL ENTH.
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1. “IREBE-XF¥RE” ZHaxX8RNF
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Figure 1: The scheme of grapheme-antenna sandwich
photodetector.

I1. Plasmonic Graphene-Antenna Sandwich Photodetector (Nano Lett. 12, 3808, 2012)

Nano Letters on line published plasmonic enhanced
Graphene-Antenna Sandwich Photodetector
investigation. (Nano Letters 2012, 12, 3808)

Nanoscale antennas sandwiched between two
graphene monolayers yield a photodetector that
efficiently converts visible and near-infrared photons
intoelectrons with an 800% enhancement of the
photocurrent relative to the antennalessgraphene
device. The antenna contributes to the photocurrent in
two ways: by thetransfer of hot electrons generated in
the antenna structure upon plasmon decay, as wellas

by direct plasmon-enhanced excitation of intrinsic

=. YRS S4B

graphene electrons due to theantenna near fi eld. This
results in a graphene-based photodetector achieving
up to 20% internal quantum efficiency in the visible
and near-infrared regions of the spectrum.This device
can serve as a model for merging the light-harvesting
characteristics ofoptical frequency antennas with the
highly attractive transport properties of graphene

innew optoelectronic devices.

After published on line for one week, this paper was
highlighted by Nature Physics and C&E news. This
work was supported by State Key Lab for Mesoscopic
Physics, and school of physics, Peking University.

MAREMEREYELRE 2012 FRLESI (2013 F 1 F 13~15 H)
Annual meeting of the Laboratory for Nanostructures and Low-Dimensional Physics held in the suburbs of
Beijing, 13~15 January, 2013.
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PHAEFNNEBHRERBHEREHNER/)
MEET, BWEVEZTROELETR. 99X
EMEREYELREANKRENE ~TM LT
ZHE. wEMRAEME T IR TTER.
AN TIFNER, FSUPKRETNEETF
Et 4% (Nature 442,667,2006, Nature 468, 1804,
2010), Majorana & X ¥ (Science 336, 1003,
2012) A BN RN R T EHE LA, ME
MALBH. BRETEARFTEEME R AT
HERIEEFNE=. RENNL, WARxDE
TR ENRTN . REMN, FEASREUE.
PHMENNARHNAZEHRABEZRN—K
Ptk EWER, IERKF “YREHSRLE
IR LW EEFSEPAKERNICB . SR,
PR FF RN I R 5 VS FT et R .
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Figure: Single nanowire based nanodevices. Upper:
The schematic picture of the integrated photodetectors:
a CdSe nanowire device powered by an n-ZnO/p-GaN
heterojunction photovoltaic unit (Advanced Materials
24,4707,2011) . Lower: Sketch of the device. The
dotted line indicates the current path for the memory
device. The I-V curves show the resistance switching

behaviors of the Ni/NiO coreshell nanowire (Nano
Letters 11, 4601 2011).

ZEREFRATEEHEWRENT TS
WL T FEHI & 7 #AR ZnO K% 5 GaN
MR RLEEN, KT aRsMKet. ZB8
RhA Kzt BB R LI N INEE, K
Rz FEF R0 20 8D, TEEImIRIRAEL
4219 WA, FBICRER, 1% p-n LI
WA TR IhHIKE) T CdSe 4K &4 SRt 4740
HNEREN =R BKES[EZ EKICRNER
Bz R N=R, URABAZETEFTEE
EBTENNA. BXIEE 2011 F (EFEMRD

(Advanced Materials24,4707,2011) £, fh4]
— R T —FIREF A NI/NIO 4K BB 45 2 4544
RIEBBRF A, RIHRFI VRN, K
BERSEMRBENTEFE: SR BIRE
RAE, RGHEBASERTAMBAEL, =
MWTTLZREEMCICEEFR, MMSEILT
EDRMENTFHEINGE. LIERMER TR
ARdEDHRkERESNNIZHLEIERTH
RE, XAEUNSBEESMNENFA, MmER
SENEERENO 4 BHEAXNEERA.
A€ T {E%4 T Nano Letters, 11, 4601 (2011),

ZAREFRIMKEEMREETHEEF B
AKAEERE2Z LR B RN ARAEIRSEE ZnO
REES, KBET—MFAUX@EEE, £F
ITO 33, ZMEREHWKRMAREDL. ZBibss
HAEETOEFNEHMNEECERE, BF
=S T REICHF BRER, ZEMEMERERD
B, ZTHE, EES. R, 1. BEZzHE
Bz tHMast. sHEEEE. RER, X
WL, BARE, NHBEIS T8 (Advanced
Functional Materials 22, 2775, 2012), B, {58
BAASEHPMEMMEM, FIE p B Si KL HE
Fl| /CdS 2K Bk /n B ZnO 49 K & PEF| & T
Z R BRI A K I AR K PH 8 BB it 45
1, R ER Si X AERETIRM T AN
R FRmBE, KEYE TR ICHRIK
A, KEEJRTHGRERBE, FEEE
B 5t B3 ZE (Nanoscale 4, 261,2012),
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III. Nanostructures and Low-dimensional Physics

Nanowires are not only the fundamental building
blocks to build complex devices and systems, but
also the ideal objects for physics research. After ten
years of development, semiconductor nanowires
demonstrate the novel physical phenomena including
quantum bits, Majorana fermions, nano-generator,
image display technology applications, which
show a bright future. Nevertheless, how to give
full play to the nanowire size effect, surface effect,
open high-sensitivity, high-efficiency nanodevices
is still a major challenge for scientists around the
world. The Laboratory for Nanostructures and Low-
Dimensional Physics (nanolab.pku.edu.cn) is
the pioneer for catalytic-directed synthesis of 1-D
semiconductor nanowires from the bottom, and made
leading contribution to the field. The past two years,
The NanoLab led by Prof. Yu has achieved research
progress in terms of optoelectronics, photovoltaic
effect and resistive switching effect of semiconductor

nanowires.

p-n junction with short-circuit current density up to ~
5X 104 mA cm-2, open-circuit voltages ~ 2.7 V, and
maximum output power ~ 1.1 u W. Furthermore, a
multi-wavelength photodetector was fabricated by
integrating the PV device with a CdSe nanowire red-
light detector. The integrated nanocircuit functioned as
an optical AND logic gate and operational multi-states

output was also demonstrated.

Furthermore, the first controlled alternation between
memory and threshold Resistance Switching
(RS) in single Ni/NiO core-shell nanowires were
demonstrated by setting the compliance current (ICC)

at room temperature. The memory RS is triggered
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by a high ICC, while the threshold RS appears by
setting a low ICC, and the Reset process is achieved
without setting a ICC. In combination with first-
principles calculations, the physical mechanisms for
the memory and threshold RS are fully discussed
and attributed to the formation of an oxygen vacancy
(Vo) chain conductive filament and the electrical field
induced breakdown without forming a conductive
filament, respectively. Migration of oxygen vacancies
can be activated by appropriate Joule heating and it
is energetically favorable to form conductive chains
rather than random distributions due to the Vo-Vo
interaction, which results in the nonvolatile switching
from the off- to the on-state. For the Reset process,
large Joule heating reorders the oxygen vacancies by
breaking the Vo-Vo interactions and thus rupturing
the conductive filaments, which are responsible for
the switching from on- to off-states. This deeper
understanding of the driving mechanisms responsible
for the threshold and memory RS provides guidelines
for the scaling, reliability and reproducibility of NiO

based nonvolatile memory devices.

Transparent, double-sided, flexible, ITO-free dye-
sensitized solar cells (DSSCs) are fabricated using
highly ordered, high-density ZnO nanowire arrays on
stainless steel, Au, Ag, and Cu microwires as working
electrodes. The devices show excellent flexibility
and can increase sunlight use efficiency through two-
sided illumination. The double-wire planar solar-cell
configuration can be used as window stickers and
readily realized for large-area roll-to-roll processing
(Advanced Functional Materials 22, 2775 (2012)).

Novel multilayer nanorainforest solar cells based
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on p-Si nanopillar array/n-CdS nanoparticles/n-ZnO
nanowire array heterostructures were achieved.
Extended light absorption was achieved by choosing
materials with good match of bandgaps. Si nanopillars

provided efficient carrier transport paths. Introducing

VO, A S50 RS B AL 6 7% 5 W B Pk IS T o0

AERBEEBLREMIKF TR AKF (Dirac
fermions) . FELHNE FERVN. Klein &
FRNEFHFNVEMR, MInEA 2T T—
REIR AR B F= . BEAHKPHEE
MwERERECeREHTBBEEE KN AR
=. TRV EENT BABYIHANE
FlEARENAE. ZERESERHTEEHE
TERRE—MEAE, TR RNERIA
RIEEREMEREGIIRTRNEENE
MR A BGAIEMER, RRBDHERARES
A2FEMERATm. NEXIE. RN ERFMN
RIRBEFERUNEMRAKILER 71255
FERTEM (Advanced Materials 23, 3938,
2011) .
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PMMA as supporting layer greatly decreased the top
contact resistance, and significantly improved the
conversion efficiency of the solar cell. Nanoscale 4,
261 (2012).

o #& A A 25 E H RR Y R B R EL PR T
Y& o) S

Figure 1: Upper: Transfer scheme of Graphene
microstamps; Longitudinal and Hall resistance versus
gate voltage at low temperature and high magnetic
field (Advanced Materials 23, 3938, 2011) .
Lower: Schematic of a graphene stack sandwiched
by two electrodes constructed via above-mentioned
precise transfer technique. The MR of a two-layer
graphene stack measured at 2 K with different angles
between the normal of the graphene plane and the
magnetic field (Advanced Materials 24,1862,
2012) .

BERORH_AEANEFREHFIICERE
TEZHNR, EREETAEKFEFEINA
SR AESERRE. &I, ZERWEF B ERE
MENEBRAR, SlETEETR/ Z2E0ERK
I ERERBEESGY, R TEBRERETAS
¥ (current perpendicular to graphene plane)
IR T, RE. BN EIRFEEHIETIER,
RRBHATHEEETRREZBIFNEAEZR
B, BN ERJLTEE, B 14T 1
W37 TR E) 100% BIREFERUN o WBE BIK /X 1
BHHEEEBTGUR, FRUEBIINSERFME. X
MEBENOERRTETYRAERB TSI A
BEBENR A (Advanced Materials 24,1862,
2012) .
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Figure 2: FET based on the Na-covered silicene. (Top)
Schematic model; (Bottom left) The band gap opening
by alkali adsorption and the Fermi level manipulation
by the gate; (Bottom right) Transfer characteristic of
the device.

2%, ERFEERENERFIEE,
BEMNNERAE, THREEZEEZMSRING
MNE. FIAA2BMELHER. RISeH
HATFIBERENEE BTN BRXHE.
ZELRENSHHRBIERITELI, N
B H B 15 o §7 I 5 /% 82 B2 (Nano Letters 12,
113,2012) . NEFREZREBRITERE —
AT R PRR R A R, RIFERE)G £ 22 E AR K
ERBERT, TUAREELSIHER, RINE
MR E GBS FRIE, MMFTHER. R
FA/NT B ZR MR EMDORS, &5
TPGAE] 0.5 eV, BT 3R TR ARG AR
NERVNEFREENUE Zs XL
TS5k 108, HESTNZERHNTE. ZE
WAEBEASRINGURERE T —1F
FISEIN T2 (Scientific Reports 2, 853,2012),

IV. Site-specific transfer-printing of individual micro-patterned Graphene and

Interlayer interaction

Graphene, a perfect two-dimensional crystal of
carbon atoms, has attracted intense interest in research
due to its unique physical properties. Although
mechanical exfoliation is an effective and successful
sample preparation method for fundamental research,
it is not a scalable process. Therefore, finding a
cheap and efficient method to site-specific transfer-
print individual, high-quality graphene microscale
sheets to target substrates is highly desirable for the
precise assembly of devices. We have developed
a method of site-specific transfer of individual
graphene microsheets to arbitrary substrates. Surface-
enhanced Raman spectrum, gate voltage dependent
conductance, half integer quantum Hall effect,
and electrical interconnection are investigated to
demonstrate advantages of the technique including
precise positioning, avoiding extrinsic doping effect,

maintaining the graphene quality, improving the

22 4E4R | Bi-annual Report

efficiency of CVD grown graphene deployment, and

convenient device repair.

Via transfer-printing of graphene, we also fabricated
the vertical structure of metal/multi-layered graphene/
metal, in which the carrier transport is perpendicular
to the graphene plane. The transport studies showed
that both temperature and magnetic field are capable
of modulating the resistance (only tens of ohms),
as current is perpendicular to graphene plane. At a
magnetic field of 14T, magnetoresistance reaches
100%. Moreover, the magnitude of magnetoresistance
is strongly dependent on magnetic field direction.
The ultra-thin graphene devices may have potential

applications in magnetic electronics.

Even though both graphene and silicene have ultra-
high carrier mobility, their zero band gap nature make

them cannot be directly used in high performance
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field effect transistors (FET). Opening a band gap
without degrading their high carrier mobility is vital
for graphene and silicene to their application in
nanoelectronics. Based on their previous works of
building the BN/graphene/BN sandwich structure
(NPG Asia Materials 4, €6(2012)) and applying
external vertical electric field to silicene (Nano Letters
12, 113(2012)) to open a band gap, recently the
Computational Materials Group led by Prof. Jing Lu
at School of Physics, Peking University proposed a
new scheme to open a band gap in silicene --- single
side surface adsorption of metal atoms on silicene.
Their density functional theory calculations predict

that a band gap is opened in silicene by single-side

Ti. A SR PR ACET )7 i B LA R 4ok K BH RE FR I AN R e — 2%

L
MARERFAGEBMINE N —REENIKE

ERFTEHEEENN AR, RN L, 814K
BRIk () TAKESEZRERENE
BHEL, HUBEE T NS AEESE,
B HIEF R KR AR R R, HESRLE
ML pn ERABMRIEEMT. SIELIE B 8%
R. A, EEFNEERFESER, TR
BRI NS, MRS T iZEM7E
RKetFPHNA. BEEeEdR. aB8ENa
BEMRL, AMSIFE HERE KRBT R
TRV, ZEEN|. BT RAERE2EEE SIS
FHBRETHIEHMERR: D XBT—MA
BREBFHE, ZHZAEBURBHEN. AE2G
MEFIBEERS., RAEEHS; 2) KBT—F
KERERAAZ2ENF X, ZAKEBEEE
Ee. WEBES. %z, BEIZ%S. O
N ATFEIESGESER R (£FS ZL 2010 1
0215355.4) . 7ZEbEAL £, WHHAIISHEES
1R CdS 4Kk (75 ) BHEFELE KB (JE8

adsorption of alkali atom as a result of sublattice
or bond symmetry breaking. The band gap size is
controllable by changing the adsorption coverage,
with an impressive maximum band gap up to 0.50
eV. The ab initio quantum transport simulation of a
bottom-gated FET based on a sodium-covered silicene
reveals an on/off current ratio up to 108, meeting the
requirement for the high performance logic devices.
Therefore, a way is paved for silicene as the channel of
a high-performance FET. This work was published in
the new journal of Nature Publishing Group {Scientific
Reports) (Tunable and sizable band gap in silicene
by surface adsorption, Scientific Reports 2, 853 (2012).

(LED) Jjifi

& 3 57 2 PCE~1.65%) (ACS applied materials &
interfaces 2, 3406 (2010)), 71z T/, f1]e!
R IHFEE T REBHEN XETERS
NEREE/ AE2RESHEETESBR. 2&, 7
F3 CdSe A BEMREBER K, T UNEEFLK
RO BFEZEANER, MmO HE R ER
CdSe X7 / A 2% HAFELE KRR (3%
s & ~1.25% ) (Nanoscale 3,1477 (2011)),
i, MNXBRECEHEEEHFESLEKHES
JEY highlight 3XZ:  “Graphene-Based Schottky
Junction Solar Cells” , J. Mater. Chem. 22, 24224
(2012), peoh, ZAFRAEEFR EEXIRIE T F
SR KL | 0 R EY KT F 145 LEDs AR
LR, Mz TESR, MRt HH&E T
—FEEm S S, DUEINEREX. BhaE
EXEHFE. e BRANHE. ZIEARERS
BRI tFFERE T —4%#1& 12 (J. Mater. Chem.
21, 11760 (2011)),
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Figure 1: A schematic illustration of the scalable
graphene patterning process. (a) Synthesizing a
large-scale graphene film on a Cu foil. (b) Spinning
a layer of PMMA on the graphene. (c) Etching the
underlying Cu foil using 1M FeClI3 solution. (d)
Spinning a layer of PMMA (or photoresist) on a
device substrate. (e) Pattering the PMMA (or pho-
toresist) using electron-beam (or ultraviolet) lithog-
raphy. (f) Manually collecting the graphene/PMMA
film onto the device substrate. (g) Removing the
PMMA (or photoresist) together with the graphene

atop by a lift-off process in acetone. The patterned
graphene is formed on the device substrate. (h) A
schematic illustration of the CdSe NB/graphene
Schottky junction solar cell. (i) Room-tempera-
ture [-V characteristic of the solar cell under the
AM1.5G solar illumination with light intensity of
100 mW cm™.
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B 2: (a-c). EMEREA S VS, Ek%iﬁﬂikm /
(ZnO, CdS, CdSe) i[i]*f&# T4t LEDs HE A
FHER. (d-f). RERHFEABLERRBE =R
BERIE.
Figure 2: (a)—(c) The electroluminescence (EL)
images of the GNR/SNW (ZnO, CdS, CdSe, re-
spectively) heterojunction LEDs at a forward bias
of 5 V. Dashed lines were used to demarcate the
graphene from the substrate. White arrows: the light
collecting points during the EL measurements. (d)—
(f) Room-temperature EL spectra of the LEDs at
various forward biases.

V. A simple and scalable graphene patterning method and its application in CdSe
nanobelt/graphene Schottky junction solar cells

Nanoscale solar cells have important application
prospect in nano-optoelectronic integration. Basically,
semiconductor single crystalline nanowires (NWs)
or nanobelts (NBs) can be grown on any substrates,
including flexible substrates, and can be constructed
into devices by the bottom-up method. Therefore,
they are ideal candidates for constructing novel
nanoscale devices. Compared to pn junction, Schottky

junction has the advantage of material universality
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and fabrication simplicity. However, in traditional
Schottky junction, the metal layer will absorb most
of the incident light, which limits its application
in photovoltaic devices. Graphene, with high light
transparency and electrical conductivity sheds a new
light on fabricating novel Schottky junction solar
cells. Prof. Qin and Dai’

innovational achievements in fabricating graphene

s group has made two

pattern: 1) developing a site-controllable patterned
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graphene transfer method, which has the advantage
of economizing graphene material and free from
additional etching process; 2) inventing a scalable
graphene patterning method, which has the merit of
high pattern resolution and alignment accuracy, free
from additional etching process, compatible to Si
microprocess, applicable to fabricating device array
etc. (patent number ZL 2010 1 0215355. 4). Based on
these, they successfully fabricated high-performance
single CdS N'W Schottky junction solar cells (PCE
~1.65%) (ACS applied materials & interfaces 2, 3406
(2010)). In this work, they bring forward the concept
of a combined Schottky electrode for the first time,
which has the merit of low series resistance and

high transparency. Later, by taking advantage of the

bigger work-function difference between the CdSe
and graphene, they successfully fabricate single CdSe
NB/graphene Schottky junction solar cells (PCE ~
1.25%) (Nanoscale 3,1477 (2011)). Recently, they
are invited to write highlight paper:
Based Schottky Junction Solar Cells” , J. Mater.
Chem. 22, 24224 (2012). Besides, they report novel
graphene nanoribbon (GNR) /semiconductor nanowire
(SNW) heterojunction LEDs for the first time. In

this work, they design and fabricate a face-to-face

“Graphene-

contact device structure, which has the merit of larger
active region, smaller series resistance, and higher
electroluminescence efficiency. Their work opens a
new route to developing graphene-based LEDs (J.
Mater. Chem. 21, 11760 (2011)).
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A BRE R, WENLEBETHR
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HEUTIREEAAB AR ERALIAR. 1t
SR E IR BN AR SR E A 5 £ H BM
I RERRFRSHIBEIE, FI MR
A, EEBKOTERE LRI THEELR
SR RS, AR T AR MR
. RIVT BN S AR TBHAT D
MR, U TEFMES T OEARAST
HEOTEHEL. EEERR DAL R AT
SMRREREIE: FAT, BROEDSK
ESHHENRS: TRAT, BEONEHET
RERSHTN, BESREEMRERE (4
A la-d FiR) o X— R BIR S EREINIRIEE.

XREHERALAR LE B TFHEBHNM
BN TFHHRER . MAARIS TFHL R EIBEE
5, BHEARITSERE, 5% MmRE

RER, MEGHAEXREBASE—IMRX
Bk . ZEAMNBERANESHSBRLE A,
BT AW EE T AR, B 7z
FHNRE: HENTENENERINZERER
REMEINKRILIR, HRENMERERRA L
RENTURESBE TEHESH TRETH.
MRV T B RKFE 50 FKF LIARH
HR, R TABRELAIAR. ZEE I
R TRABEBENEREES MAE N ERERZ 8
PIRERXR. RS THNRENNIR: &
TREREYRESaERERE (E 2 A
) o XMEKARSFREMBMENS REZ
BEHZET BT HMEYRGENITR.
MARRESLERERENPNTRRY E
ZL 7R (IR RIR) L (Frequency-Dependent
Escherichia coli Chemotaxis Behavior. Phys. Rev.
Lett. 108, 128101 (2012). 5 Pathway-based mean-
field model for Escherichia coli chemotaxis. Phys.
Rev. Lett. 109, 048101 (2012)), FELCHIE —
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Figure 1: a-b: Cell density distribution in oscillation
attractant gradient environment. Bacterial behavior
is frequency dependent. Figure 2: Cell population
moving velocity reverses when the speed of driving
travelling attractant concentration wave is larger
than uc (simulation result based on the pathway
based model).

VI. From molecule to behavior — Bacterial chemotaxis in spatial-temporal varying

environment

Sensing the change of the surrounding environment
and response to seek advantage or avoid disadvantages
is the fundamental skills for living organisms. Among
them, bacterial chemotaxis is a perfect model system
to research this universal living strategy. While the
environment bacteria live in varies both temporally
and spatially, we still have little knowledge of how
bacteria response to complex environment. The
researchers in Prof. Qi Ouyang’ lab, in collaboration
with Prof. Yuhai Tu from IBM T.J. Watson research
center realized a precise control of spatial-temporal
varying chemical gradient in the scale of hundreds of
micrometers, and measured the frequency dependent
bacterial chemotaxis behaviors. They found frequency
dependent bacterial chemotaxis behaviors and
established a pathway based mean-field model to
understand the unnatural behaviors in fast varying
environment. In the experiment, they found that at
low frequency, the bacterial population oscillates in
synchrony with the attractant; in contrast, in fast-
changing environments, the population response

becomes smaller and out of phase with the attractant
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waveform. These observations are inconsistent with

the classical chemotaxis model.

In theory, they found that this non-trivial phenomenon
is determined by the intracellular molecular
mechanism. It is a big challenge to understand the
behavior of living organisms from the underlying
interactions of bio-molecules as there are many
scales (time and space) spanning from molecules
to behaviors. The researchers develop a mean-field
theory for E. coli chemotaxis based on the intercellular
signaling pathway and explain the observations:
a finite adaptation rate caused the non-trivial
phenomenon in fast varying environment. This multi-
scale model connects the cells” population level
motility behavior with the molecular level pathway
dynamics. It reveals a simple scaling dependence
of the chemotaxis velocity on the adaptation rate
in exponential gradients. Moreover, it predicts a
surprising reversal of chemotaxis group velocity in
traveling wave environments. This approach may be

used to bridge molecular level pathway dynamics with
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cellular behavior in other biological systems. candidates from Center for Quantitative Biology which
The results of the researches were published in is a multidisciplinary research center. Prof. Chunxiogn

the journal of Physical Review Letter (Phys. Rev Luo is the chief designer of the microfluidic device
Lett. 108, 128101 (2012),and Phys. Rev. Lett. 109 and co-directed the research work. This research work

048101 (2012)).The first authors of these two articles is partially supported by the NSF of China and the

are Xuejun Zhu and Guangwei Si, who are Ph.D. MOST of China.

PR IEFHSFT

Institute of Modern Optics

FHFFUBMER IR AZ D, BEERANSIH—#MAEFTETFEE, FURXEMEULRLR. W
KRAFMIBER S A, ERKRZE “BAHN” ARR4 A, BIZIR/ 5T 6 A, #HIBFIREN3 A,
Hol, B2 U IBMEREABMEFARTHIEERFHZER, SHNEXARABNFESRNLEFESR
BE, | NERBEARNZEESHRFESFESREE, TUHEBIHLEFT AL IFITURESE, 11
ERMREHFE. 2006 FREEHR TN “NMAZEIWHYIE” BNRFERBARZEESE
BIFT A AR R B, FFT 2009 F0 2012 F ARG R F RN FF. 2012 F, HAREHR T HEHFR
“BIFTER” . KT EFNRE, AFAHARERANFEHINEFEETEZNMEGHEE TER
BITHEE, 30 IEF AL RIBIE Optics Letters, Chemical Physics Letters £ E N EE K RE. &
=+ 4% F0 Nonlinear Optical Phenomena and Applications (SPIE), Asian Conference on Ultrafast Phenomena,
International Conference on Nanophotonics, Femtochemistry IX, Asia Symposium for Intense Laser Sciences Zf
FARESWEFE.

FPHRIERKERZUUIGELFRER, BEBCRAMIKRAZIERNE BHRARARRE,
FERBTHFTNABTHERKELSMALEETRLFETEZNER, ERRFERFHERERAIS, 7
M EMAROE, BRICHR CWRZS5REME, NMMAFEBAITF, SKBIMEMR SR
, BEFAFS5EFEEENNTENRAM. IHFEXK, IARIEF RS 7 Nature Photonics, Nature
Nanotechnology, Phys. Rev. Lett., Nano Lett., Adv. Mater.,Adv. Funct. Mater., ACS Nano T F AR IFZ B
BEEFARN. FE+ZFNRE, ERKRFUARKFHELZTEMN 7 REEFZFHHNAERBFME T
ZEM, EEAIMIZN N B EIEN.

Institute of Modern Optics (IMO) at Peking University (PKU) was established on the basis of the optics
program of the Physics Department at PKU in May 2000, when the School of Physics was formed. The present
head is Professor Qihuang Gong, who is a Cheung Kong Scholar Professor. Historically, Professor Yutai Rao
initiated modern optics research at PKU in 1933 and developed it into a comprehensive optics program. At
present, Optics Program carried by IMO is one of the key subjects of the 211 program and the 985 program at
the University. It is also a National Key Discipline and one of the major research fields in the State Key Lab for

Artificial Microstructure and Mesoscopic Physics. The Institute has also established several joint research centers
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such as the CAS-PKU Ultrafast Optics and Laser Physics Center, and PKU Opto- Electronics Center.

Currently, the IMO faculty includes 8 full professors, 4 “PKU 100 Talents Program researchers” , 6 associate
professors/senior engineers, 3 lectures/ engineers. In 2006, led by Prof. Qihuang Gong, the Mesoscopic Optics
and Femtosecond Optical Physics Group won the support by the Foundation for Innovative Research Groups of
the National Natural Science Foundation of China. Due to its excellent research accomplishment, the project
has been extended twice in 2009 and 2012 respectively. In 2012, it was awarded the Creative Group Prize by
All-China Federation of Returned Overseas Chinese. After about 10 years' development, many faculties have
carried outstanding research work in their research areas. Some of them serve as editorial members, topical
editors of important journals such as Optics Letters, Chemical Physics Letters, and have acted as the chair of
many important international conferences, e.g., Nonlinear Optical Phenomena and Applications (SPIE), Asian
Conference on Ultrafast Phenomena, International Conference on Nanophotonics, Femtochemistry IX, Asia

Symposium for Intense Laser Sciences.

In the early years, the optics in PKU was known for spectroscopy research. With the fast development of
laser technologies, research at IMO has evolved into many important research branches and has been playing
important roles in the advance of sciences and technologies. Currently, the optics research in the Institute
mainly focuses on 4 important areas: femtosecond sciences and intense laser physics, mesoscopic optics and
nanophotonics, opto-electronic materials & devices, and quantum optics & quantum information. The faculties
have contributed much in these areas and have published many important research works in esteemed journals,
such as Nature Photonics, Nature Nanotechnology, Phys. Rev. Lett., Nano Lett., Adv. Mater., Adv. Funct. Mater.,
ACS Nano, etc. After a decade development, with its growing reputation and impact, the Institute of Modern

Optics at PKU is now an important center for research and education in optics.
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Liu et al., Phys. Rev. Lett. 106, 073004(2011)].
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Phys. Rev. Lett. 109, 043001(2012)]. 3% 1] & %
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& By F ZE 4% [H. Liu, et al., Phys. Rev. Lett.
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Figure 1: Angular distributions of photoelectrons from
Xe and Kr in near IR laser field.
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Figure 2: Attosecond streaking spectra in the low
energy region.

I. Physics study of strong field atoms and molecules

The probe of the atomic and molecular structures and
control of their dynamics by lasers has been one of the
research frontiers in recent decades. The progresses
in these fields have greatly boosted relevant sciences
and technologies. Femtosecond laser has become an
important tool to measure and control the ultrafast
dynamics of atoms and molecules due to its ultrashort
pulse duration and ultrahigh intensity. At the same
time, the study of strong field atomic and molecular
dynamics has directly lead to the birth of attosecond
sciences, atomic and molecular imaging, and

coherent control with shaping laser pulses. We have

established an experiment platform for strong field
atomic and molecular physics in Peking University,
which is internationally competitive and won the 1st
rank award in the 6th Experiment and Technology
Achievement Award at Peking University. We have
developed an efficient parallel computer code to solve
the time-dependent Schrodinger equation of two-
electron atom in laser fields, among one of the very
few groups which can attack such a computationally
demanding problem. The establishment of the above
experimental and theoretical platforms has greatly

improved relevant researches in our country.
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In 2011, we have demonstrated for the first time that
the channel of symmetrical Coulomb explosion of
double ionization of CO molecules can be controlled
by tunneling the Carrier-envelope phase of strong
few-cycle laser fields. The asymmetrical Coulomb
explosion of triply ionization of CO molecules can also
be manipulated [Y. Liu et al., Phys. Rev. Lett. 106,
073004(2011)].The work has been selected as one of
the most important results of Chinese Optical Society
in 2011. In 2012, we have measured the low-energy
structure of photoelectrons in tunneling regime and
have found that multiple rescattering has crucial roles
on the photoelectron energy spectra [C. Wu et al.,

Phys. Rev. Lett. 109, 043001(2012)]. Subsequently, we
further have found the phenomenon of local ionization

suppression in tunneling ionization. With semi-

HREBR AR B 5T
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HEREREZFETUAEFES i8NG E A
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AEFERRN, XIREELQEELD (Whispering
gallery mode, WGM) . EUUFFR, ENFRM
R BRI & T AR EE SN ERN RS, M
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IR EBE BT Hm R E T RER, S
B EE R R ARk R . BARBR
=R A F AR NRAEIR, BFERA
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classical simulation, they attributed the mechanism as
the atomic stabilization in tunneling regime [H. Liu,
et al., Phys. Rev. Lett. 109, 093001(2012)]. These
experimental progresses will have serious influence on
electron quantum tunneling, molecular imaging and
high flux of high harmonic generation. The combined
works were selected to be of the “Top 10 science
and technology breakthroughs in 2012 in Chinese

Universities” .

Theoretically, we proposed the attosecond streaking
in the low energy region, which showed the particle
and wave duality of electron wavepackets and opened
the possibility of holographic imaging of atomic and
molecular structures and dynamics by electronic
wavepackets [M. Xu et al., Phys. Rev. Lett. 107,
183001(2011)].
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F O FERAZH A M BRI TR
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Figure 1: (a) Lasing threshold behavior in an Er’'-
doped deformed microcavity under the free-space
pumping and collection. (b) Far-field emission
patterns, showing a highly unidirectional lasing
emission along 180° direction.

s QQEXEHMELNSEEAMES" Xz
TN BT T iRkE; =E (Optik & Photonik)
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Figure 2: Cover picture
of Advanced Optical
Materials in Volume 24,
Issue 35, a new section
in Advanced Materials.

I1. Progress in whispering gallery mode microcavity

Two people can hear each other whispering when
they stand near the inner surface of the Echo Wall
in Temple of Heaven, even if they are standing very
far from each other. This is due to the continuous
reflections of acoustic wave along the smooth inner
surface of the Echo Wall, with very small propagation
loss. Therefore, this kind of mode was named as
whispering gallery mode (WGM). Analogy to
acoustic wave, light can be trapped inside a dielectric
microcavity, both spatially and temporally, through
continuous total internal reflections along the inner
surface of the microcavity. The temporal confinement
is usually described by the quality factor (Q), while

the spatial confinement by the mode volume. Due

to the ultra-high quality factor and the small mode
volume, the light-matter interaction is dramatically
enhanced inside or outside the WGM microcavity,
making WGM microcavity a promising platform
for extensive applications, such as low-threshold
microlaser, high-sensitivity biosensor, optical comb,

and cavity quantum electrodynamics.

The key component of a mcirolaser is the microcavity.
Generally, the lasing threshold in a microcavity is
inversely proportional to the quality factor. Therefore,
the high Q WGM microcavities have attracted growing
interests in microlaser. Unfortunately, the emission

of a traditional high-Q WGM microlaser is isotropic
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due to the natural rotational symmetry, which hinders
the practical applications. As a result, a microlaser
with directional emission is strongly demanded for
practical applications. Recently, we have theoretically
designed a new type of microcavity which supported
WGMs with both highly unidirectional emission
and ultrahigh Q. The highly unidirectional emission
results from the chaos-assisted tunneling, analogous
to the dynamical tunneling, which is a pure quantum
mechanical phenomenon. Furthermore, with a special
pattern transfer technique and a reflow process, they
fabricated such deformed silica microcavities. The
resulting microcavities support nearly unidirectional
emission and ultrahigh Q exceeding 100 million. This
ultrahigh Q factor is four-order-of-magnitude higher
than previous chip-based deformed microcavities.
By doping erbium into the deformed microcavity, the
lasing in 1,550 nm wavelength band was observed
band with 1480 nm band optical pumping via free

space. The resulting lasing has a ultra-low threshold

=, RBRERR R

BEAT BRI RECLIE TIRAN
HEEH AN, ERBLDEEEFH—F
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M (B ETO ESRRInT S T n By (%
BT ESEE, BT ERMEINNERRS
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BEHESBHOBsTH— P RE.

ET OLED 7&K L o) @, &8 T{(EiEit
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E1, XBBAMES, FRoF/ o L5,
B2 7 BB FERME TemPPB, AR
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of 2 microwatts (Fig. 1a), and unidirectional emission
with a divergence angle about 10 degrees (Fig. 1b). A
picture was selected as a cover picture in Advanced
Optical Materials (Fig. 2), which is a new section in
Advanced Materials. Researchers in University of
Science and Technology of China and Washington

University in St Louis also participated in this work.

In addition to the application in novel light source in
integrated photonics, this microlaser also opens the
door to some other fundamental physics studies, such
as strong coupling physics, cavity optomechanics,
and high-sensitivity biosensing. This work was also
reported by some scientific websites and journals, such

as Materials Views and Optik & Photonik in Germany.

This work was supported by the National Natural
Science Foundation of China, the Research Fund
for the Doctoral Program of Higher Education, and
also supported by Peking University and State Key
Laboratory for Mesoscopic Physics.
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[1] Lixin Xiao et al., Adv. Mater. 2011, 23,
926-952.

[2] Lixin Xiao et al., J. Mater. Chem. 2011, 21,
19058.

I11. Highly Efficient Materials for OLEDs

Organic light emitting diodes (OLED) has been
commercialized as flat panel display since 1997, but
some issues remain to be further developed. On the
one hand, as the blue is a broadband light-emitting,
its conductive capacity will be greatly reduced, so the
blue light-emitting materials and their devices need to
be further developed. The other hand, from the view
point of the OLED materials developed, the mobility
of p-type material (hole transport) is much higher
than that of the n-type material (electron transport).

The lack of efficient electron transporting material

SXEERBUIRES J\zﬁ\/ﬁ 1€ (0.14,0.08)
YRR, ERAR) 5.4% MERIC (%
ITEEWRRE) , ARENBEG TR RLTF
FueiTa .

oFsr
Ty=rf g

Bod=S it

ﬁ];&“h@ﬁfﬂvﬁq

[3] Lixin Xiao et al., Adv. Funct. Mater.

2012,DOI: 10.1002/adfm.201202194

[4] Xing Xing et al., J. Mater. Chem. 2012, 22,
15136.

is the limit factor of OLED efficiency, therefore the
development of an electron transport material is
crucial to OLED.

Considering the above problems of OLED, in the
side of electron transport material, based on our
preliminary work on highly efficient OLEDs],
we employ a super twisted structure to reduce the
n -conjugation of molecules, and obtain a wide gap
electron transporting material TemPPB. This material

not only has a higher energy band (Eg = 4.0 eV), but
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also has a large ionization potential (IP = 7.0 e¢V), and
a higher glass transition temperature (Tg =97 ° C),
and its thermal stability have been greatly improved,
and triplet energy reached 3.2¢V. Nearly 24.5%
external quantum efficiency was achieved (close to
the theoretical limit), which provides a new approach
to design for highly efficient blue phosphorescent

. 2
devices”.

In addition to the hope that it can get high efficiency
of the device for electron transport material, its
thermal stability is a very important nature, because
stability will affect the lifetime of the device. We have
synthesized a series thermally stable naphthyridines
derivatives, they are not only highly efficient electron
transport ability, and having a larger bandwidth
(2.94-3.33 eV), with respect to traditional electron
transporting material such as Alq3, has a very good
exciton blocking ability, to thereby obtain a highly
efficient green phosphorescent OLED. This indicates

0, Kl 5B BOUET RN IR

ETHAEETERBTERRINRES

BROTEY, ATHERMEYEE. KBTS
WERIAZ B/ N SEAIREIR R, EEERK
REEAMDFHNEEEREANAER, T
BE A TR B RIS SRR S Y/ N R (8]

BIBPAXSBEMNRASERTESH
B F MR Purcell REAFRHEFHET, 12
H 7 BB R Purcell RETUBERIRFHBEEL
EEES A TR FIIE, TERASEHT
SIS EE (A—) « XFRESEES
MEFHRHEAERRBSABER. BEENMXK
=R B — NN A. Z R MR %K E Nano
letters, 12, 2488 (2012) t, T{E—% %%k,
E 4 Science LEMA “ AEREF B Mot LiHE
mBXEE” Bslimsl B,
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that them possesses great potential application for the
green phosphorescent device. The device structure is

shown in Figure 1 schematically’.

Based on high thermal stable spirofluorene and high
luminous phenanthrene, we designed a deep blue
OLED containing fluorescent DPSF with an emission
at 428nm, CIE (0.15, 0.08) (Figure 2), quite close
to the NTSC standard blue (0.14, 0.08), while 5.4%
external quantum efficiency (close to the theoretical
limit) was achieved, which is one of the best pure
blue*.

References:
[1] Lixin Xiao et al., Adv. Mater. 2011, 23, 926-952.
[2] Lixin Xiao et al., J. Mater. Chem. 2011, 21, 19058.

[3] Lixin Xiao et al., Adv. Funct. Mater. 2012,DOI:
10.1002/adfm.201202194

[4] Xing Xing et al., J. Mater. Chem. 2012, 22, 15136.

Spontancous Emission
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Figure 1: A nanoscale pulsing of line width of the
spontaneous emission spectrum according to the
periodical metallic nanostructure.
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AR & F<7f Nano letters, 12, 2494 (2012) E.
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Figure 2: Plasmon-induced transparency in a unit-cell
structure of an asymmetric T—shape single slit.
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IV. Research progress on Plasmonics

Recent developments in nanotechnology and
information technologies have made nanoscale light-
matter interaction a tremendous research focus, which
may be applied in the ultracompact nanodevices.
Surface plasmon polaritons coming from collective
oscillations of free electrons in metals, associated
with strong local field enhancement, spatial resolution
beyond the diffraction limit, and ultrasmall optical
mode volume, have opened many possibilities of
interfaces and applications for nanoscale waveguides,
chem-bio sensing, solar cells, catalytic reactions,

nonlinear optics, quantum optics, and so on.

By combining the anisotropic Purcell factor induced
by surface plasmons in metallic nanostructures with
the principle of quantum interference, we proposed
the mechanism of using the anisotropic Purcell
factor to control the line width of spontaneous
emission spectrum. As proof of the mechanism and,

in particular, as its application at subwavelength-

ERHERFIPR T I £ DHIRE KT
NEREEBHTIZRED TRAUR. Bk
KWK EMEENFEUINM T ERBER
RN FRT=. fF5RER %3R4 ACS Nano, 6(2),
1438-1448 (2012) t. HRENETRESEK
TCHI KRR BB R R R N SR T T I
W, RUERALKERRME TEEIWN
XFF. BEARNRESIEMNHENE DT
WEIB N, RTITHEF /N, FETBEE
HESHTHITHR. PFRMRAZRAE Nature
Nanotechnology 7, 668 (2012) -,

MATIEBIEREARARZESZE “OIHMH
REKIE . ESZEATRIT“EE "I EH.
BRIV IMEMN UV EERESLRER
FIRBENRE.

confined anisotropic Purcell factor, several plasmonic
structures were employed and interesting phenomena
in the spontaneous emission spectrum appear (Fig.
1). The combined system of quantum emitters and
plasmon nanostructure may open some perspectives
for applications in ultracompact active quantum
devices. This work was published in Nano Letters, 12,
2488 (2012) and cited as a precedent to “use surface
plasmons to enhance the spontaneous emission” in

Science soon after.

Electromagnetically induced transparency (EIT) is a
quantum interference effect with a spectrally narrow
optical enhanced transmission, which can lead to
dramatically slowed down photons and has potential
applications in enhanced nonlinearities, modulations,
and sensors. Combining the EIT effect with nano-
plasmonic structures, we experimentally demonstrated
a surface-plasmon-polaritons-induced EIT-like (SPP

EIT-like) optical response (Fig.2), which is greatly
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favorable for the ultra—small functional devices
and the increase of integrity of the photonic circuit.
These pronounced features in the structure, such as
the increased ultracompact size, quality factor, easy
fabrication, and convenient experimental observation,
have significant applications in ultra—compact
plasmonic devices. This work was published in Nano
Letters, 12, 2494 (2012).

We also reported experimental behaviors of
polarization-dependent, plasmonic-enhanced
molecular fluorescence within isolated bowtie nano-
apertures (BNAs) milled in aluminum film studied
by fluorescence correlation spectroscopy and lifetime
measurements based on time-correlated single photon
counting in an aqueous solution. The fluorescent
behaviors are novel and clearly different from those
within circular or rectangular nano-apertures. With an
appropriate polarized excitation light, the fluorescence
rate per molecule is significantly enhanced ( ~ 12-
fold) within BNAs and the fluorescence lifetime and
excitation volume are tunable by the excitation light

polarization or the BNA size. The BNAs have potential

applications, especially for single-molecule biological
analysis. This work was published in ACS Nano, 6 (2),
1438-1448 (2012).

At last, we carried out theoretical simulations of
the single-nanoparticle plasmonic images of the
electrocatalytic activity and produced strong evidence
in support of their conclusions. The scattering image
contains contributions from both the nanoparticle and
the hydrogen generated by the electrocatalytic reaction
from protons in the solution reducing the surrounding
refractive index, which could be monitored by P-ECi
signals as a function of applied potential. Experimental
images are in excellent agreement with our theoretical
simulations by COMSOL multiphysics software. This
work was published in Nature Nanotechnology, 7, 668
(2012).

This series of work is supported by the projects

“the creative team” and “breeding” of great
research program from the National Science Funding
of China, 973 project from The Ministry of science
and technology, and the funding from the State Key

Laboratory for Mesoscopic Physics.
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Figure 1: Schematic structure of the metal/dielectric
composite all-optical logic.

V. Progress in Study of Optical Modulation in Metal/Dielectric Microstructures

Metal/dielectric microstructures are important
platforms for the study of various phenomena
and effects of light propagation, confinement, and
modulation on the micro/nanometer scale in the field
of nanophotonics. Metal/dielectric microstructures
have unique near-field light confinement and
nonlinearity enhancement effect, being the important

basis of the nanoscale all-optical logic devices.

We proposed a new mechanism to construct
metal/dielectric composite with large nonlinear
susceptibility: Combining the Bragg resonance

enhancing nonlinearity in periodic metal/dielectric

microstructures and strong quantum confinement
effect. Based on this method, they fabricated Au/
polycrstal LINbO3 composite with a large third-order
nonlinear susceptibility. This overcomes the material
limitation of nanoscale photonic crystal device study
in the optical communication range. They realized
low-power and ultrafast photonic crystal all-optical
switching device prototype. The threshold power was
reduced by three orders. The threshold intensity was
reduced from GW/cm2 order to 9 MW/cm2, which
nearly meets the requirement of practical applications.

The ultrafast response time of 24.2 ps and a large
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switching efficiency of 80% were also maintained.
This work was published in Adv. Mater. (Advanced
Materials 23, 4295 (2011)). Subsequently, we
fabricated nanocomposite photonic crystal microcavity
with a large third-order nonlinear susceptibility,
realized by combining the surface plasmon resonance
(SPR) of metal nanoparticles enhancing nonlinearity
and strong photon confinement effect of photonic
crystal microcavity. Based on the nanocomposite
photonic crystal microcavity, we realized low-power
and high-contrast all-optical diode device prototype.
The threshold power was reduced by four orders.
The threshold intensity was reduced from several
hundred GW/cm2 order to 2.1 MW/cm2, which is
nearly meets the requirement of practical applications.
The transmission contrast reached 11875, which was
enlarged by three orders. This work was published in
Adv. Funct. Mater. (Advanced Functional Materials
21, 1083 (2011)).

In order to further realize the effective modulation
of the signal light on the subwavelength scale, we
designed and fabricated an asymmetrical T type slit
structure in gold films, and successfully observed the
SPP EIT-like phenomenon. The tunable SPP EIT-like

EEFUIEMRA

effect was also realized by varying the refractive index
of the dielectric cover layer. This work was published
in Nano Letters (Nano Leters 12, 2494 (2012)). Based
on the former works, we further designed a new SPP
waveguide structure having long-range propagation
and strong subwavelength confinement properties.
Using the SPP waveguide, they overcame the defect
of the method of signal light linear interference
through effectively reducing the device size, precisely
controlling the phase difference by microfabrication
etching, and CW laser exciting quasi-monochromatic
SPP waveguide modes. The feature device size was
reduced by four folds (from several dozens pm to 5
um). The intensity contrast between the logic states
of “0”

reaching 24 dB. Moreover, there is not any high-power

and 13 1 ”»

was enlarged by four folds,
requirement for the operation of the logic gates. Low-
power, compact, and high logic contrast all-optical
logic devices were realized. This work was published
in Nano Letters (Nano Letters 12, 5784 (2012)) .

The work was supported by the Creative Research
Group project of the National Natural Science
Foundation of China, and the National Basic Research

Program of China.
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professors and 12 engineers. The research fields include Accelerator Physics and Technology, Accelerator

Physics and Technology, Nuclear Technology and applications Based on Accelerators, nuclear energy and
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Medical Physics. The big research facilities in the institute are 4.5MV Van de Graaff accelerator, 2 X 6MV

tandem accelerator, '*C compact AMS, 2K cryogenic system and accelerator-based neutron radiography system.
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Koehler, Yu. N. Voronov, Jiaming Liu, Xiang Liu
and Jinxiang Chen, "“Sm(n, a )"**Nd cross sections

in the MeV energy region, Physical Review Letter,
107, 252502 (2011).
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Figure 1: Present cross sections of the '“’Sm(n, a )"*Nd

reaction compared with nuclear data library
evaluations and TALYS code calculations.

[2] Guohui Zhang*, Jiaming Liu, Zhiqi Gao,
Hao Wu, Xiang Liu, Analysis and comparison of
monoenergetic fast neutron fluence determination

**U samples at different positions with re-

using
spect to the neutron source, Applied Radiation and

Isotopes, 70 (2012) 888—892.
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I. Measurement of '’Sm(n, o )'*Nd Cross Sections in the MeV Region

'Sm is one of the most important fission products,
with relatively high fission yield. The '*Sm(n, a )"*Nd
cross section is of interest for nuclear physics,
astrophysics as well as nuclear energy applications.
However, in the MeV region where the cross section
is changing fairly rapidly, there is no measurement
datum. Measurements are difficult because activation
techniques cannot be used, available neutron fluxes
are relatively low, the cross section is fairly small,
potential backgrounds can be large, and the sample
thickness is limited by a -straggling. As a result,
evaluated nuclear data libraries rely heavily on
nuclear model calculations in this region, hence there
are very large differences among different library of

evaluations.

By using double-section gridded ionization chamber
as high efficiency and large solid angle alpha detector
and with large-area samples, "“Sm(n, « )'*°Nd cross
sections are measured at five energy points in the
MeV region. Measurement at 6.0 MeV is repeated
with thick and thin samples, and the consistency is

achieved after the correction of self absorption. Small

L BOCHEE TRE S SR

ERMIMELEWHRRRA, FOCIMESE
Tukﬂmmwmui<w%ﬂ%%mkm*

TER . TUEERE/NINRR QRS FE
ﬁ,%%—RME%mégﬁﬁo%ﬁEFE%
ARG, MRS FHAERNKERSE,
LRHABFRHEEAENNAE/LT MeV £E, &
BFYEMAFREFAAEHNTRF LA
BEERBCEBAREAEERRGFAE R
FEAnER#14% (PRL, 100, 135003 (2008); PRL. 102,
239502 (2009)); PRL 102, 239502 (2009): E[34:%
HEF— e REERFI—EEEEN, BR
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cross section as 50 p b is obtained. Model calculations
are also performed, and a good agreement is achieved
between measurements and calculations from thermal
to MeV energies. Our measurement is the first one
performed in the MeV region, and large deviations
among various evaluations are clarified. Experiments
are performed at the 4.5 MV Van de Graaff accelerator
of Peking University.

Selected Publications:

[1] Guohui Zhang*, Yu. M. Gledenov, G.
Khuukhenkhuu, M. V. Sedysheva, P. J. Szalanski, P.
E. Koehler, Yu. N. Voronov, Jiaming Liu, Xiang Liu
and Jinxiang Chen, "’Sm(n, a )"*Nd cross sections in
the MeV energy region, Physical Review Letter, 107,
252502 (2011).

[2] Guohui Zhang*, Jiaming Liu, Zhiqi Gao, Hao Wu,
Xiang Liu, Analysis and comparison of monoenergetic
fast neutron fluence determination using **U samples
at different positions with respect to the neutron
source, Applied Radiation and Isotopes, 70 (2012)
888-892.

e BOETT A G0 B #0 A0SR s — HE XS B F i 47 AR
MYPEBR, NI UFESRANSREES
¥. BYEREE, EEZREEPHIMIEL T
Fa B IR AL H A9 77 A FO£E = (PRL 103, 245003
(2009); PRL 107, 115002 (2011)) , XL UL 5
RIEL T ZAFTUARERSB FRNVEE.
FRMAMERRRE. MRFRBIZITEINER
%@WMW$ﬁmmwmnuLmk\%
8, SEREEXPHOCHERILHRY TIREHNEX
(>1010 @10ps) , WEHMEHICRE T =5 ZIW
Ko
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, AARKRFYEZGRFREER. B
5H|3;‘zi\ ’ﬁﬂ?i&i%ﬂi;x@k%ﬁéﬁﬁﬂéﬁx
EF, REEHEEREZIME “HtEE K
ff’%%” RIFT 7%, o A SOCRIOR SEILTR 58 AR
L, NBERSHOCLR, Fai@bof L
B EFORAIN L E. FHATFRIANAXE
— TR :
present work undoubtedly breaks new ground and is
of interest to many physicists, X7H B2 HITAIE
RIBR KR SO AIXS b B 3 & B X AR FE XS
BN L ERNER, BRNARRESHIECNREE
ﬁ‘é%ﬁ’a EHHE—FTHMREIN, SRR CBE

BERREBEEER FHENES FREREN,
ﬁf”inaLEJEnaﬁﬁE’\]ﬁ%%@ﬁﬁ%, 2%
MBI NEEEAT, BF T UK
I BIHEENE, R EBRBFRL
MEl. ZNMGEHTUFESEE. SHEMNEF
R, WFXAMMBIBEAREBEFNREFEE
B, &8 FHRZERHNIIEL “Laser Shaping
of a Relativistic Intense, Short Gaussian Pulse by a
Plasma Lens” 4 @& R aE¥IEE 1L
107, 265002 (2011)) .

ZRIIMARBEIREMER MR ETIIE

The present work undoubtedly the

ERBARFRNEEFES. ESZERTA.
863 I AN L MEM T BN EE. BB T
PESZRAREXEALIREMNERRNFENA
IR SRR R R OH B,
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Figure 1: Energy distribution in 3D space (upper)
and after shaping by the laser plasma lens (down).

NE

II. Laser-driven plasma lens and particle acceleration

Ultrahigh-intensity lasers can produce accelerating
fields of TV/m, surpassing those in conventional
accelerators for ions by few orders of magnitude.
Remarkable progress has been made in producing
laser-driven ultra-bright MeV proton and ion beams
in a very compact fashion compared to conventional
RF accelerators. These beams have been produced
up to several MeV per nucleon with outstanding
properties in terms of transverse emittance and
current, but typically suffer from exponential energy
distributions. Phase Stable Acceleration (PSA) can

generate the mono-energetic and collimated ion beam

and is one of the most promising mechanisms for
ion acceleration. Theoretical study shows that the
required medical proton/carbon beams (200MeV for
proton and 400MeV/u for Carbon) can be generated
from hydrogen/carbon foil (sub micron) in a laser
intensity of ~10721/10°22W/cm2, while ultra high
laser contrast (10°10) is required to avoid the pre-

expanding of the thin foil.

Both ultra-high laser intensity and ultra-high laser
contrast are challenging for state of art laser techology,

recently Prof. Xueqing Yan, Prof.Jia-erh Chen and
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Prof.Xiantu He from school of physics and college of
engineering (Peking Univerisity) proposed laser driven
plasma lens entitled “Laser Shaping of a Relativistic
Intense, Short Gaussian Pulse by a Plasma Lens” on
Physical Review Letters (PRL 107, 265002 (2011)) .
In this letter the near-critical density plasma is firstly
used as optical unit to focus, clean and steepen the
laser pulse with relativisitc intensity. The plasma lens

will be a key unit for the laser ion accelerator in the

near future.

This work was supported by MOST key instrument
project (2012YQ030142), National Natural Science
Foundation of China (Grant Nos. 11025523,
10935002,10835003) and National Basic Research
Program of China (Grant No. 2011CB808104).
Finantial supports come also from Key Lab of High
Energy Density Physics Simulation (CAPT).

= FET SRR U AR I I 2 A % 3 B (PKUNIFTY)

RFQ iix=5EBHERE. hERR5MN
HIEE, RERRESMNRES FILREM,
IR IREEEZEER R MHEP TR, NE
EFR R ETEENNA. AN
BEBREXFELEHENMNHNEZXNT, EFKE
W PR TR, EMBAMKR AL m
M. EEMETHERMNARTHRDHNEERR K
. PFRBEAEASMEEREER BTN
EMARF@mI LR N. bR A% RFQ IR A
RIS ZFENHRBOL, T 2012 F 2 AHFHITMA
E TS lUAk % D+ RFQ fNER =5 F A&
ZEE (PKUNIFTY) (Figurel) , {87 —%
SRR R AR BB A (Figure 2), F£F 2012 5
2 BRI ERAMNNE, BN EERETAA
KNEREANBEW. ZXBNEHEN TEAR
A, FAZIEFRERFEERLFHKTE,

PKUNIFTY # & 8 F B jg 2 ¥ (ECR)
BF R &% (LEBT) . S 41 WK 5
(RFQ) fNiR#s. SHEREZ. EEHREPFIBNL
RGEURPFHEARFGAEMN. RFQ IR LI
7F 201.5MHz, fAiEFEF 1%-10% T8, ZEEM
# 100Hz, o] A fNR D+ B ¥ 2| 2MeV 88 €, %)
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MR B 15SmA, ZUIRATH SN E A 300kW.
10mA 4% TAE& M T, DY BmHERET I~ 4
24*10"ws B ¥, ZFBUEHRRTTEERA

2*10*n/cm*/s,

B O e#*ik®EFE ECR LA
245GHz, @—F/™=4%R. RBEESBEFRH
BFIRE, BXRm4£RAK HY, D+, Het 42
BF®, ©#/ = FB1E IPHL IFMIF, SPIRAL II,
FAIR, TASCO, DAE ALUSZIE A, F4% 1
194 7 EFr E 2.45GHz ECR B 7BV R IF L
R [1,2,3], +EHZIMHFIAIKE ECR B F
J8 (PMECRIS) #5#%7%, S|HMN=MRAR
nEEHEER RS SHERRTHNSE
W4T, H A REKIN fJ Nakagawa f§ . EE
M. Stockli =+ 7%F CEA/Saclay #:(>J R.Gobin
SAEZERM A B IR T K554 ECRIS2010
2 B2, ICIS2011 298 2 45, LINAC2012
B E IR KRS/ PMECRIS &R %14 1Z 5
KB FRRESEINAEE; PRI MNEDAT
MR DHRIAAN: “AEREFREHNE
NEFRIEN—RKSER. 7
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Table 1: Beam current produced by 2.45GHz ECR ion source around the world.

Labs At‘r’rfos CEA CIAE PKU
Ion type H+ H+ D+ He+ H+ H+ D+ He+
IPHI/ Coupled
Facilities LEDA ESS/ él;i/glFI/I Spiral Il | CSNS DWA PKEFJEIF_ DF(%&
FAIR SFRFQ
r(mm) 8.6 9 12 9 7 6 6 6
Energy (keV) 75 95 95 100 75 50 50 50
Current(mA) 130 157 175 104 150 120 83 65
Density(mA/cm?2) 224 247 156 163 389 424 290 227

AN, ERAFEFRARN IR EL R
FE M S0kV T3EE T 7T0mA §J Ar+ 3,
50mA f] O+ 38#0 63mA ) N+ 3 [3]. 2012 FE3 4]
7£ 2.45GHz ECR BB b fIhith 7 40kV T8 7
40mA fy4 H,', HEER 31 H B F0RE 54%[4],
I & F INFN-Catania fJ [5] 28 )& £ 20%/ 2 7t 5%
50mA FIZCE [ 5] MIH3RE T 4.4mA f He’ &
FiR (6], bz BTREFRIC F 15nA & 7 i 300
&7, ENNE B TRABAIM B = SRS
EUa, FAMIIMSIH T 15mA g H- 1R [8],
e T X EFRARFNERRCEK SmA[9].

Project Overview:
A compact neutron source

Aol e of FRUMIFTY

l: JERASERTHRGES (PKUNIFTY) .

&2 FrmRER.

SR

[1] Zhiyu Guo, Yubin Zou, Yuanrong Lu,
Xueqing Yan, Shixiang Peng, Kun Zhu et al. Neutron
radiography with compact accelerator at Peking
University: problems and solutions. Proceedings of
UCANS-I, Beijing, Aug. 2010. Physics Procedia 2012;
26:70-78.

[2] Yubin Zou, Weiwei Wen, Zhiyu Guo,
Yuanrong Lu, Shixiang Peng, Kun Zhu et al.
PKUNIFTY: A neutron imaging facility at Peking
University. Nuclear Instruments and Methods in
Physics Research A, 2011; 651:62-66.
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[3] H.T. Ren, S.X. Peng, P.N. Lu, Q.F. Zhou, Z.X.
Yuan, J. Zhao et al. Deuteron injector for PRUNIFTY
project. Review of Scientific Instruments, 2012; 83:
02B711.

[4] Xueqing Yan, Kun Zhu, Yuanrong Lu,
Shixiang Peng, Shuli Gao, Jie Zhao et al., Design of
RFQ accelerator facility of PKUNIFTY. Proceedings
of UCANS-I, Beijing, Aug. 2010. Physics Procedia
2012; 26: 79-87.

[5] Weiwei Wen, Hang Li, Yubin Zou, Guoyo
Tang, Dawei Mo, Yuanrong Lu et al., Neutronic design
and simulated performance of Peking University
Neutron Imaging Facility (PKUNIFTY). Nuclear
Instruments and Methods in Physics Research A, 2011,
651: 67-72.

[6] LI Hang( Z= it ), ZOU Yu-Bin( 48 5 3% )**,
LU Yuan-Rong( [ 7t & ),GUO Zhi-Yu( 5% = £ ),
TANG Guo-You( & & ), Preliminary Study on
Neutron Radiography with Several Hundred keV Fast
Neutrons, CHIN. PHYS. LETT. Vol. 29, No. 11 (2012)
118701

[7]R. Ferdinand, P-Y. Beauvais, A. France, R.

Gobin, J-M. Lagniel, Proceedings of EPAC 2002,

Paris, France.

[8] H. T. Ren, S. X. Peng*, P. N. Lu, etc., Review
of Scientific Instrument.. 83, 02B711 (2012) .

[9] H. T. Ren, S. X. Peng*, P. N. Lu, etc., Review
of Scientific Instrument. 83, 02B905 (2012) .

[10]Yuan Xu, Shixiang Peng*, Jie Zhao, etc.,
IPAC13, Contribution ID 2168, accepted on Feb,2013.

[11] R. Miracoli et al., Rev. Sci. Instrum. 83,
02A305 (2012).]

[12] F. Melcherty, S. Meusery, S. Kr ~" udenery,
etc., J. Phys. B: At. Mol. Opt. Phys. 30 (1997) L697—
L702.

[13] Shixiang Peng, Haitao Ren, Jie Zhao, etc.,
IPACI13, Contribution ID 2413, accepted on Feb.
2013.

[14] D. K. Spence et al., Proceedings of the XVIII
International Linear Accelerator Conference, August,
1996.

TH: —METFEEREBS TR TS
201110026605.4

I11. Peking University Neutron Imaging FaciliTY based on high intensity D+ radio

frequency quadruple accelerator

Peking University neutron imaging facility
(PKUNIFTY)(shown in Figure 1) is a radio frequency
quadrupole (RFQ) accelerator based facility. The D-Be
reaction was selected for neutron generation, and
the energy of deuteron beam was set to 2 MeV. RFQ
accelerator operates at 201.5MHz, the beam repetition
frequency is 100Hz, duty cycle can be adjusted
from 1% to 10%. The first beam commissioning was

carried out at the end of 2011. The first neutron beam
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was obtained on Feb. 2, 2012. Since then, Neutron
radiography experiments have been carried out. Figure
2 shows the preliminary NR results. The design of
PKUNIFTY and its detailed results were published in
the reference [1]-[6].

The 2.45 GHz ECR(Electron Cyclotron Resonance
Ion Sources) is widely used to produce high current,

single charged ions, mainly to generate H+, D+ or
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He+ and some other light ions. This kind of source
has been chosen to generate ions for many world level
projects, such as LEDA in USA, IPHI & SPIRAL II in
France, FAIR in Europe, TASCO and DAE  ALUS
in Italy, and IFMIF project. In PKU the Ion Source
charged by Dr. Shixiang PENG keeps doing researches
on 2.45GHz ECR ion source and ready produce H+,
He+ and D+ for DWA, PKUNIFTY and Coupled
RFQ&SFRFQ projects. Data listed in table 1 are the
best results of this kind of source around the world.
The highest beam intensities produced are kept by
PKU PMECRIS[7]-[9]. The results obtained by PKU
PMECRISs were highlighted by Dr. Nakaga from
REKIN, JAPAN at the ECRIS2010 Summary, Dr. M.
Stockli from SNS, USA at ICIS2011 Summary, Mr.
R. Gobin from CEA/Saclay, France at his Invited talk
during LINAC2012. Dr. H.-W. Zhao from IMPCAS
said “this is a big bright point of Chinese ion source

domain.”

We have produced 70mA Ar+,50mA O+ and 63mA
N+ at 50kV with PKU PMECRISs for difference users
in PKU. “It is pretty sure your source is probably the
one with the best results in the world.” ( Comments
from Mr. R. Gobin, CEA/Saclay).

During 2012, PKU PMECRISs delivered H2+
exceeding 40 mA[10],over 54% of the extracted
beam in the H2+ fraction, with a total current of
76 mA, much higher than that INFN-Catania with
H2+ fraction 20%/ for a 50 mA total beam[11].We
have also got 4.4mA He2+, that is nearly 300 times
of 15 nA reported in reference[12]. Through some
modifications on magnet field configuration, discharge
chamber structure and extraction system, we have
got 15 mA H- ion beam at 40 keV by this prototype
source[ 13],the world record is SmA[14].

References:
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UCANS-I, Beijing, Aug. 2010. Physics Procedia 2012;
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ERTHRYESREMRR

Institute of Plasma Physics & Fusion Studies

EBTHYESRTMAFABHRT A, HPHE 3 A (BREMANEBR LM —ROTHE !
BEZ) . “BAH ARR2 AL BER LA AAAR DA HIROUEEBHERETEE FHRYE.
TEEXEEFTRYIE. SHEFEYE. KIERERNSE, PRAEFFTERYEFNE T ENE.
The faculty of plasma physics has 7 members of 4 full professors, two Bairen research professors and an

associate professor, as well as an office assistant. The research areas of the institute covers major fields in plasma

physics and fusion studies, from fusion plasma physics, astrophysical and space plasma physics, and high energy

density physics, to large scale simulations.

Tk 2 R % B RAR 2P I - b ELAE RO A B R 58

WMARBRLTEF FHRRNIELME R - K14
BEA, FAlRKEFERINESFIEEATES
TR ANFL 5 WK 5 AR IX IS A2 R A EY IR
F (energetic particles) 5% & F A AR ~ [8]
MNIEEER, ELUHMARRLEE FERNSY
RERIZTIAL ITER AR KB EHREEE T
EYERRARERZ OB, EERBAORZE
THRFARETIMZF T, ERAERTRAP LS
WINEITTEME, EREMRN FSHOREOR AL
BWHIELMEEER. MR RSEBFHREEE
BRHERUEFNZEFEFRMR, FHRE
TEEHE.
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F—EERMFTEL (UNBRIELEAESEEF
KB EBRTHRAEL4A) HEIE7E 2012 F
Sherwood EFR B LW LIRS (BE—
REHERNAFRARTIZE W EHEERS)

-0.3-0.2 -0.1 -0.0 0.1

0.2 0.3

FEERRRAITHN (DI RIR) £ [H. S.
Zhang, Z. Lin, and 1. Holod, Phys. Rev. Lett. 109,
025001, 2012], #MHEFXIMITE, sKMERHIE
TR T 2012 FEFREB FIRYER,

Bl RN FEZRE (L-0) EEMNNFLRE
(C-0 WNEF x-y @) : RIFIHHDHRE
HAENTUER (RS FRZE S EE
m, BefrshrASEEERLD) o NEREGH
PR Z (a-d) BYIRKE F#Esh 57 o) IAE 48
ZEFRRTF ‘5”7 FREK.

Figure 1: Nonlinear dynamics in ( { - ® ) phase
space with x-axis is €, y-axis is o, described by of
perturbed fast particle distribution function & f,/f,.
The phase space island evolution can be seen in time

steps (a)—(d).

Nonlinear wave-particle interaction in magnetically confined plasmas

Nonlinear wave-particle interactions, particularly
MW radio-frequency wave heating and current/
flow driven, as well as eigenmodes interacting with
energetic particles generated in the process, are
fundamental issues in high performance (H-mode)
operation scenarios and ITER (also future fusion
reactors) burning plasma physics. Supported by
ITER-China, PKU Fusion Simulation Center has
focused on nonlinear interaction of energetic particles
to eigenmodes of magnetohydrodynamics (MHD)
waves, and development of plasma-LHW (lower
hybrid wave) interaction code. Significant progresses

have been made in last two years.

Making use of the gyro-kinetic toroidal massive
simulation code (GTC), Prof. Lin Zhi-Hong and Dr.

Zhang Hua-Sen studied nonlinear dynamics of beta-

induced Alfvén eigenmode (BAE). It is found that a
fast and repetitive frequency chirping is induced by
the evolution of coherent structures in the phase space.
The dynamics of the coherent structures is controlled
by the competition between the phase-space island
formation due to the nonlinear particle trapping and
the island destruction due to the free streaming. This
chirping dynamics provides a conceptual framework
for understanding nonlinear wave-particle interactions
underlying the transport process in collisionless

plasmas.

The first author, Dr. Zhang (a PhD candidate then)
presented this work as an invited talk on 2012
International Sherwood Fusion Theory Conference,
Atlanta, Georgia, USA. He was the first researcher

working in China to have this honor. The major
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result is published in PRL [H. S. Zhang, Z. Lin, and I.
Holod, Phys. Rev. Lett., 109, 025001, 2012] recently.

His doctoral dissertation, partial based on this work, is
awarded 2012 S. T. Tsai Plasma Physics Award.

BARMIER

Department of Technical Physics

BAMBERUBHRAL2 A, Hi: HFo A, HBRLESEIRIMLIA, BIFES A, “IKX
BATR” IRE2A, SRIRMIA, A1 A, IRIFS A, RABDEHE: LRZRK. LB
BEWERFT. BRRENERRT. BREXE. aIRYE. PeeiiEn. NARYE. &
HEHR. WNBFA. ZBEFH. AE B 2XLTMV IRR, FTERTNAZYEBEFRR (BFREAR
58 , N ERFRVLEE, —MEYBHELRE, bk - ZNEEZOET L. BAYER
2 “DYBEERBAEBRESALRE" NEZAEMIY, BESEE—NZYEERENZYEE
Hehtll; AIEIBIHNIESELTE; #HEFEE ZHNERIINGE, SHESEDEEKEREGEN
H A I2{L Ffr Nishina School & {EiZF AR 4 B 62

There are 25 faculty members in the department, consisting of 6 full professors, 1 professorship engineer, 8
associate professors, 2 “BaiRen” research professors, 1 senior engineer, 1 lecturer and 5 engineers. The
research fields include experimental nuclear reaction, experimental nuclear structure and decay, theoretical
nuclear structure and decay, theoretical astrophysics, experimental high-energy physics, theoretical intermediate
and high-energy physics, applied nuclear physics, radiation protection, detector technique and nuclear
electronics. The department is an important part of State Key Laboratory of Nuclear Physics and Technology,
with a facility of 2X 1.7 MV accelerator for applied nuclear physics. The department holds a subatomic detector
laboratory, an education laboratory for nuclear physics, and a PKU-Lanzhou joint center for nuclear physics.
It is the only department in the universities of China , which is supported by the national project for fostering
talents of nuclear science and by the national project of defense in nuclear physics. The researches are supported
by many funds including project-973 and key project from national natural science foundation of China. The
department has well established international and domestic collaborations including international high-energy

experimental projects and undergraduate education program of Nishina School with RIKEN in Japan.
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FREZYE AR RYE) R
R, BEAAEN FERRMZERE. EBFH
B RELNXE, EENRINRFZEN TS
REMBYEEERNRGER. MERAMIER
I AXNFRAVELX, BEHI T RMEASEHH
SEMEHEMFTNEIEEER. BRIEES4E
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BFENEHEMINEN FAED. BEvmE
T B Y B4/ 6Het+2n F1 4He+2n+2n B3 5
FEAGE MEr4 MM P FRLRERFE,
35148 (p3/2)4 M (p3/2)2(p1/2)2 457, SLEGHT
RIXLEERSHERF (XD , MU IAIR 8He
AEEE, MANMEENFPFHELXZH
THBERBEH MR

IEERIE KRB B REBUAE LA E T
‘He AR 7T F BB R SE%, FRAREE X
82.3 MeV/u, maRiA % 105 pps £ 4%, = H Al
HHREHREBMNSHe Rif. LBXAB T HCHH
FIRABRFIRMAE, LW E RAEPEEX K
M7 BERARFIMCH T ERX D AR K
RS, 4572kt £Of B Bk HALS), X3
EENVESEME— MV ELMN. TEFEZ
TR HLEIREA £, K18 7 6He R B H
WoEHE, BISEREELRIER T 8He &1
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Figure 1: Comparison of the differential cross section

of the 6He core cluster knocked out from 8He, to that
of the 6He elastic scattering.
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Figure 2: Reconstructed 7He resonance, with (blue )
or without (black) recoil proton tagging. Lines fit the
data.

I. Knockout reaction mechanism and the ground state structure of the neutron

drip-line nucleus 8He
Unstable nuclear physics (RIB physics) is aimed at the
unexplored large area on the nuclear chart. Away from

the B -stability line, new phenomena, such as shell

evolutions and changes of the effective interactions,
have been observed. More exotically at the limit of the

isospin asymmetry around the drip-line, new structure
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degrees of freedom such as halo and cluster and new
effective interactions have been emerged. So far the
drip-line for protons has been reached up to Z=30,
while that for neutrons can only be touched up to Z=8.
Due to the extremely low binding energy, low density,
strong coupling to the continuum and long range
coupling of the nuclear force, it is expected that more
exotic phenomena and new regulations will be found

in the heavier drip-line area.

8He is a neutron drip-line nucleus at Z=2 with the
highest neutron/proton ratio for any bound nucleus
and the famous double-borromean structure. It is of
very rich single-particle as well as cluster structure
configurations. Experimental investigations of these
exotic structures are important not only for describing
8He itself but also for understanding the behavior of

nuclei in the whole drip-line area.

Recently the Peking University group has proposed
and accomplished a knockout reaction experiment
in RIKEN for 8He on a proton target. The 8He
beam energy was 82.3 MeV/u and the intensity was
about 105 pps, which is the most intense one in the
world. In the experiment was applied the specially
designed recoil proton detector. For the first time in
the intermediate energy range the experiment realized
the discrimination of various reaction mechanisms

through the recoil proton tagging method. Especially

—. R BRI R AR

ZEBRE LIS R 8000 Z MRFAZH,
WA 85% ML EMRTZEBKHIRIVK. FH
REFBTAR AR R LIRS HNERFRIEL:
ERFHREESEHRET T, RTRIEREEHE
IR, MBEZKH B6TEZ. R BAkE MY
R=MEE . XEFHNRTZRER T 57
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the selection of the quasi-free knockout process is
of primary importance in order to probe directly the
ground state structure. Based on the core-fragment
knockout mechanism, the differential cross sections
for 6He cluster scattering was obtained and compared
to theoretical predictions. The spectroscopic factor
of this cluster configuration was extracted and
found to be several times larger than the shell model
predictions. On the other hand, 7He resonant state
was reconstructed based on the selection of the
valence nucleon knockout mechanism and the precise
simulation of the detector resolutions and acceptance.
The most precise results for the 7He resonance width
and the related spectroscopic factor were obtained
which support the theoretical predictions in the frame

work of the ab initio calculation.

The results were reported in several conference invited
talks and published in Phys. Lett. B 707(2012)46-
51 with Zongxin Cao and Yanlin Ye the first and
corresponding authors, respectively. The work was
soon cited by several theoretical publications, and the
recoil proton tagging method has been adopted by a
few experiment proposals. Peking University group
is invited to participate to these experiments and to
take care of the recoil proton detection. This work is
supported by the 973 project of China under grand
number 2007CB815000.
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II. Exotic Shapes of Nuclei

Nuclei as a finite quantum many-body system can
have rich multipole deformations and associated exotic
structures, corresponding to complex rotational bands.

Recently, due to the progress in the experimental

— N EH, SETHNEIE A RERN, mit
ARNERITENAZE NS B EAR T M)
HHEF, MNTERFHEES THRIANLE
ME, TEME T LENEENRE BEHEKRE.
X TERFRE=AMNERIADIETY (9
FE{E 38 hifl) E (Physical Review Letters 108,
092501 (2012)) .
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Figure 2: (left) The scheme picture of the titled-axis
rotation of a triaxial nucleus. (right) The potential
energy surfaces of Er-158 obtained by principle-axis-
cranking calculations.

RFMIRSL:
[17Y. Shi, J. Dobaczewski, S. Frauendorf, W.
Nazarewicz, J. C. Pei, F. R. Xu, and N. Nikolov
“Self-consistent tilted-axis-cranking study of tri-

axial strongly deformed bands in 158Er at ultrahigh
spin” , Phys. Rev. Lett. 108, 092501 (2012).

[2] H.L. Liu, F. R. Xu, P. M. Walker, “Under-
standing the different rotational behaviors of 252No
and 254No” , Phys. Rev. C 86, 011301 (Rapid
Communication) (2012).

spectrum techniques, the studies of higher multipole
deformations in superheavy nuclei and the triaxial
deformations at ultra-high spin states have brought

considerable attention. Generally, superheavy nuclei
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have larger level densities and the shapes are more

“rigid” compared to medium-heavy and heavy
nuclei, and the higher multipole deformations become
non-negligible. Prof. Xu’ s group found the inclusion
of the 6-order deformation is important to reproduce
the rotation bands in the superheavy region. While
such a high order deformation is usually omitted in
literatures. This work provides a new possibility to
probe the multi-pole correlations and shell structures
in superheavy nuclei. This work has been published
as a rapid communication in Physical Review C 86,
011301(2012).

In addition, stimulated by recent experimental
discoveries, triaxial strongly deformed (TSD) states in
Er-158 at ultrahigh spins have been studied by means
of the Skyrme-Hartree-Fock model and the tilted-
axis-cranking method. Restricting the rotational axis
to one of the principal axes—as done in previous
cranking calculations—two well-defined TSD minima
in the total Routhian surface are found for a given
configuration: one with positive and another with

negative triaxial deformation gamma. By allowing

the rotational axis to change direction, the higher-
energy minimum is shown to be a saddle point. This
resolves the long-standing question of the physical
interpretation of the two triaxial minima at a very
similar quadrupole shape obtained in the principal-
axis-cranking approach. Several TSD configurations
have been predicted, including a highly deformed
band, which is a candidate for the structure observed
in experiment. This work has been published recently
in Physical Review Letters 108, 092501 (2012).

Selected publications:

[1] Y. Shi, J. Dobaczewski, S. Frauendorf, W.
Nazarewicz, J. C. Pei, F. R. Xu, and N. Nikolov

“Self-consistent tilted-axis-cranking study of triaxial
strongly deformed bands in 158Er at ultrahigh spin” ,
Phys. Rev. Lett. 108, 092501 (2012).

[2] H.L. Liu, F. R. Xu, P. M. Walker, “Understanding
the different rotational behaviors of 252No
and 254No” , Phys. Rev. C 86, 011301(Rapid

Communication) (2012).
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FIG. 4: Results of fit to the M{gr*®~) mass distribution
for events with either the =™ or gx~ in the ao(980) mass
window. The dotted curve shows the contribution of monew
and for non-ag(980) background, the dashed line also includes
the contribution from J/w — b;{1235)a(980), and the dot-
dashed curve indicates the total background with the non-
resonant Ji — wol (980)=7 included. x*/do.f is 1.27 far
this ft.

II1. Observation of X(1870) in BESIII Experiment

Searching for the hadron states beyond the convention
quark model (multi-quark, hybrid, glueball, etc.) is a
major topic in the field of experimental high energy
physics. X(1835), which was first observed by BESII,
is considered to be the most promising candidate of
the pseudoscalar glueball. Recently, Kun Liu and
his Ph.D advisor Prof. Yajun Mao from the School
of Physics of Peking University, along with their
collaborator Dr. Shan Jin from the Institute of High
Energy Physics, observed a new n n m resonant
structure X(1870) in the channel /v — wn n =
with a significance of 7.1 o, using the 225M J/ ¥
decay events accumulated by the BESIII detector. This
resonant structure is interpreted to be the counterpart
of X(1835) produced in the hadronic decay of J/ ¥ .
Besides X(1870), the n m m mass spectrum also
shows a clear signal of n (1405), which is regarded

as another hot candidate of the pseudoscalar glueball.

The first precise measurement of their production
width in the hadronic decay of J/ ¢ will provide vital
information for their glueball possibility. This analysis
has been published on Phys. Rev. Lett. 107, 182001
(2011).

BESIII (Beijing Spectrometer I1I) and BEPCII (Beijing
Electron Positron Collider II) is a major upgrade of
the old BESII/BEPC, aiming at the study of hadron
spectroscopy as well as 1 -charm physics. BESIII
started its first successful data run at May 2008, and
has accumulated the world” s largest data sample of
J/ b decay. The high energy physics group of Peking
University, under the leadership of Prof. Yajun Mao,
participated in every aspects of the BESIII experiment,
including detector simulation, development of analysis
software and the data analysis. This work is supported
by the Minister of Science and Technology under 973

program and National Science Foundation of China.
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Department of Astronomy
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Department of Astronomy of PKU was established in 2000, based on the Astronomy Division in the Department
of Geophysics founded in 1960. It was merged into the School of Physics in 2001. Now there are 13 members
in the department, consisting of 8 professors, 2 associate professors, 2 Bairen research professors, and 1
secretary for administration. The main research fields include Cosmology and Galaxy Formation, High Energy
Astrophysics, Interstellar Medium, Stellar and Planet System, and Astroparticle Physics, covering a wide range

of astronomical scales and astrophysical conditions.
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I. Cosmology and Structure Formation

Intracluster stellar populations are a natural
result of tidal interactions in galaxy clusters.
Measuringthese populations is difficult, but
important for understanding the assembly of the most
massivegalaxies. The Coma cluster of galaxies is
one of the nearest truly massive galaxy clusters, and
is hostto a correspondingly large system of globular
clusters (GCs). Peng et al. (2011, Astrophysical
Journal, 730, 23) used imaging from the Hubble
Space Telescope Advanced Camera for Surveys
(HST/ACS) Coma Cluster Survey to present the
first definitive detection of a large population of

intracluster GCs(IGCs) that fills the Coma cluster

CHENTAANEAEMRELEERFANE
AERBKE F A A
Virgo Survey -2 F Canada-France-Hawaii it 55

THMARBEKXIE) .

(Next Generation

B 1. BEAEERFZOKER (30.8” x23.0°, 900
x 670 kpc ) BOREF R BN HE (RREHFE
4h8) . EHRARRERTAENEKKEAFREL
ERE (HEILAXREZEERRETS) . 2HHE
BRESMEMTZEMRE. AETNR, KRKREH
FTERENHAEROEZR NGC 4874 AE. Hb
TNER—PEREFAD BN ERANLEY, X—
ZEMUFS5E R NGC 4489 HZE. AL, FXRE
BRAFZOCKBBERSHREANEE.

Figure 1: Smoothed spatial distribution of globular
clusters in the Coma cluster core (30.8” x 23.0°, 900 x
670 kpc). Color represents the surface density of GCs,
corrected for completeness (blue to red denotes low to
high density). The dominant concentration of GCs is
around NGC 4874, the red density peak at center right.
There is also an extended structure of GCs that appears
to connect to NGC 4489 (missing tiel of high density).
There is generally a high level of GCs throughout the
cluster core.

core and is not associated with individual galaxies.
The GC surfacedensity profile around the central
massive elliptical galaxy, NGC 4874, is dominated at
large radii bya population of IGCs that extend to the
limit of the (R < 520 kpc). They estimate that there
are47000 + 1600 (random) +4000/-5000 (systematic)
IGCs out to this radius, and that they makeup ~ 70%
of the central GC system, making this the largest GC
system in the nearby Universe. Even including the
GC systems of other cluster galaxies, the IGCs still
make up ~30-45% of the GCs in the cluster core.

Observational limits from previous studies of the

intracluster light (ICL) suggest that the IGC population
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has a high specific frequency (SN, the number of GCs
per unit stellar luminosity). If the IGC population has
a specific frequency similar to high-SN dwarf galaxies,
then the ICL has a mean surface brightness of p 'V
~ 27 mag arcsec” and a total stellar mass of roughly
1012M  within the cluster core. The ICL makes up
approximately half of the stellar luminosity and one-
third of the stellar mass of the central (NGC4874+ICL)
system. The fraction of red IGCs (20%), and the red
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color of those GCs, implies that IGCs can originate
from the halos of relatively massive, Lstar galaxies,
and not solely from the disruption of dwarf galaxies.
Prof. Peng’s group, with postdoc Dr. Hongxin Zhang,
is continuing this work and is now studying the
intergalactic GC populations in the nearby Virgo
cluster of galaxies using the Next Generation Virgo

Survey, a Large Program on the Canada-France-

Hawaii Telescope.

. FEABRZIREZ "W THWERE
(LAMOST) . Figure 1: GuoShoulJing Telescope

(LAMOST), one of the Chinese Major Scientific
Facilities.

EOKBRIBRPEEEN—HDHENA
FARE S WM E IR BIR T sE R 2K B R R
WRR, AEHFEEEOERMPIEIA. £RTA
EAMEXTENER L, Bidx£E SDSS =
WK (B ugriz i BN £38) Fné E UKIDSS
LTSN R (B YHIK R SE8E) T
MREFRFEENCEITENIT, FHARE TF



FHDINRRSS | Highlights

BiEgshgE (Y-K) Fxzge (gz) 845
ERIVWLAB/NT 4 PEEREPIF AR (Wu &
Jia 2010), FBIX—#HHE, 1T IR
ABNTANEERNEEX SR, XHH
B 7 SDSS KEMRERFIEPIGLZE 2.2 5
32 [ERMXERRIRIENGRE. 7£ 2009 — 2010
FRLTEHE LSS (LAMOST) 0 M £ (&),

BANFAX AR 7 — X E2RPERE
IRFBAT T IOERM. EX— 5 ERHRKX
F—RBIHMP AT T 8 MFHHNLERK (H
JENE2), ERSTXERNIB KT L6,
B2 WL B AT 2.4 (Wu et al. 2010a,b), IXLE%
BRI R RESE 1644 F119.34 2 [8), Hrh
RN —MEERK (i=1644) 0754 243, HAK
IECERBKASCENTA2E BFFEF
BEPRENXERZ—, 2HEEPLRRERE
5k 4 BICAHRE. X—XBIALE 2011 F
Wk HAY “2010 FERE+ARIREHE .
XL LERIEST T A BRI E AKX ERiE
BHE, RERZERERNFADFHERE
(LAMOST) RN 7E 3 A fud JE 15 R R X
M AL, XLELERESREIETH
SEEWN, XEXEMNBIAREREES 7 HA]
NEKEMELISIABIICEZFEHTR, M1(]
1£ 38 3 (Peth, Ross & Schneider, 2011) & A # 15
EATH MR Z EHWFEMNEL, MEHSE

SFNMNEBERF SR (very good general

agreement),

o, FIBEEMFCRESRELENR
kiR, FAIFAZEE Arizona M EIH S BB
AN 4B AE23 529 ZEREER (Wu
et al. 2011), 2012 EFHKNIXF B =@ LR 2.4
KEFMINZI 6 S LU EKENR (Wu et al.
2012), HP&ESLAH K46 NEXERERERX
YERESFAEANRBZEMAUNER&KE
A KRR

Eelative Tux
B
—r

« ¥ 5 B B

Wevelengtt (A)

Wavelenglhlh)

2: FIEETHEIRE (LAMOST) LI 8 i
MEEERRE.

Figure 2: Spectra of eight new quasars discovered by
the GuoSoouJing Telescope (LAMOST)).
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I1. Discovering New Quasars in the SDSS Spectroscopically Surveyed Sky Area

Quasar was discovered in 1963 and has been a hot
topic in astronomical research since then. Quasars
look like stars but they are actually objects far away
beyond our Milk Way. More and more quasars have
been discovered in the last two decades by the larger
sky spectroscopic surveys. The U.S. Sloan Digital Sky
Survey (SDSS) has found 100,000 more quasars in the
10,000 square degrees of sky, which form the largest
sample of quasars and play an important role in the
studies of the cosmic reionization, galaxy evolution,
the large-scale structures, and black hole physics.
But the SDSS quasars are mostly found at low-
redshift (short distance), only about 10% of the SDSS
quasars have redshifts larger than 2.2. Moreover,
SDSS quasar samples at redshifts between 2.2 to 3
has large incompleteness, especially in the redshift of
2.8, its incompleteness is even as high as 90%. This
is mainly because at redshift between 2.2 to 3 the
optical colors of quasars are very similar to normal
stars due to the appearance of Lyman alpha emission
line at the observed optical band, while in the SDSS
spectroscopic survey most objects with similar
colors as stars were excluded. How to overcome the
problems in the SDSS quasar selection criteria, find
more missing quasars with redshifts between 2.2 to 3,
and construct a more complete sample of quasars than
that of SDSS, has become one of the main objectives
of the quasar survey with the GuoShouling telescope
(LAMOST), which is one of the Chinese Major

Scientific Facilities.

The most important step in discovering quasars is
to find the most probable quasar candidates based
on their photometric data before taking the spectra
to identify their quasar nature. Based on previous
related works we have collected thousands of quasars

and stars with both photometric data in SDSS optical
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bands and UKIDSS near-infrared bands. By analyzing
the colors of quasars and stars, we proposed a new
criterion for selecting quasars with redshifts smaller
than 4 using their optical and near-infrared colors
(Wu & Jia 2010). In 2009-2010, we carried out
spectroscopic observations on the quasar candidates
selected based on our new selection criterion with
the GuoShoulJing Telescope (LAMOST) during its
commissioning period. In a 5-degree field of sky, with
one exposure we discovered eight new quasars (Wu et
al. 2010a,b). Five of them have redshifts greater than
1.6 and two have redshifts greater than 2.4. This is
the first time for us to use the GuoShouJing Telescope
(LAMOST) to discover new quasars in the SDSS
spectroscopically surveyed sky area. The brightest
quasar we discovered has redshift of 2.43, and it
emits power as quadrillion times of the Sun, making
it as one of the brightest quasars in the universe. Its
central black hole mass is estimated as 40 billion
solar masses. These findings confirm that using our
new quasar selection criterion, we are able to make
new discoveries of quasars with our GuoShouJing
telescope (LAMOST) even in the sky areas already
observered by other spectroscopic surveys. Our
discovery of new quasars with LAMOST was
selected in 2011 as “One of the top 10 Astronomical
Advances in China” . These results have aroused
great attentions of other foreign colleagues. Some
SDSS scholars recently repeated our study of the near-
infrared and optical colors of quasars using different
quasar samples, and reached the same conclusions
(Peth, Ross & Schneider, 2011) as we did. They
mentioned that their results are in  ‘very good general
agreement’ with ours. Their study also supports
that with our new selection criterion we are able to

discover more quasars missed in the previous SDSS
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spectroscopic survey. Astronomical Society,406, 1583

In addition, by combining variability with the optical/  [2] Peth, M., Ross, N.P. & Schneider, D.P., 2011,
near-infrared colors to select quasars candidates, we  Astronomical Journal, 141,105

also identified 14 new quasars with redshifts between [3] Wu, X.-B., et al., 2010a, Research in Astronomy

2.3 and 2.9 using two telescopes in Arizona, USA (Wu and Astrophysics, 10,745

et al. 2011). In 2012, we identified 6 high-redshift
quasars with the 2.4meter telescope at Lijiang, Yunnan
(Wu et al. 2012). The quasar with redshift of 4.6 is the

most distant object discovered by astronomers using a  [5] Wu, X.-B,, et al., 2011, Astronomical Journal, 142,

[4] Wu, X.-B., et al., 2010b, Research in Astronomy
and Astrophysics, 10,737

telescope in China. 78
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The Department of Atmospheric and Oceanic Sciences
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RREMUMHKYER, SREZLT RAZRNKIYEMRSIFHOA L. 1998 F, REYEMNX
SHNHIFLEHFAKRSIRZEZ ., 2001 F ERKFHZDEFB, KEBFTWHNDIEF B,
BUYRSRFER. 2010 F, ERARFREERIRZREZVYIEGFT L, IHHERIBERERAKRS
5 @FRFEAR.

The Department of Atmospheric and Oceanic Sciences at PKU celebrates a long and prestigious heritage. Our
Atmospheric Science Program traces its root back to the Meteorology Program originally founded in 1929 at
Tsinghua University. After the period of the utmost fortitude at the National Southwest Associated University
during World War II (1938-1945), the Department of Meteorology was established at Tsinghua University
in 1946. In 1952, the faculty and students of the Department of Meteorology were all moved from Tsinghua
University to the Department of Physics of Peking University, as part of the nation-wide restructuring of higher
education. In 1958, Peking University established the Department of Geophysics, under which the Program of
Meteorology expanded into two programs: Atmospheric Physics and Dynamical Meteorology. The two programs
combined to form the Program of Atmospheric Sciences in 1998. In 2001, Peking University established the
School of Physics, into which the Program of Atmospheric Sciences was incorporated to become the Department
of Atmospheric Sciences. Most recently, Peking University founded the Program of Physical Oceanography

under the newly renamed Department of Atmospheric and Oceanic Sciences in 2010.
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Figure 1: January zonal-mean maximum, equatorial

annual-mean, and global annual-mean near-surface
temperatures as a function of CO, levels.

I. Mechanisms of formation and melting of the Neoproterozoic Snowball Earth

The Neoproterozoic era, extending from 1000 to 540
millions of years ago, is a particularly critical and

important period in Earth” s climate and life evolution
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history. This period is characterized by extremely
cold climate due to several global-scale glaciation

events (Snowball Earth). Before the Neoproterozoic
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era, climate was warm and varied weakly, and original
life evolved slowly. The Neopreterozoic era was
followed by the Cambrian period when atmospheric
oxygen rose rapidly, life exploded, animals occurred,
and Earth really started its vigorous period. As the
linkage of two periods with very different climate
environments and life evolution, the Neoproterozoic
era acted like a dark tunnel, only the original microbes
that survived as passing throughout the tunnel were
able to reach the light of the metazoan-rich Cambrian

world and evolved multifariously and rapidly.

Fundamental questions of the Neoproterozoic
Snowball Earth are: how was the Snowball Earth
initiated and melted? Was Earth completely covered
by snow and ice during the Snowball Earth episodes,
or the tropical ocean remained ice free? How high
were CO2 concentrations as the Snowball Earth
was formed and melted? Using radiative-convective
model, atmospheric general circulation model, and
coupled atmospheric-oceanic general circulation
model, Dr. Jun Yang and Prof. Yongyun Hu have
studied these fundamental questions comprehensively
and systematically. They have published a series of
papers in Journal of Climate and Climate of the Past

in the past two years. Their numerical simulations

Tl VAR T RE TS AT PR T 3 R R PRI 5T

SRR AREE T B RSAREBET I,
HLETUN=HYEIENEESY, 244
TERESARERESERENETETHER
=, —HEASSAERWREIARE. mMSHE
MIEE TRARBES T EESRARIELS
A%, BRRJARMBEERNEE. A
FHALRRS, LFTEFRLLAERZ—, B
BIER BB X 90% ML L83 B TR ARIE

demonstrated that the formation of a complete ice-
covered Snowball Earth requires CO2 concentration
as low as about 20 ppmv (the present-day CO2
level is about 380 ppmv). For the realistic climate
system, it is extremely difficult to reach so low levels
of CO2 concentration. As the Snowball Earth is
formed, weathering reaction between atmospheric
CO2 and surface silicate rocks is ceased due to snow
and ice coverage. Thus, CO2 erupted by volcanoes
accumulates in the atmosphere and gradually reaches
very high levels. Strong greenhouse effect of high
levels of CO2 warms the surface and causes melting
of the Snowball Earth. Simulations by Yang and Hu
showed that the Snowball Earth can be melted as CO2
level reaches about 0.4 bars. The attached figure here
shows how surface temperature increases with CO2
concentrations. According to the accumulation rate of
CO2 due to volcano eruptions, it takes several tens of

millions of years for CO2 reaching 0.4 bars.

These simulation results suggest that formation of
a completely ice-covered Snowball Earth is very
unlikely. Instead, it is more likely that the tropical
ocean remains ice free as sea glaciers reach very low

latitudes.

LA kA IS 7R NIE IR EES TR

B, ERASNBERE RS GBS
REEHBEAFRE SEETRER RS
ff, EERARHEESEE LRBHOZHT,
SERNBHR T AR BAXEE TS
BRGORHE . SORRBACEIE, SRR
FRLEN 2 MR, 2009 7 bIKHG T —
RIEXSRRYBAR LR BOGANG
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Figure 1: (al—dl) the hygroscopic growth of aerosol
particles with different dry diameters of 50 nm, 100
nm, 200 nm and 250 nm, respectively. The growth
factors (GF) of nearly-hydrophobic (NH) group and
more-hygroscopic (MH) group are the mean values
of the measured GFs corrected to their set RHs (90%,
95% and 98.5%); (a2-d2) the mean number fractions
of nearly-hydrophobic (NH) group, less-hygroscopic
(LH) group and more-hygroscopic (MH) group
particles with 50 nm, 100 nm, 200 nm and 250 nm dry
diameters.

I1. Aerosol Hygroscopic Properties at High Relative Humidity

The aerosol hygroscopic properties are very crucial for
the understanding of the aerosol effects on radiative
forcing, visibility and cloud microphysics. Inadequate
characterization of aerosol hygroscopic properties will
induce large uncertainties in the estimation of aerosol
direct effect on the climate. Aerosol hygroscopicity
at high relative humidity are closely related to the
ability of aerosol particles to activate and form cloud
droplets. Unfortunately, there is few research reported
on field in-situ measurements for aerosol hygroscopic

properties at relative humidity above 90%.

Recently, Prof. Chunsheng Zhao with his graduate
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students from Department of Atmospheric and
Oceanic Sciences have made new progress on aerosol
hygroscopicity at high relative humidity values
above 90% and its roles in aerosol optics and cloud
physics. HaChi (Haze in China) is a joint project
between German DFG and Chinese NSFC, focuses
on investigating the aerosol hygroscopic properties
in North China Plain and its relationship to aerosol
radiation, activation and ozone chemistry. Since
2009, intensive and comprehensive field campaigns
were conducted in a rural station of Wugqing, Tianjin,

China. The strong hygrosopicities of aerosol in North
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China Plain with a significant diurnal pattern in
number fraction of different hygroscopic groups were
observed. A new method was proposed to retrieve the
ratio of the externally mixed light absorbing carbon
mass to the total mass of light absorbing carbon.
These results provide insights into the low visibility
phenomenon such as haze and fog events in North
China Plain.

So far, some results have been published in the
Journal of Atmospheric Chemistry and Physics
(ACP) on the characterization of the particle number
size distribution, the particle optical properties,

their hygroscopic properties at high RH below

supersaturation, their cloud nucleating properties
above supersaturation, ozone chemistry and their
relationships with boundary layer processes. More
information is available at the web site of journal of
ACP special issue (Haze in China( HaChi 2009-
2010)): (http://www.atmos-chem-phys-discuss.
net/special_issuel34.html). Prof. Chunsheng Zhao
introduced the scientific findings of HaChi as invited
talks in the the 25th Conference of International Union
of Geodesy and Geophysics (IUGG) (Melbourne,
June, 2011 )and the 13th The American Association for
Aerosol Research (AAAR) 13th annual conference(
Orlando, Oct., 2011).
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Figure 1. Spatial distributions of RMSEs of SST
for control run (panel a), state estimation only (panel
b), singe-value parameter optimization (panel ¢) and
geographic-dependent parameter optimization (panel
d).

I1I. Improve Climate Model using EnKF for parameter optimization

Uncertainties in physical parameters of coupled
climate models are an important source of model
bias and make the model climate drift away from
real world. With the development of coupled climate
models and ensemble coupled data assimilation,
parameter optimization in a coupled climate model is
regarded as a hot topic gradually. The problem that
how to enhance the signal-to-noise ratio in covariance
between model states and parameters when parameters
employed in a coupled climate model are optimized,
and thus to improve the accuracy of climate
estimation and prediction, still remain a challenge in

climatological studies.

In recent years, Prof. Zhengyu Liu’ s group has made
significant progress in the study of coupled model
parameter optimization through the cooperation
with GFDL/NOAA. They firstly developed a data
assimilation scheme for enhancive parameter
correction (DAEPC) in 2011. Then the DAEPC
scheme is applied to implement state-parameter
optimization using observations with a simplified
coupled model. They found that the valid atmospheric
and oceanic forecasts are extended two times and three
times longer respectively. In 2012, they introduced a

geographic-dependent parameter optimization (GPO)
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scheme on the base of DAEPC through allowing
optimized parameter values to vary geographically.
Then impacts of the geographic dependence of
model sensitivity and observing system on parameter
optimization are investigated with an intermediate
atmosphere-ocean-land coupled climate model within
a twin-experiment framework. They found that GPO
is able to significantly improve the ability of climate
prediction, and the climate forecast skill is doubled
compared to the traditional parameter optimization

scheme.

Recently, based on GPO scheme, Prof. Zhengyu
Liu’ s group investigated parameter optimization
in an intermediate coupled model with biased
physics. They found the mostly-sensitive parameters
are allowed to be optimized geographically by
observations significantly enhances the accuracy
of climate estimation and prediction, especially for
low-frequency signals in the deep ocean. This result
helps us gaining some insights for improving decadal
predictions in coupled general circulation models that

include imperfect physics.

This work has been published in Climate Dynamics

and Monthly Weather Review.
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Teaching Center of General Physics
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The Teaching Center for General Physics is a branch of School of Physics at Peking University. Previously, it was
called the Teaching and Research Section of the Physics Department. The main task of the Center is to supervise
all the teaching programs of general physics courses, such as mechanics, electrodynamics, thermodynamics and
optics, for the sciences major undergraduate students of Peking University. It is also responsible for organizing
seminars and arranging foreign exchange activities, which are closely related to teaching and learning. All the
members of the Teaching Center have full teaching load each semester. They are heavily involved in making
and managing the entire teaching schedule at School of Physics, too. The Teaching Center has one laboratory for
demonstration and 10 teaching groups. Each of them is led by a moderator and is dedicated to teaching a specific
subject. Their duties cover the whole Physics 01-05 series. Each year, more than 2,000 undergraduate students
take these courses. It is equivalent to a working load of 222,000 teaching units (number of students times class

hours) per year.

Since its establishment, the Center has set very high standards for each course and made great effort to achieve
teaching excellence, as the Teaching and Research Section of the Physics Department did traditionally in the old
days. As far as the teaching faculties are concerned, except several full-time members, many professors from
other departments of School of Physics participate also in teaching general physics. Since these lecturers are
experienced researchers, they make their classes more interesting and illuminating to the students. On the other
hand, the Center invites also some retired teachers to be senior advisors. Therefore, each teaching group has
an ideal structure with respect to the distributions of faculty ages, specialties, professional ranks and teaching
experiences. These teams perform at very high professional levels which are compatible with the academic
stature of School of Physics at Peking University. The Teaching Center for General Physics is dedicated to

sustain such high teaching standards in future.
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I. Progress of the undergraduate research group at the Teaching Center for

General Physics
The undergraduate student research group at the
Teaching Center for General Physics of School
of Physics is supervised by Dr. Liang-Zhu Mu,
who is currently a lecturer of the Center. The main
purpose of this program is to introduce some capable
undergraduate students to physics research as early as
possible. In the past one and half year, the members
of this group were dedicated to research on quantum
information and quantum computation. Under the
effective guide of Dr. Mu, these undergraduate
students performed very well. In particular, students
Yinan Wang, Handuo Shi, Zhaoxi Xiong and Li Jing
have published four papers in some Science Citation

indexed journals as the first author, respectively.

For example, the no-cloning theorem is a fundamental

principle of quantum mechanics. It states that an
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unknown quantum state cannot be cloned perfectly.
But quantum cloning has many applications in
quantum information science, such as attacking an
encrypted quantum communication. Various quantum
cloning machines have been designed for different
purposes. It seems that those cloning machines are
quite different and no simple connection exists. But
the research of Yinan Wang, Handuo Shi and etc.
has manifested that there is a simple and unified
cloning transformation that combines all those cloning
machines together. Thus a unified universal quantum
cloning machine can be designed. This work was
published in Phys. Rev. A [84, 034302(2011)].

Secure quantum communication is a promising
application of quantum information science.

Theoretically, any eavesdropping can be detected by
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secure quantum communications. Therefore, quantum
communications have been marked as the most secure
communications. Secure quantum communication
cannot work without quantum key distribution
protocol(QKD). So various QKD protocols have been
proposed, for example BB84 protocol(proposed by
Bennett and Brassard in 1984) , Ekert91 protocol and

etc.. Zhaoxi Xiong, Handuo Shi and other collaborators

have generalized these protocols in d-dimensional
quantum space using g+1 MUBs(mutually unbiased
bases). The effect of eavesdropping activities has also
been studied. Their work was published in Phys. Rev.
A [85,012334(2012)].

The other works, which were published by these
students as the first authors are J. Phys. A 45, 025304
(2012) and Phys. Rev. A 86, 062315 (2012).
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Figure 1: Group photo of all the participants.
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II. The 1* Nationwide Seminar on Mechanics Teaching in Colleges and Universities
was successfully held in the Peking University

After elaborate plan and preparation of six months by
the whole faculty of the Teaching Center for General
Physics of School of Physics at Peking University,
the 1st Nationwide Seminar on Mechanics Teaching
in Colleges and Universities was successfully held
in the Peking University on 28th to 30th July, 2011.
The organizers received also assistances from
the teachers, who teach general physics but are
associated with other units of the School of Physics.
This seminar is dedicated to promote exchange on
the Mechanics teaching in the nationwide colleges
and universities. It main purpose is to enhance the
teaching researches and hence, improve the teaching
quality of the Mechanics. The seminar received very
warm responses from the college teachers all over the
country. Totally, 59 people from 22 universities and 4

publishers participated in this seminar.

First, Professor En-Ge Wang, the vice-principle of the
Peking University spoke on behalf of the university.
He thanked all the participants for attending this
seminar and welcomed them to Peking University.

Then, Professor Kuang-Ta Chao, the director of the

E Al LI

Physics and Astronomy Teaching Steering Committee
(PATSC), gave the Opening speech. Then, Professor
Kai-Hua Zhao and the other experts delivered their

invited talks.

During the seminar, the participants made wide
and intensive discussions on teaching Mechanics,
including lecture organization, introduction of the
current applications of Mechanics to modern science
and technology into teaching and many other related
issues. Through these discussions, teachers from
different universities got to know each other better.
They also reached agreements on how to prepare
and deliver lectures in order to make teachings more
effectively. Many people said that they learnt a great

deal by attending this seminar.

Following the suggestions of the PATSC, the National
Association of Mechanics Teaching and Research
(NAMTR) was established at the end of this seminar
with strong supports from all the participants.
Professor You-Sheng Shu and Professor Xiao-Lin
Chen were elected to be the chairman and the general
secretary of the 1st NAMTR.

The Teaching Center for Experimental Physics

R ASEUNERLHS T LR ERARBHFTE 0", FEARRERR “HENERL "

MOERYELR” NEMIRES, HARMRAN

“CARYELR”EER. BRIEKRTREM I B (K

®27, BIEESE, 22, XBEAAR 6 (SRIEMIH, ITEMS B .

The Teaching Center for Experimental Physics at Peking University is a national demonstration center of
experiment teaching. It is mainly engaged in teaching of “General Physics Experiment” and “Modern
Physics Experiment” , which are of high-quality nationwide and belong to “National Outstanding Courses” .

Besides, the center gives a research course called “Comprehensive Physics Experiment” to students who are
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willing to investigate some experimental problems. Now there are 15 faculty members in the center, in which are

2 professors, 5 associate professors, 2 lecturers, 1senior engineer, 5 engineers.
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Figure 1: In the 40th IPhO hosted by Merida of
Mexico, Ms. SHI, Handuo became the first female
Absolute Winner in history of IPhO. She also won
the Best girl and the Best in Experiment.
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Laboratory for IPhO and APhO national teams

The Teaching Center for Experimental Physics (TCEP)
of Peking University not only took responsibility for
the laboratory but also participated in the selection of
the national team members for International Physics
Olympiad (IPhO) and Asia Physics Olympiad (APhO)
from 2008 to 2012. Both the 5 members for [PhO
and the 8 members for APhO were culled from the
first prize winners of the National Physics Olympiad
(NPhO). Before the selection, all the candidates
were trained for three weeks to offer the students
from schools that lacked facilities a fair chance. The
selection examinations were well-designed to make
the experimental abilities of the candidates evaluated
in the round and to ensure every electee to be one of
the best. TCEP also opened all laboratories to all the
electees for self-studying a week before starting the
training, so that they could have a chance to improve
their weakness and to develope their ability to teach
themselves. The training was focused on culturing
the electees the basic thoughts, methods and skills in
physics experiments. Before leaving for competition,
the regulations and programs of IPhO or APhO were

introduced to the electees in detail. Accordingly,

HFEREEI L E

they could establish self-confidence and prepared to

manage various unexpected events.

The procedure for the selection and the training was
proved to be successful by the practice of TCEP in the
last five years. First, the pre-training indeed helped
some students with common experimental scores
in NPhO enhance their experiment ability, and thus
enter the national teams for IPhO or APhO. Second,
the experimental scores of the whole teams advanced
from obviously lower than the theoretical ones before

to comparable to those now.

All the team members who took the physics laboratory
by TCEP got excellent standing in international
physics competitions. All the 25 students in 5 IPhO
contests won the gold medals, including three the
Absolute Winners, one the Best in Experiment and one
the Best Solution of the Experimental. The records
in APhO were even better. All the 32 students in four
APhO contests won the gold medals. Furthermore,
Chinese teams always stood at top three places in
APhO if attended and achieved the Best in Experiment
in 2012.

Peking University Electron Microscopy Laboratory
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WEIBW, BFEHEM; MrEFEME; PRENMRIERN; EREMOTEDIE. (LF. MR
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Electron Microscopy Laboratory, PKU was first established in 1964 and authorized as State Special Laboratory
by the ministry of education, P.R.C. in 1992. Under the support of the “985” and “211” projects, a Tecnai
F30 TEM, a Strata DB253 FIB and a Quanta 200F ESEM, the most advanced instrument in the world, have
been constructed in the laboratory. Now the laboratory is equipped with 8 sets of TEM & SEMs and consummate
sample-preparing facilities with over 50 million Yuan. Now there are 10 staffs and over 20 graduate students in

the laboratory including an academician of CAS and a national preeminence youth.

Make great efforts to constructed the laboratory to be national base for the research on electron microscopy,
professional training and one of the nano-technique research centers. And eventually become a world wide

famous laboratory on electron microscopy.
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Figure 1: Strain gradient effect in ZnO microwires:
Upper-left: SEM image of the bent microwire on
substrate; Middle: 9 cross sectional CL spectra
measured at the indicated cross-sections along above
bent wire, and systematic exciton peak shifts as a
function of the strain gradient; Upper-right: Strain-
gradient dependence of the FX A energy in the bent
wires with different diameters;Bottom: Strain-gradient
effect on energy bands in bent ZnO Microwire
(Advanced Materials 24, 4707, 2012).
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Figure 2: Strain induced exciton fine-structure shift
and splitting in bent ZnO microwires. Upper-Left:
Line scan CL spectra obtained from positions indicated
by white arrows in position III. Upper-Right: A 3-D
curves of the relationship between NBE peaks and
radial positions (strain) as well as the photon energy,
which shows the evolution of the peak position and
FWHM more clearly. Lower-Left: Calculated band
structures for ideal bulk ZnO without strain from the
LDA+U calculations. Lower-Right: The band gap as
a function of uniaxial strain for zero Poisson’ s ratio
(Scientific Reports 2, 452,2012) .

I. Strain modification of the opto-electronic properties of the semiconductor micro/

nanowires

Strain engineering has long been an important route

to tune the band structure and change properties
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situations, especially in flexible electronics and
nanodevices. However, to our best knowledge, the
intriguing effect of strain-gradient upon the energy
bands of semiconductors remains completely
unexplored, and how it influences the device
optical and electronic performance remains a
challenge to both the experimental and theoretical
communities. Recently, our group conducted extensive
investigation on the spatial distribution of exciton
spectra in bent ZnO microwires by high resolution
cathodoluminescence (CL) characterizations, revealing
a significant non-local strain-gradient effect on the
band structure of the bent microwires and beyond the
well known strain effect. Bending induced blue-shift
in the compressive region is nonlinear while the red-
shift in the tensile and strain free region increases
linearly with strain-gradient in addition to strain
effect, destroying the symmetry of local strain effect
shown in ZnO under uniform deformation and leading
to overall red-shift in the bent microwires. First
principles modeling reveals some physics mechanisms
for bending induced red-shift. This novel strain-
gradient effect should pave an additional path to the
energy band engineering of semiconductors. Figure
below illustrates the strain-gradient effect on the
optical-electronic properties in a bent ZnO microwire,
with a much stronger red-shift on the outer tensile side
than a blue-shift on the inner compressive side. The
low temperature cathodoluminescence cross-sectional
scanning spectra on the strain-neutral middle-plane
are highlighted by thicker black lines, which clearly
shows a strain-gradient induced red-shift (Han X.B.,
et al. Advanced Materials 24, 4707, 2012) .

Moreover, we extended the study of the strain effect
on ZnO near band emission down to liquid helium
temperature. The group investigated for the first time
the exciton spectra evolution in bent ZnO microwires
along the radial direction via high spatial/energy
resolution cathodeluminescence spectroscopy at 5.5K.
The experiments show that the exciton peak splits into
multi fine peaks towards the compressive part while
retains one peak in the tensile part and the emission
peak displays a continuous blue-shift from tensile
to compressive edges. In combination with first-
principles calculations, the observed NBE emission
splitting is due to the valence band splitting and the
absence of peak splitting in the tensile part maybe due
to the highly localized holes in the A band and the
carrier density distribution across the microwire. These
studies may pave the way to design nanophotonic and
electronic devices using bent ZnO nanowires. Figure
2. Temperature dependent CL spectra of strain-free
ZnO microwire and line scan CL spectra in bent ZnO
microwires along the radial direction. (a) Temperature
dependent CL spectra of strain-free ZnO microwire
from 145K to 5.5K. (b) SEM image of a bent ZnO
microwire for CL line scan. The white arrows indicate
the positions and the line scan directions for CL
measurements. (c¢) Line scan CL spectra obtained from
positions indicated by white arrows in (b). From top
to bottom the individual CL spectrums were obtained
point by point along the radial directions across the
bent ZnO microwire from tensile to compressive

edges.
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Figure 1: Upper: TEM images of a nanopore
before and after immersion into KC1 (pH=9) solution.
Lower: Effective Force on DNA and probability
function as a function of DNA radial position in
nanopores at different solution concentration(Phys.
Rev. E 86,021921,2012).
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Figure 2: Upper: Scheme of the site-specific transfer-
printing graphene “microstamp” for fabrication
of suspended graphene nanopore devices. Lower
left: Scheme of DNA translocation through graphene
nanopores. Lower Right: Typical DNA translocation
event through different size graphene nanopores,
smaller nanopore gives higher detection sensitivity
(Nanotechnology 23, 085301 (2012).

I1. Single DNA detection/sequencing via Solid-State-Nanopore Microscope

Since the first demonstration of successful detection
of DNA molecules in 1996, nanopores have emerged
as a promising platform for next generation fast DNA
sequencing. In nanopore-based DNA translocation
experiments, single DNA molecules in an electrolyte
are driven by an electrical field through a nanometer-
scale hole in a free-standing dielectric film. In
concentrated electrolytes, a DNA molecule in a
nanopore inhibits the electrically driven flow of the
electrolyte ions; thus, each translocation event of
a molecule chain can be characterized by an ionic

current blockage and time duration.

A detailed understanding of the origin of the
electrophoretic force on DNA molecules in a solid-
state nanopore is important for the development of
nanopore-based sequencing technologies. Numeral
calculations were carried out to simulate the force
on DNA as a function of its radial position inside
nanopores and found to agree well with experimental
findings. Phys. Rev. E 86,021921 (2012).

Studying stability and surface evolution of solid-

state nanopores in aqueous solutions are extremely
important for DNA analyses. We systematically
studied the size evolution of SiN nanopores in diverse
solutions by careful surface characterization and
composition analyses and found shrinkage behavior.
Nanopore size evolution was strongly dependent on
initial pore size and solution pH value. Nanoscale 4,
1572 (2012).

Graphene is a true 2-D molecule whose layer
thickness is smaller than that of a single base in
DNA molecule, which makes it possible to improve
the spatial resolution of DNA translocation through
nanopores. Suspended graphene nanopore devices
have been fabricated by a newly-developed site-
specific transfer-printing “micro stamp” method.
Graphene nanopores with size from 3-20 nm can be
precisely obtained and DNA translocation experiments
demonstrated that the detection sensitivity has been
significantly improved by using smaller graphene
nanopores. Nanotechnology 23, 085301 (2012).
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Center for High Energy Physics
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With Prof. T. D. Lee as the director, the Center for High Energy Physics at Peking University now has 8 senior

fellows from abroad, 8 research associates, 6 junior fellows and 4 postdocs. The research interests include:

cosmology, quantum field theory, particle physics phenomenology and hadronic physics.
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Figure 1: The energy of the charged lepton from the

top quark is high sensitive to top-quark polarization.
The cyan (green) band denotes the energy distribution
of the charged leptons from a left-handed (right-
handed) top quark, respectively.

Measuring top-quark polarization in the top-quark pair plus missing energy events

To our best knowledge, the quark is an elementary
particle and a fundamental constituent of matter. Top
quark is the giant in his family (its mass is rough
equal to a gold atom). It once existed copiously in our
Universe long time ago, according to the "big bang"
theory, but it is no longer around us as it flares briefly
and then burns out into lighter particles. Today the
top quark can be seen only in the laboratory through
high-energy collisions. The lifetime of top quark is
only about 10-25 second. It is impossible to observe
such an ephemerality particle directly or to measure
its detailed properties. In fact one has to rely on the
top quark decay products to confirm the top-quark
event and to reconstruct its kinematics. Unfortunately,
the top-quark pair is usually produced in associate
with those invisible dark matter candidates in a lot of

new physics models. One then has to confront with

BFHHRERD

the incapability of reconstructing top quark event.
Dr. Qing-Hong Cao and his collaborators invented a
novel method of measuring the top quark polarization
in the top-quark pair plus missing energy events. In
the method the top quark reconstruction is no longer
needed. The method can improve greatly the current
experimental search for new physics, as quoted from
the referee, “improved methods for measurement of
top quark polarization are crucial for the LHC physics
since so many top quarks are being produced as
expected and might also be via new physics since the
top quark is so massive. The top quark is also possibly
uniquely related to unknown fundamental electroweak
physics.” The work is published in the journal of
Physical Review Letters [Phys. Rev. Lett. 109, 152004
(20120].

International Center for Quantum Materials
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International Center for Quantum Materials (ICQM) was established in 2010 by Peking University (PKU).
ICQM endeavors to develop an open and active intellectual platform and foster a culture of creativity for physics
research and education in China that attracts scholars of high caliber from all over the world. ICQM currently has
23 faculty members, which include 6 chair professors, 2 full professors, 14 tenure-track faculty members and 1
visiting professor. Among the senior researchers are 1 member of Chinese Academy of Sciences and 6 fellows of

American Physical Society.

The research at ICQM is organized into 5 divisions, namely low temperature and quantum transport experiments,
spintronics and low-dimensional magnetism experiments, spectroscopy and high-resolution detection
experiments, theoretical condensed matter physics and computational physics. Topics of current interest include,
but not limited to, quantum transport, strongly-correlated electron systems, low-dimensional electron systems,
topological effects, mesoscopic superconducting systems, spintronics, advanced scanning tunneling microscopy,
ultra-fast spectroscopy, neutron spectroscopy, ultra-cold atoms, computational simulations for quantum
materials under extremely high pressure, surface dynamics, behavior of water under confinement, soft matter
materials. ICQM has 13 individual laboratories and a micro-fabrication facility. ICQM is also in the process of

building the Daniel Tsui Laboratory of PKU and a Helium recovery system.

ICQM has published over 100 papers, which include papers published in the most prestigious scientific journals,
such as Science, Nature series journals, Physical Review Letters. The funding received by ICQM members
as Principle Investigators from Chinese research projects and programs has reached 160 million yuan (roughly
26 million US dollars) . ICQM members are also recipients of many national and international awards, such as
ACCMS Award, Ho Leung Ho Lee prize, State Natural Science Award.
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Figure 1: Selective bond dissociation and formation
in a single functionalized molecule. The electron
beams emitted from the tip of a scanning tunneling
microscope (STM) selectively cleave the sulfur-acetyl
bond (lower-right), and weld the sulfur-gold bond
(lower-left) in a 1,4-bis[4” -(acetylthio)styryl]benzene
molecule. The background is the NiAl(110) substrate,
on which the molecule is adsorbed.

BN TR

I. Submolecular control of bond-selective chemistry in single functionalized molecules

Bond-selective chemistry, which involves selectively

breaking and forming specific bonds, is one of

the ultimate goals of chemistry. Achieving bond-

selectivity in a complex functionalized molecule is
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particularly important for advancing the molecular
nanoscience and technologies, such as molecular
electronics, organic solar cells, and nanomachines.
However, due to the rich internal degrees of freedom
and the intramolecular energy redistribution in
functionalized molecules, bond-selective control has

so far been difficult to realize.

Using a scanning tunneling microscope (STM), Jiang
et al. succeed to induce a sequence of target-selective
bond dissociation and formation steps in a single
thiol-based = -conjugated molecule adsorbed on a
NiAl(110) surface. By locally injecting the energy-
tunable tunneling electrons into the resonant states
derived from the functional groups in the molecule,
they are able to selectively abstract different functional
groups from the molecule step by step and monitor
the evolution of the molecular electronic structure
both in energy and real space at each reaction step.
Furthermore, the bond-selective dissociations allow

them to activate the sulfur functional groups and form

L BRETAARE

(B4 - ®|iflY (Nature Communications)
B AR TIERKEEFMERZF 055
ARAMERFHEREXTERZRYIEH R
Fie £ SEFEMAENTE “Valley-selective
circular dichroism of monolayer molybdenum disul-
phide” [Nature Communications3, 887 (2012)].
XA R TIEEANER EE, ML EUE
LT BETHRUAENAEEFERRBIRICRBMER,
X—HREHT—RBFF—ABTFFNEER
XER.

NIRRT E FRIENRREIRRZE
MAPEBEERN, SRNEHEBHAMTAIRY
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different types of Au-S bonds by manipulating and
attaching a single gold atom to the sulfur atom each
end of the molecule. The microscopic geometry of
the Au-S bond at the single molecule level and its
influence on the electronic structure of the molecule
are determined by the STM, which may underlie the
understanding of electron transport in the widely used

thiol-based molecular junction.

This work not only opens up the possibility of
submolecular control of the bond-selective chemistry
in a single functionalized molecule, but also reveals
the changes in the molecular electronic structure
associated with bond dissociation and formation,
which are crucial evidences for orbital hybridization in

chemical transformation.

This work is published in Nature Chemistry [Nature
Chem. DOI: 10.1038/NCHEM.1488 (2012)]. The
referee thinks highly of the work as an “experimental

tour de force” .
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Figure 1: perfect optical selectivity in monolayer
Molybdenum disulphide.

I1. En route to exploiting the electronic valley degree of freedom

Nature Communications recently published a paper
by Profs. Ji Feng, Enge Wang, Qian Niu and Junren
Baoli Liu and

Pingheng Tan from Chinese academy of Sciences. The

Shi, in collaboration with Profs.

paper is titled “Valley-selective circular dichroism
of monolayer molybdenum disulphide” [Nature
Communications3, 887 (2012)]. In this paper, the
authors took a combined theoretical, computational
and experimental approach to demonstrate, for the
first time, molybdenum disulphide monolayer exhibits
valley-selective circular dichroism, which allows for
dynamical valley polarization and rich related valley

physics.

The exploration of novel quantum behaviors of
materials plays a significant role in today’ s forefront
of scientific research. Progress in this front helps
understanding the basic principles of physics, and
advancing our technological reserve. Symmetry and
topology are but two examples of recent focus in the
research of quantum matters. Graphene is one noted
example, whose aesthetically pleasing honeycomb
lattice with six-fold rotational symmetry leads to
the remarkable Dirac Fermion in condensed matter
and abundant associated novel quantum phenomena.
Of particular interest here is the proposition that if

we can break the centrosymmetry of a honeycomb
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lattice, we can produce chiral Fermionic excitations, a

phenomenon unseen in any hitherto known systems.

In their work, Ting Cao (then an undergraduate student
of Yuanpei College and ICQM, who is pursuing his
Ph.D. study now at UC Berkeley), advised by Profs. Ji
Feng and Enge Wang, employed ab initio calculations
to analyze the optical selectivity of monolayer
molybdenum disulphide. The team discovered that
the electronic structure of this material has a pair of
degenerate but inequivalent valleys, at the corners of
the Brillouin zone. Remarkably, one of the valleys
has nearly perfect selectivity for left-handed photons,

and the other valley right-handed photons. The

= UK I S5 OB R A A PR e

KEAARFRR ZHAEBERAANAHM
NPRZz—. KSAEKEGFDHEEDNAREN
HEEEZW, AENHARNMR—ERSIE
MM Z X, RE EAFERBF RN AKE
B SRHABTHEM T REMR, BNKE
454 R AR R IEFAY T A DK

MAE—1M=8.

LR, ERFERANRRAEKREH
RPEF T —RINEERB. 2008 FHTER
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ZNAKNRAENSEANEZELF, B3t
=R L, BEBMNNMEANEE T 1<
NRFHER: KRB EREISLERNESR
Fr, BEMERE “X7, mEKHE (0001) XE
FEEDRE TR RERF - TFHHL (Phys.
Rev. Lett. 101, 155703 (2008)) . 2011 & 1th {7
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perfect optical selectivity is further supported by the
experimental data. The experiments were performed
in the lab of Profs. Baoli Liu and Pingheng Tan in the

Chinese Academy of Sciences.

This work is the first demonstration of dynamical
polarization of valleys in real materials, in both
numerical simulation and experiments, providing
an important bridge for the theoretical proposal of
valleytronics. The work is immediately confirmed
by two further experiments, both published in a
recent issue of Nature Nanotechnology. This work is
also highlighted by the News and Views of Nature
Nanotechnology.

EE. SBEX—REWNRIBRARREZHTKE
BERBHEIRNBEEEY, CEEVMER
HEKDFREBHRE, #mMdTENREVE
IS HEE ARSI GE. XIR TR
T BAKRENTUAISEEXEE (NATURE
Material 10, 794 (2011),
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Figure 1: Orientation of the dipole moment of the
adsorbed H20 and the local electric field, strong
enhancement of adsorption (A) and weak enhancement
of adsorption (B).

I11. Role of proton ordering in adsorption preference of polar molecule on ice surface

Ice is one of the most abundant and well-known
materials on earth. It plays a critical role in many of
the physical and chemical processes throughout the
universe, such as interstellar phenomenon, life in
cryosphere and regulation in global climate, thus has
attracted extensive attentions. Despite progress in
understanding the mechanism and formation of ice
over the years, our knowledge of the structure and
physical/chemical properties of ice surface is still

limited.

In the past few years, Prof. Enge Wang’ s group
has made significant progress in the study of ice,
including a new characterization of ice surface order
parameter (Phys. Rev. Lett. 101, 155703 (2008)) and
observation of amorphous phenomenon of ice surface
(NATURE Materials 10, 794 (2011)), which is of
curial importance for the understanding the proton
order-disorder transition and the pre-melting process

of ice surface.

Recently, ICQM faculty member Enge Wang and
Limei Xu together with their students Zhaoru Sun and
Ding Pan has made new progress on the adsorption
properties of ice surface. They showed that adsorption

on ice surface is affected not only by local dangling

atoms on ice surface, but also by dangling atoms
on the entire surface. This is due to the fact that the
interaction between the surface and admolecule
caused by dangling atoms is long ranged, thus
consideration of only the nearest dangling atoms (as in
previous studies) is not sufficient enough to describe
the adsorption property of ice surface correctly.
They further found a positive correlation between
adsorption energy and heterogeneity of the ice surface,
which suggest that admolecules are more likely to
be adsorbed on ice surface with larger heterogeneity.
This work helps to reveal the possible mechanism
of ice growth on molecular scale, and also helps to
explain the adsorption mechanism of polar molecules

in clouds associated with global climate.

This work was published in the Proceedings of
the National Academy of Sciences (PNAS 109,
201206879 (2012), http://www.pnas.org/cgi/
doi/10.1073/pnas.1206879109) and has been
received considerable attentions. Prof. Enge Wang is
invited to give talk on ice in the ACS meeting 2012
(Philadelphia) and Conference on Computational
Physics 2012 (CCP2012, Kobe).
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The Kavli Institute for Astronomy and Astrophysics (KIAA)

RGEBE X5 X EYIBY R (Kavli Institute for Astronomy and Astrophysics, KIAA — PKU) 21t
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The Kavli Institute for Astronomy and Astrophysics (KIAA) is jointly supported by its host Peking University
and an endowment made possible by a generous gift from the Kavli Foundation, USA. KIAA was established
in June, 2006 and started operation in 2007. KIAA's mission is to establish an international center of excellence
in astronomy and astrophysics that promotes the development of basic science in China. Its primary goal is to
foster frontier research in a vibrant intellectual environment. The program of KIAA focus on three major areas of
astrophysics: a) Particle cosmology, first light and galaxy assemblage; b) Gravitational physics and high-energy
phenomena; and c) Star and planet formation. KIAA operates following an international management system
and recruits faculty and post-doctors worldwide, using English as its working language. KIAA currently has 1
visiting chair professor , 3 tenured research professors, 4 “Bairen” tenure-track research professors and 5 post-

doctors.

For more information, please refer to KIAA homepage: http://kiaa.pku.edu.cn/.
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Figure 1: Hubble Space Telescope-based true-colour
image of NGC 7742 and its circumnuclear starburst
ring. The 352 star clusters we detected are indicated
by differently coloured circles representing their ages
— blue: ~107 yr; green: ~10° yr.
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Figure 2: NGC 7742 cluster MFs and their Poissonian
uncertainties for ages t of log(t/yr) < 7.2 (left) and
7.8 < log(t/yr) < 8.2 (right), for all clusters in the
galaxy above our 50% completeness limit (corrected
for incompleteness). Red solid bullets: Clusters in
the starburst ring; black open circles: MFs of the full,
galaxy-wide cluster populations. The blue dotted lines
indicate the upper and lower envelopes of the ring-
cluster MFs based on two statistical redeterminations
of the cluster ages and masses. The dashed lines
represent the expected power-law mass distributions
with an index of a = 2.
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[1] de Grijs, R., & Anders, P. 2012, The
Astrophysical Journal Letters, vol. 758, p. L22

I. Extremely rapid star cluster disruption in high-shear circumnuclear starburst

rings: The unusual case of NGC 7742

Circumnuclear rings in spiral galaxies represent
environmental conditions that are conducive to
intense star and star cluster formation. Many intensely
star-forming rings featuring compact “hot spots”

have been identified, while high spatial resolution
Hubble Space Telescope observations have revealed
the presence of numerous young (a few x 10’ yr) and
intermediate-age (up to a few Gyr) star clusters in

these structures.

NGC 7742, an almost face-on spiral galaxy at a
distance of 22.2 Mpc that features a ~2 kpc-diameter
circumnuclear starburst ring, is an unusual example
of this class of galaxies, however. The presence of a
global gaseous subsystem that is counterrotating with
respect to the global disk-like rotation of the stars,
combined with the starburst ring, has been interpreted
as the result of a past minor merger with a gas-rich
dwarf galaxy. The non-axisymmetric gravitational
perturbations resulting from such a merger are similar
to those associated with a bar (although NGC 7742
does not exhibit evidence of hosting a dominant bar-
like feature in its core). Both types of perturbations
can result in a torque change at a particular radius and,

hence, accumulation of gas into a circumnuclear ring.

As part of an in-depth investigation (funded by the
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National Natural Science Foundation of China) of the
formation conditions and the subsequent evolution and
disruption of massive star clusters, the research group
led by Richard de Grijs at Peking University” s Kavli
Institute for Astronomy and Astrophysics explored the
mass distribution of the young star clusters associated
with the NGC 7742 starburst ring. Our ultimate aim
was to assess the impact of the ring” s high-shear
conditions on the formation and early evolution of

the galaxy’ s high-mass (~10°-10’M ) star cluster

population.

Surprisingly, and contrary to expectations, at all ages —
including the youngest, < 15 Myr — the cluster mass
functions (MFs; i.e., the distributions representing
the number of star clusters per unit mass range in a
given, narrow, age range) are robustly and verifiably
represented by lognormal distributions that resemble
those commonly found only for old, evolved globular
cluster systems in the local Universe. It is now well
established (including through research published by
the de Grijs team) that cluster MFs at the time of star
(cluster) formation are well described by power-law
distributions of the form dN/dM,, ~ M, *, where a is

usually close to 2.

This power-law form seems ubiquitous and
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independent of initial stellar or gas density: it is
found in environments ranging from the low-density,
quiescent Magellanic Clouds (the nearest system of

“dwarf” galaxies to our Milky Way) to the high-
density, violently interacting system of galaxies
dubbed the “Antennae” . An initial power-law MF
seemed, therefore, a reasonable boundary condition
for our discussion of the unexpected results our team
at the KIAA, including postdoctoral researcher Peter
Anders, obtained. If we assume, not unreasonably
given the long timescales involved, that the highest-
mass clusters in NGC 7742 essentially represent their
formation conditions, we can approximate the high-
mass end of the MFs by a power law with a slope
of a = 2. The approximately lognormal MF shape
observed for different (young) age ranges imply that a
large fraction of the lower-mass clusters are ‘missing’
compared to expectations. Based on our current best
understanding of the early evolution of cluster MFs,
it is particularly surprising that the cluster MF in the
youngest age bin resembles a lognormal distribution.
Except if we release the assumption that the initial
cluster MF was a power law — which would contradict
most observational studies in this very active area of
current research — three effects could have caused this
discrepancy: (i) technical issues related to our age and
mass determinations, (ii) evolution of the star cluster
population on very short timescales (<107 yr), and/
or (iii) differences in the cluster formation conditions
compared to other environments featuring large

samples of young star clusters.

Our detailed research, published in The Astrophysical
Journal Letters in 2012, firmly rules out an original
power-law MF. It thus appears that at least part of the
observed ‘downturn’ toward lower masses may
be due to either the effects of star cluster evolution

or their formation conditions. From an evolutionary

perspective, the conditions in the galaxy’ s starburst
ring appear to speed up the destruction or evaporation
of a large fraction of the lower-mass clusters. We
speculate that this enhanced cluster disruption rate
at very young ages may be caused by a combination
of the high stellar and gas density in the starburst
ring, and the shear caused by the galaxy-wide
counterrotating gas disk. Although the gas and stellar
disks rotate in opposite senses globally, the high gas
density and filling factor and our detection of very
young clusters in the ring (which presumably formed
in situ and are hence expected to co-rotate with the
gaseous subsystem) may have led to increased shear,
as well as star/gas and star (cluster)/star (cluster)
interactions in the ring. In addition, at the ring’ s
galactocentric radius, the galaxy’ s rotation curve has
already reached its constant level, so that differential

rotation across the ring will induce additional shear.

The only alternative explanation of the derived
lognormal MF is that the high shear in the starburst
ring has created an environment in which the
formation of low(er)-mass clusters (M., < a few x

10* M ) is suppressed, while high-mass clusters are

formed more readily. However, this seems contrary to
observational results, where more massive star clusters
are usually found in environments affected by lower
shear. On the other hand, the observed similarity of
the initial cluster mass functions in irregular and spiral
galaxies implies that the process determining the
masses of clusters may not depend on galactic shear.
We thus conclude that the high shear in the NGC 7742
circumnuclear starburst ring has most likely led to
extremely rapid cluster disruption, a view corroborated
by the numerical simulations of young clusters in
the similarly forbidding environment of the Galactic

Center.
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Figure 1: The DIB features A A 5780, 6283 detected
in the SDSS spectra of three representative stars. For
each row, segments of the target (black) and the scaled
template (red) spectra centered at 5780A and 6300
A are shown in the left two panels, respectively. The
lines in red show fitted continuum levels of the scaled
template spectra, assumed to be equally applicable to
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the target spectra. The residuals are plotted in the right
two panels in black, with the Gaussian fitting to the

|1 it Ji"'”-'- f

W

‘\,.hl““"lr' "‘Fr"‘*v"*v"*w*‘*'kcb' ““H‘ Wiy

0 D

DIB A 5780 and Voigt fitting to the DIB A 6283 over-
plotted in red.

2. E— P& B4 18 2 i) LAMOST i J¢iE iz
B AR EE BRI TS -
Figure 2. Nine DIBs have been detected in the

LAMOST commissioning spectrum of an emission
line star.

II. Detections of diffuse interstellar bands in the SDSS and LAMOST low-resolution

spectra

Diffuse interstellar bands (DIBs) are weak absorption
features detected in the spectra of reddened stars from
the near UV to the near infrared. DIBs have been
discovered for almost a century, and to date over 400
DIBs have been detected in Galactic and extragalactic
sources, but none of their carriers is identified. The
nature of DIBs remains one of the most challenging

problems in astronomical spectroscopy.

Most recent work to identify and investigate the
properties and carriers of DIBs concentrates on high-
resolution spectroscopy of a small number of selected
sight-lines. Using a template subtraction method,
Yuan & Liu (2012) have successfully identified
the DIBs A A 5780, 6283 in the Sloan Digital Sky
Survey (SDSS) low-resolution spectra of a sample
of about 2,000 stars and measured their strengths
and radial velocities. The sample is by far the largest
ever assembled. The targets span a large range of
reddening, EBB V) 0.2 - 1.0, and are distributed
over a large sky area and involve a wide range of

stellar parameters (effective temperature, surface

gravity and metallicity), confirming that the carriers of
DIBs are ubiquitous in the diffuse interstellar medium
(ISM). The sample is used to investigate relations
between strengths of DIBs and magnitudes of line-of-
sight extinction, yielding results (i.e., EW(5780) = 0.61
X E(B V) and EW(6283) = 1.26 X E(B V))

consistent with previous studies.

DIB features have also been detected in the
commissioning spectra of the Guoshoujing Telescope
(LAMOST) of resolving power similar to that of
SDSS. Detections of DIBs towards hundreds of
thousands of stars are expected from the on-going
LAMOST Galactic surveys, particularly from the
LAMOST Digital Sky Survey of the Galactic Anti-
center (DSS-GAC). Such a huge database will
provide an unprecedented opportunity to study the
demographical distribution and nature of DIBs as well
as using DIBs to probe the distribution and properties
of the ISM and the dust extinction.

This work has been published in Monthly Notice of
the Royal Astronomical Society (Yuan & Liu, 2012,
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Figure 1: Spectrum of planetary nebula NGC7009

from 4625 to 4680A, showing the optical

recombination lines of the O II M1 multiplet, which is

the strongest transition of O II. The continuous curve

616

3.2 3.4 35 a8 4.0
log N,

is a sum of Gaussian profile fits. The dashed curve
shows the two C III M1 lines which are blended with
two O II M1 lines 4649.14 and 4650.84. The inset in
the upper right corner shows the weakest fine-structure
component A 4696.35 of O II M1, whose flux is 10™
of HB .

B2 FANSHEEFRNMNE O XL 4649,
A 4662, A 4089 1 \ 4087 HE47 [R5 FHNITER
£ Z NGC7009 f] B8 F 38 & F1 % &: logTe [K] =
3.20, logNe [cm-3]=3.55, TN ON E5%H
iﬁig/:n\?\*ﬁl%ﬁ P. J. Storey R AZFJEITHEER. I
X 0N S84 MNREREEARAMIIE (Fang
& Liu 2012, MNRAS, 415, 181),

Figure 2: Electron temperature [logTe (K) = 3.20] and
density [logNe (cm-3) = 3.55] of planetary nebula
NGC7009, which are optimized by using four O II
optical recombination lines (A A 4649, 4662, 4089
and 4087) with the most accurate fluxes. The effective
recombination coefficients for O II lines are adopted
from the unpublished calculation of P. J. Storey, and
fluxes of the four O II lines are from a published paper
(Fang X. & Liu X.-W. 2011, MNRAS, 415, 181).

II1. Very deep spectroscopy of planetary nebula NGC7009 and plasma diagnostics for
gaseous nebulae using the heavy-element optical recombination lines

In nebular astrophysics, there are two long-
standing problems: a) The dichotomy of abundance
determinations whereby heavy element abundances
relative to hydrogen from collisionally excited lines
(CELs) are systematically lower than those from
optical recombination lines (ORLs); and b) The
dichotomy of temperature determinations whereby Te
derived from CELs is systematically higher than that
derived from the hydrogen recombination continuum.
A number of mechanisms have been proposed to
explain those problems. The most successful one
so far is the bi-abundance nebular model, which
suggests that in planetary nebulae (PNe) there is
a cold (~1000 K), H-deficient component where
heavy element ORLs mainly arise, while CELs come
abundances.

from hot ambient gas with “normal”

Observations have provide evidence for the existence

of such cold component.

Using the new effective recombination coefficients
of N II and O 1II, we carried out detailed analysis of
the deep long-slit spectrum of bright Galactic PN
NGC7009. Multi-Gaussian profile fits to the whole
optical spectrum (3000-11000A) yielded more than
1000 emission lines and reliable line fluxes were
obtained (Figure 1). Electron temperatures yield by
the N II and O II ORLs are both close to 1000 K,
lower than the temperature derived from CELs by
nearly an order of magnitude. That indicates heavy
element ORLs originate from very cold regions.
Elemental abundances of C, N, O and Ne derived from
ORLs are systematically higher, by a factor of 5-7,

than the corresponding values derived from CELs.
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Recombination theories are also assessed by the ORL
analysis. We have carried out plasma diagnostics for
more than 100 PNe and H II regions using the N II and
O IT ORLs. For each object, a group of ORLs of the
same ion with the most reliable measurements were
used to determine Te and Ne simultaneously (Figure 2).
The recombination-line temperatures were compared
with the temperatures derived with other methods, and
the results are consistent with predictions from the bi-

abundance nebular model.

Conclusions are: 1) Detailed quantitative spectroscopy
using new atomic data has proved the existence of a
cold, H-deficient component in NGC7009; 2) For the

first time, plasma diagnostics for a large PN sample
using the heavy element ORLs were carried out, and
the results are consistent with predictions from the
bi-abundance nebular model. Three papers based on
this work have been published in Monthly Notices
of the Royal Astronomical Society (Fang X. & Liu
X.-W. 2011, MNRAS, 415, 181; McNabb I.A., Fang
X., Liu X.-W., et al. 2013, MNRAS, 428, 3443; Fang
X. & Liu X.-W. 2013, MNRAS, 429, 2791) , and
the results were also presented in the International
Astronomical Union 28th General Assembly held in
Beijing in August 2012. This work was supported by
the National Science Foundation of China (NSFC).

IV. Magnetic turbulence: implication and new technique to study

1. Turbulence reconnection model for gamma ray

bursts

Understanding of the nature of gamma-ray bursts
(GRBs) is one of the challenging problems facing the

astrophysics community.

The recent Fermi observation of GRB 080916C
shows that the bright photosphere emission associated
with a putative fireball is missing, which suggests
that the central engine likely launches a Poynting-
flux-dominated (PFD) outflow. In this case, magnetic

energy may be sufficient to feed GRBs.

Magnetic reconnection was suggested as a component
for GRBs. The problem lied, however, in the intrinsic
difficulty of reconnection as it is a very slow process
in ordered fields. As with the case for solar flares,
both a slow phase of accumulation of the oppositely
directed flux and a fast bursty phase are required for

reconnection.
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Distanca Scakes in the ICMART Model
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Figure 1: Schematic of the ICMART model. The
typical distances and o values f various events are
marked (from Zhang & Yan 2011).

Huirong Yan from KIAA together with Bing Zhang
from UNLV, proposed a model of gamma-ray
burst (GRB) prompt emission in the PFD regime,
namely, the Internal-Collision-induced MAgnetic
Reconnection and Turbulence (ICMART) model
based on the scenario proposed in Lazarian, Petrosian,
Yan & Cho (2003). It is envisaged that the GRB

central engine launches an intermittent, magnetically
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dominated wind, and that in the GRB emission region,
the ejecta is still moderately magnetized. Similar to
the internal shock (IS) model, the mini-shells interact
internally at the radius R IS ~ I"'2 c A t. Most of
these early collisions, however, have little energy
dissipation, but serve to distort the ordered magnetic
field lines entrained in the ejecta. At a certain point,
the distortion of magnetic field configuration reaches
the critical condition to allow fast reconnection seeds
to occur, which induce relativistic MHD turbulence in
the interaction regions. The turbulence further distorts
field lines easing additional magnetic reconnections,
resulting in a runway release of the stored magnetic
field energy (an ICMART event). Particles are
accelerated either directly in the reconnection zone, or
stochastically in the turbulent regions, which radiate
synchrotron photons that power the observed gamma
rays. Each ICMART event corresponds to a broad
pulse in the GRB light curve, and a GRB is composed
of multiple ICMART events. This model retains the
merits of IS and other models, but may overcome
several difficulties/issues faced by the IS model
(e.g., low efficiency, fast cooling, electron number
excess, Amati/Yonetoku relation inconsistency, and
missing bright photosphere). Within this model, the
observed GRB variability timescales could have
two components, one slow component associated
with the central engine time history, and another
fast component associated with relativistic magnetic
turbulence in the emission region. The model predicts
a decrease of gamma-ray polarization degree and Ep in
each ICMART event (broad pulse) during the prompt
GRB phase, as well as a moderately magnetized
external reverse shock. The model may be applied to
the GRBs that have time-resolved, featureless Band-
function spectra, such as GRB 080916C and most
GRBs detected by Fermi LAT.

The paper has made high impact since publication,

cited > 90 times in both GRB community and other

related field in high energy astrophysics.

2. study of Interplanetary Magnetic Field with
Ground State Alignment

Astrophysical magnetic fields are ubiquitous and
extremely important, especially in diffuse media,
where there energy is comparable or exceed the energy
of thermal gas. In contrast, only a few techniques are
available for the studies of magnetic field in diffuse
medium and each of them has its own limitation.
For instance, the Zeeman splitting can sample only
relatively strong magnetic fields in dense and cold

clouds.

Even for objects as close as interplanetary magnetic
field, we still do not have a good understanding
of its structure. With her student J. Shangguan,
Huirong Yan from KIAA demonstrated a new way of
studying interplanetary magnetic field—Ground State
Alignment (GSA) based on their earlier studies in Yan
& Lazarian (2006, 2007, 2008). Instead of sending
thousands of space probes, GSA allows magnetic
mapping with any ground telescope facilities equipped
with spectropolarimeter. The polarization of spectral
lines that are pumped by the anisotropic radiation from
the Sun is influenced by the magnetic realignment,
which happens for magnetic field (<1 G). As a result,
the linear polarization becomes an excellent tracer of
the embedded magnetic field. The method is illustrated
by our synthetic observations of the Jupiter’ s Io
and comet Halley. Polarization at each point was
constructed according to the local magnetic field
detected by spacecrafts. Both spatial and temporal
variations of turbulent magnetic field can be traced
with this technique as well. The influence of magnetic
field on the polarization of scattered light is discussed
in detail. For remote regions like the IBEX ribbons
discovered at the boundary of interstellar medium,

GSA provides a unique diagnostics of magnetic field.
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Figure 2: The Magnetic field and polarization along
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the trajectory of vegal encountering the comet Halley.

The blue thin lines represent magnetic field and the red
thick lines represent the polarization vectors. The x-y
plane is the plane of celestial coordinates. The x-axis
has the direction perpendicular to the ecliptic plane of
the solar system (from Shangguan & Yan 2012).

The first author of the paper J. Shangguan was an
undergraduate at the time and Huirong Yan at KIAA is
the corresponding author. A proposal for observation
of Jupiter’ s Io based on the prediction of the paper
has been accepted at CFHT and the actual observation

is under way.
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In 2012, 350 students graduated from the School of Physics, Peking University. Of the 175 Bachelor graduates,

41% applied for overseas studies, 44% applied for inland further studies and 6.9% was directly employed upon

graduation. 35% of 64 Master graduates and 24% of 76 Doctoral graduates went abroad for further studies.

Employment areas mainly include research institutes, universities and colleges, state-owned companies, etc.
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2012 Peking University Physies School Graduation Ceremony
e FIEsInuuhun
I" os  Bal

g A
33
g0

2012 P EF At R F NV E ST
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REFEMIHLRE =2, BBOFREFNS: FNFRERAZEYIERSE, FUIRMA AR,
S8 AETHEERZAEYELATR, REE—HFER, ALEXRFRTESRE; KETLEED
i, BHEREEREANES hEMTE, RFEEL LR 6 HEMR, RERFER 1T, ZFR3I,
X2, arAlE. RERUEFESHIT.

Students at the School of Physics earned many awards and honors in 2012. They ranked 3rd at the “Freshmen
Cup” Debating Contest and 4th in team at the Chorus Competition, which were their best scores in recent years.
They scored 5th in the university sports game. They held the 1st Physics Contest for College Students and won
the top prize at the 2012 National Physics Contest. At the “Challenge Cup” Science Competition, they won

one special prize, three 2nd prizes and two 3rd prizes.
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2012 F & 129 gL FERRFERZEVNEARZERFER

The 129 Chorus Contest 1in 2012 Top Prize at 2012 National Physics Contest

HELNEAH, FRES “FEITN” , ERAMEREZEEREBR/NE, F—HHESTEZK
TABAERBHIUTE, 29 2R BTRTLYHNYERARESS, AFERRS TUNLILERFS.
AR TETIARFED ANIHIMNT, TR RENATIERR AT =X BHLEEN, FRT EHE MR-
FRFEMEEED. A, CTHEN” SREHBEIIRS, “KREBHNEN” (EAIEREREAL
AMERFEAMITLE: “KRAEN” 5L PFETRKHAESIERR.

The school launched the “Qingzhuo” Project to set up small groups with alumni and students, providing the
latter with knowledge outside school and opportunities in social areas. 57 sophomore students and 29 physics
alumni participated in the 1st session of the project. The school also established three teams to engage in summer
social practices in urban and rural areas. The “Jiangsu-Zhejiang” team won the “Advanced Team” title; the
“Large Hazel Valley” team was chosen to compete in the municipal excellent team evaluation; the “Zhangjiakou”

team started a cooperative relationship with local schools.
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The Launching Ceremony of the “Qingzhuo” Summer Social Practice in the Large Hazel Valley
Project

ETEIERYE SRR MREFANRIE FERYIE B FFESEERARRZNZ
The 10" “Shengbiao Zhong” Academic Forum for ~The Launching Ceremony of the Student Volunteer
Graduate Students Group for Centennial Celebration of Physics at PKU

AEREBEBXNEFEEEREFENRFETE, FhRETHRREAMIBIRETAERHTE
Bill. FheFS5E 8 B T ERARFEIILE, #5342 2RMERZS MBI HNHREXF,
WEREHF PIELTVIRE. ERLRES) BAEFHR. TERESFIHEESS. FEBSFH,
AMUEER TR ONMEHE, BRIIREEINFELY, BNIREYE. SEFHFERENREN
5 340 B TR R B SRR DB 4208
To help students from undeveloped areas to better adapt to college life, the school decided to offer them special
assistance through customized training. 34 freshmen students attended the 1st session of undergraduate freshmen
training camp in Aug. 2012. The students attended courses in mathematics, physics, communication skills, study
and research methods, etc. which not only familiarized them with university values and campus life, but also

prepared them for the busy and uptight academic schedule in advance.
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2012 FYRBFEMR= 2012 FAMAEFAZIRE

2012 Scholarship Awarding Ceremony at the School = Undergraduate Students’” Exchange Meeting in 2012
of Physics

YRS E RARETEZSHIIGE YIEF G E RO ERES A

The 1* Summer Training Camp for Freshmen The 1* Season of Mental Health Development

Riz= 1 Rz 2
Students at the Sports Games Students at the Sports Games
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Students at the Sports Games Students in Military Training

EXFATLEMBE, ERRFYELREELNAE. AARER. AABFRETHTHTNSK:
ENSIHMBEFRALHERELAFAFTHNEFEEAT, FESM “BATR” HRR; BEHRRMN
TERRFERFER, R “RBRPEFLTH”  #—DERFAVIIRE, 0 “BFHEHZR” .
“REEFFARE” SRHFARES): TZEZSEENIN—RRFMBFNMNEIELR, EXEE
IR F N EFRE IR T

The School of Physics has made great efforts in improving subjects, attracting talents and cultivating students to
cope with new challenges in the new century. We attracted and trained leading innovative talents and outstanding
young men and students through “A Hundred Researchers Project,” etc.; new ways such as “The Weiming
Lake Physics Students” Class” were created to prepare students with all-round development; a free and active
research atmosphere was maintained by introducing the “Centennial Physics Lecture Series,” “The Physics
Young Talents” Seminar” and other high-end academic activities; we worked very hard to strengthen our

external relationships with domestic and international leading universities and institutes in order to exert a greater

impact upon the world.
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Alumni and Funds

2011 F, FENXRBEENTERRNZE “ArBYELEEES” MR, EHEMMRLEER
R—BBEFLE=-
In 2011, the School of Physics celebrated Prof. Keqi Shen’ s 90th Birthday and held the 100th Anniversary

Commemoration for Prof. Zhuxi Wang.

.

B RENTHFRRKILE IMREEERR—BBIFLER

Prof. Keqi Shen at his 90" Birthday Celebration Party Dean Xincheng Xie at the 100" Anniversary
Commemoration for Prof. Zhuxi Wang

2012 F, AAIEFRKREYEFHERAZE=RERES, SWBHIERAFYEFIHERAZEKER,
WET (ERRFMEFERATER GEUR) ), BT (ERYEFFRERYER)

In 2012, the 3™ Board Meeting of Peking University Physics School Alumni Association was held. The meeting
acknowledged Dean Xincheng Xie as the new President of Physics Alumni Association. The meeting also
discussed the tentative draft of association regulations and the celebration proposal of Centennial Physics at
PKU.
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AEE KPP ERELSR =KMNS

MEFERAZE=REEZZET

The 3" Board Meeting of Physics Alumni Association The meeting room

2702012 FYEZHREVFRARE S, BERAEVLRTEER. £EFEHD 01 F. 02 KA
ANFTEFREIEHE “+F7 RIMFERE .

Seminar for PKU Physics Alumni in the Industrial Field was held in 2012 to provide support and platform for
alumni career development. Meantime, alumni were invited back to school for talks and experience sharing with

students.

80 LAAEE. 85 A E. 98 FBHUEMER LU 80 FAXA MM “HU 257 B

7S > LN TR

BERERLAZR 80 Alumnus Hui Hu Reports his Career Path and
Industrial Alumni Representatives Hui Hu, Caiyong  Experience

Hu and Zhifeng Deng
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01?&ZK$4EE$xZi/\;F—FTTfﬁ)«umz: 0l FHARERENFETAFRRE

01 Physics Class Meet with "11 Physics Class '01 Physics Graduate Class Meet with "11 Physics

Graduate Class

02 FARAERENETRELRE 02 FARERENZETREFELRE
*02 Physics Class Meet with “12 Physics Class 02 Physics Graduate Class Meet with “12 Physics

Graduate Class

BN, ZHRNMDEIREFERS, ARENBRRGHNEERIREDEI.

Moreover, the school co-organized many alumni class reunions.

61 f&&% ?&ﬁ/\ﬁzﬁ—?—ﬂfﬁ REH 87 RYEARL LN —+EAFERES
61 Technical Physics Class Gather after 50 Years '87 Physics Class Gather after 20 Years
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N BYBEEARENZEZTRFERENBEYIE Il S2BYBEEARKANFZATRERS
/\ Al % N \}\_{/7
BT *52 Physics Class Gather after 60 Years

91 Physics Class Gather after 10 Years and Launch
the 91 Class

.l'r..'b'.t.'ri-‘.-l‘.l,.ﬁin 3

- ‘:. = : f ’L __ I
62 RYBEARKNFZATRFEERS 62 FIIKYIERRANFELTEFRES

*62 Physics Class Gather after 50 Years 62 Geophysics Class Gather after 50 Years

56 BigREVE+AFRS 71 FPBARK LN =T AFRE
*56 Class Gather after 50 Years *77 Physics Class Gather after 30 Years
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“ARIRVER” REBERZENNPES, KEEIEE 98 FARZREE. 80 ALK [ miE. 01
FARCEBEG. A 02 BAZOHNE. 94 RIXAKM, FTRE, 90 RIZFH 86 FR AT ESFEER
The school launched the “Weekend Career Talk” program to promote exchange and interaction between
alumni and students. Many excellent alumni were invited to meet with students, alumni including Zhifeng Deng,

Duanfeng He, Ou Tao, Shuojun Wang, Hui Xie, Lin Zhang, Guofeng Li, Lei Cheng and Hao Wang, etc.

98 R A APEIES FF R 80 FAR A (ol umlE 5 2 A4 BRI 01 ZFERS. T . 02 K
5EA4 B

Ou Tao, Shuojun Wang and Hui
Xie

Zhifeng Deng Meets with Students ~ Duanfeng He Talks with Students

Em 04 PAT KA, =R, 0L 86 FRATENZS

285 4 RE A
Shuojun Wang BRSPEEN 86 Alumnus Hao Wang's

Lin Zhang, Guofeng Li and Lei  Exchange Meeting
Cheng

2011 £ &, PR AES T IBME ¥2,259,193.90, X EH 4. XSS R EMT EET
¥334,894.80, EHIEHECHE S ¥593,919.00, 2012 & FULH|BE Y 2,294,336.25, L #H4. KErse
% HAM S 4 1Y 373,000.00, FIEECLEE S Y624,922.16, #1F 2012 FK, HERAESTIE ST A
11¥8,968,618.39,

In 2011, the Physics School alumni funds received ¥2,259,193.90 in donation, spent ¥ 334,894.80 in awarding
scholarship, aid and supporting student activities, applied for and were granted ¥ 593,919.00 in matching fund.
In 2012, we received ¥2,294,336.25, spent a total of ¥ 373,000.00, and were granted ¥ 624,922.16 in matching.
Until the end of 2012, the school had accumulated about ¥ 8,968,618.39 in alumni funds.

44 | Bi-annual Report 103



RKRSEE | Alumni and Funds

B HE B

Alumni Funds:

@Iz 8] Time of Establishment

R A IHBNEE 4 Alumni Funds

I+ 1FhSL IS 43R E 4 Qisun Ye Experimental Physics Fund 1987
JDE I+ =54 Shechao Charles Feng Scholarship 1996
15 X R E 4 Yibing Xie Fund 1996
77 IR E 4 77 Physics Class Fund 2002
f#ﬁ&ﬁﬁ@f@%[ & £ 4 Paul Shin-Piaw Choong Educational Fund for 2002
Physics

80 #7318 2~ M54« T B4 80 Ellen Yi Lan Woman Physicist Scholarship | 2005
86 YIRPT R E 4 86 Physics Class Fund 2005
88 IR E 4 88 Physics Class Fund 2006
T2 54 Kecheng Scholarship 2006
ERERRKFS (KU E ) Taconic Scholarship (University level) 2006
5t 4 Di Guang Scholarship 2007
% B 1) I8 20 & £ 4 Huxiong Chen Educational Fund for Physics 2008
LRI 5 24 Shechao Charles Feng Special Scholarship 2008
A3 %4> Ning Hu Scholarship 2008
W EE£FE 4 Kaihua Zhao Educational Fund for Physics 2010
K B =4 Truth-seeking Scholarship 2011
3K ST 8 E 4 Wenxin Zhang Educational Fund for Physics 2011
EFE 3 =4 Ou Hai Scholarship 2011
JERIE 91 4 (Bh) 91 Physics Class Fund 2011
YIBF S A4 & B A4 Students' Development Fund 2011
WY IR 2 B F 4 Keqi Shen Educational Fund for Physics 2012
b X¥IE B F L U4 Special Fund for Centennial Physics PKU 2012
IR IEHT I ATIZ 54 Institute of Modern Physics Scholarship 2012
JE KM & B 3 =4 Nian En Scholarship 2012
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SIESXZM

Cooperation

— . &P, B:HLEFR The Centennial Physics Lectures

HHE—TRAZENERRZ W, A K
S UEEZE5ERFARIPEREZRANNE, F
ez SEFR—RRKZMBANMMHEIEX
A, 2010 FoUr “dERBFYERE” , HER
#1577 Anthony. J. Leggett (EEFFIEFRF) |
Robert. W. Wilson( 3£ [E| DU/R 887H 324 % ) James. W.
Cronin (EEZ I& K=) . Qi Cui (E[EZL
HT # & %) . Johannes. Georg. Bednorz ( ¥ 4+
IBM) . David J. Gross (ZEEHIMKZF) . Isaac M.
Held (£EXS/E¥EIER) . Paras N. Prasad (3
EALM 7 KF) . Yuri Oganessian (% ARl
BBt ) FAEINRYELRE T HEFRTIL
PR FFR B FREHITEARE. X—RIIMZE
REZE, ARANSIET RENKRME, HARE
BkH “IERMIERE” KENFTHFE.

ireate 11n

27 4y 90

ics, Pekin

In order to further enhance the school's international
repute, we have launched the “Centennial Physics
Lecture at Peking University” to create more
opportunities for academic exchange and international
corporation. In the recent years, we invited nine Nobel
laureates and worldly-renowned physical scientists
to give lectures and exchange ideas at the school,
including Anthony. J. Leggett, Robert. W. Wilson,
James. W. Cronin, Qi Cui, Johannes. Georg. Bednorz,
David J. Gross, etc. This series of academic exchanges

serves as a prelude for the celebration of centennial

physics at Peking University in 2013.
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..  BiERE 5SS 1E3CH Invited Talks and Exchange Conferences

20112012 F£ &, FBeRITIENZIINET
. BHILINERREKE, #HPATREE
Et—F &2k, BERIIEWT:

> ]

School of P

2011 4 B, AAFERZER “ ZREIrEH#
IR WE, BIEYIEFE I /REIKEE Dr
Klaus v. Klitzing =2 ARIR &5 H S MR -

In April 2011, the School of Physics co-organized

= T 3R T ¥ K % #& K Dr. Emst
Schmachtenberg —177/5 [0 A%, LR AFGKEE
RS T RE, BREIHNEDES
REPEKEZEER®R. MUV EERESLRET
LB FEZFuHI%. =#%/a, Schmachtenberg 154
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In 2011 and 2012, the school held many international
talks and meetings to activate academic exchange and

international cooperation.

Dept. of Physic

the Chinese Academy of Sciences (CAS) “Einstein
Professorship Lecture” and invited Nobel Laureate
in Physics Dr. Klaus v. Klitzing to give lectures and

exchange with professors and students.

—TEWIAE T IERRFYEFBE A THEHFN
MHEBERERALRE, FEFERITH—FEIE
oJ&E.

Dr. Ernst Schmachtenberg, President of Rheinisch-
Westfaelische Technische Hochschule Aachen (RWTH
Aachen) in Germany visited Peking University. After
meeting with Prof. Qifeng Zhou, President of Peking
University, at Linhuxuan, Dr. Schmachtenberg visited
the State Key Laboratory for Artificial Microstructure
and Mesoscopic Physics. The Vice Dean of Physics
School Prof. Qihuang Gong and the Executive
Deputy Director of State Key Laboratory Prof. Yan Li

accompanied Dr. Schmachtenberg through his visit.
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# UK 5 5 B 4 4 3 5% 1K Prof. Malcolm
Grant —fT iR, LRAENESRAFKE
TRIEREERESTRE, HARBTGS
EHESES5T 2.

Prof. Malcolm Grant, President and Head of
Educational Administration of University College
London, visited our school. Prof. Yugang Wang, Vice
Dean of School of Physics, Peking University, met
with Prof. Malcolm Grant and exchanged with the
delegation. Prof. Dapeng Yu and Prof. Zhijian Chen

also attended this meeting.

B AFIK = o (b T A% Prof. Giuseppe Gorini
WiEFERARTEZEXSEXR. WEREIFK
SMT=l. RA—BUAARRBRAEGERE,
MNEFRANZRESVER BT . RNAZ IR
MREBEMATFEFAAREIER.

Prof. Giuseppe Gorini with University of Milano —
Bicocca in Italy visited our school to discuss the
possibility of establishing official bilateral relations.

Vice Dean of Physics School Prof. Yuxin Liu met

with Prof. Giuseppe Gorini. Both sides held high
expectations for future collaborations. They agreed to

launch graduate student exchange programs.

201252 H, @BRFEFERKKRKRH
REA BB, £F (LRKRFVEFRERE
REBZRL2ARIRAEMNB) , NIT5L 2013
FRIBFZAETT S KEBHFLRINF LTI
SFTMBERMAKILR. FHIERAEYEZERE G
BRAFEFREEN (NP N—IEZRE,
ERKRFYE A RET 2013 F 1 5 27-30 H
MRIBERFERR, HET “QBRFEZRS

ERKXEVEZRERAHZSETIS” .
In February 2012, Dean Qingrui Zhang of the College

of Sciences of Taiwan University led a delegation to
the School of Physics Peking University in order to
sign the “Bilateral Agreement of Academic Exchange
and Cooperation.” The two sides also agreed upon
issues such as seminars, joint summer schools and
student exchange programs. As a result, a delegation
of the Physics School of Peking University led by
Dean Xincheng Xie arrived at the College of Sciences
of Taiwan University on Jan. 27, 2013 to co-organize
the “Seminar on Bilateral Cooperation in Research

and Education.”
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- Ak - 3 |

DL B4 s 4E K R 421K Joseph Klafter 4%
—fTARHb . ERKRFDEL G HARERES
TRIFHNE, FHASU T BIROEMBILTF
LI E. Klafter iR AL S5IERKRFYIEF I
REZMFEBRMEKSEFEME, IERRZ(EH
FARIM
Prof. Joseph Klafter, President of Tel Aviv University
in Israel, visited our school. Prof. Hongbing Jiang from
the Physics School Peking University met with our
guests and guided them to the ultrafast spectroscopy
and Organic Photonics laboratories. Prof. Klafter
expressed his hope to develop student exchange and

joint cultivation programs between two universities.

WERE PRRFHFE BARF K.
YIRS 4% Jasper Knoester 35[0 F . b5 A2
EHEREIC, ATHEBMNTMYEERE /X
RETEREEERRRFIRESTRE, TH
SBEIE. BEESE B TR IE B %5 A R E
Knoester iR SW 7 HF L=, BWEAHLIEM
BELIRNESE.

Jasper Knoester, Physics Professor and Dean of
College of Mathematics and Natural Sciences at
University of Groningen, visited our school. Prof.
Qihuang Gong, Vice Dean of the Physics School
Peking University and Director of the State Key
Laboratory of Artificial Microstructure and Mesoscopic
Physics, met with our guest. Prof. Xinqiang Wang,
Zhimin Liao and Shufeng Wang guided Prof. Knoester
respectively on his visit to the Optics Lab, the Wide
Bandgap Lab and the Electron Microscope Lab.

2011-2012 4 pE2 I E 7 / R G 25l

International/Hong Kong/Macao/Taiwan Conferences in 2011-2012

H i /Time

£ & FR /Title of Meeting

I &= /Venue

FERRE - EMMNZRAZYEZEESIN B
2011FE5518HF 198 | dEmAZ
Joint Workshop of Penn State University and Peking University on May 18-19, 2011 PKU
Frontiers of Condensed Matter and Atomic Physics
“ETRYENER” BT S
. 2011F 6 521 HE22 H| ek
1* ICQM-ICQD-ICQS Joint Annual Workshop: World of Hall Jun 21-22.2011 PKU
Physics
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H 28 /Time

b & /Venue

2B FR /Title of Meeting
“ETFERRGFEEDR” EiriTs

. . ; 2011 ¥ 6 523 HE26H| kK=
4" Internation Workshop on Emergent Phenomena in Quantum Jun 23-26. 2011 PKU
Hall Systems
BT NELEEERMEERZ N 2011 8B 4HE19 B | dbmk
16" International Conference on Radiation Effects in Insulators Aug 14-19, 2011 PKU
E—FILRKY - BESMAFHARI TS .

| 011F12A 16 BE 17 | LA
1*" Joint Workshop on Nanoscience and Nanotechnology between H Dec 16-17, 2011 PKU
Korea University and Peking University
ENBEERAKILTES 201258275308 | bk
6th International Conference on Nanophotonics Peking University May 27-30, 2012 PKU

CEBXITR 20127 EFRFEAKRE :

1 . - 20128513170 | Ak
20" International Conference on Supersymmetry and the Aug 13-17,2012 PKU
Unification of Fundamental Interactions
FRBRREANLLTFEITS .

o . - 20129822527 8| 4tk
2" Joint Workshop on Nanophotonics between Both Sides of the Sep 22-27, 2012 PKU
Taiwan Straits
RRAK T EERRNRYERNS 0R2F1286HZ9H | dtEAH

Dec 6-9, 2012 PKU

Sino-UK Workshop on Nanophotonics and Metamaterials
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The Sixth International Conference on Nanophotonics(ICNP 2012)

=. 4PMEL 5 Foreign Experts

PER, FRANHEHEINELTRSI#ITL,
BIEINET R 160 R A, IMEZRHREF L. FRS,
BRI R FEH | 55 55 AR B i FT .
HrEHEMEEE, ANELEFTASCUETR
R TAERI AR
In the recent two years, the School of Physics

vigorously promoted foreign experts introducing

projects with over 160 foreign experts invited for talks

and meetings. School funds in support of introducing
foreign experts were also on the rise. Besides, every
effort was made in arrangement work such as visa
application and extension, recompense management,
dining and accommodation appointment and etc. to
create a good working and living environment for

foreign experts.

PU. A4 E PRfel:3F Student Internationalization Cultivation

FER, 2REEESE. KB BOGE— B
2, RBESEFAEBSELSH, HiFzs
BAEAT NS A RAYBY A RS BE
T %BS5HERTAREHEER UCLA
AR BHRFITE. BEA 2012 2HLIH
H. ¥7i838 UGVR 2HTIE. WA NN A2E
BHRFE. SERRASE2012 SHAE. NE
K MITACS EHILSTIH . BAT LA 2BEHR
BRI RA SRS A%, o, A
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REESEERRFENEEGFXU TS,

The school worked cooperatively with the Office of
Foreign Affairs to promote students’ joint cultivation
programs, including 2012 UCLA Undergraduate
Summer Project, 2012 Yale University Summer
Internship, Stanford University UGVR Summer
Project, California University (Davis) Summer
Research Program, 2012 Kyung Hee University

Summer Program, Canada MITACS Summer
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Internship, Nippon Institute of Technology and so on.

Besides, our students took active parts in the 9" Peking

T, XHhEtR

2011 F &, FBexit A (#E 3 Fe 2009-
2010 FERE) (PEIGERD , BEFFASFE
5. TRV, RFf ORER RESES.
BESXRENE, ANESFRNMZRIHE
MFFRE, AR FERIHT AR 695 B AN T+ 2 Be A9 E
PRI AR BRI ES 7

In 2011, the school published “The Bi-annual

University International Cultural Festival.

Report 2009-2010”

report covered the school’ s Personnel, Divisions,

in the bilingual edition. The

Highlights, Students, Alumni and Funds, Cooperation,
Awards and Honors. The purpose of the report was to
promote international exchange and cooperation of
the school and elevate its international status in the

academic field.

5 xE
Awards & Honors

2011 4 .
In 2011,

o YIEFFEHEMAEN LR R A —NESRAB B E AT B
The School was approved by the Ministry of Education as the pilot school of Peking University for

Structural Reform in Higher Schools

o ZHIEF “BEEGN FURAAFIFEMRBRENAXLI” RERBAREEX
Qihuang Gong’s Group won the Second-class State Natural Science Award, P.R.China

o ERFHF “BRITEWNPAEMNMR. FELHYEFUNR” RERBRAME SR
Enge Wang’s Group won the Second-class State Natural Science Award, P.R.China

o RAF “BEEMESIEELMXHMWMNAR" R “SEFREBFRAR” GRARE SR
Yuefang Wu won the Second-class Natural Science Award of “Science and Technology Awards in Higher

Schools”
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o HHIEREN R KBIRERR TR 2010 hERIZ+ KRR (2011 F3FHED
Xincheng Xie’ s Group won the Ten Major Scientific Progresses in China in 2010 by the Ministry of
Science and Technology (awarded in 2011)

o RFLEFFE LAMOST I H L EMEAIAR NEIE + RRIXRH R
Xuebing Wu’ s Group won the Ten Major Scientific and Technological Progresses in Astronomy in
China

o HFHHELEALFER
Zizhao Gan won the Guohua Distinguished Scholar Award

o ERFERRIIMTEMRIRIZE
Enge Wang won the Asian Computational Materials Science Award (ACCMS)

o fTEER “BASHFRSERSR”

Zuntao Fu won the “Zhao Jiuzhang Outstanding Youth Science Award”

o F. WEERERNLETFMFES

Lun Dai and Yunquan Liu were awarded the National Funds for Distinguished Young Scientists

o RMEINEHBHIEL AL
Chengyin Wu was included into the New Centennial Talents Project by the Ministry of Education

o BRERSYIESLCE (B8 &) R2ERFELRX
Renmin Ma (Lun Dai as mentor) in condensed matter physics won the National Excellent Doctoral

Dissertation

o FREFIFEANTEVEFZE+REFZEESFK
Enge Wang was appointed as Vice Chairman of the Tenth Board of the Chinese Physical Society

o REIRAVEZRRERRIMHE

Xing Zhu was appointed as Director of Commission on Physical Terminology

ZERYEANPEYEFEGRIRTEZRETMHE
o Qihuang Gong was appointed as Director of Commission on International Exchange of the Chinese
Physical Society

o MEMIEANVERFERZTE

Yanlin Ye was appointed as Director of Commission on Physical Education

o WLFHiEA “EEMKIEFZEL
Zhengyu Liu was elected as Fellow of the American Geophysical Union
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o FEINHEA “KEYEFERL
Xiaogang Wang was elected as Fellow of the American Physical Society

o MAMHETMEZDEKRSESTRE

Yanlin Ye was appointed as Chairman of the Asian Federation of Nuclear Physics

o RIENEIUPAP LW EREER
Qihuang Gong was appointed as Member of the [UPAP Committee

2012 4 JiE .
In 2012,

o YRAEBRBELRNIUNHKPEYERZS “RAXMBIR” —FK
Shigua Liu’ s Group won the First-class Award of “Dissertation of Most Impact” by the Chinese
Physical Society

° FEBIRBA “KMAYIEMNUAT” ARBEELFNBIRTEYEF S “REZIMRIR”
%
Qihuang Gong’ s Group won the First-class Award of “Dissertation of Most Impact” by the Chinese
Physical Society

o RMEENST “KMNPEMNIIE” WREANRE “FEFFTHR”

Qihuang Gong’ s Group won the “China’ s Overseas Chinese Contribution Award”

o NRAHEAEFRKEHKESREE

Xiaowei Liu was appointed as Vice Chairman of the International Astronomical Union

o FEBIBAXEIFF % Fellow ERERZER
Qihuang Gong was appointed as Member of Fellow Committee of the Optical Society of America
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o HARILIEA “EEYEFEEL

Jie Meng was elected as Fellow of the American Physical Society

o REMEBRTVAMAMRNLE “2012 FEPESEFZR+RABHE#HER”
Qihuang Gong’ s Group won the Ten Major Scientific and Technological Progresses in Higher Schools
of China 2012

o EMYWELRHFF O “IFLEMEANRRELRN” heESRPELRE T %X
The School’ Teaching Center for Experimental Physics won the First-class Award in Physical

Experimental Instrument Rating in Higher Schools of China

o XEHEXT “BARENRBERREEE(ERNIERLTIS SRS BMWMIUESE” #1FiE A I E
2011 FE+HRRIBEH#RE (2012 F3FHED)

Fukun Liu’ s Group won the Ten Major Scientific and Technological Progresses in Astronomy in China
2011 (awarded in 2012)

o RTHT. WK EFBRERRNLBEFRFES
Renxin Xu, Xiaoyong Hu and Xinqiang Wang were awarded the National Funds for Distinguished Young

Scientists

o HZlE. REFM. TR, BRBREXNFTEFHFES
Yunfeng Xiao, Xiaosong Wu, Jian Wang and Zongmei Fu were awarded the National Funds for Excellent

Young Scientists

o WRA. BEEENEHEWHELAS
Liangyou Peng and Zhimin Liao were included into the New Centennial Talents Project by the Ministry

of Education

o BHIEREBET 2013 £ 2015 EHAEYIEFRIRIRES
Xincheng Xie was invited to be Member of Editorial Board of the Physical Review Letters from 2013 to
2015

o REEURPENFFLEEFKRBDK: FTHMPRLAEPEAFZZEMPK
Qihuang Gong was appointed as Vice Chairman and Secretary General of the Chinese Optical Society;
Yan Li and Hong Yang were appointed as Deputy Secretary General of the Chinese Optical Society

o HEHENEFRAXFREEEALBX R RERNAZTEELE
Richard de Grijs was formally appointed as the Founding Director of the IAU's East Asian regional Office

of Astronomy for Development
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farl BIRE AR F I A e 2R LR s i
Richard de Grijs was awarded the 2012 Selby Award for excellence in science by the Australian Academy

of Science

B2 EFR RN E R FINE R F = EIERC

Zhiyu Guo was appointed once again as Vice Chairman of the Chinese Particle Accelerator Society

HERBFBRALRIERSFFZREEK
Qihuang Gong was appointed once again as Vice Chairman of the Beijing Optical Society

BREEARIR “IErmmImELEHE NN RERS
Xiaolin Chen won the honor of “Advanced Individual in Teachers’ Code of Morality in Beijing”

FEF (8 R2) FieEmHERX
Zheyu Fang (Xing Zhu as mentor) won the Excellent Doctoral Dissertation in the City of Beijing

. ARRRIERRFHZ AT R
Kun Xun and Xiaodong Hu won the Excellent Teaching Awards in Peking University
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