&
3 7

string

protons,
neutrons

_-’EEEI:E 2009-2010
I-annual Reponrt

it JLETIEREXAAT209 Hig%: 100871
Add: 209 Chengfu Road, Haidian District, Beijing 100871, China

Bi%. 86-10-62751732
Tel: 86-10-62751732

f£H. 86-10-62751615
Fax: 86-10-62751615

School of Physics
Peking University

http://www.phy.pku.edu.cn/




805 | The Dean’s Address

\

Al =

The Dean’s Address

ERXFERHEEREFHTVEHENTRANS
FFF. B 1B FixuYEF Ik, ERYECLES
BiE—MELERNWHE. EEEXR, BNEH T ek
MBNE T RE, CEHARBKRKNNREEE: BE
B E X BRUENED LR, ERILEREFBAKEY
EXR#EL. IRIERDERF NEREL, RETE, &
DR, BREEN, NECHEZEREIR. BHAEME
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EYEARASHEER. E—IHNALER L, ERAEYIEFREQES. ERr B HEt.

MEMRZVEFENL A, ERNIER, EENHFZERNIKRENTER, HAZL—1F
AR ROE A= EMNEHRE LRERNDEFRISE —REFESER, NERTFA
S REETY, BELFE. ERKRFVEFRIVAERER—R. RRBZI0E: RNEAREE
EAir s, RREAREENONBMR, ERETEFMZENIXAR. T HIKNIEEYD
EMANEBITE, PSERRNEFMERTHERE. SHAEHR.

PSR-V TENTOETREMESR AL . BZN—EBOTRIA. Kl BRNERIEBERR
REDORREFAT, OANEET ERENFIRFE, EALTRZNEFARINEFEZZET. H
MAEBAA EHEREN, TMUERFIREE., TENEMRBIMEENEZRE, EETERE
BRAOFASE BN AXREN EIFENLREE. FIRE, NEBTERARAHTAIAE.
MEMRK, EENMERELARENEGEXSIERE.

RO, FABRE BEYE, REFK. SENERREYIESE, B#SFRKERFERRNE
MILRES, £% “B&. MIE. KX, 7 NS HEH, WSS, B/ ORE. RIREER; Shm “f
FhrRiR A EENYEZLFTER T T5MTetER, EERYESRREEEZZ W LRI
B0 B B AR BT R SR

FRF
FERKRFHEZ PR

Fi | Bi-annual Report 1



815 | The Dean’s Address

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.

Enge Wang
Dean of School of Physics, Peking University
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General View of Personnel

M 1 #UifiFaculty 168

M 2 % A fiResearch Staff 69

M 3 {#-1:/5Postdoctoral Fellows 58
M 4 F7BUA R Office Staff 19

M5 HAth A FiOthers 7

M 6 /4 Students 1458

R T 52 4= Faculty, Staff, and Students 1779

W1 =2 Senior Engineers 34
W 2 2 TR fiIntermediate Engineers 28

3 FIZ% T fiunior Engineers 7

W 1 #FEProfessors 85

W 2 HIFU%zAssociate Professors 64 il \ 5t Research Staff 69

3 P Lecturers 19

B 1 7R Undergraduates 780
B 5WHFSE BL Faculty 168

M 2 i {:4:M.S. Students 258

I3 f#4-4:Ph.D. Students 420

*#H: Students 1458
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« B IRAFZL AT Institute of Theoretical Physics
o BRERSYIE SR IERFZL AT Institute of Condensed Matter and Material Physics
« LA S ZL A Institute of Modern Optics
« EE FYIEM S AT Institute of Heavy lon Physics
Z =AY 5B THE A Institute of Plasma Physics and Fusion Studies
s FHARYIEZK Department of Technical Physics
» KX F % Department of Astronomy
« KE5E7¥RI2 R Department of Atmospheric and Oceanic Sciences
o TIB IR Z 5 .(» Teaching Center for General Physics
o Bl IE LI Z= (> Teaching Center for Experimental Physics
« B8F B & I SLI = Electron Microscopy Laboratory
« SEEIRTF S0 Center of High Energy Physics
o 2 F#RIRI=A M0 International Center for Quantum Materials

o BRI 18 K~ 5 KR IEHT 5L A Kavli Institute for Astronomy and Astrophysics
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Institute of theoretical physics

EYENRAAAEIRT 15 A, EPHERILA, BEIR3 A, DB LA, TEHROE B

BXE5FEHF, NFYE, R FYE. ZYWIE. &
EEMUEANTHEIRE.

RSERESRITYIES, PR T BARNTFRE W

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.

—. RE7MEMIY QCD Wik

B 1974 ETERZ LM I v K FUSE, |
RBERYE—EREILMLE L FAIRA.
HTRBEESEHMIMMEMMNZ N EERE,
NEAMREH TREANERE T E5)HZ (QCD)
SR, FalEE+JLERLE R F X YL
ERBEFNENEMNVEHN—EHRERENE
WIMEEART, MR 7TERHRNERE.

IR, HIERMRE (BIEBELEKRES,
oHE, IEE, SBEE, TS HREEN
FEMRE T T AG M ER, TE Physical Review
Letters F A% TR E, MEREBETZ
SRBEAASERABLANEEZRE DM, X
—BAME L REE THER.

1 ERBEFERPEEBRAENS

2002 < ML 3k, H A (Belle) 12 [ (BaBar) /i
MNERABFNENBNFI £, ERABF
EXHRBERNTELL 5D AL NRQCD
EEARRTE: —WRBEBETETRE (W0
ete- - J/v nc) WEHENERNSELLREL
FIN—E L BE=41T7E ete- — J w+c+chbar
MNEBERIEERIELRENED S FA L
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e+e- — J y+c+cbar NENE S Vv 34 DEE
HILL{E Ree SEbTE A%, EAREREXR
BRFESIRZTHREZNAR (WEARLER
FER, BHEIRERBNFHYENS, ) KET
Mg RIX— BB, EBEHWHNLENEMSE.
EWR SN EMERKRAREER, HOA
HERBEVEPREHREMTNRAEE, EiF
Quarkonium Working Group 2005 & % 3 #9 CERN
BEEPP TRz “RERERERELREE
MRAZEEZ—" . BT LABRINEEXE
BT ES, NFEIRAST , DIE NRQCD #£/~4
WERNEF R IR E IR, BidiR,
FM%I, QCD &5t EFAEX 1L 1E IE RN 2]
BRI

1) BATEEMR 7iBZEILIE ete- > v ne
(Phys. Rev. Lett. 96,092001,2006) [ & % i5 2 e+e-
— J/ y+c+cbar (Phys. Rev. Lett.98, 092003, 2007) &
QCD B EFM . ERGEZEMBEBEENRT
e, EXERTaONELETLUER, BFHE
RFKM Rz #H—P KB, XEKE QCD M
MNEEBEBRANER, AH—SHRE TEXY
BN G, BERERSIRNENTER
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K EFEIRRR,

2) MR 7T IVv fFEERTFHNTE. XT
ERBFIERFR I EFEM DR F (ete-—J
v+g+g) B @ 7S 74 L 7 (Phys. Rev. Lett,
102, 162002, 2009) , &I k43 F QCD 4& 5
BERRANERKB/NERIRE, MAESE
FEIRS 20-30%. X—E BT 5 2009 5 Belle
LWAHN v FREERFHN~EEENTUES
B—%, NMEBRER: Vv FBERTFH~4E
D e BT IE eve- — J w+g+g AN, @B/\F
S EARETRK. BTE v EM~4%
I (0 Tevatron fys8F - 5B F X #EIIRE) B/N\E
ST ELWIAABREEMN, BHIANIXT
BNEATTHHE R TIEMH NRQCD & /\ &
SIFIBEEZR . BEREE ete- — I y+c+cbar
M RLER, Rec WL EDSESERE.

ERFRERIFEEB I EABTERS
Jv FERAEZERRR, X—HEREIER
Quarkonium Working Group, Z[E SLAC #J BaBar,
H & KEK 19 Belle, £ [F Fermilab g9 CDF % = Br
LW ETEEMEE,

¥

o
<

Belle arXiv:0901.2775

NLO

15 25 3.6 4.5

' T |
55 plGeV)
El—: Rcc LR (LO) AR GLHY (NLO)

MR EMEENTE v TR, BYKX
4 Belle SLIE N E 45

— . On Charmonium Physics and QCD

Since the J/ v was discovered in 1974, charmonium
physics has been playing an important role in

understanding the fundamental aspects of QCD and

Figure 1. p dependence of the predicted Rcc at
LO and NLO. The shadow region represents the
experimental result.

2. RBPRERRLTHAR

7 %75 BES 1 CLEO AL 4E A % D 3K
BIE=EZS v@E770) KT RELBERRET
BARRBERFENLINLE R, RAIFR
T DRRBREXEEFARSRHIRE (Phys.
Rev. Lett. 101, 112001, 2008) , #&#f3|AB/\&E
SoE, BETHRAND RREERERMAFHE
MELSNAH, ATRTUNEH TR TREE
RETHEE, XEEXET NRQCD 3f D £
BEREMA.

FAVE—DHR 7 D Ble L7588 % 1D2
BB THRE, HEER 7T REOKE QCD My
B, FERTENTELSEMEH, XALE
FHEX—EHARRIANRBRSRME TIERMKIE.

REMEIL

[1] QCD correction to e+e- — J/ w+g+g at B

Factories; Yan-Qing Ma, Yu-Jie Zhang, Kuang-Ta
Chao, Phys.Rev.Lett.102, 162002 (2009) .

[2] QCD radiative correction to color-octet J/
v inclusive production at B Factories; Yu-Jie Zhang,
Yan-Qing Ma, Kai Wang, Kuang-Ta Chao, Phys.Rev.
D81, 034015 (2010) .

[3] Relativistic correction to e+e- — J/ v +g+g
at B factories and constraint on color-octet matrix
elements; Zhi-Guo He, Ying Fan, Kuang-Ta Chao,
Phys.Rev.D81, 054036 (2010) .

[4] Predictions of Light Hadronic Decays of
Heavy Quarkonium 1D2 States in NRQCD; Ying Fan,
Zhi-Guo He, Yan-Qing Ma, Kuang-Ta Chao, Phys.
Rev.D80, 014001(2009).

the standard model. In particular, in recent years,
experiments at the Fermilab Tevatron, and at the B

factories on charmonium production have led to new
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developments for the heavy quarkonium effective
theory.

During the past years, Professor Kuang-Ta Chao and
his group (including doctoral students Yu-Jie Zhang,
Yan-Qing Ma, Zhi-Guo He, Ying Fan ,and Kai Wang
et. al.) have studied the mechanisms of charmonium
production and annihilation in QCD, and resolved
several important puzzles in charmonium physics with
4 papers published in Physical Review Letters.

1.Charmonium production at electron-positron
colliders

During 2002-2005, Belle and BaBar Collaborations
found that charmonium production rates at B factories
are much larger than theoretical predictions: NRQCD
predictions are about one order of magnitude
smaller than data for exclusive production of double
charmonium (such as e+te- — J/ v nc) and for
inclusive production of e+e- — J/ y+c+cbar. Many
attempts (e.g., invoking glueballs, and mechanisms
beyond the standard model, etc.) were
then ruled out by new measurements. These long-
standing puzzles were called “the most challenging
open problem” in heavy quarkonium physics, and
regarded as “The discrepancies between theory
and experiment in these measurements are among
the largest in the standard model” . By a thorough
study for above problems, our group finds that the key
effects are the QCD radiative corrections as well as

made but

relativistic corrections, with which these puzzles may
be resolved.

1)Studies of the next-to-leading order (NLO) QCD
radiative corrections to exclusive process ete- — J/
v nc and inclusive process e+e- — J/ v +c+cbar.
With all one-loop contributions being considered,
infrared divergences are found to be cancelled exactly,
thus factorization at NLO is proven to hold. NLO
effects can significantly enhance the cross sections.
By combining the QCD radiative corrections with

8 4E4R | Bi-annual Report

relativistic corrections, the large discrepancies
between experiment and theory for these two
processes are found to be almost removed.

2)Studies of J/ v production accompanied with light
hadrons. For J/ v production accompanied with two
gluons (e+e- — J/ v +g+g), the NLO NRQCD effect
significantly reduces theoretical uncertainties and
enhances the cross section by about 20-30%. The
result agrees well with new Belle measurements in
2009, which implies that the observed J/ v production
accompanied with light hadrons is saturated by
et+e- — J/ v +g+g, and the color octet contributions
should be negligible. While J/ v production in other
processes, such as in hadron collisions at the Tevatron,
is deemed to be dominated by color octet, the above
conclusion is crucial in testing NRQCD and color
octet mechanism. Moreover, combined with the study
of e+e- — J/ v +c+cbar, the experimental result of Rcc
becomes well understood.

2.Studies of annihilation decays of charmonium

To resolve the problems of infrared divergence and
experimental conflict between BES and CLEO, the
annihilation decay to light hadrons of spin triplet D
wave charmonium v (3770) is studied. A rigorous
result is obtained based on NRQCD factorization by
removing the infrared divergence. For the spin singlet
D wave charmonium 1D2 state, the annihilation
decay at NLO is also studied. The obtained better
estimate of the hadronic decay width is certainly
helpful in searching for this 1D2 charmonium state in
future experiment.

Selected Reprints:

[1] QCD correction to e+e- — J/ y+g+g at B
Factories; Yan-Qing Ma, Yu-Jie Zhang, Kuang-Ta
Chao, Phys.Rev.Lett.102, 162002 (2009) .

[2] QCD radiative correction to color-octet J/ v
inclusive production at B Factories; Yu-Jie Zhang,
Yan-Qing Ma, Kai Wang, Kuang-Ta Chao, Phys.Rev.
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D81, 034015 (2010) .

[3] Relativistic correction to ete- — J/ w+g+g at
B factories and constraint on color-octet matrix
elements; Zhi-Guo He, Ying Fan, Kuang-Ta Chao,
Phys.Rev.D81, 054036 (2010) .

[4] Predictions of Light Hadronic Decays of Heavy
Quarkonium 1D2 States in NRQCD; Ying Fan, Zhi-
Guo He, Yan-Qing Ma, Kuang-Ta Chao, Phys.Rev.
D80, 014001(2009).

L BB STOR O R TR S TS e R AR IR LB QCD B IE

KHEIDLSK, AMIAESLE R A, ArBEAKN
F (BR) AMSENXHBATEN FHHEEE
AR, EEBMNEMREETL, BIRAHEE.,
R, AM—HIAHK, EXNFAEEBEERPR
BHRMERAKTERN FYEXNEANEZ —.
HERNFYEATROEREF, XPREANHT R
BAME AT, EBAMNBN, HAESHEKX
GFHEEMREIRNEEENBEEERNER, %
RIERR TR RS TR, BREJLE
RN, BHETRESEENIKEAMEZN. Fit,
S ANSEYNEAREARDNSEYELR F
(MNEAFEER B T 2 EE R Tevatron £ B
MBI LHC %) —EEZ N TS HXFRHKE R 1%
MAEERNLEIUE. AIERARR T X0,
BMEWNTHR:

REWMR TNERNPEREKFEHRIL (&
BRE) M#E. BANAIBR FA'EART (D
IR RHR )Y (Phys. Rev. Lett. 102,072001 (2009)
MR B T EXEEREAERILEENIEYIES
XMNEENEME RN QCD R EM/MERE, &
BRXERMNITUREE BRI L EER N FHE
FHRAEAUNNRENEANF—RE=TNBEEE
B, WmERMtthEm T EirsryEER
NN NIER. EEFEKERSLEE Tevatron
DO 5245 #H #1 CDF 524§ 6 7 2007 &=, 2009 £F %
2010 F & FHI LI 45 R 18 5L (Phys.Rev.Lett.99:
191802, 2007; Phys.Rev.Lett.102:151801, 2009;
Physics Letters B 693; 81, 2010) &, # X H 7
FTEALZANLLREBERER, MBI TINER
QCD R EMERHMNEHM LW FIRUERIBN MR
Tt FBR, COF LWHKRA R FETEE
ESEI

“The authors express their gratitude to Chong
Sheng Li of Peking University for very useful
communication and for providing a new calculation
of FCNC top-quark branching ratios in a very timely
fashion.”

SR

[1] Jian Jun Liu, Chong Sheng Li, Li Lin Yang, Li
Gang Jin, Next-to-leading order QCD corrections to
the direct top quark production via model-independent
FCNC couplings at hadron colliders, Physical
Review D, 72, 2005, 074018-1--074018-7.

[2] Li Lin Yang, Chong Sheng Li, Yang Gao, Jian
Jun Liu, Threshold resummation effects in direct
top quark production at hadron colliders, Physical
Review D, 73, 2006, 074017-1--074018-6.

[3] Jun Gao, Chong Sheng Li, Jia Jun Zhang,
and Hua Xing Zhu, Next-to-leading order QCD
corrections to the single top quark production via
model-independent t-g-g flavor-changing neutral-
current couplings at hadron colliders, Physical
Review D, 80, 2009, 114017-1--114017-12.

[4] Jia Jun Zhang, Chong Sheng Li, Jun Gao, Hao
Zhang, Zhao Li, C.-P. Yuan, Tzu Chiang Yuan, Next-
to-leading order QCD corrections to the top quark
decay via model-independent FCNC couplings,
Physical Review Letters, 102, 2009, 072001-1--
074018-4.
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—.. The NLO QCD corrections to the top quark decay induced by the model-

independent flavor-changing neutral-current

It has been found for a long time in the experimental
studies that all the quarks appearing in the neutral
current interactions do not change their flavors. Thus,
it is a basic understanding that flavor conservation
in the neutral current interactions is one of the basic
laws of particle physics. This appears naturally in
the standard model (SM) of particle physics, but
people conjecture that if there is some kind of new
physics beyond the SM at a high energy scale, the
flavor conservation may be violated. Thus, the
experimentalists all over the world (B factory in
Japan and US, Tevatron and LHC) have dedicated to
find the evidence of such a flavor-changing neutral-
current interaction. In our program we have studied
these projects thoroughly, and the achievements are as
following:

We systematically studied the flavor violations in
the top quark anomalous neutral current interactions,
which resulted in 4 published papers. The
experimentalists at the Tevatron have used them to
measured the top quark anomalous QCD couplings
with high precision. Thus our works, especially
the paper published in Phys. Rev. Lett. 102,072001
(2009) , play an important role in the understanding
of the top quark properties. Both the DO and CDF
collaborations at the Tevatron have used our results
in their studies to obtain the upper limits for the top
quark anomalous QCD couplings and the top quark
rare decay branching ratios (Phys.Rev.Lett.99.
191802, 2007; Phys.Rev.Lett.102:151801, 2009;
Physics Letters B 693: 81, 2010). Moreover,
the CDF collaborations have expressed their
acknowledgements to Prof. Chong Sheng Li in their

paper:
=, i SR e AR

1986 F BB SENEAINAL T ESEFE
KR LN OENT R . A—E SR8 SHNB
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PRL 102, 151801 (2009) PHYSICAL REVIEW LETTERS 17 APRIL e

Search for Top-Quark Production via Flavor-Changing Neutral Currents
in W+ 1 Jet Events at CDF

(CDF Collaboration)
“The authors express their gratitude to Chong

Sheng Li of Peking University for very useful
communication and for providing a new calculation
of FCNC top-quark branching ratios in a very timely
fashion.

References:

[1] Jian Jun Liu, Chong Sheng Li, Li Lin Yang, Li
Gang Jin, Next-to-leading order QCD corrections to
the direct top quark production via model-independent
FCNC couplings at hadron colliders, Physical
Review D, 72, 2005, 074018-1--074018-7.

[2] Li Lin Yang, Chong Sheng Li, Yang Gao, Jian
Jun Liu, Threshold resummation effects in direct
top quark production at hadron colliders, Physical
Review D, 73, 2006, 074017-1--074018-6.

[3] Jun Gao, Chong Sheng Li, Jia Jun Zhang, and Hua
Xing Zhu, Next-to-leading order QCD corrections to
the single top quark production via model-independent
t-g-g flavor-changing neutral-current couplings at
hadron colliders, Physical Review D, 80, 2009,
114017-1--114017-12.

[4] Jia Jun Zhang, Chong Sheng Li, Jun Gao, Hao
Zhang, Zhao Li, C.-P. Yuan, Tzu Chiang Yuan, Next-
to-leading order QCD corrections to the top quark
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Physical Review Letters, 102, 2009, 072001-1--
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X)) «» BARAKXT 20 ZFHNE L, 8 RBSFHH
MNEBREBHREMNTE TR, ETHEFERN
WRMLEFN N BHNESERAER. BESEB
SRR E , AR5 Landau F91ERIEL
=RBSENARNDIERFENMR , FUES A
—#, o ML Ginzburg-Landau #8 S 3218 ki 5% .

EREFHREES, &RBSNREREBHNKE
eGP

BSENE BN REEBHSERTH
VIESHETIAX. SRESKRTEBSK, T
BT —XBSK, #HTUFE_LBSEK(ES
) MAREBSHFME. #HFE _LKBISBA
—EBTHMBBL , ERARIESL , HERIE
¥

WBEAERNEDHY . BE. T (BH) &4
T, TRUERSMYE , iRliemig. BBS. R
%%, TRNRRESETENBSEMN , MEE
SEBES , BETEBES. MRBETHY
SMEYEFETN LG BFEFER, EthF
FEEENEMAREN . BEEH#ES . BE.
T, REREZFBETROREDSEHZ B
AL LI T IF AT R IR S XA .
XEPFRGBLIER , MI—RODSELNOTRE
FEEENR . TREBIBSHTT RN — AR
BESERMABEERNTY. BT, SR8
SRESHMTARATEBERNLBNE, B EFE
BEENEMERTRMNE.

FEEFHIRME BB R ERITEZIRM
Ginzburg-Landau 28 % |, ;5T LEHR , W%
BEIK, Frl 2 RB SR RESHET T REN
EiptR., R EEAEERRRERAEE , tbE
WHIBE ST, B HLEIEENYS.

MBI NEE T —LEXRihs, ER

— IS HKE LIS, IS 2 —L4H
KASLIS T

1) &SR 454, (Spinodal) 3298 7l = #
S0 , HHX L0 2 £ E Rutgers KBS L=
52h, Physical Review Letters 92, 227004 (2004).

2) IELANHEMMIINER AL RM
=—%, 8% 5L X E 5 = Kamerlingh Onnes #
SIREMAAFKBIRLIRZH , Physical
Review Letters 95, 177005 (2005); Phys. Rev. B 75,
184512 (2007).

3) KeslEzZ 2 AAE SR E BSCCO
FYURIEHE RSB OISt MNERTE, HX
5015 2 Physical Review Letters 98, 167004 (2007).

ZEFHERAFERANIB R R ILAE REVIEWS
OF MODERNPHYSICS A Rk G h ¥ = 2 45 b
M+ 2Z2FE0:o TIEME, “Ginzburg-Landau
theory of type Il superconductors in magnetic field” ,
VOLUME 82, Page 109, JANUARY-MARCH 2010.

ST/
[1] Baruch Rosenstein and Dingping Li, Rev.
Mod. Phys. 82, 109 (2010)

[2] Dingping Li and Baruch Rosenstein, Phys.
Rev. B 70, 144521 (2004)

[3] Dingping Li and Baruch Rosenstein, Phys.
Rev. Lett. 90, 167004 (2003)

[4] Dingping Li and Baruch Rosenstein, Phys.
Rev. B 65, 220504 (2002)

[5] Dingping Li and Baruch Rosenstein, Phys.
Rev. Lett. 86, 3618 (2001)

—.. Theory of the vortex matter in high Tc superconductors

The discovery of the high Tc superconductors at 1986
has created several very active research fields up

to now. One of the active fields is the investigation

of the microscopic mechanism of the high Tc
superconductivity, another one is the macroscopic
quantum characteristics of the superconducting
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materials under certain external conditions, like
temperature and external magnetic and electric
fields which is closely related to the applications
of the superconductivity. Though more than twenty
years passed, the microscopic mechanism of the
high Tc superconductivity has not been settled,
but the understanding of the macroscopic quantum
characteristics of the superconducting materials and
the application of high Tc superconductivity have been
greatly advanced. Even the microscopic mechanism
has not been understood completely, the macroscopic
quantum characteristics can be investigated using
phenomenological theory, the Ginzburg-Landau
theory as it was done in low Tc superconductivity.
But different from low Tc superconductivity, one
needs to include the thermal fluctuation effect in high
Tc superconductivity.

The application of the superconductivity is closely
related to the studying its physical behavior of
the materials under external electric and magnetic
field. High Tc superconductors are so called type Il
superconductors, which are different from type I, the
magnetic field can penetrate the bulk of the materials
without losing the superconductivity. The magnetic
field penetrating the type Il superconductors forms
flux lines, which are called vortices.

\ortices in type Il superconductors can form different
phases in different temperature, external magnetic
field and disorder, for example, vortex lattice, vortex
glass and vortex liquid. Different phases have different
conductivity behavior, for example, vortex glass is
superconducting, but vortex liquid is not. The studying
of the phase of the vortex matter and their physical
properties is not only important in the technology
applications of high Tc superconductors, but also is
important to the fundamental research to the theory
of the phases of the matter appeared in nature. By
tuning the temperature, external magnetic field, and
disorders, one can easily transform one phase of the
vortex matter to another phase. Experimentally one
can study the vortex matter phases and their phase

12 43#R | Bi-annual Report

transitions in great details. Thus the vortex matter
of high Tc superconductors is one of best materials
for studying phases and phase transitions, and is
fundamentally important to the theories of phases and
phase transitions for other matters due to the universal
properties of phases and phase transitions. For
example, it is very hard to study the glass transition in
other materials, but it is quite easy to study the phase
and the phase transition of the vortex glass in high
Tc superconductors. In summary, the studying of the
vortex phase in high Tc superconductors is not only
important due to the practical application, but also
important to the fundamental research.

Prof. Dingping Li has collaborated with Prof.
B.Rosenstein from National Chiao Tung University
more than ten years in the studying of the vortex
matter. Starting from Ginzburg-Landau theory
of superconductivity, they have systematically
studied the type Il superconductors, especially the
vortex matter of the high Tc superconductors. They
quantitatively obtained the phase transition lines,
for example melting line and glass transition line in
agreement with experiments.

During passed ten years, they not only explained
some existing experiment data, but some theoretical
predictions were confirmed experimentally appeared
latter than our theoretical calculations.

1)The existence and the location of the Spinodal line
were experimentally conformed by the superconductor
laboratory of the Rutgers University of USA, Physical
Review Letters 92, 227004 (2004).

2)The formula of the melting line was experimentally
verified by the Kamerlingh Onnes laboratory of
Netherland and University of Tsukuba of Japan,
Physical Review Letters 95, 177005 (2005); Phys.
Rev. B 75, 184512 (2007).

3)The prediction of four different phases of the
vortex matter was experimentally confirmed by the
superconductor laboratory of Weizmann institute of
Israel, Physical Review Letters 98, 167004 (2007).
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Prof. Dingping Li and B. Rosenstein published a  [2] Dingping Li and Baruch Rosenstein, Phys. Rev.
review paper summarizing parts of our research results B 70, 144521 (2004)

from last ten years, “Ginzburg-Landau theory of type
Il superconductors in magnetic field” , REVIEWS
OF MODERN PHYSICS, VOLUME 82, Page 109,
JANUARY-MARCH 2010. [4] Dingping Li and Baruch Rosenstein, Phys. Rev.

Relevant references: B 65, 220504 (2002)

[3] Dingping Li and Baruch Rosenstein, Phys. Rev.
Lett. 90, 167004 (2003)

[1] Baruch Rosenstein and Dingping Li, Rev. Mod.  [5] Dingping Li and Baruch Rosenstein, Phys. Rev.
Phys. 82, 109 (2010) Lett. 86, 3618 (2001)
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SR KE . Snm FH) MgF2 L4 BURAISRAR E
MNREEEBHTES, MAEREBERTHRRE
NEBERITRL. N FERA L ITERR
/N100 £, HERHFEWNERNELERBRPXK
SNBFBREAFERIEE 51k 6F. HRE
kEBNRARFIFAMASHLTRERTFILE. F
BRITHEACRE TRRAMY B E/ERNT 8
M, ERRCTHEE. £EVEEENEFERSE
TR T HRER . ZTET/\B=1TH% (8
SR) Z75 T (Rupert F. Oulton, Volker J. Sorger,
Thomas Zentgraf, Ren-Min Ma, Christopher Gladden,
Lun Dai, Guy Bartal & Xiang Zhang,
lasers at deep subwavelength scale” , Nature 461, 629
(2009).) ZTE—R R R ZHRE: FHMLAE
WAB=+—B8 (2E W) £, FRFZREK
EWtHE R &R NFESER R, XTERA
CREEBTIRBABRAR” IR ERLHES
FRIEFRERE, T/A\B=18H% (BR) &FL
&, HMNKZERISREFERKDEDR
TR, ERRFECEREAFE L AEDC
A E T

“Plasmon

Distance, ¥ omj

() CdS ¥ SRy K 4. 5nm E ) MgF2 4 4
NREMREEANREEEBERTES~EE. &
LY SEM B R, (b) HRRENEFBHT
B EAE.

a, The plasmonic laser consists of a CdS
semiconductor nanowire on top of a silver substrate,
separated by a nanometre-scale MgF2 layer of
thickness h. This structure supports a new type of
plasmonic mode. The mode size of which can be
a hundred times smaller than a diffraction-limited
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spot. The inset shows a scanning electron microscope
image of a typical plasmonic laser, which has been
sliced perpendicular to the nanowire” s axis to show
the underlying layers. b, The stimulated electric
field distribution and direction |E(X, y) | of a hybrid
plasmonic mode at a wavelength of 15489 nm,
corresponding to the CdS 12 exciton line. The cross-
sectional field plots (along the broken lines in the field
map) illustrate the strong overall confinement in the
gap region between the nanowire and metal surface
with sufficient modal overlap in the semiconductor to
facilitate gain.

2. KRB WM R AR

WEEREEEMREFS. BIRNFL
R RERBEERSHE, TUALIERIE S ==
HHNRZEZINRE T, WEIEFAXSEHRE.
ByCIASIER. IR RN, EERMEE.
FINZEICEWBET R B TRBEER R =
REEDHERSR. BEFTHFE. FEUFEME
FEEAEEFIARZXEZRNAR. BATE X
IR T CdS REHIAE (B L (D) ) RFBEE
AR LI — 7% - . RATR 7T X LR
NI FHREXMZ W R REF (Q) FXEE
F. N, TRRDAXMBE R KLE I —
& -, BERNAKXENET UEN K SR
MR ARSI E, AN MEPHS
REXBAGER (B2 (ad ) . ZIEX
< 7f Nano Letters Zv7& I (R. M. Ma, X. L. Wei, L.
Dai, S. F. Liu, T. Chen, S. Yue, Z. Li, Q. Chen, and G.
G. Qin, “Light Coupling and Modulation in Coupled

Nanowire Ring-Fabry-Pe’ rot Cavity”, Nano Letters 9,
2697 (2009)).).
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1(a) CdS #4K 2L 3 19 SEM 8 fr; (b
CdS G KL BIERN R [BI D FEIC IV

Figure 1 (a) NW ring with side-by-side overlap
coupling geometrie with the overlap length to be about
3.75 u m. (b) Spatially resolved PL spectra of the NW
ring depicted in (a).

(d)

ntensity (arb, units)
s,

Intensity (arb, units)

Wavelength (nm) Wavelength (nm)

2. AR CAS 4K 4 3K — 7k - IR A
SEMBF (@), KEEMER A (b)) LHER (.
B CdS #K% (d) FIRBEH CdS KL —
7% - 1R (e) MR FHATIIE.

Figure 2. SEM (a), dark field (b), and PL image
(c) of a NW ring coupled to a straight NW. Light spots
marked by arrows 1 are due to adhered particles, those
marked by arrows 2 are due to defects on the NW. The
corresponding positions are also marked in the SEM
image in (a). (d) Spatially resolved PL spectrum of
the straight NW prior to being contacted to the NW
ring. (e) PL spectrum collected at the output end of
the straight NW with the exciting point on the NW
ring. Red and green lines mark the respective mode
positions of the F-P cavity and the ring cavity.

3. ERARUHR

EARGEERTEN TR —, HEEKXE
EWT MR, HREXORZEXE. AL+
FRARRTEZHE. BRELAMZ INTEL A1
UCSB BX 532 /Y InP-Si BEfc & mt. Ikl
KXAEKEBEAIN T TLANERELNE
ERot. BELZ2@%8, MAR, WBFEKRR.
ZIVESH¥SEMETRLHEETN. A&
7£ |IEEE PHOTONICS TECHN LETT Jf 15 7 =
% F [ Tao Hong, Guang-Zhao Ran, Ting Chen,
Jiao-Qing Pan, Wei-Xi Chen, Yang Wang, Yuan-Bing
Cheng, Song Liang, Ling-Juan Zhao, Lu-Qiao Yin,
Jian-Hua Zhang, Wei Wang, and Guo-Gang Qin,
IEEE PHOTONICS TECHN LETT, 22, 1141 (
2010) ].

Si blocking stripe

B l1EX S REASERSRICEMRERE.,

Figure 1. The schematic diagram of a hybrid
InGaAsP-Si laser by selective area metal bonding.

[ 2 22 im @ SEM BB 5.
Figure 2 SEM image of the
Cross section

B3®m-8E-XI
ERFMRIE GEED .
Figure 3 I-V-optical
power curves.

— Nano semi-conductor and electro-optics

~

1.Plasmon lasers at deep subwavelength scale

Laser science has been successful in producing

increasingly highpowered, faster and smaller coherent

light sources. Examples of recent advances are
microscopic lasers that can reach the diffraction limit,

based on photonic crystals, metal-clad cavities and
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nanowires. However, such lasers are restricted, both
in optical mode size and physical device dimension,
to being larger than half the wavelength of the optical
field, and it remains a key fundamental challenge to
realize ultracompact lasers that can directly generate
coherent optical fields at the nanometre scale, far
beyond the diffraction limit. A way of addressing
this issue is to make use of surface plasmons, which
are capable of tightly localizing light, but so far
ohmic losses at optical frequencies have inhibited the
realization of truly nanometre-scale lasers based on
such approaches. A recent theoretical work predicted
that such losses could be significantly reduced while
maintaining ultrasmall modes in a hybrid plasmonic
waveguide. Here we report the experimental
demonstration of nanometre-scale plasmonic lasers,
generating optical modes a hundred times smaller
than the diffraction limit. We realize such lasers using
a hybrid plasmonic waveguide consisting of a high-
gain cadmium sulphide semiconductor nanowire,
separated from a silver surface by a 5-nmthick
insulating gap. Direct measurements of the emission
lifetime reveal a broad-band enhancement of the
nanowire’ s exciton spontaneous emission rate by
up to six times owing to the strong mode confinement
and the signature of apparently threshold-less lasing.
Because plasmonic modes have no cutoff, we are able
to demonstrate downscaling of the lateral dimensions
of both the device and the optical mode. Plasmonic
lasers thus offer the possibility of exploring extreme
interactions between light and matter, opening up new
avenues in the fields of active photonic circuits18,
bio-sensing and quantum information technology.
(Rupert F. Oulton, Volker J. Sorger, Thomas Zentgraf,
Ren-Min Ma, Christopher Gladden, Lun Dai, Guy
Bartal & Xiang Zhang, “Plasmon lasers at deep
subwavelength scale” , Nature 461, 629 (2009).)

2.Light Coupling and Modulation in Coupled
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Nanowire Ring-Fabry-Pe” rot Cavity

Microdisk and microring cavities, which operate
on whispering gallery modes (WGMs), are another
important type of microcavity that has key merits of
high quality factor (Q) and compact size. Besides the
application in high Q lasers, the strong confinement
of electromagnetic energy in a small microring cavity
can result in very functional microphotonic integrated
circuits. All optical switches and modulators, electro-
optic modulators, channel add-drop filters, and optical
cross-connect networks have been achieved by
coupling microring cavities to straight waveguides in
various material systems.We reported the fabrication
and study of CdS NW ring cavities for the first time.
We also constructed a coupled ring-F-P (R-F-P) cavity
by placing a cleaved straight NW by the side of a
NW ring cavity with a nanoprobe system installed
in a scanning electron microscope (SEM). We also
investigated the optical resonant modes insides these
cavities, and the critical factors that influence the Q
value of them. Moreover, we found that the straight
NW served not only as a waveguide to couple the
light out from the NW ring but also as a modulator to
modulate the WGMs of the NW ring cavity. (R. M.
Ma, X. L. Wei, L. Dai, S. F. Liu, T. Chen, S. Yue, Z.
Li, Q. Chen, and G. G. Qin, “Light Coupling and
Modulation in Coupled Nanowire Ring-Fabry-Pe’ rot
Cavity” , Nano Letters 9, 2697 (2009)).

3. A Selective-Area Metal Bonding InGaAsP-Si Laser

To expand the Moore’ s Law, optical interconnect on
Si chip is intensively studied worldwide. The silicon
light source is a key. Although numerous approaches
have been investigated for it, the most practical one is
the InP-Si hybrid laser, which was first demonstrated
by Intel and UCSB. In our Lab, a 1.55-
InGaAsP-Si laser has been fabricated by the selective-

m hybrid

area metal bonding method. The laser operates with a
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maximum output power of 0.45 mW is realized [ Tao

Hong, et al, PHOTONICS TECHN LETT, 22,

1141 ( 2010) ]. This is a joint research with Wang
Wei group in Institute of Semiconductor, CAS
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—~. The Soft Condensed Matter Physics

The Soft Condensed Matter group in the Institute
of condensed matter and applied physics at Peking
University has achieved important progress in
synthetic biology research. We applied the concept
of reverse engineering in electronic engineering,
combined with the nonlinear dynamics theory, create
a method of synthesize biological circuit through

rational design.

ETXMIRTTE, Wit 7T — ML
THTRAXARNKRBHE. ZRHHE—TiC
CAERM =P AETTHRN, ER—IFRESTY
PLREHTRMARRNINGE. AR AZNBTD
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WAL HFENT. B CREIMEBENEY
o) £ 4 il &

[ Push-on Push-off switch
[ Contral 1
[ Contral 2

12

1 S

03

Noep/(Ngep + Negp)

02

0.1

0o

1] 1 2 3

RINERBEREBETRBBETHE.
FERFTNRER. HANSHCERRIE
REXE (BR) RERFATINESTY (5
FREEYS) b, XBEREYHHHETY
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Based on this method, we rationally designed a
biological control circuit than can perform push-on-
push-off switch in E. Coli. bacteria. This circuit can
conduct different functions with the same input signal
in a manner of back and forth. In the Fig. on the right,
A is the logic circuit that designed through reverse
engineering; E is the result of nonlinear analysis of the
circuit dynamics; C is the biological realization of the
circuit.

Fi | Bi-annual Report 17



FHDLHZRES | Highlights

Our experimental result proofs that the method is
valid. The Fig. on the left shows the experimental
result. This work has been published in the journal

N lie /b = = 0
L XEEEYTHIERE

18 15 299 K B0 T R 1 A SR 2 K & B 51 A0S
ERIEERKETH, EX—EMADHSEI T
REZEEHoT (SPP) MUMA. B3, BEMEM
BRBRLDE. F B SPP L CdS 49X,
KM FAZ SPP S FIBAERKNHENITE
TRl T SPP BT IER/RIE S A RENIR.
(ACS Nano; 4(2010) 75-82)

1. RESFBHTFEARELMCIS
MAKTHIRES

Figure 1: Planar surface plasmon polariton
focusing and coupling with CdS nanoribbon.

2. WHHFEMARFESEP KT REFE HT
HIR S %IEE

F ARSI FHE R M A (SNOM) H#
RIBARKKRE RN SeS & CdS 44 K &
(CdS0.655e0.35,CdSSe) {317 R H 5 ik
&I FE R B 2R T 1Y CdSSe 2K s 19 R 7 It 1% Be I
ENNFEREEPREHEELHS. SPP Hik
1858 37 A0 Franz-Keldysh 35 57 4% B T R HH 51 3¢
JeEILT 5, (Phys. Rev. B; 82 (2010) 085403)

2: FOBHAERKRKE R CASSe YK
HKFBEHR (L), URERRBREADER T
B 1MVE 2 RAEETE () .

Figure 2: Optical transmission image of the
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Molecular Systems Biology, a newly created journal
in Nature Publish Group. It became number 1
downloaded paper of the month.

CdSSe nanoribbon partly placed on the Ag film. (a-c)
The sequence of dark-field PL spots corresponding to

positions 1 and 2, respectively.

F A SNOM # 52 7T k € BB A= 5 3 £ &
BRIk AL MR IR L TH SPP F 5 &R,
B E S AN FRIER GRS, LI EL M
BRABE TEEF O EKRESSBE.
F BHEEM BT E %S, By SPP AR
ERESRIR hAR R, MR SPP REFEANH. X
TR RARE, DXELARENFREEE
RN, TIASEIEF O AT HEEISAEKAIE
%o (Nano Lett.; 11,893-897) it TE{EAFE = =
WA B AT M EIESN . (NPG Asia Materials,
2011) F L BRI R L LR K Lk
EEBRTHE L HHRERNE®.  (Nano Lett,;
11, doi: 10.1021/n1200179y)
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Figure 3: SEM image for the symmetry broken
nanocorral and its near-field optical distribution under
the linearly polarized incident light.

4. B ARSI F EHE

HEFSEPKREM, B FEME S
HEZEERXANURERET —EFRIFEST
BARENVERR, BIRTFACHNFARER
X, BAAMELEZEBTRARS, HERE
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O ARERETAREI, BRFNEFD, &
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ESAFNSTEHRE, FE5RENTFR, I
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1) BfTwitTESREEIEH RN,
e HE I, wiTRE = EiXx % 2X10-10Torr,
FamaRERT 10K, URM LM ARNEHR
R ARG

2) BIIMEINEE LS HIEXKALEBEE
MIRMEEI . SRR TAREEXFYIN
THZERX RET, xy AR CETIA 30
X 30  m2, JEERAFEELT 1 nm.

3) MEHAMEHIEFEBFENNRFLRFIRT
THEFTRHEXFRBERAT. BEXEXTE
WEZSARZRIK, BRI ERRBEETHART
TR RERE. SHREEXEETHOHILNE

FL, XTHATFENREMES L.
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= . The near-field optics

1. Surface plasmon polariton (SPP) focusing by using
in-plane Fresnel zone plate

Using nanofabrication technology, Ag nano-column
arrays and an in-plane Fresnel zone plate (FZP) were
fabricated to realize the SPP excitation, propagation,
focusing and the separation from the background
optical signal. Dielectric-loaded SPP waveguide can
be generated by coupling the focused SPP wave into
the CdS nanoribbon. Finite-difference time-domain
method was used to simulate the phenomenon of SPP
focusing. (ACS Nano; 4(2010) 75-82)

2. Color-tunable properties of plasmonic waveguide
based on Se-doped CdS nanoribbons

The near-field in-situ spectrum of Se-doped
CdS nanoribbon half placed on the Ag film was
investigated by using scanning near-field optical
microscopy (SNOM). The wavelength of the SPP
emission experienced spectroscopic red-shift with
the increasing of the incident laser power. SPP field
enhancement effect and the Franz-Keldysh effect were
used to explain the red-shift phenomenon of CdSSe
in-situ photoluminescence (PL). (Phys. Rev. B; 82
(2010) 085403)

3. Plasmonic focusing in symmetry broken
nanocorrals

The interference pattern within the plasmonic corral
was investigated under radially and linearly polarized
incident light by using SNOM. A subwavelength SPP
focus can be generated in the center by introducing the
idea of symmetry breaking to the nanocorral structure.
FDTD simulations and analytical calculations were
used to explore this SPP interference behavior. (Nano
Lett.; 11, 893-897) This work was featured highlighted
by NPG Asia naterials (2011). The enhancement of the
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SPP coupling and emission of the Ag nanowire was
realized by fabricating the Bowtie antenna pairs at the
incident and output ends of the Ag nanowire (Nano
Lett.; 11, doi: 10.1021/nl200179y )

4. Home-made low-temperature scanning near field
optical microscope

The light-emitting phenomena of semiconducting
nanostructures, organic fluorescent molecules, and
so on have a tight relationship with temperature.
At low temperatures the occurrence probability
of nonradiative recombination processes and the
average energy of thermal carriers are reduced, so
the luminous efficiency is much higher than room
temperature, the spectrum width decreases, and the
signal to noise ratio becomes higher. Especially, the
exciton recombination can generally occur at low
temperatures. The lifetime, mobility of carriers, and
other properties are often closely related with the
temperature. Combining the high spatial resolution of
scanning near-field optical microscope and the low-
temperature means, these phenomena can be well
studied. For the low-temperature scanning near-field
optical microscope, it is difficult to set up a light path
at low-temperatures in the vacuum system which is
well integrated with scanning probe technologies.
This is a challenging task. At present, no other
research groups have built a low-temperature scanning
near-field optical microscope in China. Our goal is
to develop a scanning near-field scanning optical
microscope working at the temperature of about 10 K,
with which, some luminescent nanomaterials, such as
guantum dots, and nanowires, can be explored at low-
temperatures.

The set-up progress of the low-temperature scanning
near-field optical microscope:
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1)Designed a cryostat vacuum chamber. Vacuum
chamber contains the upper and lower parts, which
are the sample stage and the double-layer Dewar
refrigeration system, respectively. The vacuum is
better than 2 x 10-10 Torr, the lowest temperature on
the sample stage is below 10 K.

2)The rough approaching of optic fiber probe was
completed by the inertial stick-slip movement of a
piezoelectric ceramic motor. The working principle
of the optic fiber probe is based on the quartz tuning
fork shear force mode. At low temperatures, the
range of xy scanning is up to 30 X30  m2, with the

topographical accuracy better than 1 nm.

3)Optical part of the instrument has been completed.
The low-temperature scanning near-field optical
microscope works on the reflective tip collection
mode. The excitation light propagating within a
multimode fiber is introduced into the UHV chamber
through a fiber flange, and then by two lenses
defocused on the sample stage. The fiber tip sticking
on the tuning fork was fixed on a lens with a center
hole that guides the fiber to the outside of the optical
tube, and finally passes through the vacuum chamber
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A. J. Meixner, X. Zhu; Nano Lett.; 11 (2011), Doi:
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1) ENKRGNTEEKSEHR

a) WAKVIERPRAN T BEIIMPKA R
EHENLHZE. fBREREEEHTHX
A KNMBRNRECTR, UWHEBMHKELEKS
HFRERNE.

b) BARWHMEMENETRE, & %
2 SRR GATR RIS AR T B T LUK
L SEBRE, WKL pn SBEREHNE
IR PR

¢) BERUBMRMBIERRT Zn0 HiK%
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B p- BB E, RIAHRERSH, XEH
WRET ST E MR T 6RE, B ZnO KL E
D p st SBTRRERRKN, XX
AR R BEAME — BB e BREE, XWMHKEE
AN BENERE: BlE T RS KE pn
ERLE, RIS LMK LS E (Nano Letters,

V=1V

6 4 2 0 2 4 6
Vg (v)

The p-type transfer characteristics of the p-n
junction

2) BETMHKEFRENARDPKRL

BT ESEPRENBSHNRFEHRINIE
R, Wit 7 —FhE T E4R n-ZnO 4hK 4 /p-GaN &
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R AR KR M KSR £ p-GaN § R
ERIR—F A203 4% [=, %5 p-GaN 5§ & /
Al203 4% = 2 [8] L B — 4R n-ZnO 4K %, UK
T MK p-n REREEM. 1% pn RS —
PMEIMBHRIETIRE, BENBE2—MERER
KSR th, AFEBESIE 27V, &R EE
THhE 2] 80 nW (Advanced Materials, 2010) .

IALO; ﬂ]mm‘ 4 ,'

o

SEM image of n-ZnO nanowire/p-type GaN film

heterojunction

100
— 35V
a0 — 25V
15 v
“ B0
v
(§ 40
20
Iinhoortotabatbinat
0 LAl ud

350 400 450 500 550
Wavelength (nm)
Electroluminescence of n-ZnO/p-GaN

heterojunction at different forward bias from 15 V to
3BV

3) MALPHEHSRIERE

REMRERBRFREREGEMRR, Sht
R T K% (EPFL) #J Ansermet #3248 51k,
FABUFERRAEHET —MERNKEEE
#8 & 1% Co/Cu/Co B e il , i3 BOL Iz 48 K
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L ARMEBRTIR THKE Bl @NHAEE, 3’
BTRENABR, ZUHRRMBR T4
BB IE, TEERK L B IR T A
{Physical Review Letters, 2010) .

Cu3pm

Co 10 nm
Cui10nm

Co 30 nmy

Schematic presentation of a sample of one spin
valve inside a Cu nanowire

2. “HRAEG NEFNEEEFHEE

1) AEGMHERES TEBAIEWL

a) FMABEEFRIOKVAGaEFER,
ANLEREEEMSIANBGE2GT. 2D IES G IER
NEESRELEE FRERF S MNmELD .

b) MEBEFEMISIN, HATIBRENHENES
BT, W BB EBESBZE.
EeELFNAZGHERT, BERHERERNKS
KABEEF 4T RERKESEE,

50+
40¢,

30t

V')

20+
10¢

%o %0 70 %0 %0
Magnetic Field {mT)
V2f measurements on a nanowire spin valve at

different ac current values indicated in ~ A.

7L
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J\ 1. 51x1e

4.96x10"
e L

X 24x1o“

1200 * 2600 2800300032003400

2

IntenS|ty (A.U)

pristme

Raman Shift (cm” )
The evolution of Raman spectrum of a monolayer
graphene with the ion irradiation using different
dosages as denoted.

3. ETEMAAXKILA) DNA BT R

1) BEARRTEXBHD T FE— K
RELTULIETHRILFHAED TR
MaHEE . EHAKIMNERZEET DUEEL &
MFERIRED THTRENDT, HSRID
THEEPKIN, SRYD THEMBRESMRNY
NESHIEE —NRXR.

2) FAZFSMET BRSNS TEHENKER
5k DNA 7 TRETERAL, B % 7 BHMC Kkl
/’E%H\w SRR A A DNA U3 A Bk T

o ETHKILBMH DNANFRARZHRB T/
%EA%_ﬁ/ﬂ'JJ*?SUKE’\]?&EﬁMJ%"ﬁ%Z— (f£24
/NI 2R 1000 ST AT SKEL S ARV R E AN
B, BA BRI AR R AV

3) FI LKA FLXS DNA 31T35M, 45K
INIUEE—F. BERTERRLLEXBRA SIN
XEETE, FA1E SIN XN AL HNH &L ESP
ZW, MASHEFEMERNEREFR, O
ASRELXS KN FLRB AT =0 THR(E, LK
Eaixlom FE. BEIBHEREFREP
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KNI AENE, /L HFRIAEIR T sLE 100
nm E /Y SiN SR M EFEE) JLFHE=E L FL RIS 40
HARIIL .

4) T AEMM L, FAISLI T 20m,
1< 90 nm MK SEAMBIAE I T, WA 2 A,
X ARFEE G LRE, FEREFUEPH KR
TN TFE. XENSREFRERE—IT
TF, ABHIESP, LDRBEROTMEE
REATIE, LIAHENICMHCE. TSI IXK
TN FHREF R, EFHFE, HRRE o
FEEEERTABBEEEEEZNELENA.

5) I T{E&IAE &34t Nanotechnology 22
(2011) 115302 |, %% nanotechweb.org [ ik £ A
highlight 47 7 #Ri&.

(b) () (d)

Electron i' Low-stress Si;N,
(f) (g} s

(a

)
)

(e

Figure: SiN nanopores reshaped to different

geometries by convergent electron beam in TEM.

Figure Left: DNA translocation through SiN
nanopores. lon current vs time curve, each current

blockage corresponds to a DNA translocation event.
Middle: Different current blockage shape corresponds
to different DNA configuration when going through
nanopores. Right. Graphene nanopores with diameter
4~5 nm.
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6) EDNALEY S FHRNTH, AXKECS
ZAEEPR EHTRER AR SIN E EFFRT —L&
MF M MERE, FRERELIOMMUT, BE
AJL+ nm SiN 9K 5L KCI B AR s T 8
SAHDNA FHMERES, WEAFR. KRR
FHEMNBN, =4I DNA L I A B RAE
[, SEREMERMNEGNEOARER. X
RO RR TR BRXNIL RN EY D FHITE
DR ITH.

) AEBEATERTRERE, BEFHNDFM
B teE, BERAKIESN AP KNI DNA
MERZEEDHFRE. EOQEHBNAKANFL = EHIE
FE, TMFET —LmPl. BT, EHIE
Si/SIO2/SIN 3 FEEMMEZ A E2 G E, RAR
TEYMPZEE. HAAFBEH BT EHEAE
HRHHNAEGHERETIN TEM BA. KN
JRF7E 4-5nm 22 (8],

4. REFBEHRTHREXLAVIETR

) NEEFARNERIA B A EHET
HEREBLREIE. BERRBIERTHNEESEW
KEMERES, FARBBETRRTICERSR
NS=ZE. SERESHERN, REWRT B
KEEPRRTIENE S, BREEWNRE
EEMTNHIERA DM, BLESLRIER
XERABRENY TRASFERATNEENE
¢Physical Review Letters, 2010) , BT &EHK
BEEEF . MREMENSE, TELIKRE

ERBTPKBE RS TR

==J A PR
Figure. (a): Schematic of the nanocavity and
electron beam irradiation. (b):Top-view SEM image of
a cavity with a cavity length of 720 nm. (c) 52, -tilted
SEM image of focused ion beam milled, cross-

sectional profile of a cavity.
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500 nm

Normalized intensity

g}
« I;mtensny

350 4/

M_ : .

=0 60 To0 B0 -400 200 0 200 400
Wavelength (nm) Position (nm)

Figure. (a) CL spectra of 12 nanocavities with
cavity length increasing from 320 (bottom) to 865
nm (top). The black arrows indicate the breaks of
two measurements. (b),(c) Typical monochromatic
CL images for plasmonic modes (2; 1) and (1;
1), respectively. (d),(e) Typical monochromatic
CL images for plasmonic modes (3; 1) and (2; 2),
respectively. (f ),(g) Line profiles of modes (2; 1)
and (1; 1) along the center of the cavity from the CL

images (b) and (c), respectively.
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Phase shift (x)
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Figure. Calculated mode patterns of the out-of-
plane (a),(c) and in-plane components (b),(d) of SPPs
at 550 nm wavelength for the 545-nm-long cavity,

respectively. (e) Reflectivities and reflection phase
shifts of the in-plane component Ex and the out-of-
plane component Ez of SPPs. (f ) The penetration
of SPPs into the cavity reflectors, calculated by
comparing the measured resonant wavelength
and physical cavity length based on Eq. (1). Error
bars originate from the difference between the two
orthogonal physical cavity side lengths. Because of
its three-dimensional confined characteristics and
omnidirectional reflectors, the nanocavity exhibits a
small modal volume, small total volume, rich resonant
modes, and flexibility in mode control {Physical
Review Letters, 2010) .

KRR SCHENA:
[1]. Vertical Plasmonic Resonant Nanocavities,

X.L. Zhu, J.S. Zhang, J. Xu, and D.P. Yu, Nano Letters
11(3): 1117, 2011.

[2]. Self-Powered, Ultrafast, Visible-Blind UV
Detection and Optical Logical Operation based on
Zn0O/GaN Nanoscale p-n Junctions, Y.Q. Bie, Z.M.
Liao, H.Z. Zhang, G.R. Li, Y. Ye, Y.B. Zhou, J. Xu,
Z.X. Qin, L. Dai, D.P. Yu, Advanced Materials 23(5):
649,2011.

[3]. Controlled deformation of Si3N4 nanopores
using focused electron beam in a transmission electron
microscope, S. Liu, Q. Zhao, Q.T. Li, H.B. Zhang, L.P.
You, J.M. Zhang and D.P. Yu, Nanotechnology 22(11):
115302,2011.

[4]. lon Irradiation Induced Structural and
Electrical Transition in Graphene; Y.B. Zhou, Z.M.
Liao, Y.F. Wang, G.S. Duesberg, J. Xu, Q. Fu, X.S.
Wu, D.P. Yu; The Journal of Chemical Physics 133,
234703,2010.

[6].Single ZnO Nanowire/p-type GaN
Heterojunctions for Photovoltaic Devices and UV
Light-Emitting Diodes, Y.Q. Bie,Z.M. Liao,P.
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W. Wang,Y.B. Zhou,X.B. Han,Y. Ye,Q. Zhao,X.S.
Wu,L. Dai,J. Xu,L.W. Sang,J.J.Deng,K. Laurent,Y.
Leprince-Wang,D.P. Yu, Advanced Materials 22(38):
4284,2010.

[6]. Ultrafine and Smooth Full Metal
Nanostructures for Plasmonics, X.L. Zhu,Y.Zhang,J.
S. Zhang,J. Xu,Y. Ma, Z.Y. Li,D.P. Yu, Advanced
Materials 22(39): 4345,2010

[7]. Gate voltage dependence of weak localization
in bilayer graphene, Z.M. Liao, B.H. Han, H.C. Wu,
D.P. Yu, Applied Physics Letters 97(16): 163110,2010

[8]. Confined Three-Dimensional Plasmon
Modes inside a Ring-Shaped Nanocavity on a Silver
Film Imaged by Cathodoluminescence Microscopy, X.
L. Zhu, Y. Ma, J. S. Zhang, J. Xu, X. F. Wu, Y. Zhang,
X. B. Han, Q. Fu, Z. M. Liao, L. Chen, and D. P. Yu,
Physical Review Letters 105(12):127402, 2010.

[9]. Evidence for Thermal Spin-Transfer Torque,
H.M. Yu, S. Granville, D. P. Yu, J. P. Ansermet,
Physical Review Letters 104(14): 146601, 2010.

[10]. Half integer quantum Hall effect in high
mobility single layer epitaxial graphene, X.S. Wu, Y.K.
Hu, M. Ruan, N.K. Madiomanana, J. Hankinson, M.

Pd . Nanostructures and Low Dimensional

1-D Nanostructures and Mesoscopic Physics
2- D Graphene: Fabrication and Quantum Transport
DNA Detection based on Nanopore Microscope

1.Dimensional Nanostructures and Mesoscopic

Physics

Our group is among the leading positions in synthesis
and characterization of nanowires, and more than 170
papers have been published up date and cited >6000

times by colleagues world-wide. Our interests are
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Sprinkle, C. Berger, W.A. de Heer, Applied Physics
Letters 95(22): 223108,2009.

[11]. Resistive Switching and Metallic-Filament
Formation in Ag2S Nanowire Transistors, Z.M. Liao,
C. Hou, Q. Zhao, D.S. Wang, Y.D. Li, D.P.Yu, Small
5(21): 2377,20009.

[12]. Electronic and Mechanical Coupling in Bent
ZnO Nanowires, X.B. Han, L.Z. Kou, X.L. Lang, J.B.
Xia, N. Wang, R. Qin, J. Lu, J. Xu, Z.M.Liao, X.Z.
Zhang, X.D. Shan, X.F. Song, J.Y. Gao, W.L. Guo, D.P.
Yu, Advanced Materials 21(48): 4937,2009.

[13]. Electrical and Photoresponse Properties
of an Intramolecular p-n Homojunction in Single
Phosphorus-Doped ZnO Nanowires, P.J. Li, Z.M.
Liao, X.Z. Zhang, X.J. Zhang, H.C. Zhu, J.Y. Gao,
K. Laurent, Y. Leprince-Wang, N. Wang and D.P. Yu,
Nano Letters 9(7): 2513,2009.

[14]. MgB2 Superconducting Whiskers
Synthesized by Using the Hybrid Physical-Chemical
Vapor Deposition, Y.Z. Wang, C.G. Zhuang, J.Y. Gao,
X.D. Shan, J.M. Zhang, Z.M. Liao, H.J. Xu, D.P. Yu,
Qingrong Feng, Journal of the American Chemical
Society 131(7): 2436,20009.

Physics

focused below:

1)Fabrication, Controllable growth and Doping
Mechanism

a)lnvestigation of the unidirectional growth
mechanism of the nanowires is crucial to controllable
and scaling-up fabrication of nanowires and their
applications. Environmental SEM is used to have an
in-situ study of the nanowire growth dynamics.

b)Doping is important to modify the properties of the
semiconductor nanowires. Magnetic element doping
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can confer upon the semiconductor nanowire with spin
characters besides their charge properties to fabricate
diluted semiconductor nanowires, while p-type doping
in semiconductor nanowires is necessary to synthesize
p-n junctional superlattice nanowires which is the key
to fabricate nanowire nanolasers.

c)P-type doping mechanism was investigated via in
situ doping of P205 during ZnO nanowires growth,
and found that P content is crucial to stable p-type
ZnO nanowires. A peculiar p-n junction was obtained
in “T” shaped ZnO nanowires and their transport
properties were studied:

Figure SEM image of T-shaped junction

Figure The p-type transfer characteristics of the p-n
junction

2)Self-powered Nanodevices based on Single
Nanowire

Heterojunctions consisting of single n-type ZnO
nanowires and p-type GaN film have been fabricated.
Photovoltaic (PV) effects in these p-n junctions have
been systematically investigated with the illumination
of an UV laser or 1-sun source at different
temperatures and various incident light power. The PV
devices exhibited short-circuit currents of ~103 mA/
cm2, open-circuit voltages 2 ~2.7 V and a maximum
output power ~80 nW (Advanced Materials, 2010.

Figure SEM image of n-ZnO nanowire/p-type GaN
film heterojunction

Figure Electroluminescence of n-ZnO/p-GaN
heterojunction at different forward bias from 15 V to
3BV

3)Charge and Spin Transport in Nanowires

Via international collaboration with Prof. Ansermet” s
group in EPFL in Lausanne, Co/Cu/Co metal nanowire
spin valve was fabricated using electrochemical

deposition. Large heat currents are obtained in Co/Cu/
Co spin valves while heated using laser beam. Two
effects of the heat current produced in this way: a
change in switching field as a function of the applied
ac current, and a change as a function of the dc current
of the amplitude of the peak in the second harmonic
response, which are evidence for a thermal spin
transfer torque acting on the magnetization {Physical
Review Letters, 2010.

Figure Schematic presentation of a sample of one spin
valve inside a Cu nanowire

Figure V2f measurements on a nanowire spin valve at
different ac current values indicated in A,

2.2- Graphene: Fabrication and Quantum Transport
1) Tune the graphene properties via ion irradiation

2) The artificial disorders in graphene were induced by
30 keV Ga+ ion irradiation using a focused ion beam
system.

3) The Raman intensity ratio of the 2D band to G band
decreases with increasing the irradiation dosage.

4) When further enhancing the ion irradiation, the
Dirac point was continuously shifted toward positive
gate voltage, and Defects always decrease the mobility
and minimum conductance of the sample

Figure The evolution of Raman spectrum of a
monolayer graphene with the ion irradiation using
different dosages as denoted

Figure (a) The characteristics of gate-voltage
dependent conductivity of the graphene irradiated
using different ion dosages. (b) The shifts of Dirac
point versus the ion dosage {Journal of Chemical
Physics, 2010)

3. DNA Detection based on Nanopore Microscope

1) The controllable deformation of nanopores was
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realized by moving a convergent electron beam in
a high-resolution transmission electron microscope.
Nanostructures with the desired geometries were
successfully fabricated from the original nanopores in
100 nm-thick and 260 nm-thick Si3N4 membranes.
The formation dynamics is a competition process
between the knock-on effect of the high-energy
electron beam and surface tension driven shrinkage.

2) This approach can be used to finely tune critical
dimensions and deform nanopores to particular
desired geometries with single-nanometer precision,
which offers substantial opportunities in flexibly
fabricating nanostructures for various applications
such as nanoelectronics and nanofluidics.

3) We used convergent electron beam (CEB) in TEM
to reshape the nanopores. Circular nanopores were
drilled in a few minutes when a high-energy electron
beam was converged to a bright spot on free-standing
Si3N4 membranes. By moving the CEB to an area
near one corner of the nanopore, deformation with the
desired geometry could be realized directly.

4) To achieve the anticipated pattern or structure, the
irradiation spot of the electron beam can be moved at
will, using it as a "paintbrush”, starting from an initial
nanopore and stopping when the desired geometry is
obtained. Different geometries can be fabricated with
the same nanopore sequentially.

5) Nanoslits with a 2 or 3 nm width and 100 nm length
were realized by this approach (see image above),
which can find applications as supporting membranes
and masks. The geometry of nanostructures can
be modified under irradiation of the electron beam
to a lower surface free energy in the fluid state,
with the help of the knock-on effect from the CEB
{Nanotechnology, 2011) .

Figure SiN nanopores reshaped to different geometries
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by convergent electron beam in TEM

Figure Left: DNA translocation through SiN
nanopores. lon current vs time curve, each current
blockage corresponds to a DNA translocation event.
Middle: Different current blockage shape corresponds
to different DNA configuration when going through
nanopores. Right: Graphene nanopores with diameter
4~5nm.

6) DNA translocation event through SiN nanopores
with diameter under 10 nm has been studied in ionic
KCI solution. Current blockage vs time curve gives
different types of translocation event. The different
dwell time and current blockage corresponds to
different DNA translocation configurations (shown in
middle).

7) 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. Graphene has been transferred to Si/
SiO2/SiN free-standing membrane and nanopores
were drilled at graphene surface under electron beam
irradiation in TEM. The diameter is around 4-5 nm, as
shown in the figure above (right).

4. Resonant Modes Confined in Metal Nanocavity

1) The confined modes of surface plasmon
polaritons in boxing ring-shaped nanocavities
have been investigated and imaged by using
cathodoluminescence spectroscopy. The mode of the
out-of-plane field components of surface plasmon
polaritons dominates the experimental mode patterns,
indicating that the electron beam locally excites the
out-of-plane field component of surface plasmon
polaritons.

2) A comparison between the experimental results and
the theoretical simulations proved that the electron
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beam locally excites the out-of-plane field component
of SPPs, while the observed plasmonic modes
correspond to the modes of the out-of plane field
component.

Figure. (a): Schematic of the nanocavity and electron
beam irradiation. (b):Top-view SEM image of a cavity
with a cavity length of 720 nm. (c) 52, -tilted SEM
image of focused ion beam milled, cross-sectional
profile of a cavity.

Figure. (a) CL spectra of 12 nanocavities with
cavity length increasing from 320 (bottom) to 865
nm (top). The black arrows indicate the breaks of
two measurements. (b),(c) Typical monochromatic
CL images for plasmonic modes (2; 1) and (1;
1), respectively. (d),(e) Typical monochromatic
CL images for plasmonic modes (3; 1) and (2; 2),
respectively. (f ),(g) Line profiles of modes (2; 1)
and (1; 1) along the center of the cavity from the CL

images (b) and (c), respectively.

Figure. Calculated mode patterns of the out-of-plane
(a),(c) and in-plane components (b),(d) of SPPs at
550 nm wavelength for the 545-nm-long cavity,
respectively. (e) Reflectivities and reflection phase
shifts of the in-plane component Ex and the out-of-
plane component Ez of SPPs. (f ) The penetration
of SPPs into the cavity reflectors, calculated by
comparing the measured resonant wavelength
and physical cavity length based on Eq. (1). Error
bars originate from the difference between the two
orthogonal physical cavity side lengths. Because of
its three-dimensional confined characteristics and
omnidirectional reflectors, the nanocavity exhibits a
small modal volume, small total volume, rich resonant
modes, and flexibility in mode control {Physical
Review Letters, 2010) .
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Deposition, Y.Z. Wang, C.G. Zhuang, J.Y. Gao, X.D.
Shan, J.M. Zhang, Z.M. Liao, H.J. Xu, D.P. Yu,
Qingrong Feng, Journal of the American Chemical
Society 131(7): 2436,2009.
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FEA 4, Figure 5(a) MBE equipment, made by SVT
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by Osemi Co. in USA, for the high-speed epitaxial
growth of thick GaN films on sapphire, which is the

key equipment for fabricating free-standing GaN
substrates.

Ti.. ll-nitride semiconductor materials and devices

During 2009-2010, the group of wide bandgap
semiconductors focused on the researches of free-
standing GaN substrates, high quality InN epitaxial
materials, AIGaN/GaN quantum well materials for 3-5
u m infrared light detecting, and GaN-based vertical
structure high power LEDs. Meanwhile, the MBE and
HVPE systems for the epitaxial growth of Ill-nitride
semiconductors have been set up in our group.

1. The free-standing GaN substrate is highly desired
for high performance GaN-based opto-electronic
devices. We have successfully developed the new
HVPE growth technique and obtained the crack-
free 300-
substrates. Furthermore, we obtained the 2” free-

m-thick GaN epitaxial films on sapphire

standing GaN substrates based on the laser lift-off
technique. The crystal quality of the free-standing
GaN substrates is of high quality, the XRD FWHMSs
of (002), (102) and (100) refractions are 110, 72 and
83 arcsec, respectively. (See Figure 1)

2. The epitaxy of InN, high In content InGaN and
the related devices structures have been investigated
by using MBE system. The InN epilayer with the
record electron mobility has been achieved. We also

MR SEF

Institute of Modern Optics

succeeded in p-type doping of InN films, and thus
became one of few groups who could realize p-type
InN films in the world. These achievements are very
helpful for realizing high efficiency solar cells based
on Il1-nitrides semiconductors. (See Figure 2)

3. High Al content, high n-type doping AlGaN/GaN
multiple quantum wells (MQWs) for intersubband
transitions (ISBTs) have been prepared on GaN/
sapphire templates by means of MOCVD technique.
The intersubband absorptions between 3.6~4.1 u min
wavelength was observed clearly. (See Figure 3)

4. The electrons, photons and exitons limited in
mesoscopic optical microsturctures induce a series of
particular phenomenon, and give out new basis for
the progress of novel optical devices. In our study, the
micro- and nano- structures with high feedback and
couple-out or transport have benn introduced in GaN-
based LEDs. The out efficiency of LEDs with micro-
and nano- structures demenstrated high performance.
(See Figure 4)

5. The MBE and HVPE systems for the epitaxial
growth of Ill-nitride semiconductors were set up in
our group in the past 2 years. (See Figure 5)

ERRFZARIEAM A RAEILRKRFZRYEREF T W IR £ T 2000 F 5 SEZYEF B
FAZHY, B—EMKBEIOTHBERZEEBIRIEE. ERARAEHRT 1933 FHEGRLEFE,
BEBANNEMEHFOMAEA. Bl RE2FRE “211 TR” 19985 TR ERERAR,

RERERFRMN AN THEMMNYYIEERER

LRETNTEEFRZ — IR EFAT AR,

ERRFEEPREEKEMEL T “PRBE—IERRFBIRARFMBAYEK ST .
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TP ARREAZ D, BSEFMsI#H —HAFTEERE, FURLEMFUAREZE. BIK
TP EEIR6 A, dETKRZE “BA” FRA2A, BHEIA. UE 2 ABFER I3 HMER
BEARZHRITNBEERERFZR, 2ARREEHRT “NUWHFEFHT—KRA/ Bt FFHEH" BH
BRERER, FRERE ‘TR FMZRNEFERRANG S, XBENERLFENTR” MEER
B2R, MRICLFRRREAIT, B, FLEHR, VNzeWRAXROANERBEIBFHLEST
AA X FFH R, 2005 FREEFIRTARN “NUWAFE KW YIE” BIREERBEARFZEEZD
MR BHAT B H T 2009 R\BRF K. EWA+FRNRE, AFFIRAEEBAEACHEFER
ENRSGHFEENINETHNEE, WBICF AT RTBE Optics Letters, Chemical Physics Letters %[5
WAINEEESRZ. 2lF 450 Nonlinear Optical Phenomena and Applications (SPIE), Asian Conference on
Ultrafast Phenomena &= K= F &,

BHRIERRFENZDUCEA A RER, BERCEAMIRICZERIME BARIVRAN, XEEH
Y HHAABRHFAERTHEDMALEFTPLEETENER, ERAEEEBERIGLARE, T
R ROE, BRIESEA CBIREDIE, MMAXEEXRETE, RFoTF tOBEE=1TZEW
RAME. TANZARTRL R E 78 Nature Photonics, Phys. Rev. Lett., Adv. Mater. £ F|#) F 5 R EBEZL RIS,
ZN+FENER, ERXZURKXZMELEN T EEERZS HNEERAMBAFEEZERN, ZENR
SNEIRZIm ] H w3 A0

Institute of Modern Optics at Peking University grew out of the former optics major of the physics department
in PKU, and was established in May, 2000 when Physics School of physics came into existence. The first head is
Professor Qihuang Gong, who is a Cheung Kong scholar professor. Far since 1933, Professor Yutai Rao started
his study in modern optics in PKU. Presently, optics in PKU is the key component of the 211 program and the
985 program. PKU” s optics is also a national key discipline, and it is one of the main support disciplines in state
key lab for artificial microstructure and mesoscopic physics. Under the cooperation of Peking University and the
Chinese Academy of Sciences, the “CAS-PKU ultrafast optics and laser physics center” was established.

There are six professors, two 100 Talents Program professors and nine associate professors in Institute of
Modern Optics. Especially, Prof. Qihuang Gong is the chief scientist of the “mesoscopic optics and new nano/
micro optical instruments” program and Prof. Yan Li is the chief scientist of the “study of the fabrication,
photo-electromagnetic function and the modulation of novel molecules and limited small quantum systems”
program. Among our faculties, Prof. Jiasen Zhang, Prof. Yan Li, Prof. Hongbing Jiang and Prof. Yunquan Liu
are supported by Program for New Century Excellent Talents in University. In 2005, leading 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. More over, this support was
scrolled in 2009. After about 10 years’ development, our faculties did outstanding research work in their areas
and were known by researchers all over the world. Part of our faculties are now editorial members, topical editors
of chief journals such as Optics Letters, Chemical Physics Letters, and chairmen for academic conferences such
as Nonlinear Optical Phenomena and Applications (SPIE), Asian Conference on Ultrafast Phenomena.

In the early years, the optics in PKU was known for spectroscopy. With the development of laser technology
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and in depth research on both the theory and application of modern optics, optics is endowed new contents and

plays an important role in the advancement of science and technology and in our daily life. Presently, the optics

in PKU mainly contains three research directions: femtosecond ultrafast optical physics, mesoscopic optics and

optoelectronics, atomic/molecule optical physics. Our faculties have published important research papers such

as in Nature Photonics, Phys. Rev. Lett., Adv. Material. After ten years’

development, the Institute of Modern

Optics in PKU is now an important base for optical research and teaching, and it wins more and more impact

both in and out of China.
. AT

NMURETHEYFAEEERNINER LA
FER AL Fh. R, RUAE RS E N
ARYUFTMME T AR R, BFERA
HEWEEAI T RIERMM AT B EZNMPAI
TEMANR.

ElEBERANEMEEBRSHAREFN
BRINHRA ARG 2N AT EZEEZNARC
TEYEMFHMR. &L, BNREHRTE
BAEENHSEIER (WNE 1), MELXI T1E4%
HFEFEEAMARAEBZHCEZEER (W0
1b #0 1c), M E RIERUERR 7 —FhoNERE & BF
X (WA 1d). EEREEE BTSRRI,
ZONEBERAR AR SNEEFERAAAL NS
mBET, XEBSENLHBENE, JLF 90%
DL ERIREE T A FERR R 2 S 125 3B (B & B
R ) 1L Bems REUEIA 500 nm/RIU, K Z 4%
ElEEEAEYERES — THER. PEREK
REPKRETEASERR. ZWRBMRELE
7 Physical Review Letters 105, 153902 (2010)) .,
B M FEARE T2 R. Flwm, &
HRIN “REREXLZIEREZERR” RiE
TIZTUN R
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1(a) ERBEENHCERREE; (b)-(d):
ZHRAIFNEGEFERA . ARESE T,

Figure 1 (a) Schematic illustration of a metal-
coated silica toroidal microcavity supported by a
silicon pillar. (b)-(d) False-color representations of
the squared transverse electric fields for conventional
optical, interior and exterior plasmonic whispering
gallery modes, respectively.

KT BBEENTFRARMERML T EEE. K
BEMEMUR T EESNZ O 2 —. BRE
B0 AR AR & LN EEER. AR
&Y LB AR A M E SR AT RIE:
A B YA K U AR T 5 B ROT H IR B 5 AR 4 1
HFIEKRERNFEMELFRE, BIHE
SEBERBREN LI BRBIRER B W, F
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S AR T BIRE T

Figure 2: (Left) SEM image of two-dimensional
nanocomposite photonic crystal; (Right) Nano-
Ag:MEH-PPV composite photonic crystal all-optical
switching effect.

WEEITEARFRNEHRE TRTHTF. 6,
2 E B £ B [ PhysOrg.com U “ 4K & & 44 #)
¥ #F ¢ F FF % (Nanocomposite material provides

— . Progress in Micro/nano-photonics

~

Nowadays, the rules of interactions of light and matter
in the micro/nanoscale, and their applications in the
fields of light generation, propagation, modulation,
detection, and sensor are the research frontier and hot
topic of micro/nano-photonics. The whispering gallery
microresonator and photonic crystal are two typical
and important research objects of micro/nanoscale
photonics.

Optical whispering-gallery microresonators provide a
powerful platform for various photonic applications
ranging from low-threshold lasing to highly sensitive
bio/chemical sensing. They are also used for
fundamental studies including cavity opto-mechanics,
cavity quantum electrodynamics and quantum
information science in the past few years. Despite
the great success of the whispering gallery mode,
the characteristic that the mode energy is confined
mainly to the cavity body limits its application in
certain important fields. Recently, we have studied a
metal-coated microtoroid system in detail (Fig. 1(a)).
It is found that this hybrid system supports not only
conventional optical (Fig. 1(b)) and interior plasmonic
whispering gallery modes (Fig. 1(c)), but also a novel
kind of high-Q exterior plasmonic whispering gallery
modes (Fig. 1(d)). More than 90% energies of the new
mode are concentrated in the exterior surface, showing

photonic switching) ” &R, JFHMXTILIE “Rk
BRARNER LT HBHENFR, WEFETENI
RRFEFRE, - - o TEERFR 7 IXLCHKE SHRL
NWIEREZG, HEHEBZHENN. EE
R R RLE T RER. 7

AR TIHESE TEXARBFEEESEN
“RIFTTTREHR” TIEAER 973 TIE M # 8.

a high field locality. One of applications of this type
of exterior modes is highly sensitive biosensing. In
this work, we have demonstrated a biosensing with
the sensitivity as high as 500 nm/RIU. Moreover,
we have found that the exterior whispering gallery
modes can be efficiently excited by a tapered fiber.
The coupling between interior and exterior modes is
also investigated. Interestingly, this coupling not only
produces a strong anti-crossing, but also forms a long-
lived anti-symmetric mode. These exterior modes are
compatible with micro-fluidics and thus hold great
potential for various applications, e.g., highly sensitive
biosensors.

Photonic crystal all-optical switching is one of the
essential units constructing the integrated photonic
circuits, optical interconnection networks, and
optical computing. Ultrafast response time and low
power are key characteristics of photonic crystal all-
optical switching. We proposed a new mechanism
for realizing nonlinear optical composite materials:
adopting surface plasmon resonance (SPR) resonantly
enhancing nonlinearity to obtain large nonlinear
optical coefficients, and using the excited states
energy transfer process to ensure ultrafast response
time. Ultrafast and low threshold power all-optical
switching was realized based on the photonic bandgap
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shift in two-dimensional nano-Ag:MEH-PPV
composite photonic crystal. The pump intensity was
reduced to 230 kW/cmz2. The switching time achieved
35 ps. The switching efficiency was as high as 60%,
as shown in Fig. 2.

This work gained the excellent comments of the
international researchers in this field. For example, the
scientific news web of America PhysOrg.com reported
this work by the title “Nanocomposite material
provides photonic switching” : “The development

. SREOES Ry B

o ZHTHEBMNBESRS
o BHIHN (£) BE
o BEABHTATHNF
o SEBUCHAIAETIZH]

BYRTHEMGENXEBTANEDRE, 2
MREnRT o T HEERYEARNEZ TR,
ERKRFARSEFHMELSLZENE D, EATR
RN WP EERELLRERT, MIHH
BRENEEATRREDRT D THERRD
BFBTHEMBGIEN ENHNE FFBTHIE)
ENPRAZERERKENEEKT. ZEKE
52 RN EHERBLIE B EREKS
£, BRRBEIIARERT D TADETEH
LR REED. BILNE B ER CHRSCHO
ERT, REMESENTHEFINEBF LM
BYHRNBDN, RETHTEBESD THE
BNXR, BT FRSSBHE.

2010 &, 54ty AYESIHERAMAER
MEED T - LAY ENARMENRER
MEE XASMEXXDRARGHNEFBT
HEBIECCRE, SR ELERHR T BOCRELT
Ry RNEBBRERINE T REKEBR, ZIRT
EHNEFFINEBHNET .
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of integrated photonic devices in tomorrow’ s
technology is taking place today at Peking University
in Beijing, China, where a group of scientists has
manufactured and tested a nanocomposite material
that could be used in integrated photonic devices” .

This series of 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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Figure 2 (left) Electron momentum correlation
spectra of Ar and Ne atoms in the laser polarization
plane. (right) The electron transverse momentum
distributions of double ionization.

KETHERBEEZN: SRTANBEL
THEREROURIRE R BIF B S (FmBXE),
TRTHNEE =L ETEAERMABRAAETE

BHE (MBREE). Bt L, ZEIEFEXR
HHHPHNEAME, NEBFHMEREERE
BEIE, ROEMWBETRREFNREEIAR.
X B2 5K B R R BOE SR AL T X S (A B
TR AEF I B E [, e B AMIMAR T LA
RBHNGPRFAFEBFHRERKITANRZE
T 21T R &5 RUR & 3R 7 Physical Review
Letters (104, 173002 (2010)) .

.. Atoms and molecules in strong laser fields

Multiphoton ionization and tunneling ionization
Strong-field double (and multiple) ionization
Molecular dynamics in strong laser fields
Coherent control with strong laser fields

Coltrims(Cold-target recoil ion momentum
spectroscopy) is a very powerful research tool
for the interaction of atoms and molecules with
strong laser fields. After several years” effort, we
have successfully built a Coltrims setup at Peking
University under the support of the State Key
Laboratory for Mesoscopic Physics, as shown in
Fig. 1. The momentum resolutions of the setup have
reached the best Coltrims setup around the world.
Combined the Coltrims with few-cycle phase-
stabilized femtosecond amplified system, the research
capacity in the atomic, molecular and optical physics
(AMO) has been improved significantly. We have
obtained the ionization possibility with the molecular
orientation and molecular high-occupied molecular
orbitals through the measurements of ionic fragments
after nonsequential double ionization of molecules,

=L Ak

A
KEASBEHTAS

i.e., N2 and O2, using few-cycle laser pulses.

In 2010, we collaborated with the Institute of Applied
Physics and Computational Mathematics and Max-
Planck Institute for nuclear physics, using a high
power femtosecond oscillator and a Ctrims, we have
experimentally investigated the electron correlation
dynamics of non-sequential double ionization of
atoms at the threshold. We have found that the atomic
structures play an important role for the electron
correlation. For example, the electron emissional
direction of double ionization for Ne is the side-by-
side in the laser polarization plane, but it is back-
to-back for Ar, as shown in Fig. 2. Theoretically,
considering electron multiple rescattering and
electron-recollosion induced tunneling effects,
we have successfully explained the electron
anticorrelation behavior. This is the first work on the
non-sequential double ionization at the threshold and
this work can help understand the electron correlation
of atoms and molecules and few-body danamics in
strong laser fields. This work is published on Physical
Review Letters (104, 173002 (2010)).

MARGPHABTH
AR LM P HBIRILR
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BNRETREBEBNRESBEWNHE
ik, 3k87 0.55 ~ 0.88 nm gyREEKEE . FI A
XMAET A ELGEEEESRRE . HF1E
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Epoxy Resin

# &L E: (@) £ A L jiE % PMMA; (b)
M AETRENXEPMMA LH & B2, (¢) £
PMMA LESE () BERBEMEIZ—ER L (0)
BIRENE R FEI ARG EZERN PMMA,

Fabrication process: (a) A silicon wafer is spin-
coated by PMMA. (b) PMMA is patterned by standard
EBL. (c) A metal layer is deposited on patterned
PMMA. (d) The metal layer is glued to another
substrate. (e) The sample is turned upside down after
the first substrate is stripped off and residual PMMA
is rinsed with acetone.

B T

FIENABEMIAEABEERF. SE8YA
300nm,

!

Typical SEM images of fabricated nanostructures.
The height of the patterns is 300 nm.

MARRKIEERENR T =AKkES
BRI HHRE, %%‘Zi%'%%ﬂéﬂﬁﬁﬁtth
RHRRE A EHRRENERASEERTER
TREDENBED N,

— . Nanophotonics

o Nanooptics

o Plasmonics
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(b-d) B &
EREEEMER.

(a) CL spectrum of a cavity with a 935 nm
side length. (b-d) Monochromatic CL images. (e-g)
Simulated mode patterns of the out-of-plane electric
field components of the surface plasmon polaritons.
Scale bars are 500 nm.
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o Optoelectronics of nanoscale systems

o Ultrafast phenomena in nanostructures
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We proposed PMMA template stripping method to
fabricate high quality metal nanostructures with the
RMS roughness of 0.55 ~ 0.88 nm, a high aspect ratio,
and a feature size of 9 nm.

Plasmonic modes in equilateral-triangle nanocavities
were studied using cathodoluminescence (CL)
spectroscopy. The comparison between the
experimental result and the simulation shows that
the monochromatic CL images were dominated by
the intensity patterns of the out-of-plane electric field
components of the surface plasmon polaritons.

Selected publications:

[1] Plasmonic Vertical Resonant Nanocavities, X. L.
Zhu, J. S. Zhang, J. Xu, and D. P. Yu, Nano Lett., in
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X. B. Han, Q. Fu, Z. M. Liao, L. Chen, and D. P. Yu,
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Figurel. The device structure
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PO, Recent Progresses on Materials for PnOLEDs

Although OLED has been commercialized as flat
panel display since 1997, only singlet excitons were
emitted. To full use of singlet and triplet excitons,
electrophosphorescent device (PhOLED) has attracted
increasing attentions. However, compared with red
and green PhOLEDs, highly efficient blue PhOLEDs
are hard to be obtained due to the large energy gaps of
blue phosphorescent dyes which lead to insufficient
carrier injection and exciton confinement.

Generally, electron transporting (ET) capability is the
factor of limiting the quantum efficiency of OLEDs.
While, the author[1] synthesized an ET silane DPPS
with wide Eg and weak ET ability. Out of expectation,
nearly 100% IQE was obtained with it as the combined
ET and HB layer, which suggesting an alternative way
of designing ET materials for blue PhOLEDs. The

EEFWIERRA

device structure is shown in Figure 1. The results have
been highlighted by NPG Asia Materials with a title of

“Organic LEDs: Blue Perfection” . Based on these
results, we are invited to publish a review paper on the
materials for PhOLEDs, in which recent progresses in
red, green, blue, and white phosphorescent materials
for OLEDs are reviewed.

References:
[1] Lixin Xiao et al., Adv. Mater. 2009, 21, 1271-1274

[2] Research Highlights in NPG Asia Materials, 28,
Apr., 2009 http://www.natureasia.com/asia-materials/
highlight.php?id=420

[3] Lixin Xiao et al., Adv. Mater. 2010, xx, 1-27
doi/10.1002/adma.201003128/pdf

Institutes of Heavy lon Physics
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There are 43 faculty members in the institute, consisting of 9 professors, 16 associate professors, 6 assistant
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
Medical Physics. The big research facilities in the institute are 4.5MV Van de Graaff accelerator, 2 X 6MV
tandem accelerator, 14C compact AMS, 2K cryogenic system and accelerator-based neutron radiography system.
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[1] Self-organizing GeV nano-Coulomb
collimated proton beam from laser foil interaction at
7 X 10* W/em?X.Q. Yan, H.C. Wu, Z.M. Sheng,
J.E. Chen, J. Meyer-ter-Vehn, Phys. Rev. Lett. 103,
135001 (2009)

— . Self-organizing nano-coulomb GeV proton beam in Phase-Stable regime

Target normal sheath acceleration (TNSA) is the
predominant mechanism leading to the emission
of multi-MeV, high-quality ion beams. Radiation
Pressure Acceleration is more efficient, especially in
Phase Stable regime. It is found that self-organizing,
quasi-stable regime of laser proton acceleration,
producing 1 GeV nano-Coulomb proton bunches from
laser foil interaction at an intensity of 7 X 1021 W/
cm2. While foil plasma driven in the wings of the
driving pulse is dispersed, a stable central clump
with 1 -2
stabilisation is related to laser light having passed the

diameter is forming on the axis. The

T VRV RE SRR SO e B R

MBS IR AT X HELEHBET
M. BRPTREANFEKE, KERNERE
ZxEN (ILC) R BSHBSEAR. SHE
PGB S IR LR S B S IR/ & A K EHH
f, RE|EFRMERANEBEN. MEFRE

transparent parts of the foil in the wing region and
enfolding the central clump that is still opaque. These
ion beams are attracting much attention in many
potential applications covering radiograph transient
processes, ion beam tumor therapy, and fast ignition
of fusion cores.

References:

[1] Self-organizing GeV nano-Coulomb collimated
proton beam from laser foil interaction at 7 X 10* W/
cm?X.Q. Yan, H.C. Wu, Z.M. Sheng, J.E. Chen, J.
Meyer-ter-Vehn, Phys. Rev. Lett. 103, 135001 (2009)
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Fig. 1 3.5 -cell cavity and acceleration gradient
measured at Jlab

Superconducting accelerators are widely used for
large scientific facilities such as X ray Free Electron
Laser and Spallation Neutron Source. International
Linear Collider will also choose superconducting
acceleration technology. Superconducting cavity
with high acceleration gradient is the most important
component of high energy accelerators and many
laboratories worldwide are developing the technique
of cavity fabrication. Recently, SRF group of the
Institute of Heavy lon Physics, School of Physics have
made important progress on R&D of superconducting
cavity based on the study of Nb material with high
RRR value, physical design of cavity, deep drawing,
electron beam welding, surface treatment and RF
field flatness tuning. We design and fabricate a 3.5cell
cavity for DC-SC superconducting photo-cathode
injector. The acceleration gradient of this cavity
reached 23.4MV/m, which is the highest record of
the cavities with low half cell. A TESLA-type nine-
cell niobium superconducting cavity made by our
group achieved an accelerating gradient of 28.6 MV/
m, meet the usable requirement of ILC. In the ILC
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WA 4T THRE (http://www.linearcollider.org/
newsline/) , ILC ©Zki%1t (GDE) ImEZE. H
ztx KEK [E 5 L = /9 Akira Yamamoto 18 404

XABERENMBE AN NETEHMEBS AL
B, 22K ILCEEN—ITEZEEE, XE
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Cavity PEUI RF Tost July 30, 2010

Fig. 2 9-cell cavity and acceleration gradient
measured at JLab

—.. R&D of superconducting cavity with high acceleration gradient

NewsLine of Sept. 9, 2010, Dr. Akira Yamamoto, said
on behalf of the ILC Global Design Effort Project
Managers , “The achievement of PKU3 is very
exciting and it is a very important milestone to both
of Chinese superconducting technology development
and the global cooperation for ILC activities. We are
very much impressed to hear of this exciting news and
would send our sincere congratulation for the PKU
team and the global cooperation” .

Figure 1, 2
l',

i NewsLine
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& 1.3-gigahertz TESLA-type nine-cell nisbium superconducting cavity, named PKU3, a the (L L
third nine-cail cavity fabricated by the superconducting radicfrequency (RF) group at Peking
University, Seifing, China, achieved an accelersting gradient of 28,6 megavoits per metre
(MV/m) ot a0 unloaded quaity factor of 4x10 in its second vertical test at Jeffarscn Lab
(JLab), USA on & August 2010, This cavity s the first nine-cell cavity with end group
Componants in China resching & pradient usable for the ILC.

The cavity is mada of high-purity nisbium from Orignt Tantalum Industry Coep. |

Ningxia, China. The fabrication of the cavity was finished in the middie of 2009, A\"w feld
flatrss pre-tuning with the Peking University tuning facility, PKU3 was sent to JLab in April
2010 for performance evaluation,
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Rectifying

REMEHTRIL:

[1] Current Rectification in Temperature-
Responsive Single Nanopores, Wei Guo,
HongweiXia,Fan Xia, XuHou, Liuxuan Cao, Lin
Wang, JianmingXue, GuangzhaoZhang,Yanlin
Song, Daoben Zhu, Yugang Wang*,and Lei Jiang*,
ChemPhysChem(cover story), 2010, 11, 859 — 864

[2] Energy Harvesting with Single-lon-Selective
Nanopores: A Concentration-Gradient-Driven
Nanofluidic Power Source, Wei Guo, Liuxuan Cao,
Junchao Xia, Fu-QiangNie, Wen Ma, JianmingXue,
Yanlin Song, Daoben Zhu, Yugang Wang*, and Lei
Jiang*, Adv. Funct. Mater. 2010, 20, 1339-1344

[3] Integrating lonic Gate and Rectifier Within
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One Solid-State Nanopore via Modification with
Dual-Responsive Copolymer Brushes, Wei Guo ,
Hongwei Xia , Liuxuan Cao , Fan Xia , Shutao Wang ,
Guangzhao Zhang ,Yanlin Song , Yugang Wang* ,Lei
Jiang ,* and Daoben Zhu, Adv. Funct. Mater. 2010,
20, 3561-3567

[4] A Biomimetic Potassium Responsive
Nanochannel: G-Quadruplex DNA Conformational
Switching in a Synthetic Nanopore, XuHou, Wei
Guo, Fan Xia, Fu-QiangNie, Hua Dong, Ye Tian,
Liping Wen, Lin Wang, Liuxuan Cao, Yang Yang,

JianmingXue, Yanlin Song, Yugang Wang*,Dongsheng
Liu*, and Lei Jiang*, JACS, 131, 7800-7805, 2009
(Highlighted by NatureChina)

[5] Gating of single synthetic nanopores by
proton-driven DNA molecular motors, Xia, Fan;
Guo, Wei; Mao, Youdong; Xue, Jianming; Hou, Xu;
Liu, Huajie; Liu, Dongsheng; Song, Yanlin; Ji, Hang;
Ouyang, Qi; Wang, Yugang*; Jiang, Lei, JACS,
130, 8345-8350, 2008 (Highlighted by Nature and
NatureAsia Materials.

— . Functional and bio-inspired nanochannels fabricated by ion-track technology

When solid-state materials were irradiated by a
swift heavy ion, energy deposition causes damage
on the atomic structure of the substrate. Because it
is precisely and controllable depositing energy onto
the substrate materials, the ion-track technology
shows promising potential in the field of nuclear, life,
chemical and material sciences. Professor Yugang
Wang and his colleagues have accomplished a series
of bio-inspired synthetic nanochannel based on the
ion-track-etched single nanopores.

1. pH-responsive DNA molecules can be immobilized
into the nanopore through chemical reactions with
the carboxyl groups on the inner pore wall. High-
(on-state) and low- (off-state) conductance states
were found within this nanopore-DNA system
corresponding to the single-stranded and i-motif
structures of the attached DNA motors.

2. By electrolessly plating gold onto the nanopore
wall and grafting temperature-responsive polymer
brushes, an abiotic smart single-nanopore device
that rectifies ionic current in response to the
temperature was constructed. This work paves a
new way for controlling the preferential direction of

44 £E4R | Bi-annual Report

the ion transport in nanofluidics by modulating the

temperature.

3. A dual-functional nanofluidic device that integrates
the ionic gate and the ionic rectifier within one
solid-state nanopore was fabricated. The chemical
modification strategy could be applied to incorporate
other stimuli-responsive materials for designing smart
multi-functional nanofluidic systems resembling the
“live” creatures in nature.

4. Inspired by biological systems, a fully abiotic
single-pore nanofluidic energy-harvesting system that
converts Gibbs free energy in the form of a salinity
gradient into electricity is demonstrated. Therefore, it
could be seen as the artificial and simplified version
of the natural electrocyte, which harvest electric
power from physiological environment to power the
implantable biomedical devices in the same way as
the living system.

Representative publications:

[1] Current Rectification in Temperature-Responsive
Single Nanopores, Wei Guo, HongweiXia,Fan Xia,
XuHou, Liuxuan Cao, Lin Wang, JianmingXue,
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GuangzhaoZhang,Yanlin Song, Daoben Zhu, Yugang
Wang*,and Lei Jiang*, ChemPhysChem(cover story),
2010, 11, 859 — 864

[2] Energy Harvesting with Single-lon-Selective
Nanopores: A Concentration-Gradient-Driven
Nanofluidic Power Source, Wei Guo, Liuxuan Cao,
Junchao Xia, Fu-QiangNie, Wen Ma, JianmingXue,
Yanlin Song, Daoben Zhu, Yugang Wang*, and Lei
Jiang*, Adv. Funct. Mater. 2010, 20, 1339-1344

[3] Integrating lonic Gate and Rectifier Within
One Solid-State Nanopore via Modification with
Dual-Responsive Copolymer Brushes, Wei Guo ,
Hongwei Xia , Liuxuan Cao , Fan Xia , Shutao Wang ,
Guangzhao Zhang ,Yanlin Song , Yugang Wang* ,Lei
Jiang ,* and Daoben Zhu, Adv. Funct. Mater. 2010,
20, 3561-3567
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[4] A Biomimetic Potassium Responsive Nanochannel:
G-Quadruplex DNA Conformational Switching in
a Synthetic Nanopore, XuHou, Wei Guo, Fan Xia,
Fu-QiangNie, Hua Dong, Ye Tian, Liping Wen, Lin
Wang, Liuxuan Cao, Yang Yang, JianmingXue, Yanlin
Song, Yugang Wang*,Dongsheng Liu*, and Lei
Jiang*, JACS, 131, 7800-7805, 2009 (Highlighted by
NatureChina)

[5] Gating of single synthetic nanopores by proton-
driven DNA molecular motors, Xia, Fan; Guo, Wei;
Mao, Youdong; Xue, Jianming; Hou, Xu; Liu, Huajie;
Liu, Dongsheng; Song, Yanlin; Ji, Hang; Ouyang,
Qi; Wang, Yugang*; Jiang, Lei, JACS, 130, 8345-
8350, 2008 (Highlighted by Nature and NatureAsia
Materials.

Institute of Plasma Physics & Fusion Studies
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The faculty of plasma physics has 5 members of 3 full professors, a Bairen research professor 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.
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Fig. 1 SXR signals of the sawtooth (m/n=1/1)

and neoclassical tearing mode (m/n=2/1) in HL-2A
tokamak plasmas.

W (cm)

2: LRER (L% SERERER (&
%) MK,

Fig. 2 Comparison of experimental (red curves)
and modeling (green curves) results.
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Fig. 4 Formation of a singular current sheet on
Alfvén resonance.
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Fig. 5 Loop-top X ray source, the observation
and model.
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Fig. 6 (a) The experiment set-up and (b, c)
results.

(m)

7. BERREERUER.

Fig. 7 Corresponding numerical simulation
results.
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Fig. 8 Spectra of solarwind turbulence observed
by Cluster.

F A Cluster T 24745, FAEFE T KEMX
R AR UAR LA IR R BB R .

REMIL X

[1] Synthetic solar coronal heating on current

sheets; Wang XG, Ren LW, Wang JQ, Xiao CJ,
Astrophysical Journal 694 (2009) 1595-1601

[2] Modelling looptop X-ray source and
reconnection outflows in solar flares with intense
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lasers; Zhong JY, Li YT, Wang XG, Wang JQ, Dong
QL, Xiao CJ, et al, Nature Physics 6 (2010) 984-987

[3] Interlocking and nonlinear saturation of

Plasma Physics

Tokamak physics and magnetic fusion
Astro and space plasma physics

Large scale plasma simulations

1. MHD modes in tokamak plasmas

Characteristic processes of a 2/1 neoclassical tearing
mode (NTM) induced by a sawtooth collapse were
observed in HL-2A tokamak discharges.

Based the forced reconnection model developed by
ourselves, with the 2/1 component of the 1/1 sawtooth
mode due to the toroidal coupling as the boundary
condition for the NTM, as well as using the HL-2A
parameters, we calculated the evolution of the 2/1
NTM; and the result was in good agreements with the
soft X-ray (SXR) data observed.

Reversed-shear discharge with non-monotonous
g-profiles is one of the advanced operation modes for
future ITER; nevertheless, the profile may be unstable
for double tearing modes (DTMs), and even trigger
off-axis sawtooth collapses.

Shear flows however may suppress the instability,
we found that, 1) particularly by the “non-local”
flow shear, i.e., the relative motion between the
dual rational surfaces, was crucially important; 2)
the interaction between the dual islands may on the
them to lead to the off-
axis sawtooth mode; 3) the stronger flow shear in the

other hand “interlock”

sub-sonic regime can saturate the island to avoid the
crashes.
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double tearing modes in differentially rotating
plasmas; Wang XQ, Wang XG, Xu WB, Wang ZX,
Physics of Plasmas 18 (2011) 012102

Figure 1, 2, 3
2. Studies for solar coronal plasmas

As a longstanding challenge to solar physicists,
coronal heating is studied by two major models:
current sheet (Ohmic) heating and wave heating.

We studied Alfvén resonances in solar coronal
plasmas and found that: 1) mode conversion and
singular current formation occurred together in the
Alfvén resonance process; 2) the wave-heating and
current-sheet-heating then also induced together; 3)
their contributions to coronal energy balance were on
the same order of magnitude.

Solar flares are also studied extensively in coronal
plasma physics; we worked with the joint lab-
simulated astrophysics team of NAOC and loP, CAS
to simulate the loop-top X ray source formation
process due to coronal magnetic reconnection.

In the process:

* The loop-top-like plasma was created by fast
reconnection strongly driven by high temperature,
high density, and robustly magnetized plasmas
produced by laser beams;

* The outflow of magnetic reconnection interacted
with the loop-top like-plasma to emit the X ray;

* A theoretical reconnection model was proposed to
simulate the process numerically, and then the result
was in good agreement with experiment data.

Figure 4,5,6,7
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3. Observations of solar wind turbulence spectra

Solar wind turbulence spectra studies are on the
frontier of space and astrophysics.

Previous measured spectra were mostly from the
single satellite observation data at various moments
along the orbit, with certain assumptions, while real
k-space spectra needed multiple point data at the same
moment.

Making use of Cluster data of 4-satellites, we
measured the k-space turbulence spectra of solar wind

data.
Figure 8
Selected Reprints:

[1] Synthetic solar coronal heating on current sheets;
Wang XG, Ren LW, Wang JQ, Xiao CJ, Astrophysical
Journal 694 (2009) 1595-1601

[2] Modelling looptop X-ray source and reconnection
outflows in solar flares with intense lasers; Zhong JY,
Li YT, Wang XG, Wang JQ, Dong QL, Xiao CJ, et al,
Nature Physics 6 (2010) 984-987

and obtained the power-low spectra close to the GS95

E(,(I) Ikl (12), EQq 1)~k 110543).

model of We also obtained the dispersion relation and

[3] Interlocking and nonlinear saturation of double
tearing modes in differentially rotating plasmas;
Wang XQ, Wang XG, Xu WB, Wang ZX, Physics of

mode conversion of waves in solar wind, from Cluster Plasmas 18 (2011) 012102

BARYIEZR

Department of Technical Physics

BAYERABHIRRT 23 A, Hf: HIR6 A, BHERIA, “dEXEBATK” HFRALA,
SRIEM2A, #HMLA, TEMI A IRTEEHE: KERRE. KEZEMEZRE. Bib%
EMERRE. BbRKXEK. XEeEYE. XENTYE. FeEn. EARYE. BHBF. K
WL ZBFF. AE—B2XLT MV INER, FTEATEBZYENR (BEFREASHA) .
RAYERAR “BYESHEAEREALRE" NEZEMBY, BHEEEME NP EER DA
ZEE R ERE

There are 23 faculty members in the department, consisting of 6 professors, 9 associate professors, 1 “BaiRen”
research professor, 2 senior engineers, 1 lecturer and 4 engineers. The research fields include experimental
nuclear reaction, experimental nuclear structure and decay, theoretical nuclear structure and decay, theoretical
astrophysics, experimental high-energy physics, experimental elementary particles, theoretical medium-high
energy physics, applied nuclear physics, radiation protection, detector technique, 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. It is also the only department in China, which is supported
by the national project for fostering talents of nuclear science and by the national project of defense in nuclear
physics.
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— . Study of B -delayed Neutron Emission

For neutron rich nucleus close to the drip-line, the B8
decay energy (Q value) is usually very large and many
bound and unbound excited states of the daughter
nucleus may be populated through the decay process,
and then emit particles such as y rays, neutrons, a
particles and so on. Detection of the B -decay and
the accompanied delay particles provides very rich
structure information of the mother and daughter
nuclei. Therefore measurement of B -delayed particle
emission has becoming an effective and special tool to
explore the structure of exotic nuclei close to the drip-
line.

A neutron sphere detection system was built and
upgraded since 2002 [1,2], which is one of the three
best facilities of this kind in the world, and is also
the first experimental terminal successfully built and
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Nucl. Sci., 52 (2005)473

[2] Jianling Lou, Zhihuan Li , Yanlin Ye , Hui
Hua et al., Nucl. Instr. Meth.A606 (2009) 645

[3] J.L.Lou, Z.H.Li, Y.L.Ye, H.Hua et al., Phys.
Rev. C 75(2007)057302

[4] Z.H.Li, J.L.Lou, Y.L.Ye, H.Hua et al., Phys.
Rev. C 80 (2009) 054315

installed by the Chinese universities at the big nuclear
physics facility.

Systematic investigations of the structure of neutron
rich Nitrogen isotopes were carried out at Heavy
lon Research Facility in Lanzhou (HIRFL) by using
this neutron sphere system [3,4]. Especially the first
observation of the B -delayed particle spectroscopy
was reported, including 13 groups of neutrons and 5
gamma-ray lines, based on them the decay scheme
of the mother nucleus 21N and the daughter nucleus
210 were obtained. This has provided very important
structure information for further theoretical studies.

Selected Publications:

[1] Hu QY; Ye YL; Li ZH et al., IEEE Trans. on Nucl.
Sci., 52 (2005)473
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[2] Jianling Lou, Zhihuan Li , Yanlin Ye , Hui Hua et
al., Nucl. Instr. Meth.A606 (2009) 645
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L RTERS TR SRR

BE, RTZEERABZTETFESSHE
PR EHNZIRER, BERLEBERT, &A
% SR ATBRZ T &£ H . F7 60 F£K
EAME: N=ZHhERTHRIETES « KHE
1, FAlS ANBMENZRTZND T 5EM.
HEDTSERT, RIZH2ILESNRERE
ERNZTERAALR, SEZERTUFELXNF
THRT. EEERIAA: Be, C. Mg HRT
AR IRETHENRESTIRTED TSEH.

HMETFHHER, RBH T — T EH
S5z ERNHREEERS (1], FE NI A
TEMEARZE [1-4]. BNERHNERRMLS
2 BY IREMERREZENEERR, X
HOU MBS REMRRTZAES. (EAH—1H
BT, TAVFETTR T 24Mg SRR FHIRSH
8Be+160 and 12C+12C ¥ AEMEBRNRE
B, ITEREFAE T LXREEUNIREEE,
EERXHE: RMNERTERERHEX LS T
SHBTE RNEXLRIFBERX[Bt—Tih,
HMMAREEERE L, B2 T —MERERTZ
EMEARENEENE, S TR ZERAS
15 R EHAALE [5,6]

G

[ay

120

/-

log T, -bp' (s)
5 & & @

=

o

e 120 1M 140 130 18 1T 60 (] 100

y 120 140
¥ MeV'%) N

160 180

Fig.1: Universal cluster-decay law. [C. Qi, F.R.
Xu et al., PRL 103, 072501 (2009).]
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Fig.2: Linear and triangular molecular structures
of excited states in 12C. [J. C. Pei, F. R. Xu, PLB 650,
224 (2007)].
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Usually a nucleus is considered as a many-body
system in which nucleons are assumed moving
independently in a mean field. But in some cases, the
nucleons can group to form so-called cluster. As early
as in 1960s, it was predicted that nuclei near N=Z
can have multi-alpha cluster structures. Of particular
interest is the molecular structure in which a nucleus
appears with two or more nucleon-groups that have
similar masses even with covalent neutrons or protons.
The molecular structure has been suggested, e.g., in
beryllium, carbon and magnesium isotopes, mostly
in their excited states with excitation energies in the
vicinities of the corresponding decay thresholds.

Based on mean field, we proposed a microscopic
potential for the interaction between the cluster and
core [1], which has been successfully applied to the
calculations of various cluster decays in the frame of
the quantum tunneling [1-4]. One of the advantages of
our model is to establish a link between the structure
and decay of a nucleus, which provides a way to
investigate structure through decay. As an interesting
example, we have intensely studied the molecular
structure of highly-excited resonant states in 24Mg. In

=. Ry aimSERR
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—. Molecular Structures and Decays in Atomic Nuclei

the excitation energies of ~ 20 - 33 MeV, the excited
states have the molecular structures of 8Be+160 and
12C+12C [3]. With our calculations, observed decay
widths have been explained well with reasonable
spin assignments which have been difficult to be
determined experimentally. On the other hand, starting
from the R-matrix theory, we obtain a universal
decay law to predict various cluster decays, giving a
microscopic mechanism to understand cluster decays
[5,6].
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Rev. C 76, 044326 (2007).
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Fig. 1: Density distributions of 44Mg. [Phys.
Rev. C 81, 011301(R) (2010)]
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Fig. 2: Ages of the metal-poor stars CS 31082-
001. [Phys. Rev. C 80, 065806 (2009)]
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Fig. 3: The sum of squared top row elements of
the CKM matrix. [J. Phys. Conf. Ser. 205, 012028
(2010)]
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1

. Nuclear Structure and Astrophysics

Nuclear halo phenomena, chirality, electromagnetic
moments and electric/magnetic rotations, shape phase
transitions, spectroscopic properties, giant and pygmy
resonances, nuclear astrophysics, etc.

1. Self-consistent microscopic descriptions of
deformed halo: Neutron halo in deformed nuclei
has been investigated within the relativistic Hartree-
Bogoliubov model. A decoupling of the halo orbitals
from the deformation of the core was found in 44Mg
(see Fig. 1).

2. Nuclear masses and age of Universe: The r-process
abundance pattern in the metal-poor halo star CS
31082-001 has been investigated based on the
classical r-process approach. The age of this metal-
poor star is determined as 13.5+2.9 billion years,
which can serve as the lower limit of cosmic age (see
Fig. 2). This work was highlighted on the website
Physics of American Physical Society.

3. Nuclear super allowed B transitions and the
unitarity of CKM matrix: Self-consistent relativistic
RPA approaches have been applied to calculate the
isospin corrections for the superallowed B transitions,
and the unitarity of the CKM matrix has been
examined (see Fig. 3). This work was cited in Review
of Particle Physics by Particle Data Group 2010, and
highlighted by Professor W. Marciano in his plenary
talk at International Nuclear Physics Conference 2010.

RXFF

Department of Astronomy
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There are 12 members in the department, consisting of 7 professors, 2 associate professors, 2 Bairen research
professors, and 1 secretary for administration. The research fields include Cosmology and Galaxy Formation,
High Energy Astrophysics, Interstellar Medium Physics-Stellar and Planet System, and Astroparticle Physics,
covering a wide range of astronomical scales and astrophysical conditions.
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and Z.H. Fan; ApJ, in press (2011)



AAIPONAR=RK | Highlights

— . Cosmology and Structure Formation

1.Impacts of systematic errors on weak-lensing
cosmological studies

The weak-lensing effect depends both on large-
scale structures in the universe and on the cosmic
expansion history. Therefore it has become one of the
most important means in probing the nature of dark
matter and dark energy. On the other hand, for future
large weak-lensing observations, their cosmological
applications will be mainly limited by different
systematic effects. To thoroughly understand their
influences has been an important aspect of forefront
research in the field. Our studies mainly include:

* Detailed analyses for the impacts of catastrophic
photo-z errors on weak-lensing cosmological
applications, particularly on the induced biasing
effects for the determination of the equation of state
of dark energy. It is shown that in order to limit
the bias to be within the statistical error range, the
fraction of galaxies with catastrophic errors must be
controlled to be less than 0.1%. We further investigate
the corresponding requirement for the spectral-z
calibration. For future surveys of area ~10000 deg2,
more than 10000 spectral-z measurements for galaxies

with their photo-z in the range of [3,4] are necessary.

* Detailed analyses for the impacts of noise arising
from intrinsic  ellipticities of source galaxies on

clusters” weak-lensing effects. It is shown that
depending sensitively on the density profile of a
cluster, the existence of noise affects both the location
and the height of its peak signal. On the other hand,
the mass distribution of the cluster can enhance the
occurrence probability of noise peaks significantly. We

set up a theoretical model to calculate the statistical

abundance of weak-lensing peaks, which allows us
to perform cosmological studies with peak statistics
accurately and efficiently.

2. Studies of the mass distribution and gas properties

in groups of galaxies

The mass distribution and gas properties associated
with galaxies, groups and clusters of galaxies are
closely related to their formation and evolutionary
history. To accurately extract such information from
observations has been one of the important goals in
cosmological studies. Our research includes mainly:

» With group catalogs constructed from SDSS and
the galaxy-galaxy weak-lensing measurements,
we analyze in detail the mass distribution of dark
matter halos associated with different galaxies
(central, satellite, different luminosities, and different
morphologies). It is shown that the Ay, model with
04=0.75 can give rise to results that are consistent
with observations very well. On the other hand,
models with higher o4, such as 0,=0.9, predict
significantly stronger g-g lensing signals than those

measured from observations.

 We investigate in detail the feasibility of the stacking
method and the galaxy-SZ cross correlation method in
probing gas properties down to group scales with SZ
measurements in conjunctions with galaxies redshift
surveys. It is demonstrated that with high sensitivity
SZ measurements, such as SPT, our methods can be
used successfully to study gas properties for groups
with mass as low as ~1013 h-1 Msun .

3.Statistical analyses of supercluster-like structures

With the developments of observations, numerical
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simulations and theoretical studies, our understandings
regarding the formation and evolution of galaxies and
clusters of galaxies have been improved considerably.
Meanwhile, it has become feasible and one of the
major efforts in the field to study the large-scale
environmental effects on properties of galaxies and
clusters of galaxies. In this aspect, our studies focus

on:

 With numerical simulations, we explore in detail the
statistical properties of supercluster-like structures. It
is shown that their mass function follows a universal
behavior, similar to that of virialized dark matter
halos. We further present a generalized Jenkins
functional form that can describe well the mass
function of both virialized halos and supercluster-
like structures. This provides an important theoretical
framework for cosmological studies with supercluster-
like structures.
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Figure 1. Orbits of binary black hole (green)

and star (black) from numerical three-body simulation,
projected in the x-y (top left) and x-z (top right)
planes, and evolution of the separation (bottom panel)
between star and primary black hole. After about
160 orbital periods of the binary black hole, the star
is scattered into the tidal radius (dotted line) of the
primary black hole. (Chen, X.; Madau, P.; Sesana, A.;
Liu, F. K., 2009, ApJL, 697, L149).
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Figure 2. The accretion rate of stellar debris by
binary black hole as a function of time, derived from
numerical scattering experiments (solid lines, different
lines refer to different initial angular momenta of star).
The dashed lines are the accretion rates in the cases of
single black holes. (Liu, F. K.; Li, S.; Chen, X., 2009,
ApJL, 706, L133).

REMENE:

[1] Chen, X.; Madau, P.; Sesana, A.; Liu, F. K.

Fi | Bi-annual Report 59



REFDINAZTES | Highlights

2009, ApJL, 697, L149

[2] Liu, F. K.; Li, S.; Chen, X. 2009, ApJL, 706, L133

—. Interactions Between Supermassive Black Hole Binaries and Stars in Galactic

Nuclei and their Observational Signatures

Observations discovered that most galaxies harbor
supmermassive black holes (SMBHSs) heavier than
million solar masses in their nuclei. In the popular cold
dark matter cosmology, galaxies merge frequently,
inevitably leading to the formation of supermassive
black hole binaries (SMBHBS) in galactic nuclei. Our
group have been investigating the electromagnetic
radiations in infrared, optical, to X-ray bands produced
by the matters around SMBHBSs, and especially trying
to find a unique electromagnetic signature different
from those in single SMBH systems, which is of key
importance to the identification of SMBHBS, testing
cosmological models, detecting gravitational wave
radiation, studying general relativistic effects and
gravitational wave astrophysics.

1. Rates of tidal stellar disruption by SMBHBs:
During the past few years, people have successfully
detected the optical, ultraviolet, and X-ray radiations
( “tidal flares” ) due to the tidal disruption of
stars by single SMBHs. Using numerical scattering
experiments, we simulated the stellar orbits in the
gravitational filed of SMBHBs and calculated the rate
of stars entering the spheres of “tidal radii” of black
holes where the stars are tidally disrupted. Our results
showed that

1) The three-body interactions between SMBHBs
and stars could scatter bound stars initially far
from the black holes into the tidal radii (Figure 1),
tremendously increasing the probability of stellar
disruption.

2) A large amount bound stars would be disrupted by
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a SMBHB in a time span of 100,000 years, and the
stellar-disruption rate could be as high as one event
per ten years, about four orders of magnitude higher
than the rates in single SMBH systems.

3) The burst of tidal flares triggered by SMBHB
formation can be statistically tested in the future
survey of cosmic transient sources.

2. The variability of stellar disruption flares by
SMBHBSs: Using both the stability theory of three-
body systems and numerical scattering experiments,
we further studied the accretion of the plasma debris
of disrupted stars by SMBHBs.

1) Initially the accretion of stellar debris by SMBHB
is similar to that in a single black hole system, i.e. the
accretion rate decays as a power law.

2) At about one quarter of the binary orbital period,
the accretion of stellar debris is interrupted by the
perturbing secondary (less massive) black hole, and at
about one orbital period of SMBHB, the accretion of
stellar debris may resume.

3) By searching the galaxy nuclear sources in the
future transient object survey for interrupted tidal
flares, dormant SMBHBs emitting gravitational wave
radiation can be identified.

Selected publications .

[1] Chen, X.; Madau, P.; Sesana, A.; Liu, F. K. 2009,
AplL, 697, L149

[2] Liu, F. K.; Li, S.; Chen, X. 2009, ApJL, 706, L133
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The Department of Atmospheric and Oceanic Sciences
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The Department of Atmospheric and Oceanic Sciences has a strong faculty team. There are currently
approximately 30 staff members, including 4 Academicians of the Chinese Academy of Sciences (3 of whom are
Adjunct Faculty of the Department), 1 National “Qianren” Chair Professor, 11 Professors (including 1 Adunct
Professor and 1 National Qutstanding Young Scientist), 4 Peking University “Bairen” Research Scientist,
9 Associate Professors and Senior Engineers, and 2 Lecturers. More outstanding and internationally-trained
scientists are joining the Department, invigorating our team of faculty members. For the past few years, we
have received approximately 10 million RMB per annum in research funding and have published approximately
40 SCI journal papers each year. Main research areas of our faculty currently includes: atmospheric radiation
and remote sensing; cloud physics and atmospheric chemistry; atmospheric boundary layer and environment;
numerical weather prediction and simulation; atmospheric dynamics and non-linear dynamics; climate dynamics
and modeling; physical oceanography, air-sea interaction and climate change, etc.
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LA SIS A S SHERSR “24  (Mountain Chimney Effect, MCE) Riih5F/ET
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Figure 1: NMOC/NOx ratios on TODC days in

downtown Shanghai, which represent the chemical
region for ozone production. (Ran et al., JGR, 2009)
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Figure 2: Aircraft detected elevated pollution layer
above the PBL over Beijing area. (Chen et al., JGR, 2009)
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Figure 3: Schematic of Mountain Chimney Effect

RFMIRSC:

[1] Ran, L., et al., Ozone photochemical
production in urban Shanghai, China: Analysis based

on ground level observations. Journal of Geophysical
Research-Atmospheres, 2009. 114.

[2] Liu, P. F., et al., Aircraft study of aerosol
vertical distributions over Beijing and their optical
properties. Tellus Series B-Chemical and Physical
Meteorology, 2009. 61(5): p. 756-767.

[3] Deng, Z. Z., et al., Statistical analysis of
microphysical properties and the parameterization
of effective radius of warm clouds in Beijing area.
Atmospheric Research, 2009. 93(4): p. 888-896.

[4] Chen, Y., et al., Aircraft study of Mountain
Chimney Effect of Beijing, China. Journal of
Geophysical Research-Atmospheres, 2009. 114.
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— . The Cloud Physics and Atmospheric Chemistry ( CPAC)

The Cloud Physics and Atmospheric Chemistry
( CPAC ) group at Peking University emphasizes
research and graduate-level teaching in aerosols,
clouds, aerosol-cloud interactions, remote sensing and
tropospheric chemistry. The highlights of 2009-2010
research are as following:

1. Ground level ozone and its precursors measured
in an urban site of Shanghai were analyzed to
characterize ozone photochemical production in this
region. Model simulations were further conducted
to help improve understandings of ozone issues and
develop effective ozone abatement strategies.

2. For the first time, a remarkable elevated pollution
layer above the planetary boundary layer (PBL) was
observed by aircraft measurements in Beijing area.
The Mountain Chimney Effect (MCE) was proposed
to interpret the mechanism of pollutants injected from
the PBL into free troposphere. Our study emphasizes
the important influences of local circulation on the
distribution and transport of urban pollutants.

3. We classified and analyzed more than 100 flights
of airborne in-situ measurements to characterize the
aerosol vertical distribution over Beijing area. Aerosol
optical properties were calculated and compared with
satellite retrieval, of which the result shows significant
influences of aerosol vertical distribution on the

aerosol optical depth.

4. Using 75 flights of airborne in-situ data, cloud

T BRI AR AR TR TR R

REFRERETERHRALBRTH,

microphysical parameters including number
concentration, liquid water content and effective
radius were summarized for 5 different types of warm
clouds. A new parameterization of cloud effective
radius was proposed to improve the representation of
radiative properties of clouds in models.

5. Conducted several field campaigns under
international cooperation, focused on aerosols and

atmospheric chemistry.
Figure 1, 2, 3
Selected articles:

[1] Ran, L., et al., Ozone photochemical production
in urban Shanghai, China: Analysis based on ground
level observations. Journal of Geophysical Research-
Atmospheres, 2009. 114.

[2] Liu, P. F., et al., Aircraft study of aerosol vertical
distributions over Beijing and their optical properties.
Tellus Series B-Chemical and Physical Meteorology,
2009. 61(5): p. 756-767.

[3] Deng, Z. Z., et al., Statistical analysis of
microphysical properties and the parameterization
of effective radius of warm clouds in Beijing area.
Atmospheric Research, 2009. 93(4): p. 888-896.

[4] Chen, Y., et al., Aircraft study of Mountain
Chimney Effect of Beijing, China. Journal of
Geophysical Research-Atmospheres, 2009. 114.
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Figure: Temperature trends in the lower
stratosphere for the period of 1979-2006, derived
from satellite Microwave Sounding Unit channel
4 observations. The trends are shown from June
to November. Color interval is 1 K per 28 years.
Contours denote t-test values. For 28 years, student’ s
t-test values 1.7 and 2.5 correspond to 90% and 98%
confidence levels, respectively.

. Antarctic Stratospheric Warming and the Recovery of the Ozone Hole

Stratospheric temperature is mainly determined by
ozone which absorbs solar ultraviolet radiation and
warms the stratosphere. It was generally thought
stratospheric temperature has been decreased in
the past 30 years due to severe ozone depletion.
However, using satellite Microwave Sounding Unit
channel 4 temperature data, Prof. Yongyun Hu and
his collaborator, Prof. Qiang Fu at University of
Washington, show evidence of significant stratospheric
warming over Southern Hemisphere high latitudes and
large portions of the Antarctic polar region in winter
and spring seasons for the period of 1979-2006,
with a maximum warming is 7-8 K in September

and October (see Figure). They further show that the
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warming is caused by enhanced wave-driven adiabatic
heating, and that the warming has close correlations
with sea surface temperature (SST) increases. Using
general circulation model simulations forced with
observed time-varying SSTs, they reproduced similar
warming patterns in the Antarctic stratosphere and
increasing wave activity. As SST warming continues
as a consequence of greenhouse gas increases due
to anthropogenic activity, the stratospheric warming
would also continue, which benefits the recovery of
the Antarctic ozone hole. The results were published
on Atmospheric Chemistry and Physics, volume 9,

page 4329-4340, 2009. (See Figure)
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— . Quantifying the Ocean Role in Global Climate Change

Global Climate Change and Global Warming
Pacific Decadal Oscillation
Tropical Ocean-Atmosphere Interaction

During the past two years we focus on quantifying
the ocean role on the global climate change, such as
the tropical EI Nino-Southern Oscillation (ENSO)
variability under the global warming, the ocean role in
ENSO long term change etc.. Global warming and the
ENSO variability can significantly affect the pattern
and intensity of the precipitation over China mainland.
Our studies disclose that the ENSO amplitude will
experience a significant regime shift during different
stages of the global warming. Specifically, currently
the climate is in the transient stage of the global
warming, which means it is more likely to have
stronger ENSO in the future 10-30 years. During
the equilibrium stage of the global warming, it is
more likely to have weaker ENSO thereafter. The
key factor to control the ENSO intensity is the status
of the tropical thermocline, while the intensity of
the latter can be reversed with time due to the slow
evolution of the tropical subsurface temperature. Our

studies provide a crucial guidance to the future ENSO
prediction.

Selected publications:

[1] Yang, H., and L. Wang, 2011: Tropical Oceanic
Response to Extratropical Thermal Forcing in a
Coupled Climate Model: A Comparison between the
Pacific and the Atlantic. J. Climate, in press.

[2] Yang, H., and F. Wang, 2009: Revisiting the
Thermocline Depth in the Equatorial Pacific. J.
Climate, 22, 3856-3863.

[3] Yang, H., F. Wang, and A. Sun, 2009:
Understanding the Ocean Temperature Change in
Global warming: the Tropical Pacific. Tellus, 61A(3),
371-380.

[4] Yang, H., and L. Wang, 2008: Estimating the
nonlinear response of tropical ocean to extratropical
forcing in a coupled climate model. Geophys. Res.
Lett., 35, L15705, doi:10.1029/2008GL034256.

[5] Yang, H., and Q. Zhang, 2008: Anatomizing the
Ocean Role in ENSO Changes under Global Warming.
J. Climate, 22, 6539-6555.
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Teaching Center of General Physics
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Teaching Center of General Physics, is a third-level institution, Peking University former known as Peking
University Department of General Physics Teaching and research, responsible for the long-term construction
of various types courses of general physics, teaching seminars, foreign exchange activities of teaching, and the
daily organization and management of teaching. Teaching Center consists of Laboratory demonstration center
and 10 course groups that are set moderators and lecturers. The center's main task is to undertake teaching tasks
of Physics 01-05 series courses, teaching nearly 2,000 students for the science, about 222,000 people teaching
hours each year.

Teaching Center of General Physics inherit the fine tradition of general physics teaching of Peking University,
has formed a teaching team, featured as combination of a full-time and part-time, research and teaching, the
old, middle-aged and young teachers. The teaching team of general physics has the reasonable structure of job
title and age, widely study area, an appropriate team scale, structural optimization, high academic standards and
teaching quality.
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— . One result of General Physics Teaching Center: "Innovation and Truth Seeking,
thirty years of continuous construction of the optical Course' won 2009 National

Teaching Achievement Second Award

Through the efforts of several generations, especially
in the new period in three decades under the leadership
of Professor ZHONG Xi-hua, course team members
continued to reform and made the following important
achievements:

1. They focused on textbook construction, and
had the two excellent textbooks, "Optics" and
"Fundamentals of modern optics" to be published.
The characteristics of these two textbooks are accurate
concept, innovative content, clear impression,

concise derivation and language alive. The textbook
construction reached a high level and also led to the
overall construction of the optical Course. The three
books of problem solution have been published to
support the main textbooks.

2. After training and exercise of young teachers,
a teaching team with high academic standards, a
reasonable age structure, the combination of teaching
and research has been formed.

3. By the tireless efforts since the 1980s, the optical
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demo series of variety experiments (with 35) were
greatly enjoyed by students. The laboratory won the
title of advanced laboratories of Peking University,
and had high reputation and wide influence among
the university counterparts, and was a typical example
that demo experiments had promoted teaching.

4. Focus on teaching research, a series of remarkable
achievements in teaching and academic research has
been made. More than 30 papers published in the
journal were closely related to the optical content,
most of which were reflected in classroom lectures
and textbooks. Promotion of teaching and research
each other was a significant feature of our course
construction.

5. Their optical course as the national excellent course
in 2005, has become a basic course that had a face
and the context of modern optics with a rich, broad
vision, style diverse and dynamic characteristics, and
maintained a clear concept and theory of systems
and image-rich features. This was a course that had
enabled students to feel warm and exciting. Moreover,
they committed to promoting the optical research and
teaching of national universities in three decades,
made a significant contribution to the academic and
teaching standards of optical teachers of national
university, and enjoyed a high reputation among the

optical teaching session in the country.

L BYES P OEE TR E LI 2010 4R E TS BN R R

ENHBEESSAELE 100 ?Fﬁ““l&&%u

FERZER 18 fTEBEMRATRY “EWNHE
TWEWE?%)\?T NTBMER, #=F51E,

XFRHELRE. 22010 FERHERIFHEFILES
Lﬂﬁaﬂﬂl 010 FENHABERITHEREZASK
LATIRE, REMEFHIPRIERE AT EML
FHIDRFE 7% 10 &. MEFREDHFFOF
AEREZIRFFZFEENEFTBIFEL.

N

J\K

63 £E4R | Bi-annual Report

EIREHBRNEDEZE. B A BH
THE, =+HFEN—H, BECHBHERAZIH
. FEES. REMEMBRFI/E. haEHR
FHRAMRRRSHFZRENZRRRE. BIRES
ERBEREFAOE, NHEFROTNOMEET
FHANTE. EHFRUHBEAANCHE, F
AEFEINRMA “EHE” , FEWFETA
ERRFZHEHT. EFEEYMIEREET.
LTYHRFHOETESHFAER. ME. EEIE,
ABERDEBEMRBFRENRS, AEFIR.
MEBANERM T RELE. KPATYEFER
PEEMBRNERIHEMEE. KPBEHE
SEIRHFIETZAS. PEYEREZRE.
EERMYEZSNARNSITIE ARS2EN
MIEHFKE, RELTAEFDEZRESEY
EHFHRPSI0. BHEHIERAME 7TRAREHNT



AAIPONAR=RK | Highlights

—.. Prof. Jiajun Wang, director of Teaching Center for General Physics, won the 2010
BaoSteel Grand Prize for Outstanding Teachers

BaoSteel Prize for Outstanding Teachers is a BaoSteel
Education Award, which was set up by Baosteel
Education Foundation at more than 100 Chinese
universities and 18 academic institutes directly
under the Chinese Academy. The aim of the award
is to reward talent, exercise respect for teachers,
promote industry-university cooperration, and support
education. The 2010 BaoSteel Grand Prizes were
given to Prof. Jiajun Wang, director of Teaching
Center for General Physics at Peking university's
school of physics, and the other 9 candidates, after
communicational reviews and a final selection by the
BaoSteel Education Award Committee.

Prof Jiajun Wang has spent 34 years in physical
education, scientific research, personnel training,
and made special contribution to general physics
teaching materials, student training, and exploration
in improving teaching quality. For her efforts devoted

EA YR LB F

to teaching, she has got an excellent reputation in
students. She has long been called Sister Wang,
and won the Prize for Top Ten Teachers of Peking
University selected by all the students in the
university.

She has served as deputy director of Physics
Department, director of Teaching Center for General
Physics, and has made great effort in improving
teaching quality, teaching research, and trainning
new teachers. She has long been responsible for
construction and management of Physics Education
Base at school of physics. She is also member of
Chinese Steering Committee of Higher Education,
Physical Education Committee of China, Physical
Society of Beijing and has made great effort in
improving the level of the national physical education,
and making Peking University's physics teaching a
leading role in the country.

The Teaching Center for Experimental Physics

ERRFEMPELEHF PO BEXRIRBEFeT0”, KEERRERER “SBYELR”
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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
willing to investigate some experimental problems. Now there are 15 faculty members in the center, in which are

2 professors, 4 associate professors, 2 lecturers, 1senior engineer, 2 engineers, and 4 assistant engineers.
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Teaching and research of physics experimentation

Instruments of basic physics experiments and
related teaching

Experimental skills of frontier physics and related

teaching

Research-oriented teaching and study of physics

experiments

1. The Laboratory for Study on the Vibration Modes
of wire-bead Chain

One of the important parts of physics is to study
the waves in various periodical systems. However,
it is almost impossible for students to do what
like observing the wave function of an electron in
crystalline. In fact, the characters like Bloch waves
and band frequency (energy) spectra are related
to not only the electrons in crystalline but also the
waves in all periodical systems. Usually, to study a
simple system can reveal more physics than to study
a complex one. Among all the periodical systems, the
wire-bead chain, which can be made by threading a
wire through a number of beads and distributing the

beads periodically, looks like the simplest one. So, a
setup had been developed to study the vibration modes
of the wire-bead chain(to see the figure 1). wire-
bead After studying on the vibration modes of the
wire-bead chain, the juniors or even sophomores can
understand the concepts such as Bloch wave, energy
band and surface state quite well. Furthermore, for
the vibration equation of a wire-bead chain is almost
the same as the Schrodinger equation of an electron in
Dirac comb, the students can even acquire the wave
function of an electron from a wire-bead chain. Based
on the setup, the students can also study the problems,
such as impurity state, disordered state, interface state
and superlattice, etc. Since the parameters of wire-
bead chain can be easily changed according to the
investigator's intend, the students could acquire some
things that could not be acquired in a real crystalline.

Figure 1
2.Experiment of nonlinear convective pattern

Pattern dynamics is to study the spatiotemporal

structures of nonlinear system far away from
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equilibrium. Rayleigh-Benard convection is one of
the nonlinear systems, until now it still attracts many
researchers’ eyes. The top and bottom surfaces of a
fluid layer is under different temperatures, when the
difference is beyond the critical point, the fluid layer
is convective and forms regular structures, which can

be observed by shadowgraph images.

We have successfully developed such experimental
system with the involvement of undergraduates
taking Innovative Physics Laboratory Course. This
experimental system has been used in the Modern
Physics Laboratory Course for senior undergraduates
in Fall semester of 2010. Students have shown strong
interests in exploring this original comprehensive
experiment, as it requires cross-disciplinary
fundamental knowledge in fluid dynamics, optics,
and nonlinear dynamics. To our knowledge, no such
experiment or system has ever been introduced or
reported in undergraduate physics labs in China.

Figure 2, 3
3. Training for International Physics Olympiad

Since November of 2007, the Teaching Center of
Experimental Physics has undertaken the task of the

Y RREEE K=

School of Physics to train physics-talented high-
school students in experiment for participating
in International Physics Olympiad. The training
was performed on the basis of the present physics
labs and the traditional teaching on experimental
physics at Peking University. It has focused on the
fundamental aspects required for the students to make
physics experiments, such as experimental ideas,
methods and skills. There was widespread relief that
such training improved their practical ability in the
competitions. All the contestants, chosen from the
trained students, have obtained gold medals in all the
International and Asian Physics Olympiad for 3 years
of the training, and every times of the competitions,
the absolute winner, who has obtained the first place
with sum of the theoretical and experimental scores,
has been one of our students. It is particularly worth
to mention that Handuo Shi, was the absolute winner
and obtained the best score of experimental part of
the International Physics Olympiad in 2009, and as a
female participant, Shi” s success is unprecedented in
the history of the international Physics Olympiad and
has caused a sensation in the international community

of physics competition.

Peking University Electron Microscopy Laboratory

ERARFETEMELL=IA0]T 1964 . 1992 F, HHNNBTHLEETEHBEEREAS

MEVIHE. ZERCE “ER—RKRE” NHHEST, ERXRERNSEHICENL,

%lJ }Eﬁ “© 985 ”

THIRE R A KR = K& 7 EbR EHITER) Tecnai F30 74 51 B 858, DB-235 7 - B JURHAK T
fEuh. BT, RREIMEHEAHBEHER. BEBTRASL. HAFMRARBRERURE 8B,

TEMNERHFRE, SNEBLS005ET. KREAEEAETRERL. BX “KNEEF” £
MBI T 10 %, 7 ARBSERR, 4 \RFBELFM. EREL. MLEHRAE D RZ.

ERTHMES iR BHRLRE=ENHEBTERFNEMTRME W AT ZFREM; SKF
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EREBNWE SITFP KRB R T 0. Zid 15 FERNE S, BIRMA “Bir—R"HNETERRERE.

TEMRAE: EFEHFEM: 75, WEIER, BFREEEL: DMBTEMF. PR
ARG, KRBT R, A TREFR. EREMOTEYIE. 2. ML 87, RS
MAFHRAE. METTEAM R

Electron Microscopy Laboratory, PKU was first established in 1964 and authorized as State Special Laboratoryby
the ministry of education, P.R.C. in 1990.Under the support of the “985” project, a Tecnai F30 transmission
electron microscopy and an ion-electron dual-beam nano-technique workstation, the most advanced instrument in
the world, have been constructed in the laboratory. Now the laboratory is equipped with 6 sets of TEM & SEMs
and consummate sample-preparing facilities.

Now there are 12 staffs and over 20 graduate students in the laboratory including an academician of CAS and a
national preeminence youth. Guideline & Object: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.

Tecnai F30 #5452

Tecnai G20 F 5 B4

B —HBFURAS (FIB) YR ETEES (ESEM)
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Fig.1: CL measurements from a ZnO NW
bent into an L-shape (a—c; diameter ~150 nm) at81
K and an S-shape (d,e; diameter ~140 nm) at room
temperature.

P X & F & (Xiaobing Han, Liangzhi Kou,
Xiaoli Lang, Jianbai Xia, Ning Wang, Rui Qin,

Jing Lu, Jun Xu, Zhimin Liao, Xinzheng Zhang,
Xudong Shan, Xuefeng Song, Jingyun Gao, Wanlin
Guo, and Dapeng Yu, Advanced Materials 21, 4937-
4941,2009) I-.
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Fig.2:TEM analysis of a bent ZnO NW
(diameter~100 nm).
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Fig.3: The variation of band structure with

deformation.

— . Systematic CL spectra analyses in Condensed Matter Physics

Systematic CL spectra analyses combined with high-
resolution TEM characterization of ZnO NWs bent
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into different shapes with bending strain range of a
few percent show significant deformation-induced
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reduction in band gap (red shift) and broadening of
the near edge emission in the CL spectra. Theoretical
calculations based on both first-principles DFT
and an effective-mass envelope function theory
reveal identically that tensile strain makes the main

= REIER 5 Ul

contribution to the band gap reduction. This work
should provide an atomic mechanism for the electronic
and mechanical coupling behavior of deformed ZnO
nanostructures, and bending engineering can be used
to design possible novel nanodevices.

Center for High Energy Physics

ERRFESEDET OCAFBBELEBETE. BATA 8B HRYEE, SUERNFERRMAR,

6UBFFE, AUBLEMRAR. IRNAHEHE: FEF, EFHiIL. K THEERY. BTYES.

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.

W% 5 T
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BN RET; REMRT AdS & B
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5. Horava-Lifshitz 5| 11 &% HAE£#32 W 52

B 7 Horava-Lifshitz(HL) 3| 1 s o] 8575 2689
SINFEREAEAFEHERNITRNA, BREHK
MALESNS | R FRLMEMK; 1918 TR
FERM, BHEILEAVMERNTHEEH
1B bt B BB A BK T #R 8 L A Schwarzschild(-dS) %
MR HL 51 k& B XN KRB e
1F; 19187 7 Lifshitz S R Atr 8 ST 5183
REIX KR I LB AR EBEFEF Gamma 54
A B B] FE R ) 77

RFMEWRSCHENA:

[1] Real-time Correlators and Hidden Conformal

String and Cosmology

1. Holographic descriptions of Kerr-type black holes

We studied the holographic descriptions of Kerr-

Newman and Kerr-Newman-AdS-dS black

holes, and found that they could be holographically
described by two-dimensional CFT at finite
temperatures. The macroscopic entropy of the black
holes could be reproduced from the CFT entropy via

the Cardy formula.

We generalized the usual prescriptions in AdS/
CFT correspondence to compute various realtime
correlators in Kerr, Kerr-Newman and Kerr-Newman-
AdS-dS black holes. We found

perfect agreements with the dual CFT predictions.

We found there existed two different holographic
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Symmetry in Kerr/CFT Cor-

respondence;Bin Chen and Jiang Long; JHEP
1006:018,2010;

[2] Self-DualWarped AdS3 Black Holes; Bin
Chen and Bo Ning; Phys. Rev. D82,124027

(2010);

[3] Supersymmetric Wilson Loops in N=6 Super
Chern-Simons-matter theory;

Bin Chen and Junbao Wu; Nucl.Phys.B825:38-
51,2010;

[4] Scale Invariant Power Spectrum in Horava-
Lifshitz Cosmology without Mat-

ter; Bin Chen, Shi Pi and Jin-Zhang Tang; JCAP
0908:007,2009.

descriptions of Kerr-Newman-AdS-dS black holes, in

view of the angular momentum and the charge.
2. Warped AdS/CFT corre-spondence

We discussed the warped AdS/CFT correspondence in
the context of three-dimensional topological massive
gravity theory: we calculated the scalar, vector and
spinor quasi-normal modes of spacelike stretched and
null warped black holes. We found that only taking
into account of the proper identifications of quantum
numbers, the frequencies of quasi-normal modes
are in agreement with CFT prediction. Furthermore
we computed the real-time correlators in the warped
backgrounds and found agreement with CFT

prediction as well.

We found a new class of self-dual black hole solutions
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in three-dimensional topological massive gravity
theory, analyzed its thermodynamics, investigated
its asymptotic symmetry group, calculated the
corresponding central charge, and set up the possible
warped Ad-S/CFT correspondence.

3. Hidden conformal symmetry in black holes

We discussed the implications of hidden conformal
symmetry on setting up the holographic descriptions
of black holes.

We discovered the conformal coordinates for extreme
black holes, and discussed their physical Implications.

We studied the quasi-normal modes of three-
dimensional black holes, which have holographic
descriptions, with the help of hidden conformal
symmetry. We constructed various quasinormal modes
algebraically and elegantly.

4. Non-local operators in AAS/CFT correspondence

We constructed 1/6-BPS Wilson loop operator in
ABJM theory, computed its expectation

value up to 2-loop level, and discussed its possible
AdS dual.

We investigated the M5-brane configurations in LLM
geometry and Maldacena-Nunez geometry, including
the BPS and non-BPS ones, discussed their possible
correspondents in dual field theory.

We systematically studied the fermionic T-duality in
supersymmetric modes in AdS backgrounds.

We found that for the super-coset spaces based on
SU supergroups, the models are invariant under
duality, while for the supercoset spaces based on OSp

supergroups, the models are not invariant.
5. Aspects in Horava-Lifshitz gravity

We studied the extra scalar mode in the Horava-

Lifshitz gravity, and pointed out it might

lead to scale-invariant primordial power spectrum,

which suggest that it may play the role of inflaton.

We argued that the self-consistency of HL gravity
required the projectability condition, under which the
only static spherical solution is Schwarzschild(-dS).
Our study suggest that

there is no correction to solar system test in HL

gravity.

We constructed the renormalizable actions for the
scalar and abelian vector field at a Lifshitz

point characterized by the dynamic critical exponent z.

We suggested that the time delay

in gamma-ray bursts could be naturally explained in

our framework.
Selected Reprints:

[1] Real-time Correlators and Hidden Conformal

Symmetry in Kerr/CFT Cor-

respondence;Bin Chen and Jiang Long; JHEP
1006:018,2010;

[2] Self-DualWarped AdS3 Black Holes; Bin Chen
and Bo Ning; Phys. Rev. D82,124027

(2010);

[3] Supersymmetric Wilson Loops in N=6 Super
Chern-Simons-matter theory;

Bin Chen and Junbao Wu; Nucl.Phys.B825:38-
51,2010;

[4] Scale Invariant Power Spectrum in Horava-

Lifshitz Cosmology without Mat-

ter; Bin Chen, Shi Pi and Jin-Zhang Tang; JCAP
0908:007,2009.
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International Center for Quantum Materials

ETMARZRORIERKRFET 2010 F 1 AT N— A2 SR . F OB BRI AR
14 A, HPpEZR AN, BiR2 A, BHEERT A, BIEEHER LA, HBEEFELAESH. MRF1AA
WARBEERT T, 3 ANEHRARS “F A7 , 3 ANEPREE “B AT , SAKBERAEETER
FHEE,

TONETEMRAHERBSYEMEFRRE. BRRERFARATOEAANEEHE: EFHE. X
EEFAR. REBTSNETTA. BESYERNAIE. MUBESER. BEFRAIRGHH
EMPERR. BlRBTH. KRAETITA. SHEARKIENS. BARTS. NUETRE. BT
MEENE—ERETE. BRIEOES. RYRTORERIGFRIAR. BIBMEAYIEREATE AL,
BATREENYENS. ZREDETRS.

International Center for Quantum Materials (ICQM) is a newly-founded research and education center at
Peking University. Its current academic staff comprises 4 Chair Professors, 2 tenured Professors, 7 tenure-tracked
Associate Professors and 1 tenure-tracked Assistant Professor.

ICQM research is dedicated to a wide range of subjects in the general area of condensed matter physics
and quantum materials science. Topics and systems of current interest include quantum transportation, strong-
correlated electron systems, low-dimensional electron systems, topological effects in condensed matter physics,
mesoscopic superconducting systems, spintronics, advanced scanning tunneling microscopy, ultra-cold atoms,
computational simulations for quantum materials, ultra-fast spectroscopy, phase transitions in soft matters,
physical chemistry at the single molecule level, and etc..
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— . Electrically Driven Redox Process in Cerium Oxides

The dynamic changes taking place during the
electrically driven redox reaction have been imaged
by in situ high-resolution transmission electron
microscopy, where reversible phase transformations
induced by oxygen vacancies have been reproducibly
achieved.

The formation and migration mechanism of oxygen
vacancy under the applied electrical field has been
studied systematically.

A novel electrically driven redox process of cerium
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oxides has been proposed at low temperature, which
will be useful to improve the performance of the
catalysts and reduce car pollution under the cold-start
condition.

Representative Article:

Peng Gao, Zhenchuan Kang, Wangyang Fu, Wenlong
Wang, Xuedong Bai,* and Enge Wang*, “Electrically
driven redox process in cerium oxides” , J. Am.
Chem. Soc.132, 4197-4201(2010).
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Figure 1: (a) Density distribution and (b) phase

distribution of a Bose-Einstein condensate in a rotating
double-well potential when the system has reached
a steady state. (c) Feynman’ s rule. Iz is the angular
momentum per atom and Nt is the total number of

We have studied numerically vortex formation in
a Bose-Einstein condensate in a rotating double-
well potential[1]. Shown in Fig. 1 is one of our
typical results. In Fig.1(a), it is clear that a BEC is
divided into two equal parts, and each part is filled
with a symmetric vortex array of the well-known
triangular structure. We have also plotted the phase
distribution of the same BEC in Fig. 1(b). Comparing
with Fig.1(a), we see that there are many phase
singularities in the region of the central barrier and the
outskirts of the BEC, which have no corresponding
vortices in Fig. 1(a). The reason is simple: the cloud
density is too low in these regions to manifest these
phase singularities. This is known in the literature and,
in fact, these phase singularities are called “ghost
vortices” [2]. The research shows that these ghost
vortices do not carry angular momentum.

However, our further analysis shows that the phase
singularities in the central region are different from the

80 £F4R | Bi-annual Report

visible vortices and hidden vortices. The solid line is
for Feynman’ s rule, 1z = Nt/2. The circles are for
numerical results.

SISk

[1] L. Wen, H. W. Xiong, and B. Wu, Physical
Review A 82, 053627 (2010).

[2] M. Tsubota, K. Kasamatsu, and M. Ueda,
Phys. Rev. A 65, 023603 (2002); K. Kasamatsu, M.
Tsubota, and M. Ueda, Phys. Rev. A 67, 033610
(2003).

[3] R. P. Feynman, Application of Quantum
Mechanics to Liquid Helium (Progress in Low
Temperature Physics vol I) ed C. J. Gorter (North-
Holland, Amsterdam, 1955).

—.. Hidden vortices in a Bose-Einstein condensates

ones at the outskirts: they carry angular momentum.
For the vortex number in a superfluid, there is a well-
know Feynman’ s rule[3]. The rule says Iz = Nt/2,
where Iz is the angular momentum per atom and Nt is
the total number of vortices. For the case in Fig.1, our
numerical result shows that 1z _ 16 while the number
of vortices inFig.1(a) is 18. The Feynman’ s rule
is satisfied only after including the number of phase
singularities in the central region. This indicates that
these phase singularities carry angular momentum
and they are not ghost vortices. Wecall them hidden
vortices. We have also found that hidden vortex is a
general phenomenon, which can happen in

many other situations, for example, rotating
anisotropic rings. As a result, we can say that there
are three typical vortices: the usual vortex (maybe call
visible vortex), ghost vortex, and hidden vortex. (See
Figure 1)
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FIG. 4 (color online). (a) |g,|* determined by Egs. (1)~(3) and
the fitting (solid lines) to Eq. (4) with a = 0.47 meV A and
b = 0.29 meV A. The inset shows the measured I'(g) as well
as the data calculated with |g,|* for different ¢. (b) Measured
{)(g) with data calculated with Eq. (5). Here we assume a bare
phonon dispersion (2% =283.5— 1.16[cos(g,ap) + cos(g,a,)]—
1.11cos(g.ag)cos(g,ag) +0.32[cos(2q.ap) + cos(2q,a)] (meV),
as plotted in broken lines.

Frxx LB, HNSFHREDEMNEE
AL NAEE, XARTEHEHTLKAZHS
FrRBAEETHH AL, XNHEFNBSS
REFHEMREEANVES - FRENFFHE
m, EFRANCHERMMES, BIXE
MDA, HEEATHABFEAHEHRENSD
FEN, RBEABBFVISERSHEZEH
B - FElEREET. XMIAERE LT REBE
FRESERRMENTERER. BT, MIRX—H%,
B AL 7 X Bi2Sr2CaCu208+ § Kk & 1 — 1
HEFFEFRBEBENNE. LELKA Physical
Review Letters I [3].
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[3] Huajun Qin, Junren Shi, Yanwei Cao, Kehui
Wu, Jiandi Zhang, E. W. Plummer, J. Wen, Z. J. Xu,
G. D. Gu, Jiandong Guo, Phys. Rev. Lett. 105, 256402
(2010) .
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— . Direct Extraction of the Electron-Phonon Coupling Matrix Elements from the High
Resolution Electron Energy Loss Spectroscopy

The interaction between electrons and various
collective excitations (bosons) is the central gradient
for understanding many of the novel physical
properties in condensed-matter systems. For instance,
a thorough understanding of the electron-phonon
coupling (EPC) in high-Tc compounds will help
to determine its relevance to the superconductivity
in these systems. A few years ago, we developed
a maximal-entropy method to directly extract the
spectral function of EPC from the kink of the quasi-
particle dispersion measured by the angle-resolved
photoelectron spectroscope (ARPES) [1]. The
technique had been applied to the investigations of
a number of high-Tc compounds [2]. However, the
method suffers a couple of shortcomings when applied
to the high-Tc compounds and other complex systems.
First, the electronic structures of these systems have
strong anisotropy, and the method cannot determine
the full structure of the anisotropic EPC. Second, the
d-wave superconductivity pairing in these compounds
is only possibly relevant to the EPC components that
cannot be detected by the ARPES measurements.

In collaboration with Jiandong Guo’ s group in
Institute of Physics, Chinese Academy of Sciences,
we have developed a new method for determining

the full structure of the EPC matrix-elements, and to
overcome the shortcomings of the existing method.
We utilize the data from the high-resolution electron
energy loss spectroscopy (HREELS), which measures
the impact of the EPC to the phonons, such as the
renormalization to the phonon dispersion and lifetime.
With the help of the detailed electronic structure
obtained from the ARPES measurement, we could
determine EPC matrix elements between all the initial
and final electron states. Using this method, we have
determined the EPC matrix elements for an optical
phonon branch in Bi2Sr2CaCu208+ § compound.
The paper was published in Physical Review Letters

[3]-
References:

[1] Junren Shi et al., Phys. Rev. Lett. 92 , 186401
(2004).

[2] X. J. Zhou, Junren Shi, et al., Phys. Rev. Lett. 95,
117001 (2005); W. Meevasana et la., Phys. Rev. Lett.
96, 157003 (2006).

[3] Huajun Qin, Junren Shi, Yanwei Cao, Kehui Wu,
Jiandi Zhang, E. W. Plummer, J. Wen, Z. J. Xu, G.
D. Gu, Jiandong Guo, Phys. Rev. Lett. 105, 256402
(2010).

IERKFERGEIER LS RAEIIET R AT

The Kavli Institute for Astronomy and Astrophysics (KIAA)

RAETE T 5 KR IENT S AT (Kavli Institute for Astronomy and Astrophysics, KIAA — PKU) 21t
RASAEEDRAMESSAET 2006 4 6 5 H v T 2008 EFFHAEST, BEFMKELEEASHY
B+, EREILKEYIEFRHME (Douglas N. C. Lin) #3%., MIREH T A8 EMIT AKX —
MEFR—RNRAL S REDIBEHR P OMAL FFREM, NEFRSSOEEDEMBEMREFTENL
B, FBRNEUTINENHR: L FEHEMERNER: 2. 5| 1PENSEIR: 3. ERNR, 18
EMTE. MMRAETSERERNERSTIGHIHESKAFRERRARME LG, TEES IR
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E. BRAUNAZERS A, BAHIRR 3 AL BER7T A, NEARP—FEHAHINE.

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 2008. Professor Douglas N.C. Lin, a leading theoretical astrophysicist
based at UC Santa Cruz and a member of the American Academy of Arts and Sciences, was appointed as the
founding Director of KIAA. KIAA's mission is to establish an international center of excellence in astronomy
and astrophysics which promotes the development of basic science in China. Its primary goal is to foster frontier
research in a vibrant intellectual environment. The initial program of KIAA will be focused in the theoretical
studies of 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. There are 5 professors, 3 “Bairen” research professors and 7 post-doctors in KIAA. About half of
the above members are non-Chinese-nationality.

—. YIRS R R L RS

ELENRESR, FoRIBT -EE5RTRE
BAEBXNMR. BE—LFkK, SRAFE
REAMNEREHERUNEENSZ —. X
MRS, BRANEHR AR/ NNELIFATE
. EREAFERS BHUERERNVARAEZRHR
ZHMIEHBETRE. RE\XDER, TR
B T4 I 0 A7 BE 05 S R SR T R T AU R AR AE
AR BBEMIERNFES Z X — 6@ T
HHAIHTF. A EZEE A SDSS (Sloan Digital
Sky Survey) ZMAIK BV HHEZE AR R BRON &
EENRFTRERUEEE, HFXAESENEIE
DITTEMREX DA EEFRNTRIIER:

Bl FEHBIRHENADSERERZR
BRE. BERTRARBNERXNENHZAD
B (BEEEMSM) . g David Martinez-
Delgado & Gabriel.

Figure 1: An artists impression of the disruption
of the Sagittarius Dwarf satellite galaxy, which is
currently in the process of being ‘devoured’ by
the Milky Way. These large arcs encircling the Milky
Way show Sagittarius debris (i.e. stars and gas), which
is being torn away as it orbits the Milky Way. Credit:

David Martinez-Delgado & Gabriel Perez.
1. JA SDSS SUMHIRIEIA 5434 A D e

SDSS MM B &N T HIIEE IR, &K
REBAFI T T ASEER, EE2RTADER
E & (Sagittarius dwarf galaxy) S Z$R5TRE KL
BSEI RN, IR AR BN E R,
A 47 RIBR I A B R B B RIARFL, AT
FMERNNERFTSERNREULRITRN
sl %,

2. R 25| B %R N B K 2 ARIR R
AL
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FIRANEENEEERLE (BE. IFE
FERES) SNRKERTES|INBRIE, A
BRANTURSXVEEENTE, MM
BENERTRANREDH, MABMAALESHE
HEREN . B, BEEFINERRITRINEM,
RE-—NMEENTR. FEIFREZHTHRE
AR RIM,  F A1) B =0 520X 0 75 7% EBR 1 $R
ARRENH LHNE.

3. MR AR &P HIE EHEER B AR AT

FAXEBMNEEENRTINER B HR
W, BN ABERNERESEWNET. K
MEZNHT T XRERNERBHNEEFRE, I

TR T AR AL H =X 1X L21T 5 2245 1E 7~
A AERNEZm. RMNNERERAERITRNK
PHFZAREHRKZEERERP D, X5H
M SDSS #1 RAVE 18 2| g9 WL 25 R A . KK
O, a2 ER LAMOST, K4 EIng
FHMNE, XEFFEMBRARFIELSH.

FERTHIE, BOBRXERBE AR —
B, A EERSWEMTHRRE. XLEH
RUEKRTEBER LNEEM, AHFEBEN
RS4RI . Bk, HPERKRIN
BFER A, XLEALEEBRIROBVATELDN
B £,

— . The hierarchical growth scenario and the Galaxy

Over the course of the past two years we have
undertaken a number of studies aimed at addressing
how our galaxy, the Milky Way, formed. In recent
years theories have converged on the hierarchical
growth scenario, where structures are built up from
the aggregation of smaller building blocks. By
working with students both from Peking University
and Tsinghua we have been carrying out the next
crucial step, which is to identify and then analyse the
signatures which remain today. We have addressed
this issue through a number of complimentary
approaches, utilising large public databases, such as
the Sloan Digital Sky Survey (SDSS), and some of the
latest numerical simulations from my collaborators
in Europe. These projects range from analysing the
structure of our Galaxy, to looking directly at the
accretion events which are ongoing today. The main
projects that | have been carrying out are:

1. A sample of Sagittarius debris from SDSS

The SDSS catalogue contains spectroscopic data for
many tens of thousand stars. We have identified and
analysed debris from one these building blocks, the
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Sagittarius dwarf galaxy, which is currently in the
by the Milky Way.
Using this data we can place important constraints on

process of being ‘devoured’
simulations of the Sagittarius debris, which in turn
can determine the mass of the progenitor and also the
gravitational potential of the Milky Way.

2. Using lensed quasars to probe the structure of the
Milky Way

In this project we investigated the gravitational
lensing of quasars by stars and stellar remnants in the
Milky Way, making predictions for future large-area
sky surveys. This technique can be used to measure
the masses of stars and also to probe the structure of
the Galaxy - the most powerful aspect of this is that
gravitational lensing probes the distribution of mass
(which is unlike most other methods which probe
the distribution of light). Therefore if we wish to
understand the mass distribution of the Milky Way,
which is crucial if we wish to understand its assembly,
then this will be an important tool.

3. The orientation of the velocity ellipsoid in the
Milky Way disc
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Using state-of-the-art simulations of disc formation
from my collaborators in Europe (Villalobos & Helmi
2008, 2010; Roskar et al. 2008, 2010), we are testing
whether the predictions of these models match what
we see around us. We have analysed the kinematic
signatures of disc formation and investigated how
these vary between these different simulations,
which use different formation mechanisms. Our most
important result is that the velocity ellipsoid is almost
always orientated towards the Galactic centre, as has
been observed by surveys such as SDSS and RAVE.
Future surveys, in particular the Chinese LAMOST

telescope, will be able to make more accurate
measurements of this quantity and make firm tests of
these simulations.

This has resulted in one publication and a number of
presentations at international conferences, given both
by me as well as my students. In additional to carrying
out projects which are of international importance,
these studies also help by training students. As a
consequence, when Chinese surveys begin to bear
fruit, these students will be ideally placed to carry out
the scientific exploitation immediately.

5 4 5& 1)
Students

HFBEASMEZMNNSEEWAZCEZET, BRNREILTARMS . 2010 F44),
HAE 192 HEFRERBER, ERARLEMS A, FFREWN A, HEBALM 1589%. Hi, #£FH
18 ZEFHRBRERFE, HPBEFREMARES I A,

In the year 2010, a total of 192 undergraduate and graduate students in Peking University School of Physics
earned their honors and awards on the university level, which account for 15.89% of total student number.
Another 18 students won honors and awards on the school level.

o,
27 ="

2009 IR Bl T
New Arrival of Students in 2009

IR B 2009 F Fe Ny g%
Graduation Ceremony in 2009
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HBRAZMEST, MEARFES. MRESEN T HRER, KA, BRMBFETHES
A rRRAEE. AREE: MEREARIR. ERFADE. FAERLE. “HEN” RIEEL
T CBRONRE. EOBBARE. EMELITH. TEBRE. PRBES.

Seminars and activities of various kinds were held by the Student Union and the Graduate Association of the
Physics School to enrich the students’ extracurricular life. These included the “Paul Shin-Piaw Choong
Graduates” Seminar,” Elite Academic Salon, Freshmen’ s Debate Contest, “The Momentum Cup” Sports
Contest, “Go abroad” Exchange Meetings, Directional Off-road Contest, School T-shirt Design Contest, the
New Year’ s Party, and the Mid-autumn Day’ s Party, etc.

f| — . N \ yi=
FNBILERYIE “HBERYEHEES” MRE ELtE “EFRXFWHBEMVEHREREES” BE=
FARBIEEAE B AR RFZHBEE EE7 mriail

The Opening Ceremony of the Eighth “Paul Shin-  The Award Ceremony of the Seventh “Paul Shin-
Piaw Choong Educational Fund for Physics” Piaw Choong Educational Fund for Physics” and of
Graduates” Seminar at the School of Physics the Third “Zhong & Chen Fund”

BB KANFIREREABIRES 2009 FYEFrF LSBT
Report on Qian Sangiang’ s Exemplary Stories The School” s Student Union in 2009
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2010-2011 ¥ 322 FAR T 2 #2120 B2 2= 2007-2008 X
The Opening Ceremony of 2010-2011 Youth League The 2007-2008 School T-shirt Designs
School

LS, FAENERES S “PAR” AN EFHERTR, TDERN BFERESHENNARER”,
“—Z BIBLEE, ‘LA BETAERFURBHHSNEES), BRGNS, BETIEX
PIbr 4 K

Physics students also took active part in university-held activities and contests, such as “The Challenge Cup”
May 4th Youth Science Contest, “The Jiang Zehan Cup” Mathematics Modeling and Computer Application
Contest, “The Dec 9th” Chorus Contest, “The PKU Cup” sports contest series and summer activities. The
good results harvested in these activities and contests demonstrated the excellence and spirit of our students.

I
g
&

2009 FIEEI=NF L
Students in 2009 Sports Games

[z iE The School’ s Flag

2010 F 129 AN~ — 2010 £ 12.9 ANg> —
Students at Chorus Performance 2010 Students at Chorus Performance 2010
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5

2009 F 8 B, bR AFLRZYIEHE TRE I
FE7E B AER AL AT 52 A 7 AR 3% = AR % "He (Y

2009 2 Yl Z R 2k In August 2009, the Peking University experimental

Students in Military Training 2009 nuclear physics group had proposed and successfully
carried out a knockout reaction experiment for the
extremely neutron rich nucleus *He.

BN FHAUBMBL A, ERARFDELRESRGE. MR, ATBEFETHDAFNTX:
E NS IHMBEFRRNENFZRELAMEFTNEETE/AS, LA “T AU . “RKIFE" M A
AR R T BRERRMTEZRBEREANR, EROARZYEFZ T #—PERFATIIRE,
D “EEYEMR” . “BESEFAREZ” FEBRFANEE; TRELSERNRREFR
MEPEIERR, BXeERITESBRMNER .

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 Thousand Talents Project,” “The Yangtse River Scholar
Project,” “A Hundred Researchers Project,” etc.; new ways such as “The Weiming Lake Physics Students’
Class” were created to enable students” all-round development; a free and active research atmosphere was
maintained by introducing the “Centennial Physics Lecture,” “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 to exert a greater impact upon the world.
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REREEE

Alumni and Funds

20095 6 7 6 H, LR RFVEZHEAFE —BRARZIRAZE - REFR.

In June 2009, the Peking University School of Physics held its first alumni association meeting and the first

session of board meeting.

2010 F5 BAA TIERKEYEEERASE “XBEESW, YEFRREKIBFEESK. 68, &
S5HE[REERKE. PEVEFSMNSEHE LRAKETINN “DEZBETIERYELE/NTF
RES=” . 1083, APEIERER L. BREBUERART HEHETERR 0 5 HR.

In May 2010, the school held its second board meeting of alumni association. Dean Enge Wang assumed the role
of the chairman. In June, the school participated in organizing “The Physics Education Seminar—Professor
Kaihua Zhao’ s Eightieth Birthday Celebration Party” jointly held by Peking University, China Physical
Society and Higher Education Press. In October, the school celebrated the ninetieth birthday for the academician
of the Chinese Academy for Engineering, the outstanding expert on electromagnetism and microwave
technology, Professor Jingxiong Chen.

jt,? ﬁ%%ﬁ%f%fmﬁ/\”“/ﬁﬂ$ PRETRESEAE KB 90 Eﬁt%ﬁ@fﬂ/ﬁxﬂ
The Second Session of Peking Unlversny School of  Professor Jingxiong Chen’ s Ninetieth Birthday
Physics Alumni Association Board Meeting Celebration Activity
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YVIEH BT BERIELE N\ THFRRNE RXELEZ D
The Physics Seminar and Professor Kaihua Zhao” s Professor Kaihua Zhao
Eightieth Birthday Celebration Party

LEaFEI TR, b “ARRIVER” KAibEs, AEZMNNMEBTETIER, 5ISKREE
B SR, HIEMREMERNIR LR,
In order to serve our students’ career development needs, the school alumni association has launched the

“Weekend Career Development” alumni lecture series to render students a comprehensive view of different
industries and positions and help them make rational decisions related to career development.

2001 RRAB A Z SREIZFAIZ0 2000 RAMER. KO KSR 80 REE. Hbr 85 REFBULE

The 2001” s Alumnus Chongzhi =1{]327% SN ES
Zhang Talks with Students The 2000” s Alumni Zhijun Zhao Alumni Representatives Rui Kan

and Wancheng Zhang and Xuezheng Bai

3773 86 SR & oY — -+ BB AE 373 00 B AN+ BESHL

The 1986” s Alumni Gathering after 20 years of  The 2000’ s Alumni Meeting with Students
Graduation
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e
B 8 K 47 45

2009 FRAFTFRE ) 201 RAFFB=

Alumni New Year Party 2009 The 2011 Alumni New Year’ s Party

KEE, ¥RABTMEMSSSFEMMEES. HF, THEBRMRAESKEMS A, FHESM
¥25,000.00, MF4%0Y61,654.51; 80 #3E = {a4FEIEE R 2 A, f#H£%1¥10,000.00, MA4LE
Y5,184.05; 88 YU L E SR 4 A, {EAEEY40,000.00, MkFREY54,773.11; g RFASEE
4 N, 5 A<EY20,000.00, i - 4%0¥ 00,000.00; BREEVIEHEEESRKR 13 A, £ HE2Y 27,500.00,
M FAREY 2,757,707.82; SRR R B E SRR 97 A, {8 EA1Y97,000.00, /=450 Y 547,151.16;
HTEZERA 1A, £HAEHY5000.00, Mk/4%1Y80,00000; FHEFEEER)40 A, KHEMN
¥67,500.00.

In 2010, the school issued 8 items of student scholarships and aid funds. Specifically, the > 77 Physics
Class Fund was awarded to 5 students with  ¥5,000.00 per student; the > 80 Ellen Yi Lan Woman Physicist
Scholarship was awarded to 2 students with ¥5,000.00 per student; the > 88 Physics Class Fund was awarded
to 4 students with ¥ 10,000.00 per student; the Kecheng Scholarship as awarded to 4 students with ¥5,000.00
per student; the Chen Huxiong Educational Fund for Physics was awarded to 13 teachers and students with the
total expense of  ¥27,500.00; the Paul Shin-Piaw Choong Educational Fund for Physics was awarded to 97
teachers and students with the total expense of ¥ 97,000.00; the Hu Ning Scholarship was awarded to 1 student
for ¥5,000.00; the Di Guang Scholarship was awarded to 40 teachers and students with the total expense of
¥ 67,500.00.

BRFEATH .
Alumni Funds:

KA B E 4 Alumni Funds 8137 i8] Time of Establishment
M {>#hSELG 43 B4 Qisun Ye Experimental Physics Fund 1987
R TR =24 Shechao Charles Feng Scholarship 1996
B X JAE <% Xie Yibing Fund 1996
77 ¥IEYTK E 4 77 Physics Class Fund 2002
Eﬁ%ﬁﬂ%ﬁﬁ%%ﬁ Paul Shin-Piaw Choong Educational Fund for 2002
ysics
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80 %ﬂéffé?ét?ﬁj]%ﬁﬁ . . 2005
80 Ellen Yi Lan Woman Physicist Scholarship

86 ¥IEFHES 86 Physics Class Fund 2005
88 #)IETFKE 4 88 Physics Class Fund 2006
TR FE Kecheng Scholarship 2006
BEEEREFS (KZRIE ) Taconic Scholarship (University level) | 2006
w24 Di Guang Scholarship 2007
ME gy IB# a4 Huxiong Chen Educational Fund for Physics | 2008
RETFRI %4 Shechao Charles Feng Special Scholarship 2008
T2 =4 Ning Hu Scholarship 2008
PHERS Kaihua Zhao Educational Fund for Physics 2010
SRKEX =4 Truth-seeking Scholarship 2011
KX F#HBHESE  Wenxin Zhang Educational Fund for Physics 2011
BRI =4 Ou Hai Scholarship 2011

L)

STEE R
Cooperation

=3

— . HYBARR, E:¥LEFE  The Centennial Physics Lecture

A —FRIAFENERE WS, AT K
FREEZ SEERFAKNITERIDRNNE,
B/ iz SER—RKZMBANAE RN EEX
A, 2000 F gl “dERBFEYVEHNE” , HER
#0357 Anthony J. Leggett (ZEEFEFIEFERZ) |
Robert W. Wilson (EENR/REIFELEE) . James
W. Cronin (EEZ N k3) . Daniel C. Tsui (€
[E| & 5 &0 A 2% ) Johannes Georg Bednorz (% +
IBM) Iy WRMIEFEREG T L 7 EFRIIALHR
MIRFF KRB FREHITEARAE, X—RINNFE
RBEE, ERAISIET RFNKE, AR Anthony. J. Leggett (ZEFEFFEFKF)
BHkp “ERXVEBRT” KRENT T FH.
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Daniel C. Tsui (ZE[EEFHrimA =)

In order to further enhance the school” s interna-
tional repute, we have launched the “Centennial
Physics Lecture at Peking University” to create
more opportunities for academic exchange and
international corporation. In the year 2010, we in-
vited five Nobel laureates and many other worldly-
renowned physical scientists to give lectures and

L Bt 5 AR

2010 &, BeiRit X2 TSN EIEFD.
BHITN R X RERE, #EPARREE1FH
—FTERR. RETHENT:

In 2010, the school held many international talks

X3 ..-_,,tggp‘ ﬁ#ﬁ' ERASSERSHRDS

i W

—o-Ji

N

Johannes. Georg. Bednorz (34 IBM)

exchange ideas at the school, including Anthony
J. Leggett, Robert W. Wilson, James W. Cronin,
Daniel C. Tsui and Johannes Georg Bednorz. This
series of academic exchanges serves as a prelude
for the celebration of centennial physics at Peking
University in 2013.

Invited Talks and Exchange Meetings

and meetings to activate academic exchange and
international coorpoation.

BAXBARFERALBRKEGNREKE, —17
30 A, EEKRSMIERKFE-RKBRRFFR
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ZomEER . RAIEFFEFT K Kiyoshi Higashijima
HISFM)IE R = T Yutaka Hosotani 35 t & 2 T
MNERTFR, 87 ToOBENRS.

In September, a group of 30 professors led by two
vice presidents of Osaka University arrived at Peking
University to participate in the “Peking University—
Osaka University Exchange Day” activities. Kiyoshi
Higashijima, head of the Science Academy at Osaka
University and Yutaka Hosotani, dean of the Physics
Department both gave brilliant lectures and exchanged

with physics teachers and students.

(IR RIRY  (PRL) 4R#E=% Daniel T.
Kulp &+, FT{E4R%E Ling Miao 15 + A1 BN 12 458
Sarma Kancharla E+35 8 #Hbr. #fxF B2
AIERKRZEEREFMBAR O T =ZMKIFE
ABERAR. /&, XS T YEBERILE
NBE, ¥SURLRENREE X XS KEYE
AT,

In October, Physical Review Letters chief editor
Dr. Daniel T. Kulp, executive editor Dr. Ling Miao
and assistant editor Dr. Sarma Kancharla visited our
school. After meeting with Dean Enge Wang at the
International Center for Quantum Materials, the editor
group visited the Institute of Modern Optics, the
Laboratory for Semi-conductor, and the Kavli Institute
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for Astronomy and Astrophysics at Peking University.

HETANGERERHFENEBEEBICH
EXR. HEREMRTOUOAKEZESREYER b
SIA0), B ZEE BICARFEST T HIINRE.
HEXRBIC. TEREAKHFIFIRE . RIZLHE.
?i#ﬂ‘%%ﬁﬁ‘ﬂﬁhﬁ%ﬁEE%%%

The Party Secretary Mr. Xianbiao Hong and the head
of the Research Center of Education Science Mr.
Guanhong Li of Kim IlI-sung University North Korea
visited our school. Our deputy Party Secretary Mr. Tao
Zheng met with visitors and exchanged with them on
subjects setting, courses planning, students admittance
and employment, budget management, research
development and so on.

2010 F 12 B 20 H, JEmR=%N “dbm K
FHRBRFEA” Eoh. TF, KAES5HEXER
HITEARZR, HEWEERE. B REBZRKR
KEZBLIRT, A RMIEREYEZTNFE IR
%%ﬁ%ER BRI ERN &R AMA. i

EHYEFRESL, R IMNERI RO
ﬁ%ﬁ&z@%ﬁ%,W%%Lﬁﬁi?ﬁﬁE
BHMFEERFRME, B ELRRIEBLE
Rt

#.':..UkL

Etiﬂ:%ﬁﬂ

In December 20th 2010, Peking University held
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its “Taiwan University Day” activities. In the
afternoon, visitors from the academy of science met
with our teachers. Dean of the academy Prof. Qinghua
Luo mentioned in their meeting that our two schools
shared a long history of bilateral coorporation. He
hoped that we can take our relationship to the next
step by substantially strengthening the ties between

professors and students on both sides.

IR 2010 FF4A K= F, BIBEIFRE K
YRR E TR T Paul A, Anderson #03% ~ F
N4 A 4% James G. Anderson i 7 — M F5
BTN ERE. AT, Anderson HiRE 54

E B3 iji A 2% 3% International Visitors

2010i%ﬁ?—?—ﬁmf.[ﬁ'\?—*)@mtﬁﬁ"{’ »E
K, /52100 2 ERMBZFERETEMNEK
Ly SLSE Y SEPNR

VU, AR E e s 37

2010 £ &, HEERRESEFEIERBTME
MFEREEFTUNEEMARIIE, ERKX
S AEEANYSITE (EAP) B 2007 £2%), [
FARHEBETEHXEAN. BEAEER. T
IR [E B M EBNTRIME, L2 ERES
58 KFENFERZR, FHRERALE. XFE,
FRS 55 EAP Il H 835 UCLA2011 ARl 4 2 Hf
RfmE. HARRAZBRRZEME. £E
MK ZFZHRIE | EEMRAE A RFHIE
FEIEIU T K FZHIE . B PR ATEXT S

BT RIS ZHRIESE.

EFRRS58FHFR. FRFERNEXRT
ARBATEARXHNFEARIR, HHRITT AKX
TRENEtERE.

Prof. James G. Anderson of Harvard University,
son of the first dean of the Physics Department at
Yenching University Paul A. Anderson, was invited
to give a special report on climatic change at the
2010 freshmen’
met with scholars at the Department of Atmospheric

s meeting. Prof. Anderson also

and Oceanic Sciences as well as at the School
of Environment to discuss future collaborative

opportunities.

The international exchange is very active during the
last year. More than 100 internationally renowned
scholars have visited the school, for long or short-term
academic programs.

Student Cultivation

The Peking University Education Abroad Program,
which was launched in 2007, provides students with
high-end international exchange opportunities with
different areas, levels and periods. In 2010, the school
worked cooperatively with the Office of Foreign Affairs
to promote students’ joint cultivation programs,
including 2011 UCLA Undergraduate Summer Project,
Tokyo University Government Scholarship Project,
California University Exchange Program, Freie
University of Berlin Exchange Program, South Korea
Pohang University of Science and Technology Exchange

Program, EMECW and so on.
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Awards & Honors

2009 4 i .
In 2009

o EEEFMFTE - TR T RAESHER
Qihuang Gong was awarded Fuging Yang-Yangyuan Wang Academician Education Foundation Special-
class Award

o RMFIEFIK “EHAFHFELHENN
Qihuang Gong was awarded the National Overseas Chinese Excellent Individual

o HIKZHEI “2009 MBI T E ER A

Yongyun Hu was awarded the Jiuzhang Zhao’ s Excellent Youth Science Award

o FANGIE 2009 FEEAYEFE S “TWNARHAE”
Jie Meng was awarded the Asian Excellence Award of the Chinese Physics Association

o MRFHMEIRE “IFLMRFE OBHIERRGEYF TR B IS LN B 3k 2009 F &
ERBEARFEEFX

Qi Ouyang’ s Group was awarded the Second-class Award of National Natural Science Funds

o FHRHFMEYEFLSZHIYIER
Furong Xu was awarded the Youxun Wu Physics Award of the China Physical Association

° BEK. NEEANE “HBERILL AT SFFITHI”
Jinbo Yang and Yunquan Liu were included into the New Centennial Talents Project of the Ministry of
Education

o MAXIESHNERYIEL WK T IEMNE IR 2009 F2EMRLFH L F ALK
Yujie Zhang under guidance of Guangda Zhao was awarded the National Outstanding Dissertation Award

o MNERAEXBANFESEZANLEFES
Hanging Zheng was awarded the National Funds for Distinguished Young Scientists
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o HHE. TEM. BRER., sKiHH. BEHN “NERERR” RERXRHAFHAR-EX
Xihua Zhong, Ruopeng Wang, Zhijian Chen, Ruiming Zhang and Yueming Zhou were awarded the
second prize of National Education Results

o KUMERHAER KITHIHIR
Shilin Zhu was awarded the “Yangtze River Scholar Award” of the Ministry of Education

2010 4 .
In 2010,

o L EE S FF % (OSA) Fellow
Qihuang Gong was awarded Fellow of Optical Society of America

o MKRBIRAFEREFFEX
Xiaoyong Hu was awarded Xuan Wang’ s Young Scholar Award by Peking University

o MKZIERXAPERIRFREIESFK
Yongyun Hu was appointed the deputy director of board for China Meteorological Society

° Xz, AF¥RAEREAMFESENLETFTES
Yongyun Hu and Xueging Yan were awarded the National Funds for Distinguished Young Scientists

°o EERTELYEFZTHFRABRFZR
Hui Hua was awarded the Jimin Hu Education Science Award of China Nuclear Physics Association

o FEAM “TNSYIEM QCD MNVMMR” 3k 2010 F ESEFREARFZ—FR
Chongsheng Li was awarded the first prize for Higher University Natural Science

° NMERIERMHFRITE
Shuhua Liu was awarded Beijing” s Teaching Excellence Award

° JEZE2MRARFREREMIAFR —FR
Yunquan Liu was awarded the first-class award of the Yutai Rao Fundamental Optics Award

°© ZHNIRIEE GENCO HF®
Jie Meng was awarded the German GENCO Award
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o WRARBERFERGREMICFEIR
Liangyou Peng was awarded the merit award of the Yutai Rao Fundamental Optics Award

o ITRFHRAFE “MROFEERFERRIELR”
Enge Wang was awarded the Science and Technology Achievement Award by Ho Leung Ho Lee
Foundation

o FRFR “tE2ENFREIEE"
Enge Wang was awarded the National Top Ten Excellent Technology Scholars Award

o EREREWMUFTHINTER
Jiajun Wang was awarded the special award of Excellent Teacher by the Baosteel Group

o SHHEE - FIE “ItERTSERIKE"
Shilin Zhu was awarded the 24th session of Beijing” s May 4th Youth Medal

o BYMESHEAEREFALKWEERNBIRI
State Key Laboratory for Nuclear Physics and Technology was approved after checking

o ANIWEMIMNMYEERELRIRERTUNFTLLRE
State Key Laboratory of Artificial Microstructure and Mesoscopic Physics was awarded the Excellent
Laboratory Award
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