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THE “SPACE OF BRS STATES' HAS

REEN A CENTRAL CONCEPT (N SUSY
CAUGE THEORY € STRING THEORY FoR

ALMOST 20 YEARS,
ToPAY T'LL FOCUS ON RECENT
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(1 ,
A . DEFINING THE SPACE oF BPS STATES

™

FOR DEFMNITENESS, WE FocuS oN
THEORIES WITH d=4, W=2 SYSY IN
(AsYMPTOTIC ) MINKowSk | SPAceE Tly

U I LRERT SPACKE ofF SNE-—PARTICLE amTEg/
KIS A REP. oF THE d=th, V=L ALCER.

A
Z + CENTRAL CHARGE OGPERATOR

{aiosaj(s] X (Qf"? ? +&;, C,,‘(3

DECoMPOSE ¥ = D %A
ze C

LEMMA . E =1[2) oN Hg

DEEN : %RPS IS THE SUuRBSPACE GR

FH. WHERE E=|zZ]|.




ANoOW - SPECIALIZE To TYPEI
STRING THEoRYT oN 1, x X,
® Ml—\ 1§ NoNCoMPACT $ IO DEFINE

THE JLILBERT SPACE AS A REPOF W= 2

/
WE MUST SPECIFY BouNIARYT CoND 8
FoR THE MASSLESS F/ELDS:

'\;(_apo (SI‘V)C# v ) ).___ Egoo é\/%

?{E . |_PARTCLE HHLBERT SPACE

@ GENERALIZED MAXWELL THEGRY =
'ELCE (S GRADED BY ELECTRIC/MAGNETIC

8Q

CHARGE SECTORS !

— [
Hs, = D Hg,

Nw

™ e (Twisted) k-Treoey(x )
MOD TORSIN: T7 € N, A STMPLECTIC LATI(E



Now WE PuT THESE THINGS TOGETHER

ConsiDER TLA STRINGS W ITH
4 X = STATIC, CoMPACT, CY 3 -FolD
2 FLAT B-FIELD: Be Hl(x)fg)
3. FLAT RR FIELDS

= W=2, d=4 sSvcrA

® LACH ‘fo; s 4 REPOF W=2

0 CENTRAL CHARGE IZ = —Z.U")EMX

So. WE $TUDY THE BPS SPECTRUWM
/

%&P.S = @ %F

EM)BKS
Tek® (x) ,r

FINITE DIMENSION AL



B. DEPENDENCE oN MoDUL|
~— T T~ T S NN

r(
=
“THE ¢SPACES %E%BPS ARE

LOCALLY CONSTANT RBRUT NOT GLOBALT
CONSTANT AS FUNCTIONS oF =B

MoDULI SPACE WM IS A PRODUCT ;

LINP ERMULTIPLETS »x NECTORMULTFELETS

[ crix sTR, ¢, RR Fiey | COMPLEXIFIED [cArLed]
WE WORKk AT A GENERIC HYPERMULTIPLET,

RECENT PROGRESS HAS BeEN
CONCERNED WITH THE DEPENDENCE
ON  VECTORMULTIPLETS | /N THIS TALK,

[‘f‘:= 73+1'U-7-

o THE JTuMpPiNe LocUus (S REAL
CODIMENSIoN ONE |




DEFINE AN INDEX
QCPJ_—Q_EM> :———11_77‘ . (gg:sf'(_‘)za:s

3PS
® TECHNICAL POINT .

ﬂ
Z%E e %;'HM & H(r te)
e~ 2> _

/2 1\7?@'- () +(z) eu
SP\'V\ NFE

E

S2(r; —Em)_ =1

;fec/+)

HENCEFIRTH FocUs oN ff(i“,'-éao)

¢l

]
@ CAN ALSO STUDY HODGE POLYNIMMKL

0'1-{{

‘#C(PJ:)Q— N \3>

e kEY PoINT: L2 CHANGES AQROSS
WALLS 6F MARGIANAL STABILITY



C. WHY DO WE c ARE(

— ~— —~——

[PAYSIcS mMoTivaTON |

1. THE MAIN MOTIVATION sk LECCNT
WORK 1S THE PROGRAM, INITIATED B

STRONMIN CEA— VL4 (1995) ©F ALovNTING
FIR BH ENTRoPY 14 MICROSTATE CouNTING.,
THAT Goac S STl NoT FULLY
A-CCOMPLISHETD. —

| WE DON'T £NOW BPS DEGENERACT
TFOR CERTAIN ANATVRAL CHARGE REGIMES,
=6 EXAMPLE :

[ ™— Al A — >

2 0OSV CoNTECTVRE:

RELATION BETWEEN

QM) £ GW/DT/GV INvAS

._—__.5 NONPTVE ToPoLoGICAL STRING?
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7. PHYSKAL STMaLY  of BPS STATES I3

RELATED To MATH. STABILITY (N THE
BZOUNDRED DERIVED CATEGORY 0F CoHE RENT
SHENES oN A C ! KoNTSEVICH DOUGLAT,
BRIDGELAND, THOMAS PANDHARIPANDE . ..

PHYSICS =D PREDICTIONS / CONSTRAINTS oW
WHAT WE EXPEcCT SHoULD BE TRUE.

2 MANY [NTERESTWG CONNECTIONS T
AUTY MORPHIC FDAMS AND ANALYTIC

NUMBEL THEWRY ; SomE RELATIONS
™o ARITHMETIC C V.

3. THERT ARE CEVEpAL oTHER
MORE SPECULATIVE ATPPLICATIONS, EC

BPS ALGEBRAS : GENERAL|ZING NAKATIMAS
WORK AND SUGGESTED BY TYPEIL /HCT DuAlITY
SHouLD Be CLoSELY KRELATED.



2 WALL- CROSSING FORMULAE: STATEMENT

N =2, d=UY A-ﬁse.br‘a —%
e MoODULI OF vAcua W

o LATTI/CE OF ELECTRIC/MAGNETIC CHARGES N\

6 Cobrol Chame Z: AxM — C

WALLS WHERE Fgps MIGHT TUuMP

MsS(R N ={t] =(,8) =2 E(n,1), R ]

CECo™, INTRILIGATOR VAFA 5 SEIBERG & WITTEN :
A BOUNDSTATE OF PARTICLES WITH CHARCES

T‘”F’.L CAN DECAY

‘P /MSQ"\J \",_)

0— S0

|
WE WANT TO SAY HoWw MANY STATES DEAY



PRIMITIVE WALL- CROSSING FORHMULA :

A HAS SYMPLECTIC ForM  <* y*

L ET 1— ——<T-:)7.>

| e— MS(Y‘,)F‘,_)
L: 'I\MLZZ* >OJ .
[
. ——H .
= +_
A+ \ —LILIMLZIZT )<o

II‘L
AQ =) 1T, L LN A6) 2 (T jtns)



SEM|—PRIMITIVE WALL- CROSSINE FORHULA

TN ADDVTIoN To T+, BoUuNDITATES
Wk CAN ALSO FoRM N\TT+N,.T7 TRouNdSTATES

MS (TTI) Pz) = MS<NIHJ Nz“a) NI)NZGZ+

COoNSIDER Ni=il, N, 21

SutAR |
NZ.

[t F,-H\/J’L
CLAM: "THS 1S A Z,-GRADED FOCK SPACE

X[ ’t“S>® < (J-r* kM >® A JC"“)

Y’
GRADED SPACE oF OSCILLATIRS

TN PARTIcULAR :

O+ uNAas2(rnn) =

N>o

1<, kO SUKT,
Q(H)T\—Q - c—n“"‘“h“) h

k> o

_



THE KONTSEVICH—SOIBELMAN FOoRMULA

FOR THE LATTICE A oF CHARGES
| NTRODUCE A [1E ALGERRA 2N\
W\TIH ONTE GENERATOIR FoR EACH

Y& N

205
[.e Y\ ) e'hx = C—‘) <(t,Y‘1_> e—&ﬂ’?_

(@ FIXED L, 2 AN—C,
CHOOSE ANY ONVEX ANGULAR SCCTBR V

/
’

o0
k l eX? Z INCREASIN &
Ye ZIV) NA n=| SLefE
é.rr ea DECREAS ING
= € x Scope
nel

YeZ(V) AN



3 PHYSICAL DERIVATION 0F WCF

A SUPERGRAVITY TOOLS

D-BRANES ARE OBTECTS /N A CATEGoRY

TN TYPETA/CY, THE SURCATEGGORY oF
SUSY BRANES IS PRoBABLY THE BoUNDE)D
DERIVED CATEGORY OF CoHERENT SHEAVES,

BUT WE WANT To DEScRIBE THE
(PuYsicaLLY) STABLE ORJIECTS,
AT WEAK STRING COUuPLING AND JT— o0

J A REAUTIFUL DEScRIPTION oF
STARLE B?PS STATES US/NG SUGRA

LN THE SEMICLASSICAL LIMIT

'Sb c %BPS ; RBPS SOLUTION 6E

SUGRA EQUATIONS

X SUPERGRAVITY AlLLowS ONE 7D
IDENTIEY MANY "'sTABLE ogTecTs’

THANKS 15 THE ATTRACTOR MECHANEM.



SPHERICAL SYMMETRY

—> o AT MoST ONE BFS
SOLUTION ofF SUGRA,

TE TT7 EXISTS ...

ScalhkR FIELDS £ = t(r)) AND

EVOLUTION FROM r=0 tv C=0
APPROACHES AN ATTRACTIVE

~ Fixgd PoivT B (M):
My

RADIA L
Mom/\/To
HoRI1ZoN

110 E7/




ATTRACTIR FLOW = GRADIENT FLowW FOR
fog | Z(T%) = =
BASIC TRICHOTOIMY

'j_. t*(P7v€ T nterisr (\/\(7\‘)
ond Z (T ;LM ) =0

“REGULAR ATTRAcCTOR Po/nvT 7

2. = NOINEMPRTY SUBVARIETY < M
Z(r,+) =0
3 kWM € D WM

—

(4.) = SPHERICALLY SYMMETRIC RBPS
BLACk HOLES IN Hpp ([it) PR ALLE

(2-) Hops (T:t) =¢ IN AN OPEN

REGION ©oF THE ZERO LOCUS,
7@;:5 MICHT BE MNONEMPTY FURTIHER AWAY

(.8) CANNOT USE SUGRA TO ESTABLISH
=X\STENCE : MUST VEE MICROSCoPIC
N RGUMENTS,



SPLIT ATTRACTOR FLOWS

TFE Z(t)=0 HAS SOULUTIINS IN THE

INTERIGR OF FMoDuLl SPACE THEN USE:

DENEE'S RULE: H(MHE) + o=
g A SPLT ATTRACTOR FLow (S.4.F)

S.AF: A PIECEWISE ATTRACTOR FLOW,

JoINED ALONG WALLS oF M. S.
CoNSERVING CHARGE AT THE

VERT!QCS} TeRMINATING ON R.A.P ‘s .




e L F SUCH ATTRACTIR. FlLouw TEEES
EX(§T WE CA4N CONSTRUCT A
CORARESPONDING SOLUTION AF SUGRA.

o SPACETIME PICTURE .

CY
ﬂ’\3 . o
> (xl / rrl )
L (g

()

-, |
o NEAL EACH PoNT X, THE SolLuTion

[OOkS [IKE THE SINGLE—~CENTERED
SolvTlopy ! BLACK-HOLE MOLECULES”

° XLS rPJ')

“INTEGR%\LITY CONDITION "

V. 25 <l aIM(Z—%?)

64" [Xq'—7J L =7

00

L




B. DERIVATION OF PRIMITWE WCcCF!

CoONSI1DER BOUNDSTATE oF TWO
PR IMITIVE CHARGES:

X _T;: ‘—17_
) >0
R = “lz<r!ﬁ‘ T"7_> lz\+zz-loo

|

:\M (Zl _‘2—:7_’) oQ

e NoTE: <f’,)P7_>:!:m(zl§Z>m>o

e NOTE THAT BY CHANGING T
WE CAN MAKE :EM(Z,{Z-Z)/JC—%O

v\
WHILE )Zl"'zzlfw#o

TLLVSTRATES THE k£EY POINT
oF MARGINAL STARILITY:



MS(F“)PL). "}:EM’VM( %é@'&}

~ ‘_hm CHANGE Be's

~ ._E-
// 2 ~ ¢t @ r=e =

NO T+l BOUND. S Rl?-_> o0
//Sﬁzf' E.xrszs AN

vy P2

TF Z(rjt) HAS A ZER0 THEN
THERE |S NO BOUNDSTATE oF TYPE M+,
[N THE BLUE REGION,

€ o
// ~ )/—-7 MTTRACT R
Z(—,_&) // FlLow

////27@9///

7



M ACROSCOPIC ARGUMENT FOR WCF !

I \Z\"'Z‘Z—\w#

1219_ = z <P‘)r‘9_> J:MLZ-l _Z_‘Z)bo
o ton
. t5 o )
" - MS T'.,Ez

%tms
M By
i e . >

ELECTROMAOGNETIC FIELD OF TWo DYONJ
HAS SP/IN:

T = 1 r‘l n - ] uantum
Jm‘ 2’(\( ’2>\ /tb %Correcﬂovx

LOocALITY = FoR T] I, PRIMITIVE .

‘)

STATES L0sT ERroM S (M te) ARE

(_J'.,_) o H(Mitw) © 4GY tus )



M CROSCoP I ARGUMENT FoRk Wek:

WHEN " =arg Z1/z — O, TMOPEL

LIGHT Dol BY A QUIVER GAUGE THET:
d=! N+ d=|
N e - M

! 2

TRANSLATION TO SUPERGRAVITY:
STARILITY PATA -.<,§-,_ )
Nn—N_ = Lz
GENERICALLY N4 =0 e N_=0,

SUPPOSE n_ =0 :

5> 0o M= CF
V<0 WMo= A

pze = HT(eP™ )

Ne—1|

s (8) = [ efshetz



QUIVER QUANTUM MEcHANICS

A+ SuUsY QED WITH
12 vm (A, %,2)

Ny CM,\S' <$:}: 2@’1) CHARGE + 1

., ModuLl oF SWBLE
SMALLIXY| = HIGGS BRANCH = QUIVER REPS

LMGEI<;<9>\ => |NTEGRATE OUT z; =

DENEF ) Vett | R
caste) | Newmag (0 )
’\97.
_274_
| = > %]
Qn-;-— /\_) BPS STATES oF SPWV E](n_,_—n_—/)
U <o =0 9>0
No~M—
Ny HI6ES BR. QC-;'-ULO\.V%B R. . HGGS 2R.

BPS STATES — BPS STATES



C DERIVATION OF SEMI- PRIMITIVE WCF
HALO STATES

f\/\/\/\/\’v
SuPPose KT, D> £0,

. = 7). .
J —Ad ‘17_ ’\d> 6)d=21---,r\[
ARE ALL MUTUALLY LocAal

LNTEGRABILITY CONDITIINS SAY

22 200> (& Em)

x| "
3 | |Z(m) |
= ALL|X S| Are gavad

~
\

| % \\<'L_ r|'

J72 |

-

-
-

C RoSS MS(T’\,P-L) : )—-q-A'Z_O RADIVS ~ D0



THE PARTICLES | N THE HALO
GCENERATE A Folk SPAcCE WITH

< Trl kr‘;) é.j’(.oir:_ }'(Tu) CRrReEATION
’ OPERATORS o F
C HARG-E K'l';

ALL WALLS W( r, Ni;) COINCIDE =
CROSSINGC A WALL WE (OSE ENT/RE
Fock SPAceE:

_(2.(.'_,'3 + Z AQ( F‘-»T‘,+NP7_> u"f

N>\

rn \(l’:) 5|82k
= SN, )Wé—(—l;<”zck > ! (r’,)

k>o



K ONTSEWCH - SOI BELHAN FORMULA

o NO PHYSICAL DERIVATION YET

EVIDENCE THAT kKits Su(rit)'s
[

ARE THE SAME AS PHYSICAL S2(T;4)s:

s C AN RECOVER PR/MITIVE Wc ~

s CAN RECVER SEM(-PRIMITIVE Wk

NONTRIVIAL CHECKS FoR

Sul2) S CIBERG - WITTEN W ITH
Ng = ol,2,3 4 VP ERMULT! PLETS

(LA’ST TWO ARE RESULTS W/ Wu_/ehd«u@»a>



[ IE ALGERRA |S FLLTERED =>
C AN RESTRICT TO

el
'\4@-5"“ [_eo,\ ) Cis = Q—l) -T-Jz S

., CENTRAL

/

oy L) QU
Uay T un T U

TRV

dtl

PRIMITIVE WS, FoRMuLA |



SUREY) SEIBERG- WITTEN THEKRY

U] o/, € R
s,

"—" = MONo6PoLE ) 1/
Z
V?_ = DYoN {/

HWig777!

[.e“‘\‘) e-c,ok’l = & Q° e -l ) eod-C, o+—d

STRNG = £ (e), £(6]) S2=+1 HM
WeEAK: £(11)) <= -2 VM

+ (nwn+) , £ Qq+r,v1) <D =+l HM
STRON G Ut, o' Uo |

WEAK -

-2
(Uoll Ul,1. k)':_t:g > U;'\ <' T UB?.Q_( Ulb)
E QUALITY APPEARS Td BE TRUE |

4 NEW \DENTITES FoR N, = |,2,3



L DCD2DO SYSTEM

CDENTIFY 7 WITH LTS 1MAGE

L

E < KO(X) —»T= chE VA’ @_L—}ev(/x>

H°®H2'®Hu@§€ > 'r‘ — (FO)E,Q)%°>

Dé DY D2

CONSIDER: P(ﬁ;") v — = (1’0)_ﬁ) 77.>
/3: P.D. (o) occ X HolLoMoRPHIC CURVE
C HARGE OF (THE DUAL GF) AN IDEAL 5HEAF

Cjﬂﬂ\)’ﬁ— = l—/.é—!—nae\/

CONSIDER RIND/NEC THESE
T D2do PARTILLES WITH C HARGE:

T: (o/O)"ﬁh} Vlh>



7PLoT MARGINAL STARILITY CuRvE

Z(reEmit) = Y2(7+) e R,

A <N,0> = | ch € 0F, i
T
<82, F>
+




THEST WALLS EXTEND l-m 50 TN
THE <AUWLER CoNE,

'_P.efé

|

t =

SET




CoNSIDER. THE HALDO BOUNDSTATES
WITH CENTRAL PARTICLE 77([5,14) AS
WE TNCREASE THE B-FIELD

B= > P X INCREASES
LALOS oF D2do PARTICLES (O,0fnhs ).
APPEAR & DIS APPEAR.

FOR X>Q

ALL Ny<o STATES HAVEDEcAYED.

AS X—+0 WE MoVE /NTo THE STARLE
REGION For ALl Ylh>o) AND EVER

[ "
LALGE R A—roM; BECOME STARLE

GENERAL PICTURE: TROHR MODEL

et



WHEN [,=0 WALLS L ook TDIFFERENT

It = 1 + %ocﬂ\/ £ = +2 cgb
M 2

SeT 'E:(’C-l--')'yP = ZEKO@ 'Z:(—L;) P

90>0)




T NTRODUCE. GENERATING FUNCT ION

2 (uvik) o= 2 SL(r(am) k) UVA

DénprLpo
n, (g,

SEM|-PRIMITIVE. WALL-CROSSING FIRMUA:

CONTRIBUTION oF FOCK SPACE GENERATED
BY T = =+ n,odV/ CROSSING INTO

STARLE REGION

n l"”h[*’l—ak
Z (=)™

D¢DWwo

Sl(—ﬁu—mJV)z ZQ_\)QMLHMR N;:m&

Yyh_l Mr_

0
~ h{ah
[
SPIN 28R @V INVARIANT Cgméﬂ

/



EXAMPLE: DEDO

Zrppolw) = 2, Q2 (l""io"w"e) ube




SIMILARLY, WALL- CROSSINGS FoR
THE FULL ZBpgpips AS X— X

BUILD UP AN INFINITE FRODUCT

SIMILAR To THE INFINITE
ProDUCT FORM OF Zo(u,v)

ON THE OTHER HAND, AN ARGUMENT

FR OM M——T_H'EGR L‘J [:‘D "J' ks M‘F/ v'eflt'hde.,\/wp'n.)' 'Deu—F, Hﬂeﬂ—l
| MPLIES ¢

lim £ (H,V}Z'P) — Z’D‘T (u,v)

X + 10



CORE
REGION

e STATES N CORE REGION ARE
Co\PL|CATED ROUNDSTATES

o PRODUCT OF WALL-CROSSINGS =

lr=o i knl

o LIMIT FOR x—)+09 ;

M B
HALY S CoRES
2=2. r+Q (2r-2) r
[,F>o0 - ~ o \ED ( >YL
vw=T11_ TT -2 o
Z'D‘T’ g V) (pol;t?u =0 <\ —_ (~u) V(:S

rSo0



APPLICATION TO LOCAL CAHARI-YAV
( M. Acawagic, M, D TAFFERIS )

[ OCAL LIMIT : CHOOSE CURVE CLASS By
CH'OOSE ?,{,\—G k W ITH 'P'Fk:‘}i\r:ek:O

\ N\
t = e!?g/\"l‘ + 7 T

2
—]_'-T-f].; céci>é'rr2 /N — ©Q

Nywel (F(@,n})t) :—_QM(F"(,@,M)} Z, >

A\—> %
O WILL HAVE We FORDECAYS:

M (E) = T )+ (-mpnaV)

32
e 75/\3 = A (-mz-n) NeR,

W { 3 s Lo [-mzon) o EZ k



STUDY THE PRODUCTS AS WE CHANGE
¢ AT GNSTANT =

E XAMPLE OF CanNIFEoLD: )—Lz= P

_2 m—= 0
gz(—\mPM«JV) = L m= £ |
@) Qlse
\
| W[o\. N’\ /Wol w” W‘ l‘
(/8
V\l 5 W-a-\ - \k $ Woar| . _
~N -}
’%;—" z 41 W g
A\ 7
\ a
A\ //’ W"w-l
% / ’wo







\/\/a_;/ W,
L
T
"3

T NTERESTINGLY — PRECISELY SUCH
60 ~ PRODUSTS  HAVE AFPPEARED
RECENTLY (N WoRk oF R. S2ENDRO]
J RELATED RESULTS For C7ave x €
CoNNECTING o  B.YoUNG ¢ T BRYAN.



5.  THE DY-D2-DO SYSTEM: MODULARITY
Now CoNSIDER "F°=c>

‘_': 'P"'&"_%QJ\/

REGULAR ATTRACTGR POINT:

) . ( \L
= IN kKAHLER CoNE é‘ zn <O 7

= G- 5 (D) ,QAQB

THESE ARE BLACK HOLES:
HORIZON AREA = U S(M) = Y| Z(r) |7

XP):= B +c, P Do FR PE cong

EXPECT: %Q(P;Jc)fv S
EoR TLARGE' T AND LARGE" Tmt




A, TRoUG MICROScPIC DESCRIPTION

FR LARGE T: SINGLE DY wrAPS Z ¢ [P

X (P) = P3¢, P =EULER CHARACER OF =

FLux Fe H*(Z,z)

AND N Dp s

COMPUTE INDUCED RR CHARGES:

D2 Q = (12‘_\*(F>

a _ X(P) _
Do cz_o 2y + E\.Q—: >Z— N

- Z.
Susy=> N0, F'=0 = F7) <o

A _ X(P)
?0 s (1&#\.04 - :z_,_l_—-



W (BEN) = ModDunl oF SUCH DY's

RiLb(Z) s VA(PFEN)
| |

PoUuGEHLT!

"

\¢
VvV

S o, {ZGI?I/FGHMCZ)}
Swmooth

//
MODULI 6F STARLE 6BJIECTS &

IN THE DERIVED CATEGIRY
WITh SPECIFILD CHERN CLASSES

ChEVA = E+C’2+cgo @

= U M (rrN)

=N

/



B. TINDEX O0FRPsS STATES

Q(F)N:: | Van Q(P/ E"'"J->”

J— >
A= (wlram) )
QOﬂ)m — F(NITE SUM oF oi(F,lV)

SURPRISE: WHEN h'X1> 1\ THERE
ARE SPLITTINGS (@ 00

\—l: FP"]'CQ'\_%oAV

(g o) V)

WUT it S > - -, P?

= EVEN THE LEADNG ORPER
ENTROPY I CHAMBER DEPENDENT
CE. ANDRIYASH + G. M, ]



e PR T'= PrQ+9.dV

e RAHLER CoNE, A\ DISTINGUISHED
CHAMRER

\

LQCP)N:: |} v Q(_TJ"B+:1 }’P)

A\ = X

CLAM: LIMIT EXISTS % 1S
B—INDEPENDE/\/T

( FINITENESS of ATTRARTIR Flow TREES )

HENCEFRTH WORK [N THIS
CHAMRER,




C. MoDULARITY
e ¥ ¢ Ce z";(Hz(x,C))
Z(<,T,C) =

Z A(F,N) E’—XFK& ~ 2mit %o -iTw'E-,‘;(F‘f)z—zm'F(cﬁ‘)}
F, N
SuSY PARNTION FUNCTION oF P3 (NSTANTON

U~DUVALITY =>

Z(TTC) /S A TACBI FORM =D

Z(tz )= D H(’C) )‘/L( ,C)
e L/ —

SIEGEL - NARAIN

| o= 2 (Hx2)) = H(=%)

2

SELF- DVA L

Jel IS ALWAYS IN H'"(Z) =

A(F+2,N) =d(Fv) V2el



. Hbm 1S A VECTIR —VALUED NEARLY HOLO.

M ODULAR FoRM OF wEi6HT W =— |- @)

AND MULTIPLIER SYSTEM MY DuaL
TO THAT oF &L

THIS HAS Two INTERESTING
CoONSEQUENCES

e W<Oo => H/M 1S DETERMINED BY
IS PoLAR TERMS,

SUPPRESS u-TNDEX TR S IMPLICTY:

Hey = 5 sur) e %"

2
= D ) 4 Z( ..... )
0<79,<XP _®< G <6
M - ~—

PoLAR NONPoL AR



ﬁ., Fourice co=fFFs oF cusP FORMS
W EIGHTED BY POLAR DEGENERACIEY VANISH,

F = VECToR SPA-CF o= POLY/\/OM(ALS

N @ FRT For
x@)
© < cg < &Cg >Max:

THEAN [ D NIEBUR T MANSCHOT -I-G.M.Nk

6—M, (M) — € — S (nw)

eldr) —> Gh=
(95) —2-h "8
j’g Y= D L (cerd)? 2 gt2m e )
Taa ™
—> PREDICTION 0F MODULARITY :

Z Q_(T") Gic-c> = O

O<¢1° X(?)
24




A POLAR DEGENERACIES DETERMINE
ALL OTHER DEGENEARACIE S THRoVGH

AN EXPLICIT F6RMULA - THE
RADEMACHER TORMULA,

TS NONPoLAR DEGENERACIES
ARE OF PHYSICAL (NTEREST FoOR

BLACK HOLE ENTRoPY
L EADS TO

POLAR

e, ~ e &
..|._ “ oo

So WE WANT TO CoMPUTE THE

PoLAR TDEGENERACIES ..



C MACROsWPIC POLAR STATES

TF m= (o,pq, 2s) = P+QrqedV

TS PoraR: 0< Ty (% )max

THEN Z(T+) BAR A ZERD,

TNDEED S(p} _ J’b_—v —%OXC’?)'

So NO S/NGLE-CENTERED SoLUTION

BUT Hex) HAS wW<o =, SoME
PTOLAR TDEGENERACES ARE NON ZERO

=> THESE MuUST BE REALIZED AS
SPLIT ATTRACTR STATES.



SIMPLE EXAMPLE

PURE DL{ = 'P—l-%‘,d\/

A A X(P)
W/TH ?0: ? :(?a)ﬂla)( oy -Z—L{.

F/IND ONLY ONE SPLITT/NG
[_l-_—_ P—I— ?od\/:.—_ 77""7—71

S S2 C,(X)
— e'(l+%§q> — e (l—l— ;‘H )
~ Y Jk—/\r -
1 DE Wit FLUX = 31 176 UJ/ £LxY Sz_

S\—S, =P

o Too

- mMs(n )




MOREOVER — YoUL CAN (oMPUTE THE
POLAR DEGENERALCT :

¢ t
S, S,
| “r

<l (rl){:w ) = (1) 2i--.—r-l?.\ \9IQ} )SXP-&.) =(—‘-3£lIl7.‘

Xy, = <N,m>-= E._;_ cX)-P
S 2

TCNDEED =THE CORRECT ANSWER FORR
X (YnoDuu oF PURE DYy ) :’XO?\ )



DE SCRIBING THE SPLIT ATTRATIR

— A X(P)
FLOWS FOR O< @ < o

]S MUl MORE CoMPLICATED...

LN GENERAL, PoL AL STATES CAN

BE VERY CoMPLIcATED SPLIT

AT TRACTOR S, REALIZED IN MANY
DIEFFERENT WAYS ....

R UT TN THE LIMIT P—> > WE CAN

SAY SOMETHING



EXTREME 7POLAR STATES

D'zl \ /I
\ ExTREME TPOLAR "BARELY TPOLAR

EP. S CNJEcRE: = € <| So THAT

AL

D —%b—<é N

/. YALOLX

e

Dol AR STATES SPLIT AS DD + HALOS

‘?— - N —’~ -
’ — \ e - N
- N ~
‘ /I’ ’ \\ \ \ / /_-— \\ \ \
[ ’ \ \\ | / \ \ \
\‘ ¢ @\ @ l
\ ¢ | \ —
\\'-D_G__.' / \\ . D8 /’ l
~ [SEE —/ / \ ~ L / I
S~ - / N - _-a/ /
-



SO, BY THE WCLF TOGETHER

WITH REsSULTS oN 'Z'Dg‘b-z_'pg

THE EXTREME TP6LAR

DEGENERACIES ARE RELATED

| 2 MN 0P 2
o | £l — )Z'”’P)

SUCCE STINGC A RELATION LikKE
T E 0SSV CoNITECTURE

QCP)OQ = yokﬁ /th(jﬁfl f)lle’arﬁ;‘

e 7 STRONG ARGCUMENTS FoR [%o[» ?3

© o POTENTIAL (OUNTEREXAMPLES FOR
N / (
9, | < P? . TENTRoPY EmMigHA"



C  CoNclusion

WITH MoRE TIME T Wwould 6o

ON 1o DESCRRE THE APPLICATION TO
O8V.

MoST IMPGRTANT OPEN PROBLEM
IS THe BREHAVIOR 6F BARELY POLAR

=

DEGENERACIES.

TURNS ouT To BE RELATED 70 A
SHARP MATHEMATICAL QUE ST/0N:

\ '~ Q.os Qog l N\'D'T()\ZF} }\3*\)“1
A= x 203—3‘

= k((gm>

ExrECT L < k(pm) €3



[g, RoveH SKETCH OF OSV {

QLR VERSION of OSV:

::.jl ch TVA = P+Q+qs wiHk
N —ri.g Ko«Ll-er- C°V~'E) _I_ﬁe"\-

\\_(2 (Mo = {7 QT £ 4i27) [

LIMIT 1S wELL-DEFNED & B - INDEPENDENT
l

Then

), = ydi‘g /“W/ ﬁ,r(fjﬁr f)i -

-(J_+ G *) )

\/\)Leme_‘-



. PA
T Okp = 2;: th - ‘i‘; <¢A47—2— >

Shna ‘F‘
<. Z’“’r<c3'q‘:>= TP n 2mad
= Z N.DT(@,V\)(-é-j)em/l-
(&,n

€ _ ( )
’ ZHPL%,JC) ) /BZWGPJ
n|<e PJ
_ A agmf )
L! fACPqS/ - 3_,11{? RQ X a_x_/\
— —\Te:_K (E,(X)=o>
S

It @*’P )T ENPOY




o APROVE ASSUMES THE TRVTH OF THE
TEPS CONTE CTURE.

e MOREOVER ) THE PHENMENOIN oF
'SWING S’rm—rzs” =, WE MUST TAKE

€ = & ['Pl;; 2

Ee.’. - !l Corme &qu e_xr)owzvrl'”
kNowN TO BE = 3,

o RuT TR WS, INSTANTONS T8 8%
RELEVANT WE NEED S.yq4 <2

— OPEN PROBLEM

e ——




1. FaerevTail:

ZD‘-ID?.Do Z Meb. THNS. 6F Z LlDzvo
POLAR
—
2. Z Dm (5 ) +ET(E)

EPS CoNTECTURE

Z'Débé (t"“> ZDGD N ) Debz;iw

w C. ‘:mkuQox

! ZDC’Dw Q:“) -

E ~ LFPI- 94‘ P— w0

3.

SWING STATE CoNIJECTURE: S 4142

5, Zyr=Zcw=Zre  MNOP CoNT

A
STE?PS 1§ 4 MAKE IMPRTANT
APPROXVMAT(ONS



7 PROBLEMS AT WEAK CoUPLING

TN THE CHARGE REGIME

3,
thN s < &)
THE ABoVE TDERIVATION BREAKS DOWN

® MODIFICATIONS o THE "MedeERN FT
BECOME |IMPORTANT

® BARELY POLAR DEGENERACIES
BECME LARGE

TOY MODEL: X ~ P[4y
2ni(n- 2/

Q’K V\Z‘ P € < )

fP;((%-‘-»Q) nJ EXF [ K 9(+ k,. 1]

AND THERE (S Gpad REASIW THE DERIVATION
RBREAKS DowN ...



E NTROPY ENIGMA

Now cHoosE 9, <o, P AMPLE SO

I-‘ = (O/ FP) O/ zo )
HAS A REGULAR ATTRACTOR POINT
NEVERTHELESS | WE CAN CHOOSE

D, Qan So THAT 3 A TWO-CENTERED
SoluTioN WITH [~= T+,

[l = <*'; 7 P CQJ-_‘zch = <—Y‘,';:'P)—QJ J?:Z°>

tw o

£n)

BOTH SoLuTioNS Exi1SsT



So... CoMPARE ENTROPIES
S(m)  vs. S +S(T)
I°N EFACT,
= FAMILY 6F CHARCES

AT = MoRog): T sl

W'\: <\C %P,XLQ’%?J ]-;): <_r~ LS Ve )ng

SCALING O6F ENTROPIES :
SGF) = X ()

RUT !

P—

S(M) = X7*)~ O ﬂ

N ——

= MAW IMPLICATIONS FoR PHYSICS & MATHEMATG



% SoME OPEN PRORLEMS

A..) PHYSICAL DERIVATION oF THE KS ForHuA

b.) HOW TO COMPUTE POLAR DEGENERACIES
EFFECTIVELY ¢

C-> RESOLVE THE QUESTION OF THE
ENTROPY ZLNGMA: ARE THERE CAMCELLATIONS
BRINGING e — e

o{> TS THERE AN OSV-L/KE RELATION FoR
Q (1 £4r)) 2 Do THESE ENIVY
A UTO Mogpty PROPERTIES ¢

c > OUR PROOF oF Lsmo/\/a coUPz_/Ara-) oSV
SUGGESTS A NONPTVE DEE/NITICN O
2.5 TS IT PHYSICALLY NATURAL ¢

§) ARE RAPS ALGEBRAS USEFUL TO THESE
IDEAS 7



R. MATH APPLICATIONS
<\U ITH & . DILACONESLY >

CONSIDER THE CASE WHERE

DY WRAPS A RIGID SURFACE R
IN CX
B 1S AT (N KAHLER CoNE

EXAMPLE r=2 RBUNDLE ON
S wWim™  b'(8)>)

A’S A FUNCTION o F T canN
LAVE  MATREMATICAL (SLoPE”) INSTABILIT'Y:

O —> éé“b) — & —-—>ﬁ£(n,7-4 o

SVUCH RUNDLES BECME UNSTABLE
ACROSS WALLS IN kA HLER (SNE

Exple PxfP \ "/"




W ALLS oF PHYSICAL STRR2ILITY ASYMPTSTE
IO WALLS oF MATKEMATICAL (SLOPE) STRRILITY:

~’
/' // K. SLQ?E

1 S PuvsicaL
wa STARLE
2
REFINE Q(y;l";{:) = Tr (—3) V3

FU )

jﬁ@") {,—) = H* { MoDuLl 6F BRANES}

S2(yilit) = PoNcaRE POLYNoMIAL

e SHUDIY — Z<ﬂ,f?¢'}

’ | g
AS2 = () e Qy;7)S2y:1)
=> REMRODUCE RESULTS 6F GO TTSCHE
AND YOSHIOKA onN MoDult OF BUA/DLEJ/"




—> MULI 6F DY

WRAPPING A RIgID Holo, SURFACE

1S M‘ MePULL SPACE ofF (Sz_oPE S’mz,E)

sHeaves || EVEN WHEN ws
CORRECTIONS ARE NEGLECTED.

CONTRADICTS STATEMEMTS FOUND

IN THE [ITERATURE ( mclDING MY
PAPE RS )

PRESUMABRLY THE RICLT GNEPT
[S THE M™MoDulL! SPALE OF STARLE

OBITECTS (N THe DERIED CATECRT
(YET 7O BE CoNSTRUTED )






