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1 T NTRODUCTION J

THIS TALK 'S ABOUT THE BPS

SPECTRUM O0F W= 2 D=4 FIFLD
THEORIES,

“THE B’PS SPECTRUM OF THE THEORY
ON RY 1S A "PIECEWBE CONSTANT

FUNCTION OF THE ROUNDART CONDITIONS
AT OQ OF VECTRMULTIPLET SCALARS,

RECENTLY THERE HAS REEN SaMt

PROGRESS IN UNDERSTANNNG
PRECISELY How THE SPECTRUM

‘DEPENDS oN RouNDARY ADIMONS

THESE ARE CALLED WALL-CROSIING

“ORMULAE (WCE ) THIS Talk WILL GIVE

A PAYSICA (L INTERPRETATION AND
PROOF OF A FAMoUS WcCrF  oF
KONTSEVICH + SOIRELMAN.
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R REVIEW N=2D=Y WALL c&osswcﬂ

ConsmER A THE®RY oN RY
WITH N=2 SUPERPo/NCARE’ SYMMETRY

LET # TBE THE ONE-PARTICLE
H/lBRERT SPACE.

AS A REPRESENT ATION oF THE
W= 2 SUPERPOINCARE’ ALGEBRA A; 0

DEPENDS oN THE ROONDARY VALUES
C+ FIELDS AT o0

THESE 20UNDARY CONDITIONS ARE VALUED
N THE MoDUL| SPACE 6F VACUA: B

ForR uef®R , WrRre F,.

/



=1

ToR ALL we @ THERE IS AN

UNBRoKEN ABELIAN GAUGE SYMMETRY

OF RANK ¥, So 1S GRADED

BY THE STHPECTIC  LATIICE |7

OF ELEC .+ MAG. CHARGES, (6F RANK &r ).

.= %,

U
¥Ye

ON EAcCH SUuBsPACE ¥, THE
CENTRAL CBARKRGE OPERATOR

Ze A (S A STALAR,

TENOTE THE VAWE ZyW)




RECALL THE W=2, D=4 Susty ALGERA

A= A, e A,

AQZ (S'thQ,z) %Rﬂ@ w) & IR
M)‘W (P/“ =
Al = ES?I'MH' @@L—l R
QK:F_ , @E(I

— J
{Quz, @473 aRols &
1Quz,Qpr f= RZ €y 6z

UN T ARY |RREPS SATISFY BPS BOUND :

—]

= > \Z|



DET. P = SUBSPAE SATURATING

THE 2PS BouND
= 1ZXQ"-> l

7]

ON THIS SURSPACE

SOME ®PS PARTICLES CAN BE VIEWED AS
B OUNDSVATES oF GTHERS

[Ce_coﬂi)%nA\Q)’)L‘Eﬂ'P’,’sm\/&,{'a ) Se_fber-j t‘t W L"H'ehj

Zy(w) 'S LINEAR IN ¥ =¥+ ¥ SO

Ew) = 1 2w)- (EBwlHZawl) < o

—> DECAY oNLY HAPPENS ALING
WA LLS OF MARGINAL STARILITY

MS < 75:0@ = % U\) ZZ‘Q*)/ZX}V\) € TR-\-}



WCF: BE MORE QUANTITATIVE
ABOOT '"How MANY'' STATES DECAY

DECINE THE PSS INDEX

fzkﬁx; w)r= -2 1 (23,¥ (—quS

B?S
Y, u

’DENEF'E‘;_ MOORE GAVE FORMULAE TFoR

ASL FoR DEcAYS Y=, +¥2

WHERE AT LEAST ONE OF K‘)Xl
ARE PRIMITIVE.

THE DERIVATION 'S BASED oN 'DEMEF\,S'

MULTICENTERED SoLUTIONS oF W=2 SUGRA
AND QUIvER QUANTUM MECHANICS

THE METHODS ARE DIFFIcULT TO USE

WHEN B0TH Y, ¥, ARE NON-PRIMITIVE



< ONTSEVICW é‘l So IBECHAN PROPASED
A~ REMARKABLE WCF FOR

DT
AN  INDEX _O_CX;MD

YGENERALIZED DONALISON ~THOMAS ,
INVARIANT oF A CALARI-YAU 3-FOD

We EXPECT THAT

VW) 0w < L (w)

So THE kS WCF APPLIES TO
PHNS\cal BPS DECENERACICS

THEMR $oRMULA APPLIESTO ALL
DECAYS ¥ — X, + 7,

THIS TALK PROVES THE kS WCF F6R
OM¥,u) IN W=2 FIELD THEORIES s



SUMMARY OF PF 2-9 :

e W=2 D=4 FIELD THERY

e UNBROKEN RANKk r ABELIAN GAUGE
Theoey IN THE TR=

" = SYMPLECTIC LATTICE OF RANK 2r,

* £s¢ How.(f‘, C ) CENTRAL CHARGE

DEPENDS oN (e B3:= Modul oF VACUA
BPS

° Kyu = {‘H E’:\Z\((u)”

<2(¥;u) = Tr_&@)"? 5 PECEWISE ONST,

e BPS RBOUNDSTATES oF 2ZPS STATES o6F
CHARGES ¥, ¥, CAN DECAY AS i CROSSES

MS ( jt“z) "= % Uk} ZB‘L‘*)/ZX}V\) € m+}

e THIS TALk PRIVES THE KS WCF
FOR FIELD THEORIES.
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3, THE KONTSEVICH—SOIRELMAN FORMULA l

_
DATA :

1 SYHPLECTC LATTICE T

2. CENTRAL CHARGES 2Z[u) | we B3

3 PIECEWISE coNsTaNT SL(¥;u) € Z
FIRST INGREDIENT : BPS RAMS :

FOR ueQ@ , ¥e T
Q = Zx(u)ﬂ{: {Sl T/Zx(u)é TR_‘}
g T 'QX u

oQ

N

11
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AS W VARIES THE SLoPES OF
THE BRPS RAYS VARY

AS W CROSSES A WALL MS@JJ

BPS RAYS WILL COALESCE
A MS XUX‘?-)

+ W

Y.+Y

{ ] ,-l—x?_ 'AX, = 1 = Q(c“\(z Z’Y:_

12



SECOND INGREDIENT: A SYHPLECTIC TORUS:

o T NTRODUCE THE  COMPLEX TORUS

T . T¥e CfF = * x cenn < ¥

Z - —

¥Ye ' => FONcToN Xyp:T — ¢

\ t
HOLOMORPHIC FOURIER MODES

CHOOSING A BRASIS \Kc For T' =

(ee.) o )egzr) GT) ei & C

XY = 6)&,:[5('9-1

13



o HOLOMORPHIC S YM PL ECTIC FORM :

— ) °* der JXX'
"J'._—_ ‘6 e—— " A ——— |-=<¥;, .
= ¢ € XY XK; € >

° TOR E AcH Ye 1T DEFINE A
SYMPLECTOMORPHI\SM :

<Y\ YD

KY-. Xy — X(,O— G(XSX,()

X(( —> ><’2$/ e.xP[<b’,‘('>&>3(l—- c-{X)XY>]

()\’(\(3 = % | 14



ARBROUT THE SIGN

K ¢S TINTRODUCE A LIE ALCERRA
1)

<Y1sz.>
T, @) =CN" <x > e
DEFINE A GRoUP ELEMENT
60
U tT X C._m:
Y ° g e
AND  Work wiry Uy INSTEAD oF K,

CHOOSE A QUADRATIC REFINEMENT

o~ (3+(.) _ (_,><¥.,Kz§
0”(3’,30‘@’7_)

O (¥)€y GENERATE THE LIE AL
OF SYMPLECTIC VECTOR FIELDS.
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EXAMPLE

r=1 = K
L@k @ b)> = abl —al

12

y/R-"W44

T = Q*xﬁ*
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THIRD INGREDIENT ¢ CONVEX (CoNE )/

FOR TEACH BPS RAY DEFINE

5Y: — —TT— K Q(K‘;u)

Yy v
AND THEN DEFINE :
—>
Ay:= TTS,

Q{,uC'V

17



Ay= TTS = TF g
Q-YC“V -2,V

THE PRODUCT IS TAKEN OVER
THE RAYS [N THE CLOCKWISE.

ORDER (DEQREAS//\IG SLOPE>

A, DEPENDS oN w /N TWO WAYS

/_T., THE ORDERING OF FACTORS
DEPENDS ON K

L THE SZ(X‘.VL) DEPEND oN u ..

18



THE KS FoRMULA STATES THAT

NEVERTHELéS)

— Q(Y,m)
Ay=TU K

L=v 7

'S CoNSTANT IN W AS LoNG

AS NO BPS RAY ENTERS OR
LEAVES THE SECTHR V

THIS 'S A WALL- CRoOSSING
“ORMULA ...

19



AS W
U+ u—
A WALL

U+

—> EXCHANGE 0RDER (N

4, - Tk

Lycv

L(Yju)
Y

L (Y;u) MAKES A CoMPENSATNG CHANEE



4 CoMpACTIFICATON OF N=2,D=4
FIELD THESRIES oN st

! [

A. SEIRERG- Wi+TEN SoLuTIoN

G - CompAcCT S.S. GAUGE GROUP RANK= T
@ D= 4, N= 2 FIELD THEORY

(CcAN ALSO INCLUDE #HM's )

u, = < T+ §2'>

15 :(qu;\)G"é C Uy = <TrE>>

S¢W GAVE FoRMULAE FoR
o £y ()
» LOW ENERGY ABELIAN GAUGE THY

/N TERMS oF

SPEC/IAL KAHLER., GEOMET2RT

21



REVIEW SPECIAL KAHLER GEoM:

c £ D FREED, hep-th /97120472
VIEW T7 AS A LOCAL SYSTEM OVER B

M. — M @é?/\/\/lu
l | T

W <,

63
\//(u: m*% QR/:mz> ~ "

—

TN REGIWS oF (3 CHOOSE A
POALITY TRAME:

T = ’_;L@ ij T_’Wﬁ-:ré




CHOOSING A DuaLITY FRAME:
1 CENTRAL CHARGE FUNCTION

ZY(M) = Qe XQQ i C\:D-ij

oI - Zociu) Apr = Z@:(“)

2- Q,I = Zx(M7 1 = [J -- =
it
LoCAL CooRDS oN T
3. ©__ - 9%3 _
“ry T S,z = Sgp , TmTYO

= WM, 'S AN ABELIAN VARIETY

4 Low ENCRGY LAGRANGIAN:

_ T
i el gl TMTID'(OLO“EoLaK -} ' *FT)

HT

1 T g
+ o Qe"CT_U_ A F

23



S % W CONSTRUCT AN EXPLICIT
FAMILY OF TRIEMANN SURFACE S Z“-?

TOGETHER. WITH A MEROHMORPHIC
(1,0) - ForM A ON >

° Fu = Hl (iw)z>
o Zylu) = chY .  YeT,

« WM, = TACqu)

24



BAS|C EXAMPLE: G= SU®)

2 t - D= vEP2u

_____

MSGe¥m) = T2 ¢ R T §



SPECTRUM !

2%~ D HM(an, 1) ® VH(z0)

W
EAk M—Z[

D CoNJUEATR

B2 = BM(2-)@HM (o)

P CoNTUVEATE
E'B ol ‘tkq:emm']

KS [DENTITY:

K, Ko = Koo Ky Ky KK KK

270 Co, 1 T O, "2, 4, 61 4 zr

/

T 'S Trog L

26



‘KEMARK: ADDING MASSIVE FLAVORS
GENERALIZES Tug WCF

Nr— rer?
Y — X +Y7
*

Tahvduce constunts ﬁo‘j p® c Q—”c)*@ C

£
Ko = Xy TQ‘Q%

<%,

K‘(,X{;: XY' - X(' (l'_ G-(X)X’f,lf;)

WCE AGAIN £oLDS WITH

Zx,x% (w) = Z,W) + mo\\(f

27



B CoMPACTIFY oN A CIRCLE .

. NOW CoAsmER THE THESRY ON

2 1
TR™x SR .
.« L OW ENERGY THEORY IS A 3D
S - MoDEL ¢ R —> WM

T (R x%) —» OF(R)

PERIOD IC ]

Sl

CP\m,I = S'SA%\D'B)I dx*

TOPOLOGICALLY M IS A TORUS
r1BRATION OVER T3

28



LT |S EXACTLY M = 7"*@12/2“24
“THAT A-PPEARED AROVE ¢

e SUPERSYMMETRY =
WM MUST CARRY A HYPERKAHER METRIC

L ET US TRY TO DESCRIBE (T .



THE SEM|-FLAT METRIC

| EADING R—>00 APROXIMATION !

USE DIMENSIONAL REDLOCTION
+ DUALIZATION OF 3D GAUGE FLEL

f 7 R T
_ = T T —
— —2—" -—M-C.I_J- d_Ob *OL [0V

_ | wk=] —
TR o) JZI xdz,

OQZI — JSDMJI — —CI'_J‘ 0[9083—

THIS DEFRNES THE SEMIAEAT METRIC

| =\
%SF: R@MT)\OLQ \Z_\_ LE—TF_—EQLM-Q Lolz\z'w



C THE KEY IDEA

e THE METRIC %S* RECEIVES QUANTUM

CoRRECTIONS FRoM BPS PARTICLE
LOORID-LINES WRAPPING ST,

o THEREFORE THE QUANTUM CoRRECTIONS
DEPEND onN THE BPS SPECTRLM.

e THE TRUE METRIC 3 SHoulD
BE A SHMooTH METRIQ oN M
AWAY FRoM THE Locus (N B
WHERE BPS PARTICLES BEGME M=0O.

® SMOOTHNESS oF g ACROSS WALLS
oF M.S, IMPLIES A WcF,

CLAIM: |T 1§ THE kS WcCFE =



[5 TWISTIR SPACE A’P?R@ACHJ

WE WILL USE FITCHIN 'S
THEOREM : KNOWING (WM,3)
IS EQUIVALENT T 0O KNOWING

TWISTOR SPACE Z= W xCP'
AS A HoLoMoRPHIC MANLFOLD.

Theorem @ LTF (WM,q ) IS HK

—

OF MDIMENSIoN Her THEN:

32



1 g HoLo. FIBRATION

- ' .

7 Z2 —> QP
U = 75.« (s) M IN CoMPLEX

T SRUTRE S

2 H HoloMeRPHC SECTION

2.
2
73 OoF QZ/@,®®C )
’a);‘: TIS[MI = HOLOMORPHIC SYHMPLECTIC

FoRM ON M

3, T ANTI-HolLoMoRPHIC T Z — &
COVERING S-5~/%

4‘. \v’xeM) - HolLoMeRrPHIC SECTION

]
S, €CP'— Z  Wrm NRMAL
BUNDLE C}CI)Q 2r

33



CONVERSELY,

GIVEN

\/

REGNSTRLET THE METR\C_:
Te ¥

FOR

o

L =

RABLER FORM

W, + 1w,

OUR. STRATEGY 1S TD CoNgTRLUCT zzfj.

EXPLICTLY

]

LY
Rk M UsinNg A

"N(cE" SET 0F HOLOMORPHIC
FUNCTIONS ON TWISTOR SPACE:

%Y 3 b/ér, 34



JSE THE TORUS FLBRATION 6F M :

A =)
M

YR

FoR S+0,w WM, 'S NoT HOLOMORPHIC

BUT Consider  f .= e ¢¥

T HAS A FIXED CoMPLEX STRUCTURE

nNJ

2
WITH HOLoMorRPHIC EBERS & (€))7

e T HAS HOLOMORPHIC FUNCTIONS Xy

o 0 HAS A FIRERWISE HOLOMORPHLC
S YMPLECTIC FORM:

T \ I’J 0(: XX N d Xr.
= € —/—— A
@J 2 XX; XKO 35



WE SEARCH FoR A HOLOMORPHC MAP

AxX: Z —> T=T%c?t

M, 2 Q" T =(Cc*)”
-
s x0,s) |
M )
oL
(5 - ~——

SO THAT: WO, = X(')Y)*(QT)
| E WE DE E/NE /)C t= 9(* (XY>

_5 @JS' ’-J 4 %b’ d Xy;
XY; X‘(d 36




WE CAN VIEW

A Xy

Xy,

T, = Lt Ay
$T RS

A

IN Two WAVYS:

o KNOW THE METRIC =S> CoNSTROLUCT Xy

— Do THIS FOoOR T™HE SEMH AT
METRIC AND FIRST QUANTUM CoRRECTION

e ULTIMATELY, WE TDEFNE THE
XX AND USE THEM TD DEFINE

Wy (AND WENCE THE Hk HETRIC)

37



EXAMPLE: SEMI-¥FLAT LIMLUT

WE know g% = CoMPUTE

O = L, +w, =2
— 2 4T 25 1oEn
= oaadz o+ = dz,

SOLUTION: DEFINE 6y : My Baz— Rizrz

1

st - ’ —
X, < exg[wRS 7, 16, + RS Z, )

|

[ A NETZKE & B. PIOLINE |
{

« LEADNG APPXT To Xy FoR R—>0
e« NO Q.C.s FRoM BPS STATES. )



\ 6 SUNGLE -PARTICLE CoRRECTIONS j

NOwW WE |INCLUDE THE ERST QC.

® ToR SIMPLICITY CONSIDER v =4,

o CONSIDER A POINT u,*é’@
WHERE A S/INGLE HM  HAS MO

C HOOSE DUALTY PRAME SO [T HAS CHAGE
Q%.O), 2>0 L~ CENTRAL CHARGE Z=qo

\

cpe/{@ U.*‘ a=0

CaDN & Roga )

pd Z>

OCALING LIMIT: Q'R:g<<|) R — o0 =:>

ToMINANT CoNTRIRUTION FROM A SINGLE
4D RPS ©M. 0



COoMPUTATION OF THE METRIC

o |INCLUDE FE,. !N UD EFFT AV
» Kk REDUCE

K K REDUCTION = TARGET

SPACUS METRIC IS A GIBBNS-HAWKING
ANSAT 2 [S -e.t'berj Witlen ; Oosgm Va.-Fa\/'SeiLeEjSKe.nlcer-}

—_ | 2
q= V&) (‘;—O—EVEMA) + V(R) dR*

F = *%dV xe R*
INTEGRATE OUT Kk TOWER :

V(x) = j};z - —
L nes 121\&\14—(%.2.%_,_\4 2

40

Q= 2wR x*® PERI0DIC



inst
\/(32) = \/S-F + V J
ot “ o >~
\/ = ""_E_H_——(Q_OSX 4—2033\._')
w3t = 2 A
V&2 3R € b K, <Zn—Rana[ )
T nto )
~ =R gl s AN TN

CaN TRIBUTION

Mk STRUCTURE: o= 1,2,3 -

W7 = dxXA (d%’# A> \/ém('{)yolx(s alx

—)

= CoMPUTE ’a’_ ———co F o, —Z‘SCO

41




/\Jow W HAT ARE THE #HoLo.
FUNC"/ONS ON TWISToR SPA cr-—?

ALGEBRA oF Holo Furvemons 1 Xy |
oS N TWISTOR SPACE [S GENERATED

Xe P = X(ho) = e.x?{icfe-l- v }

Xm": )Qoll) = exF {’itfm“- b Ak
Xn) = Xe X

[ -

DETERMINE KXo AND A

ROM A DIFEERENT/AL EQUATION

A —

s 4r*R Xe X,

[

TS = / dﬂe o X.. ]

42



WE FIND:

ST
Xaz %& = exr]:[_%{-m+i6fe+'xtﬁfa‘g

Ul

st st

X=X,
st R , —
XM = eXT{?. Oy + 1+ TRYS ap h&

Op = %Z (aﬂej%\— )

AT,

inst+ _
X = T NSTANTON CoNTRIBUTION

43



%CWE;')_: exf)% ﬂ_

¢

_ 9 g‘ o3’ 5‘4—5 -
LTrr_ </ Lt /Qo (I X (S' )
L {(-w \
S )((1 ) o
XLS) EXP. SMALL
L7 —
B )

’XQ_CS) =
EXP, — L [ = -a)-R

L ARGE G0 -

44



EMERGENCE OF T™HE KJ TRANSFORMATION

AS A WUNCTION oF S) X o

'S DISCONTINVOUS  ACROSS THE

RPS RAYS OF THE HWHNPERMULTIPLET
OF CnARGE ((*9,0)

_ Zyu
b= 15| Ee R |

ACRoSS THESE RAYS:

((Xe)(xmvcw _ (/Xe) XM Q_ ')(;‘_7 )17 )ccw

cw

- (—1),0) <”X8 XM

SU1e) ccw
}Qﬂiﬂ") (‘ Xe' X'M ) 45



Yg KEY PROPERTIE S OF X, J

1. Xy ARE HOLOMORPHIC oN =

:L, Xx'%\(' = %\/4-6"

SR AN ’)(S'x' FoR R— 00

5. Lim XY exP<‘F§EZK(“)>

S—0

i X exp Ry Z 05 )

'\

)- =INTE

S %

)
6- XY(S) TRansToeMs BY

K).?-(Y;u) AS S CRoSSES THE

BPS RAY Ly, .

46



7 MULTI-PARTICLE co/\r—rmu—nows\

TD TAKE INT) ACCOUNT ALL

BPS PARTICLES WE CANNST USE
A LOW ENERGY EFFECTIVE LAG.,
BECAUSE THE PARTICLES WILL BE
MUTUALLY NONLOCAL.

PROPOSAL: PROPERTVES |—(

HOLD FoR THE

EXACT EUNCTIONS ’XY,

USING ALL THE BRS RAVYS Ky
W ITH DISCONTINU ITY bel(“‘“‘)

THIS WILL DETERMINE THEM

UNTQUELY

47



Nouw : FINDING Xy SATISFYING
PROPERTIES |26 S EQUIVALENT

TO SolVING A REHMANN— RILBERT

PROBLE M ¢

RH: FIND A TPIECEWISE YoLoMok

FUNCTION Wil PRESCR IBED
SINGULARITIES AND ASYMPTETICE,

SUMMARIVZING THE Xy RY A
SINGHE MAP X (RECAUL Xy= X(Xzf))

= A RIEMANN- BILBERT PROBLEM IN
THE S- PLANE FoR THE MAP

X+, f)-‘\/t/(r——-% T = I_'*GZ@L C¥

PIECEWISE  HOLOMORPHC IN § *



RIEMANN -HILRBERT PROBLEM -

i-> X(5) 1S DISCoNTINUOUS
AcRoSS TBPS RAYS Ky

ch _ SX(%CCW )

. _ Uy,
[ RECALL: Sy, = TT K u) ]
'er QY

2.) A(S) BAS ASYMPOTICS
—O0R S— O,X G&GIVEN BY

st
X (g)) VP TO (1) CoRRECTIONS

\( ;= @(” —l M-——)VV(

7.€,

Y = Ll NG’ o
® S Y(E)E( 1M-—)§1-:4w\(<x>

EX) ST



QXF% -2 Q¥ D NYS

XeT‘

’ S o'[‘,;:, ;+§ 20\3[‘2— ’XY'Q- /)—.g

—

\(/

1 TERATING THS EQUATION
(AS A SUM OVER TREES... )

GIVES THE RulLL INSTANTIN
EXPANSION /

S EXPLICIT CONSTRUSTION 0 TWi R (ORS




NOW WE CoNSTRUCT THE METRIC
FRoM :

o T lez CS)@:DJ >

 CONTINUITY IN S 2

O.K. BECAUSE DISCONTINUITIES oF

X(°)5) ARE SYMPLECTOMORPHISMS

® RUT WHAT ABOUT CONTINUITY
AS A FUNCTION OF U 77

51



XROLE OF THE kS wWceF:

AS wu CROSSES A WALL R
MS BPS RAVYS 7PILE UP

2 |

Z

U= u"' . DISCONTINVITY IN RY
PROBLEM ALoNG Ay=Aly,

> Nt MY, -yt
- TT K_Q(x Y. )

nzo nymy,
M0

WD W : DiscoNTINUITY IS

“::‘._ K Q(“Y.'PW‘KZ_) u.-— )
= | "M,

52



THUS, THE RH PROBLEM

REMANS UNCHANGED AS W
CROSRES THE wAaAlL| IF THE

S2(¥;u) OREY THE WSWCF.
THUS: THE KS FoRHULA
GUARANTEES THE CNTINUITY
O THE Hk. METRIC ACROSS
WALLS OF MS, |

BUT... WHY 1S oUR PROPoSAL
THE RIGRT— OonNE ¢

WHY 13 THE METRIC THE RIEHT ONE
FOoR THE PHYSICAL PROBLEM ¢

53



\ R PHYSICAL PROOF oF THE KS§ FoRMULA

RH IS EQUVALENT T0 A DFFEQ S

— |

A= X 53X

TS CoNTINUOUS IN S—PLANE:

ACROSS }(Y '//

-\ _
X syx - (Sx) 33(s%)
. ~|

= X 59X

= vAcS 'S RoLOMORPHIC FoR Se ¢

54



STRUCTURE GRouP: S¥MPL(T)

ASYMPTDTICS =S

()

-\ -\-\)
,45— SVAS = A+ SA
é——
()]
<NOTE: 043 CoN JUGATE T0O Z’sz:i
SINCE Sy 18 INDPT oF Ru,A ..

SAME ARGUMENTS X SATISEIES A
SET OF TDIFEERENTIAL EQATIONS

55



> X = XA,
Sx - x4
Agn X = XA
A= X = XAz
REX = XA,
SE&X = XA

56



SUMM ARY OF THE LOGLIC:

PROPERTIES 1-¢ £{—> R-H PROBLE™

R-H PROBLEM (> SYSTEM OF
DIEE. €@S. WiTH PRESCRIBED
“"Mon oDRoMY¢ ! ( STOKES DATA).

(kl\foww\f& (A%

& kNOWING THE
" MoNoDROMY "

KEY PONT:

HE DIFF EQS.

ALL FOLLOW TROM THE PHYSICS

OF TRHE 4D

GAVGE THEGSRY ||

57




“THE 9(8 HAVE N1CE PHYSICAL
"INTERPRETATIONS:
\:D’:.é \j\/-::[ SYM

/-
| —r'3

| D=4 W=2 svM [ Y

5 | D=3 Wiy o= MovEL )

@ 6D LIGHTLIKE [ INE OPERATIRS

o LD ‘1 HO0FT— WILSON- MALDACENA
[.O0P OPERATORS ANNIHI(ATED BY Q5

o 23D CHIRAL TRING OPERATHS
ANN. BY Q.

© VM=R (0,001, 55 i&F))
) Yo ) oy

§dx3 via,, = §Ax3 (A3+ SRE +¥R i,)




¢ TR SPN(L5) (Hey) =,

V*Vu=o = V™ HAS kERNEL 7
= [73 QS) VNAW']
_ vrr’(y'\)s/_)%,_l)'s) =0

e CALL THE 5usy Qg ¥oX
AROVE ANULL VECTOR

X Q&‘: a+‘§k3 [N 4D
"DoNALDSON - WITTEN T WIST

X QS = Q+TSQ, !N 2> TFT
FoR  ROZANSKY— W(TTEN TW ST
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T
X = e xp % (A_ + RSa +R’S_'&3dx3

< exp & ((@3)_+ ks B+ 25 T, )

ARE Q¢ - CLOSED AND GENERATE

THE CH#IRAL BING OF THE 2D
TFET.

o ANoMALoUs Ull)y WARD YDENTITIES
+  ANOMALOS SCALING (UARD IDENTS

= K, § DIFFERENTIAL EQUATION.
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%’X = XA, HO Lo MORP Y
A z
oA = Xdg ON M
ALSO HOLOMORPHY ..
/\%?(z W A, VIEW A AS
5 B ACK GROUND VEV
A i X = XAz OF A V™.,

ANOMALCV S
X o= XihAg SCALE AND

o
OR
- 39_5 X - XA§ R-SYMMETRY

TO6 COMPLETE THE STHRY WE
MUST TERIVE THE ConnNecToN WA,
OR EQUIVALENTLY ITS “MonNoDROMY"
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STokES PHENOMENON

THE $- EE EQ. HAS AN |RREGUAR
SINGULAR POINT AT §S=0,9;
SOLUTIONS EXHI8IT STOKES PHEMM,

-~
AS\ IS CONT UGATE TO #& =

e STOKES RAYS = BPS RAYS Ly

DENOTE STokEsS FACTORS BY Ay

TREMAINING EQUATIONS !
ISOMONODRAMIC DEFORMAT 5N

= STOKES FACToRS by

)

=> CHECK AT LARGE R /N
I— INSTANTIN APPROXIM ATIONS

S,
A( — SX 62



THIS CoMPLETES T™HE PRooOF

OF THE kS WcF FoR FLELD
THE:o(a\r’) RUT [T LEAVES SoME

IMPORTANT O0PEAN FPROBLEMS:

e RELATION TO WORK oV
BRIDGELAND + TOLEDANO LARETDO.

® RELATION TO %JDEY:MMED
“MoTIVic" FORMULAE OF KeS

© RELATION TO INTECRABLE
SYSTEMS
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X 9. NEW DIRECTIONS ]

o THERE ARE STRONG CoNNECTIONS

WITH THE +t* T=QUATONS OF

I
CECotm & VAFA

\

VY= FAMILY OF MASSIVE

V — R RUNDLE oF (¢, ¢)
OPERATORS
(@ R GROUMBSTA—TES)

ANatocy V= 7 WM.
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CECOTTI ¢ VAFA DEFINE Y ConnecTioN

V) = <3£1+ C. +3 3>\P-
V(5 7T ) e

FLATNESS = ttf =aquaTions

s
ANALOGY : HOLOMORPHY oF X ON M

MOREOVER, ANOMALOVS SCALE +
Ol)g S¥YMMeETRY =

5t P = (RsC +Q—R§‘€) P
RO P _-(RSC+Q+RS"E:') NE

BPS WALI-CROSSING EXPRESS ED
THROUGH STOKES EACTORS
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STOKES FACTORS S,-J-= Jl+e£j- (]

BPS  QHARGES LABELED BY PAIRS i

ExXAMPLE  Rk(V) =3 CRossing A
WALL For RPS sTaTe (13)
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e ANALOG FOR SLPERGRAVITY:

M — QK. MANIFOLD TFIBERED
BY HEISENBERG GROUPS

T 5 ChAnovicar H G EXTENSION
oF T*eC* GIVEN BY QR
HITCHN THM. —S /F Beun THM

N

¢ ——> CONTACT STRUCTURE
BUT.-... CONYERGENCE (7

consk AC

¢ QW) ~ €
gy~
by
| 7
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o RELATION To HITCH/N SYSTEMS

TOR A LARGE CLASS OF d=4f{W=2

THEORIES THE HoDuLl SPACE (M.9)
IS AlLSo THE ModuLl SPACE OF A

HITCwN SYSTEM (WITH S INGULARITIES)
oN TP

THIS GENERALIZES A RESULT
OF CHERKS + £APUST/N AND

FOLLOWS TROM THE CONSTRUCTION
OF ol=4 N2 THEORIES USING

M5 —-BRANES,

~ KLEMM,LERCHE, MAYR, VAFA, WARNER. 3¢

— WITTEN "97
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M- THERY/ R¥x C x C x R

4D IR

—

231
SINGLE

K Mg

N—~—~

[ ]
.
4
<
13

)

DESCRIRES LINEAR QUIVER

—©O-®—---- —®—

K|

REcALL: PRoTecTiON To LA

)(q +(x5

[P

L/——-)
R-B

—_
—
—

NS5

DY

I

DY

=}
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ON THE CouLoMB® BRANCH THE
M5 WRAP ZC’I_*C)

ST = SW CURVE OF 4D THEORY
~ — (xb+1x'®
C= @* t = e ( )e c*

V = Xteix® € fber

n+-\

:(":;V\ = Z 'tm-l_o( %“(V> = .

=)

()
K ) k-1 ,\%) k-2 3
%“(V)= CK(V—/A v —MZV —_ - M,K)

)i T R J

)b;'f"uhd. ad.jﬂ.h‘}'\re.\rs"
Tags ses

Sa.uae
C oqufn Ky
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DECOUVPLE CRAVITY: M5 — (2,0) THEORY

6D (R,0) Ak /rR""x S xC *+ DEFECTS

| << QC)I 2
Qc« Qs | an,z \/S §

5D U(K) s™
Rﬁty C

4D W=2 GAUGE ‘
THEORY ﬂ{'”iS

ﬁc < '( R

S, <<le'

O~ MoDEL: s M
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ON THE OTHER HAND_-. REDUCTION

OF THE 5D UK)(26) THERY ON C =

PT——+R’ZL(9,'c_p] =0
Horomy 4 _
€Eas. L BA- P =0 aACP =0
o= (ZTypi%s) 1 (1,0) WM oN C

4+ SINGULAR BCS AT S,

= M = ModuLl SPACE OF
HITcHIN SYSTEM,

V dS = E\'Set\w\h&e.s o P $

> = {(t,v)‘- det (V+t(pt) = O }

= Sfec:bro,[ Curve 72



n4+1

- (-l:)v) _ Z _):h+l—o( %‘x(v)

2

= PEIVE RV )

=
v K + R@) vE e 2 RE) =06
—

N

= det (V-‘L‘cpi_ )

BeLuvar O'F root s v(t)

= %ouudary CondiHons

On th
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BY PLACUNG M5-BRANES LN

MULT |- CENTER TAUB-NUT THE
WittenN ConNSTrRUCTIoN GENERALIZES

<D ASVMP ©REE [INEAR QUIVERS:

@ o Es A — R

— 2k +K _ +k, +d, =0

- U(Q) HiTCHIN SYSTEM
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BPS STATES FROM OPEN M2-BRANES

> IS A BRANCHED CoVER OF THE
+- PLANE

‘|
e @J /

]
© HM: PROTECT TO CURVES TJOINING B.P S

® VM: "PRoOJECT TOo CLOSED cuRvES)

a
<A, 2= 3
| LERCHE et.ol. ; MikHALOV ]

® /N GENERAL, WE GET

STRING WE BS.
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A\
FOR THERIES WITH K=2:

Y

-0 —O=

WE HAVE CoNSTRUCTED THE Xy

AND VERIFIED THE PROPERTIES |-(
ABOVE

THE KS TR ANSFORMATION S

AND T 0,60 ASYMPTINCS
EMERGCE VERY NATurALLY.

CoNgECTURALLY A GENER ALIZED
CONSTRUCTION APRLIES To fo> o

RQEE ANDY NEITZKES] TALK.
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|10 TAKE-HOME SUMMARY |

1 . WE CoNSTRUCT THE Kk METRIC

FoR QIRCLE- CoMPpPACT IElcATION oF
N=2D=Yy FIELD THEORIES

L. QUANTUM CORRECT ION'S TO THE
DIMENSIONAL REDUCTION MET2IC COME
—RoM BPS STATES.

3 CONTINUITY OF THE HYPERKAHLER
METRIC FolLLowsS FRM THE kS WcCF

4. KS TMNS APPEAR AS DISCONTINUITIES
OF HoLoMorPrIC FuNCToNS X () ‘H+A"
HAWE THE (NTERPRETATIN ofF LINE OPERS

6. M IS ALSO THE MoODUL | SPACE OF
SOLUTWNS 7o A HITCHIN SYSTEM,



