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I.

WHAT cav wE TELL

To EXPERIMENTERISTS



Mo SUSTY At LHC ?

Dov6LAS DESCRIBEP 4 STATISTICAL APPRoACH
To STUPY THE SPACE oF STRING VACUA.

HE ESTIMATES THAT -THE DISTRIBUTION 0F
COSMOLOGICAL CONSTANT IS IN DEPBYDENT oF Msusy
AND THAT THE PRIOR DISTRIBUTION o MSsusy
PREFERS HIGH SCALE SUSY BREAKING.

°© MORE AMALYSIS oF CORRELATIONS

o MICROSCOPIC BASIS FoR THE
STATISTICAL APPRCACH

o ‘PRoTonw PEcAT 2



K K LT ~PRroposaL

(1) “THe TREE LEVEL SUPERTPOTENTIAL STABILIZES
COMPLEX STRUCTURE MODUL] AND “PILATON.

DouvGias cowsecTuReED £\f,.. « ) b3 g det (-R-w)

KACHRU TESTED IT wiTH AN EXPLICIT EXAMPLE.
AND FOUND AN EXCEUEBNT AGREEMENT.

(2) MNomPERTURBATIVE CORRECTIONS MAY STABILI2E
KAHLER MoDuLI

DovaLas @ D3 BRANE INSTANTONS

TRivePt ¢ NowPERTURBANVE QAVeE TDYMAMICS
on D7 BRANES

(3) SUSY BRrReak/NG

TRIVED! ARGUED THAT AN INFLATON "PoTENTIAL
SATISFYING THE Slow “RoLL CownDiTION
AND THE GO e- FOLDING (AN BE GEWERATED.



STrivgs &~ THE Sky

JONES PO/NTED OUT THAT NETWORKS oF STRINGS CAN BE

GENERATED AT THE EAD OF BRANE INFLATIONS,

f BUT NO MONMOPOLES /DOMAIN WALLS .
Away

MYERS SHOWED THAT CERTAIN STRING NETWORKS (Al BE
STABLE /N THE K2LM3T MooEL . THe STewe Tewsiow T
IS ESTIMATED AS G, T ~ 10™%°, wor Excupep
By THE CURENT CMB osservaTion, BuT LIGO/LISA

witL BE SENSITIVE To GRANTATIONAL WAVES FRoM
THEIR KINKS AND CUSPS.

JoNES ESTIMATED THEIR RECOMVECTION “PROBABILITY,
wHICH SEEMS To DISTINGUISH THEM FRroM
FIELD THEORY EFFECTS IN (aSMOLOGY.



I. Does THE Stanparo MopeL

EXIST (IN STRING THEORY ) (7



A REALISTIC MODEL REQUIRES (AMoN6 OTHERS)
e REALISTIC SPECTRUM

» SOFT SUSY BREAKING TERMS & 4 TaLks

FLUX COMPACTIFICATIONS ON ORIENTIFOLPS MATURALLY

GIVE TRISE To NO-SCALE SUPERGRANTY MODELS .

FERRARA EXPLAWED How THE MN0-SCALE STRUCTURE

ORGANIZES THE LOw ENERGY EFFECTIVE ACTION.
V<0, =0,0R >0

Lovis STUDIED ORIENTIFOLDS witii D3 BRAVES

AND DERIVED THEIR N=1 EFFECTIVE ACTIon.

WHEN SUS‘T 1s BROKEN AavVD SOFT TERMS
ARE GENERATED , HE FOUND THAT THE

N0 SCALE STRUCTURE /MPLIES UMVERSAL SCALER MASS.
L INEAR MULTIPLET DESCRIPTION



CHIRAL FERMIONS CAA BE INTRODUCED

BY APDING D7 BRAAES.

V

almoet MINIMAL SUPERSYMMETRIC STAADARD MODEL

LvEesT : INTERSECTING D7
Uravéa : D3/ D9 ov €3/2,

[ LUEST FOUND THAT WNO SCALE STRUCTURE IS
VIOLATED /N THE CHIRAL SECTOR.

GRanA DESCRIBED How THE CY GEOMETRY IS DEFORMED
BY “BACKREACTIoNS DUE To FLUXES.
SHE “PRESENTED A MATHEMATIC(AL FRAMEWORK
“TwiSTED GEWERALIZED Cacami-Yau.”
WHICH CANM BE USEFUL FOR SYSTEMATIC STuDY

OF FLUX CoMPACTIFICATION.



L. ARe THERE STILL THINGS

To BE LEARNED FRom AdS/CFT



28
Yes / MoRE THan 1/3 o TarLks

9Yfz4 N=0 ( FREE N=4 SYM,) € 4 TALkS

THERE IS A SECTOR OF THIS FREE THEORT THAT 5
DUAL To THE MASSLESS HIGHER SPIN THEORY /N AdSc .

VASILIEV USED THE HIGHER SP/M SYMMETRY To ORGANIZE

MONLINEAR TERMS /N THE EQUATIONS OF MOTION.

( THE FREE THEORY ow THE BOUNDARY CAN BE
DUAL To THE /NTERACTING THEORY N THE BULK.)

BiANCHI DISCUSSED A PERTURBATION BY TURNING
o¥ A= §y, M.
OTHER FIELDS GET CoUPLED,

AND THE HIGHER SPW STHMMETRY IS
SPONTANEOUSLY “BROKEN.

ota. /&"v"ﬂd" B’“’H‘b



20
GoPakuMAaR POWNTED OUT THAT GAVGE THEORT AMPLITUDES
AT gmN=0 (FINMTE N) CAM BE EXPRESSED

AS INTEGRALS OVER MODULI SPACE OF TIEMamw SURFACES.

THIS cAN BE A (SEFUL STARTING POINT

To PRovE THE AdS/CFT CORRESPOWDEACE

AHARONY SHOWED THAT THE TFREE JYa4 SYM,

o TRx»S2 HAas A 15T ORDER ‘PHASE TRAWSITION

AT Toccomrmement = Trassorw PR N = 0.

THE AdSs PREPICTION FOR A= ek M D1 s

Toawremasr ~ 1/R
T HaasoRon o Q,'/"/ R

(72 ! RADIVS oF 83)



InTEGRABILITY wiTH LARGE CmereEs

Beiseer, Tsevymuw, ZAREMBo
A
Jz
QuANTITATIVE CoMPARISON CAN BE MADE
WHEN SEVERAL CHARGES ARE LARGE.

Noew . A= ! FIXEp

SYMy => SPW CHAIN : |NTEGRABLE
= EFFECTIVE SIGMA-MODEL

CONCIDE

SPINVING =>  THE WORLDSHEET
T0 O(2'*)

STRING THEORY 1S N TEGRABLE

= EFFECTIVE S\GMA-MoDEL

DisaGreeMent AT (O (A'3)
DVE To DIFFEREMCE N ORDER OF LIMITS :

GAvGE THEORY ¢ EXPAMD W A, J — oo

STeNG THEORY ¢ T — R , EXPAND W A= ?_;_



New /wsi6nTs From Qavee THeoey

Z AMAKLAR STUDIED DecaY of A Do BRave w AdSc
USING ITS DUAL DESCRIPTION AS

A TIME DEPENDENT SPHALERON CONFIGURATION.

INTRILIGATOR TREPORTED A VERY PROMISSING “PROGRESS
TowARD A PRooF OF THE Q - THEOREM,

a 4dim GEvERALIZATION oF ZAMOLODCHIKOUV'S
C - THEOREM,

DixoN PRESENTED REMARKABLE /TERATIVE /DEWTITIES
FoR PLANAR MULTI-LlooP AMPLITUPES IN
N=4 STMs .



12%

(GREEN SHoweo THAT OPE oF THE OPERATOR
COUPLED To gyy WITH ANY OPERATOR N N=4STMy

IS DETERMINED By THE Warp - TakarasH! |DEwTITY.

=N © NoN- REMIRMALIZATION OF
2 . 3 PuUNT AMPLITUDES

° DIFFERENTIAL EQUATION FOR CORRELATIOWN
FUNCTION oF BPS OPERATORS ,

ASSUM/ING TRWCATION OF LoNVG OPERATORS

=) AGREE WITH SUPERGRAUTY RESLTS



123
New Insionts From Buk Geomerry

KLEBarmoy PRESENTED CowVIMEMG EVIDEMES FOR THE EARLIER
CLAIM THAT THE CASCADING SUWW+M) » SUIN) GAJGE

THEORY IS /¥ THE "BARTONIC BRAMCH.

o BULK MoDE CURRESPONDIMG To THE Psevbo (otosTone

BoSoM FoR SPoNTAVEOWS BREAKING oF U(Dg.

o D-STRINGS AT THE BOTTOM oF THE BULK GEOMETRY
= AXIONIC STRINGS

Mao2z Founp Eucupeany socutiows (with wow-28e0
Yawva- Mis FIELDS ) wiTH MORE THAN oVE

DISCOMVECTED BOUNDARIES. SoME ARE STABLE.

Hocoarapric wrerrmeeTATION <



A?PRoACHEs To Brack Hoce ’Pozzc.es

MAaTHUR POINTED OUT THAT, FoR A 2-CHARGE BLACK HoLE,

THERE IS A UMGQUE QEOMETRY /NSIDE OF THE HORIZOL/

FOR EACH STATE oF THE BLACK #HoLE .,

HE ARGUED THAT THE BLACK HOLE HORIZON (S
A BOONPARY oF A RESloN WITH FU22T GEOMETRY .

SHENKER DISCUSSED BLACK HOLE SINGULARITY
FrRoM THE HOLOGRAPHIC "PUNT OF VIEW.
HEe Founp TMAT THE TFNASE TRANSITION
IN “CHOOFT LooPS EXPECTATION VALUVES
OBSERVED EARLIER /N THE BULK HAS
AN ANALOGUE IN THE WEAKLY QOUPLEP STy .

He REPORTED PROGRESS AT FIMTE TEMPERATURE
SYHQ CoMPUTATION




Many vEARS BEFORE. THE AdS/CFT CoRRESPONDEACE

wAS DISCovERED , PoLrAakev HAD SUGGESTEP THAT
STRING THEORY DuAL To A GAVGE THEORY SHoulD

BE /& HIGHER DIMENSIONS ( EXTRA DIM. = LiovviuE ).

ALoNG THIS LINE OF TMOUGHT, HE DISCUSSED
SIGHA-MODELS FOR AMON-CRITICAL STRING (WORLDSHEET
USING SUPERCOSETS , WITH NONTRIVIAL FIXED POWNTS
ForR AdS GEOMETRIES WwitH RR FLUXES,

He sPeculaTED THAT THEY ARE TUAL ~To

NN SUPERSYMMETRIC GAVGE THEORIES,



. New PHEMoMEVA 1w sTRIWG THEDRY P



Two - DiMENSIONAL THEoRIES

Matrix MopEL FoR 2 d STRING THERY HAS INFIMTELY
MANY CONSERVED CHARGES.

S'E/V /DENTIFIED THE COoRRESPOND/ING CHARGES

JN THE CONTINUUM FORMUATION OF THE THEORY.

FoR A BLACK HOLE , THEY ALL VAMISH EXCEPT FoR

THE ONE THAT CORRESPONDS To ITS MASS.

HE CoNTECTURED THAT TME BLACK HOLE /N MATRIX MODRL
IS MADE OF A LARGE NUMBER OF FERMION /HOLE

EXCITATIONS , EACH WITH VERY SMALL ENERGY.

MALDACENA STUDIED THE ENTROPY oF 2d BLACK HoLE
pescripep By THE KKK MaTRIX MoDEL.

HE Fouwnb THAT EACH FIXED REPRESENTATION
CARRIES MNO ENTROPY.

THE FoRMwA _S . 1

e m
DOES NMOT COUNT THE NUMEBER OF M/CROSTATES ,
BUT IS THE MULTIPLICITT O0F THE REPRESENTATION

WITH THE BIGGEST ConNTRIBUTION,




MivimaL STrivg THeORY

SEIBERG COMPUTED DISK AMPLITUDES FOR BRANES
IN THE (P, %) MNMAL CFT + 2d graviTY .
HE Fouwp THAT A KIEMAMN SURFACE EMERGES
NATURALLY AS A MODUL] SPACE OF BRANES.

THIS FITS WNICELY WITH TORDLOGIGAL STRING RESULTS,
WHERE THE CORRESPONDWG MATRYX MODEL (S

Larce N ovar To crosep STRWG ov CT3
ASSOCIATED To THE KIeHamw SURFACE,

LiovviLLE
=
7N

MATRIX ToPoLOGICAL
MODEL CLOSED STRIWG
e

SATISFriNG UNIFIED Pic TURE



KasTELL] POINTED OUT THAT OPEN STRIMG THEORY
oN N FZ2T BRavES N THE (2.1) MIMIMAL STRING

IS THE KoNTSEVICH MoDEL .

=> PHYSICS ‘PROF OF OPEN/CLOSED STRING DuAUITY
IN THIS CASE.

HE alLso SHOWED THAT TOPOLOGICAL STRING
ov AdSz3x S2 wirm R uwrs oF NS-NS FLux
IS EQUIVALEBNT To THE (R, 1) MIMMAL STRING .

AdS rapios = LiobviLLe

1\

q



6
D graves w N'=2 SCET

WaLcHeER DiscussEp D Brawes wn THE Lawpau- Giwzsure MobEL

MATRIX FACTORI2ATION Q = ( o £
Q%= W - cd 9 °
T LG potantiat £, 9 : TACHYoN COAFIGURATION
w DD,

HE STupiED Mobuw.) SPACFE oF D BRANES

/N THIS FORMALISM,

EGUCHI EXPLAINED THAT THE MOPULAR BXTSTRAP GIVES
A SIMPLER DERIVATIoN of THE 22 awvo FZ2T Branss

IN THE LjouviLtE MoDEL.

Xo(t) = <221 e‘:xtH 1227

APPLYivG 1T To THE N+ 2 Liowviwe Mocec,

HE CLASS)FIED “BRANES /N THE MoDEL .

*ec BRANE ON CoMIFOLD , 2d BLACK HOLE, &c



1S
ArvomaLIES *+° 20 Years AFTER =

THE FIRST REVOLUTION

MoogE DISCUSSED TOPLOGICAL ISSVES IN 11d SuvsPA.
HE POINTED ONT THAT A MNAIVE CLASSIFICATION
OF ELECTRIC /MAGNETIC FLuvEs By HA*eoH7

IS NOT APPROPRIATE AND NEEDS To BE PEPLACED
BY A Nowv- ABELIAN GROUP :

ELecTric FLUXES (Pace CHARGES ) DO MOT (OMMWITE,

HewviNgsom DISCUSSED THE (2,0) THEORT W & DIMENSIoNS
WITH TENSOR MULTIPLETS MWD SELF-DUAL STRIHAS .

HE SHOWED THAT AMOMALY CANCEUATION CoNDITIONS

LEAD To ITS ADE CLASSIFICATION .




Iy

SUPERTUBES

CYLINDRICAL [D2 BRAWES SUPPORTED
AGAINST COUAPSE BY ANMGULAR MOMENTUM

TOWNSEND DESCRIBED THEM AS SoLITONS

OF QAUGE THEORIES auv “BRAMNES.

Horava POINTED OUT THAT THE GospeL UMVERSE
AND THE OVER-ROTATING BLACK HOLE GEOMETRY
CAV BE GLUED TOGETMHER AT A SVPERTUBE,
REMOVING CAUSALITY VIOLATING REGIONS OF BemH GEOMEIRIE

HE SPECWATED THAT THEY MAY BE AT
CENTERS oF GACLAXIES.



Bakas sTupiep THE Riccr Frow (~ RG Flow)

FoR 2d TARGET SPACE.

He Fouvo THAT THE EQUATION IS EXACTLY

SOLVABLE BY THE “BAKWND TRAMSFORMATION.

FERRAR| DISCUSSED A SMOOTH PROCESS A/ A GAUGE THEORY
wHERE A D BRavE-LIKE OBIECT ( Teasiow ~ g )

TURNS /NTo A SoLiTomic OBIECT ( Tewsiow ~ Yf2).

AT A CRmMicAL POINT, THERE IS AmM EXOTIC OBJECT
WITH TENSION ~ 1/,/'5 :

He ALso DISCuSSED OPEN/CLOSED TOPOLOGICAL STRING

DUALITY FOR A LARGE CLASS OF MULTIMATRIX MODELS,



V.

s THERE A BETTER ForMuLATION

oF THE -THEORY ‘¢



TPure Seivor Formacism
© MAMFESTLY SUPER PoInNCcarE /N VARIANT /N 10 DIMENVSIONS

o knvowN To REPRODUCE TREE LEVEL AMPLITUDES CoRRECTLY.

o HIGHER LOOP GEANERAURATION HAD BEEN DIFFHCQLT
DUE To THE LACK o “b"”,

BERKoVITS CONSTRUCTED AN ANALOGUE ofF " b"
AND USED THE TORMALISM “TO “PRoOVE

/7 VAMISHING OF MuLTILooP N PoINT AMPLITUDES

FOR N <4 . IMPLYING FIMTENESS °OF
A\
S
&%, AHPLITUDES To ALL ORPER /N GEMWS EXPAASIOM.
> 1

8 Tie R* coNgECTVRE oF B AuSe ProveEw .



ToPorogicar Strive THEoRY

o MAY HAVE A MINPERTURBATIVE FORMULATION .

o UNIFIES MANY |DEAS
IN INTEGRABLE MODELS AND TOPLOGICAL THEORIES

IN DIVERSE DIMENMSIONS |

© IS CLOSELY RELATED
To <PHYSICAL SUPERSTRING onv R*x(Crs .

LI_D



VAEA SHOWED THAT, FoR A NoM-CoMPACT Toric CYha,

THE ToPoLoGICAL STRING PARTITION FUNCTION ZTop
IS COMPUTABLE To ALL ORDER IN ‘PERTURBATION

. USING THE TOPOLOGICAL VERTEX,

ZTop IS ALSo EXPRESSED AS A SuM OVER
BLOW-UPS OF THE TDRIC GEOMETRY , WHICH
canv BE INTERPRETED AS QuANTUM FOAMS |

HE WNoTED -THAT THE RELATION
Z8n = | Z7opl®  (EXPLAINED BY STRoMINGER )
SUGGESTS THAT Z Top ITSELF DOES NOT HWAVE

A NON PERTURBATIVE COMPLETION , BUT |Zop |2 DoEsS |

He DEMOMSTRATED THIS EXPLICITLY A THE CASE
WHEN ZgH IS COMPUTABLE AS THE PARTITION

FUNCTION OF 2d QCD ov T2,

|



| 1
Nekgasov SHowep THAT THE A awvo B MooeLs

ARE S-puaL :

ZA?EPT- - Z D WSTA¥TONS

B s = 4/38
B A

Dikerasr AnD NEkrASov ‘PRUPSED
7 - DIMENSIoMAL. ACTIONS ( Ay DUAL VARIABLES )

wHicH REpuE on CYy = S,'2

2

#ITH  Jp 0, R=o0 . j-,—z,,,=gl FIXED

To
Tue KAiuier GraviTy (A-MobEL )

+
THe Komaira - SPEMER THEORY (B-HooEL)

4+
THEIR MIX/NG

Ov 10 8 pivewsions [




STrRoMINGER CONTECTURED :

Zan = | Zop |

/

WHERE

ZBH CP;‘P)- = l;_\ Q({" 9) e-"?'g

() = INDEX oF BLACK HOLE STATES

P. 9 ° MAGNETIC / ELECTRIC CHARGES

Zop (X)) , X=p+tP : CT mopwy

WHY €



. WHaT wie Witer TR Us 1'%



o Heatr RETURV To “PHENOMEMOLOGY

WITH MEW |IDEAS .

[AA/DSCAPE, CdSﬂ/c Sm/A/&SJ coa

o TDEEPER /NSIGHTS

INTO FORMAL STRUCTURE

AJS/CFT . ToPorogicaL Strws NI



Santa Barvara WorksHop

&
MaTHemATIcAL STRucTuRE
N STrRiInG THeory

Aveust - DecemMBsR, 2008

ORGANI2ED BY !
“R.Diskcraar, M.Dovecas. M. Kovrseven,
G. Moore ., N. Mexrasov . H. Oosor

APPLY AT www. kitp.vesb.edu

/See aau on 1‘/,.4 »6«4&
wm  Southeam CW/mw'a /



© MANY YOUNG SPEAKERS

o PLENARY TALKS ONLY
A HEALTY TRADITION

O ENJOTYABLE DISCUSSION

N THE BEAUTIFUL SET-UP.



“THE “REMARKABLE SUCCESS
OF THE CoNFERENCE

CAV ONLY BE EXFLAINED

BY THE Avmhrepic “FRivcinE.



“THE “REMARKABLE SUCCESS
OF THE CownWFERENCE

CAV ONLY BE EXPLAINED

By THE AdrRre TFewcmc.

Five Towmwe

BY THE ORGANIZERS |
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ENJOY

YOUR VACATIoNS,



