ring/ M Theory
it

Lectures on St
WX/ M B

L8R XEX §
Edited by Jianxin Lu and Dongpei Zhu

B EE R KK T B

University of science and Technology of China Press

TSI R TR




ISBN 7-312-01908-0

“ ‘l m “ ISBN 7-312-01908-0/0 - 329
48.00 JC

87312"'0190 EM




2005 52/M HP 2 JA 4 UERR S04

HBZ/M it &it

PR R G

THRAZRAXF LK B

2006 + & fE



S
W BRI B R B RYENA - MARNE—. BHY “TYLE” 1
M FRIR R B AT A A BB ARR L 3 L Rt A SRR T R R AT - AF A 2005
FELBESIRTHEM B RESFHRHBHERAHEL, B TIEE
RS ATI B0 [ Sh 4 Sk A R R R R T R R R, A
BRI S, HEHE%. BIRS. SIS TRAERRESHTEYS. &
V% B8y BRSO AR ST I 5 4 BT SUAE R SN R IR BT 10 % S WERE,
Xt HABER SR A R R F B K.

AP ERSE (CIP) %‘SHE

M B SR, REE TR G PEBPERARK AR,
2006.6
ISBN 7-312-01908-0

1. I @fF- @K 1. #igYESE 1V.041

th B A B 518 CIP %7 (2006) 5 032847 5

TRAZEA XS & BB BIREAT
(ZWEEETERMN 965, R%: 230026)

o E R E R K ERI T ENR

2 HBTE IS 2

FA: 700X1000/16  EPFk: 175 FH. 310 T
2006 5 6 A% 1 /R 2006 % 6 A% 1 KETRI
EN#: 12000 fit

SEffT: 48.00 7T



It

HIl

2005 F8 H 1 HZE 12 HERE L2 T A TF5%/M BigiE
BRIBHER. ZBEERIEE R 70T % U A 4
SRS R R, At eh T T RO TR TR, %6
TMZE B2 5 — SR A0t S B8 A 0 52 PR T % SUAE R 8
100 AE. AREB RS E BRI g ik
TIE 50 £ RSM, HEERETHERZHEARKSE. DER2EE
e [E B 5K 9 SRB1F 2 4 BRI E % B

A3 2 SR B AR RTR NI —, MR T
%M SR B ETA A ARE E, 2 i R R 5 f B AT
W AWBYERIEE T A T RSUR AR B 4%
FAELHE. B EHAURTIRE TR, WA R HIRE T
SRR, 8 HAKBKSH Ohta IR RS HPHE T 3B
THE T p-BE R HABRE) 1%, EE M K2 Bars HIZ RSN
BTHEZBRERALEZ N LRANT 2R, HBRE ML K%
Boulder 2} de Alwis BB T R T %M — LR B H AT
R ENE Tata WFFTFTHI Dabholkar #3RiR e T F XE Lz it
HERBHETEENRTHE, BE, RAEERZRKEN
Csaki #IEAGHNE T EEHSMESATH Tev WHEZL., A58
RIX AR TE R R U AR R, X B8 0 4 B R348 5 UL
FAERET S FIBF R R RARIF IO 2 ST %0k, EARA 70 i B
A St N BT R R -

XRBPHREMARNEELE FTHERBEN, BB KFHLE
53 00 CANRR) 0 B RE BRI RE . AT R R I3K T 22 0 2 0 A B 54

I



TEHES N BRI BB AT BRI RS 7, db/AA 12 ST, Bhvds. M

COENRE . RATBERSom R AR, MR RER. £

e, mE. HAEEAMERE K. &h, ROEBRHANZASHE
Ry Rk KRR BRI EDE, ERMNHSEIERX
REBIAFICIMRRS . KRTAAS, FAVBB RIS A HRR L3
B,

%)

FER R AR K
A R R R L
2006.6

11



Preface

The Summer School on the recent trends of String/M theory was held at
Shanghai from August 1 through August 12, 2005. The primary purpose of this
school was to help train the young Chinese students and postdoctoral fellows in
string/M theory and the related mathematical physics, and promote the
corresponding research in China. Concurring with this is to celebrate the
International Physics Year and to celebrate the 100 anniversary of Einstein’s special
relativity. The school selected about 50 advanced students and postdoctoral fellows
from the universities and research institutes in China and was sponsored mainly by
the University of Science and Technology of China and through grants from the
Chinese Academy of Sciences and the Chinese National Science Foundation.

The ultimate goal of physics is to seek the unification of matter and forces in
nature. String/M-theory, once called ‘theory of everything’ or ‘“TOE’, is so far the
best candidate for this, and is at present the frontier of fundamental research in the
basic structures and interactions of matter. This 2005 summer school proceedings
consists of a series of lectures delivered by five well-known physicists in theoretical
high energy physics community on the recent trends of string/M theory. The
speakers gave pedagogical introductions to the current status and developments of
" this field, covering various topics. Prof. Ohta from Osaka University of Japan gave
a basic introduction to string theory and strings and p-branes in string/M theory.
Prof. Bars from the University of Southern California spoke on a new formulation
of superstrings on twistor space. Prof. de Alwis from the University of Colorado
at Boulder talked on the application of string/M theory to cosmology and the related
compactifications. Then followed by Prof. Dabholkar from the Tata Institute of
India on the new development of calculating black hole entropy using string theory.
Finally Prof. Csaki from Cornell University talked about TeV physics related to
extra dimensions. These lectures serve the need of entering this field for advanced
graduate students and researchers in theoretical physics and the related
mathematical field.

This summer school would not have been possible without the effort and
dedication of a large number of people involved in both its organizing and
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management. We are grateful to our school secretaries: Li Ma, Jade Yao, Tao Lin
and Qing Zhu, for ensuring everything went smoothly, both in the planning stages
and during the school. It is also pleasure to acknowledge graduate students: Ron-
Jun Wu, Zhao-long Wang, Wei Huang, Nen-Cao Xiao and Yi-Fei Chen, for their
enthusiasm and help in running the school. We also wish to thank the other
members of the organizing committee: Miao Li, Cuan-Jie Zhu, Rong-Gen Cai and
Xiaojun Wang, for their efforts in making the school a success. Finally the help
from Pengfei Zhang in typesetting of this book is highly appreciated.

Jianxin Lu
The Interdisciplinary Center for Theoretical Study
University of Science and Technology of China
2006.6
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Chapterl Lectures on Twistors!

Itzhak Bars

Department of Physics and Astronomy
University of Southern California, Los Angeles, CA 90089-0484, USA

Abstract
In these lectures I will discuss the following topics
o Twistors in 4 flat dimensions.

-~ Massless particles, constrained phase space (z#, p/) versus twistors.

— Physical states in twistor space.

e Introduction to 2T-physics and derivation of 1T-physics holographs and
twistors.

-~ Emergent spacetimes & dynamics, holography, duality.
- Sp(2,R) gauge symmetry, constraints, solutions and (d,2).
— Global symmetry, quantization and the SO(d,2) singleton.

— Twistors for particle dynamics in d dimensions, particles with mass,
relativistic, non-relativistic, in curved spaces, with interactions.

e Supersymmetric 2T-physics, gauge symmetries & twistor gauge.

- Coupling X, P, g, gauge symmetries, global symmetries.

~ Covariant quantization, constrained generators & representations of
Gisuper-

— Twistor gauge: supertwistors dual to super phase space. Examples in
d=4,6,10,11. ‘

'Lectures delivered at the “2005 Summer School on String/M Theroy” in Shanghai, China, and
the International Symposium QTS4, “Quantum Theory and Symmetries IV”, Varna, Bulgaria. See
also USC-06/HEP-B1, hep-th/0601091



e Supertwistors and some field theory spectra in d=4,6.

— Super Yang-Mills d=4, N=4; Supergravity d=4, N=8.

— Self-dual tensor supermultiplet and conformal theory in d=6.
¢ Twistor superstrings

— d + 2 view of twistor superstring in d = 4.

— Worldsheet anomalies and quantization of twistor superstring.

— Open problems.



