[ ECTURE 2: HYPERKAHLER HETRICS
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4 HYPERKAACER METRICS g TWISTORS

9 USING THE TorRLS FIBRATION
STRUCTURE OF M — W => DEFINITION
oF TwvE XY _

S ONE—=LOOP COMPUTATION oF SINCLE-
PARTICLE CORRECTIONS.

4. How TD0 INCLWDE QUANTUM EFFECTS
oF MuUuTUaAWLY NONLocAr PARTICLES.
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(
1. Hk METRICS £ TWISTRS

DEF: A HVYPERKAULER MANFOLD

IS A RIEMANNMBN MANITOLD
Wi1TH THREE ORTHOCONAL TMNS
OF THE TBNGENT BUNDLE

Jo. € E‘,J[’T‘N) a=1,23
Svcd THAT

1.) Ja  SATISFY THE ALcEsA
OF THE QUATERNIONS:

U_O\,:—I J-mJbzeabc D-Q



PEMARKS

1) M S kAHER WRT EACH

CoMPLE X STRUCTURE => 3 KAHLER
poQHS C()m G.= l/ Zl 3

2.) TN CoMPLEX STRUCTIRE Jg

AT ANY POINT fe—M WE CAN
CHEoSE AN ORTHONORMAL BRASIS

—OR THE QUATERNINIC VECTIRSPACE
—X ) T
"P M . ( dZ

P |




€y

= -7;. I = l.
3= 3 dz= adz +2_0(WI.AO[WI_

CO!““:tw,z = dzZTa GQWI_

1S TypPe (R.0).
MOREOVER T T (S HoLomMorPHIC

AND SYHPLECTIC

3.) TN FACT M HAS A WHoLE
S% WoLTH OF COMPLEX STRUCTURES

( n> CY“)Z-a —\ For  n®n*-4
Lf) C HooSE A NoRTH POoLE FoR
STEREO GRAPH C PROTE CTION:

S — € ¢

SO THAT S$=0© CorrResPsNDS TO J;



THEN EXPLICIT ROTATION —
EXPRECSED IN TERMS oF §

(Yl n’ Yl3> (S+g 1(5-8) l-[S\L>

|+ S\’z' ) \_"\3]1) \_,,\gl’l.

SHOWS THAT -
FoR GENERAL COMPLEX STRuCRE I°

THE HoLo MOoRPHIC SYMPLECTIC FORM S

wr:: _23-0‘) +w3__xw

L

£ N(TE: T AM USING

THE SAME SYHBOL

/@ J € AS \N THE DISCUSSION
) oF THE XS WCH

J




HiTcHIN'S Tw | STor THESREM

THE TWISToR SPACE 6F WM
1 =Z = WM x SZ

T CAN BE GIVEN THE

STRUCTURE OF A COMPLEX
MANIFO1D TBY TRkING S =~ P

BUT TRE ComMpex STRUCTWRE

IN' THE Wl DIRECTIONS DEPEARS

ON Se CP*

H MCHIN'G THEREM 1§ AN Equiv.
OF  HOLOMORPHIC DATA FOR Z W (TH
THE Hk MeTRIC ON WM

ThHEOREM ¢ LF (\/\/L,5> 1S HK

I

OF TDIMENKSION Y THEN:



1 4 HoLO. TFIBRATION

7 Z2 —> CP
U = 7;4(3,) B M IN CoMPLEX

STRUCTURE S

2 9 HoloMeRPHIC SECTION
2-

7S oF QZ/@,®©CZ)

= HOLOMORPH|C SYMPLECTIC

o @5)
FoRM ON M

Y \M}f

'3' 3 ANT| —HOLOMORPHIC T Z-’Z
COVERING S~ /%

4 ‘V‘xeM, J HoLoMoRPH (€ SEcTION

]
Sx: CP'— Z Wrm N6RMA L
BUNDLE C}(l )Q 2r



CONVERSELY,

GIVEN 1,2,3 4 ONE CAN
REGNSTRLUECT THe METR\:
FoR TSe C¥:

2 .
=  — W

/]\

KARLER FIRM

w+: LW, + 1o,

OUR STRATEGY 1S TO CoNTRLCT ’ZD}.

LY
ExPLieTyY =R M UsSINg A

"N(CE" SET 0F HOLOMORPHC
FUNCTIONS ON TWISTOR SPACE:

Xy , Vel



2. EXTRA STRUCTURE FROM
THE TORUS FIBRATION 6F M :

IRICON

YR

HEVRISTICALLY :
AT LARGE R Xy | WHEN
RESTRICTED TO W, WILL BE

APPRROXIMmATELY THE FOORIER MODES

0
XY ~J ez a./ Co:-.f+.

O T ® Rlzngy — Rlznz

[ & CANoNicaLLY DEF/NED

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

SO CAucHY RIEMANN FIXES U- DEPEME



THE CoMPLEX ToRUS FIBRATION J

WHAT WE REALLY DO [S

COMPARE THE REAL ToRUS T © Rhy,

WLITH THE CoMPLEX ToRUS T *eC*

S© ConNSIDER [ .= e ¥

e T HAS A FIXED CoMPLEX STRUCTRE

nJ

2
WiTH B OLoMORPHIC FBERS & (€*)°F

e T HAS HOLOMORPHIC FUNCTIONS Xy

o T HAS A FIRERWISE HOLOMORPHLC
S YMPLE CTIC FORM:

T

M) OLX N .
@) T ‘zéd 25/1\d><h’J

X, Xy ;




WE SEARCH For A HOLOMoRPHC MAP

M, 2 Q) T =(c*)”
\Mr\ A( '2 \
HoLo
B — P

SO THAT: ). = ’X(.,‘g)*(/a)’r)

|F WE DEFEE /)Cytz 9(* (XY>

) ’d 4 XX d XX;
_5 5~ /XY.' Xy




WE CAN VIEW

d Xy
Xy,

J

TO . = —\-6;‘; O‘XX"
) = XY'

A

IN Two WAVYS:

o KNOW THE METRIC =S5» CONSTROCT Xy

— Do THIS FoR T™HE SEMIHAT
METRIC AND FIRST QUANTUM CoRRECTION

o ULTIMATELY, WE TDEFRNE THE
7(\( AND USE THEM TD DEFINE

W, (AND WENCE THE MK METRIC )



EXAMPLE: SEMI-FLAT LIMLUT

WE knNow g% = CoMPUTE
L = -* T

s o5 W+ @g - S
FROM THE EXPLCIT HETRIC

TN LECTURE 4 N CoMPLEX STRUCNKE

©=0 WHERE
|

olat f oQZI — JS&MJI_ —CJ:J'OZS%T

ARE TvPe 00) WE FIND

CL).|_ ~J Ol.&.I/\JZI

CU3 ~ R Iv»\'CIJ- Ol.OIAola + K(Ivm:) dzIAa(zT



SOLUTION: DEFINE 8y : ToRzz— Rz

st - ' —
%f = QXT[TUKS 2, 7 O, + TKS Za

|

[ A NE(TZKE £ B. PWOLINE 1

{

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

e NGE THIS IS HOLOMWRPHIC  IN
COMPLEX STRUCTURE S \.




\5 SINGLE -PARTICLE CoRREQﬂoNSj

NOW WE |NcCLvDPE THE FRST Q.C.

® ToR SIMPLICITY CONSIDER v =4,

o CONS\DER A POINT uv*é@
WHERE A S/NGLE HM  HAS MO

C HoOSE DUALTY PRAME SO LT HAS CHAGE
QCg.O), 4>0 L CENTRAL CHARGE Z=qa

\

cpe,{@ U.*' a=0

CJ.DN & Logo. )

yd Z> )

SCAL//\/G: LIMIT: Q'R: e << | ) R— o ':_~_>

ToMINANT CoNTRIRUTION FROM A S/INGLE
4D RPS HM.



COMPUTATION OF THE METRIC

. [NCLUDE UM, & IN UD EFFE AN

o []

HEN DO kk REDUCTIoN KEEPING

A

LL FOURIER MODES

VE
e THEN INTEGRATE OUT THE MAS
MoDES

g d x012.3

2. { 3" (3,2-4AZ)(3F4AF)

nezZ
T oA T = 1
2R Z ,3,‘ —‘ch =
ne’Z




COMPUTING T™E \-L0O0P CORRECTION
TO TRHE METRIC:

® THE SEMI-FLAT METRIC HAS wulN®u(l)
TRANSLATION SYMMETRY IN @ € P, .
}

e THE CORRECTIONS FRoOM <= CouvrLe
TO . BUT NoT To @, = ull)
[SOMETRY 0oF Q,, TRANSLATION /S PRESEE)

:__>

QUANTIM CoRRECTED TETRIC

SHouLD BE oF GIBRNS HAWKNG
FoRM :

( SEE SFEIBERC %wm'EN, O0cUR) %VAFAJ SEIBERG%SHENM

FoR FURTHER DiscussioN., THE LAST PAPER CLAIMS

THE RESULT 18 ONE-Lo6P EXACT IN A U() THERY
WITH N HYPERMULTIRLETS, )



G- IBBONS —H AWK /NG ANSATZ -

Hk METRIC oN UNE BUNDLE OUuER
A REGIoN (N R3 :

ds& Vez) (of;f;';J—A)Z-t- ViZ) (d3)°

H)tperke.l\ler-< > F=odA = *xdV

\/(x) = HARMONIC,
(PESITIVE )

Mk STRUCTURE: o= 1,2,32:

WD = dx®a <d¢“+ A> \/éx(wolxﬁalx

(WARNING:. CHANGE OF NORMALIZAToN
OF CPe, @, TO PERIODICTTY 2+,



E/vD o V(%)

THEREFORE, WE NEED OALY

THIS CAN PE
MOST EASILY DETERMINED BY

COMPUTING THE Xk.E. OF oalh):
W =z aFEE
Ye
o et
Pz
e
g} dR [ i
\/QX) = Z — —
LI'TT' nez \\/ %121\0\\2—\_(%_2‘% _,._n)z
QL= X' +1x*% — kn )
ep, = 2wR x° PERI0DIC L_U\/

cuto ‘F)C



POISSON RESUMMATION = NICE
PUYSICAC INTERPRETATICN:

S'at inst

Vi) = V' +V

R o
%—TF—_—(Q.OS 'x' = Q_Oj

>|]?|

] )

Ve gR ST e b
§ K, (@rRlngal )

AT

—-X
o Ko(x) ~ € X —3 400

e BPS WORLDLNE ACTION:

o 2R Zfw) | + '?'.QY

Y

> CoMPUTE ’CI}'- ——co + ’Z“SCO/

AR




NOoWw, WHAT ARE THE Hor o,
FUNC-/OMS ON TWISToR S’PACF-‘?

ALGEBRA OF Holo FUNCTIONS {'Xg}
S N TWISTOR SPACE [S GENERATED

/Xe P = X(no) = e_x?{iﬁoe_ﬁ- o }

Xm": X(ou) = €Xp {’icfm+ S A%
Xy = Xeo X

"DETERMINE Xo AND X,

[ -

—ROM A DIEEERENT/AL EQUATION

[

”5’ — ¥} dﬂle A o(?(,._\
s ™R X X,




f ,
/X\Ms: eXT{ﬂ;. Op + 1 + TRY o ’X

AT,

O = %Z (C\_ﬂ.dj%' )

W\ ‘

in s+
Ko = T NSTANTON CoNTRIBUTION




.

[ ng 1 S+7T "
/X C;- € xp % LTI:S ——S—ﬁoj(f— XL )]
Q(°| 0)

_ Z_'Cf_ S- o3’ 5'-1-.3‘ 9
LTrr_ </ St 20 (l X (S’ ) )
L {(-10)
5 -
ﬁ(‘lﬂ) - (
XLS) EXP. SMALL
W/ )
B )
xLS) =
EXP, W ﬁ = (-&)'R
L-AP\G'E ("‘il") B




WHY IS (T AN (INSTANTON Co»W?lZU'ﬂO?\f?

CoNSIDER

s+ Z : =
?CX = eXP (WR?{ —t—z@x + ©KR¥ Zx>

ON THE BPS RAY :

b= {31 Zyer_]|

_ 2oty _ 7l+~2ocg
Zy= | Zy | , 3=

BPS RAY PARAMETR\ZED BY VlGTK

achen of RPS wth_aQQ.‘ne_



EMERGENCE OF THE KS TRANSFORMATIW

AS A FUNCTION oF ’59 X o

'S DISCONTINUOUS  ACROSS THE

RBRPS RAYS OF THE WNPERMULTIPLET
OF cnaRGE ((=9,0)

to-ts] en |

A CRoSS THESE RAVYS:

('Xe_)’xmfw _ (/)(e) XM Q_ ')(;‘-T 517 )ccw

cw

_ L@ (Xe, X

S Lq0) CCcw
K@:‘LW) ( Xe, Xm >



YC KEY PROPERTIE S OF XY J

1. Xy ARE HOLOMORIHIC oN Z

L

Xx ) ?Cx' = ’XY*‘K”

3. X(GE) = X EYF)

L

A,

=

O .

6.

_ITKX‘(,,Z () AS S CRoSSES THE

4.
()CY ~/ X; ok R >

L. ~TR
3-)\8 %Y QXP< S Z((u)) EiNTe
Liva XY ex? (—TR_Y % )

S %

’XX'(“S) TRANSFORMS BY




L}. MULT - PARTICLE COI\T‘TRlBU"HONSX

TO TAKE |INTO ACCOUNT ALL
BPS PARTICLES WE CANNST USE
A LOW ENERGY EFFECTIVE LAG.)
BRECAUSE THE PARTICLES WILL BE
MUTUALLY NONLOCAL.

PROPOSAL: PROPERTVES |—C

HOLD FoR THE EXACT FUNCTIONS Xy,
USING ALL THE BPS RAYS KRy
W ITH DISCONTINUV ITY KXQ(‘”“)

THIS WILL DETERMINE THEM

UNtQuELY



Nouw : FINDING Xy SATISFYING
PROPERTIES |26 S EQUIVALENT

TO SoLVING A REMANN— RILBERT

PROBLEM ¢

RH: FIND A PIECEWISE YHoLoMoR.
FUNCTION Wit PRESCR IBED
SINGULARITIES AND ASYMPTETICS,

SUMMARIZING THE Xy RY A
SING-E MAP X (“KEC.AU. x(f_-x*(xx))

ﬁ; A RIEMANN- BILBERT PROBRLEH IN
THE S- PLANE FoR THE MAP

X, ZS’):\/V(I———» T = F’*% C*

PIECEWISE HOLOMORPIC IN §



RIEMANN -HILBERT PROBLEM -

i-) X(5) 1S DISCoNTINUUS
AcRoss BPS RAYS Ky

%cw _ SY(%CCUJ )

['F{ECA.LL: Sy = FQYK Uy, u) ]
'

2,> X(Z) BAS ASYMPUTICS
—O0R S — O, G&GIVEN &Y

%54(3‘ ), UP IO S-C1)  CoRRECTIONS
- \‘( s = ( S4 —l M——)(M
7.2,

= PN \ .
Y, = ;_N Y (3) i( Vo = lim Y(5)

Tow

EX) ST



SOLUTION

.S A5 5’5—320\9[}_% (‘S'/)]

B Y y!
Y,

NOW , RECALL :

i
l%: = QXF (—- QWR\Zg\Co.SLY +‘i9x>
ALONG BPS RAYS Ry,

= INTEGRALS ARE BEYTIEULLY CONVERSENT



AND | xF) << | AT Laree
R IN THE INTEGRAND...

—> THEREFRE WE CAN ITERATE

1S EQUATION

WHILE 1T Looks COMPLICATED ONE

CAN ORGANIZE THE EXPANSION
AS A SUM OVER TREES ...

GIVES THE RuL. INSTANTIN
EXPANSION |

> EXPLCT CONSTRICTION 6F Twi g (o0
AT LEAST AT LARGE R

(WE EXPANSION MIGHT BREAK Dol
AT SMace R ... 7 )



5. KSWCF 5;\ CONTINUITY oF THE METRIC

—

NOW WE CoNSTRUCT T HE METRIC
FRoM :

R = G XENET)

EXPLICIT LEADING ORDER CORRECTIONS

EXPRESSED AS AN 00 SUM OF
B ESSE(L FUNCTIONS.

o CONTINUITY IN S 2

O.K. BRECAUSE DISCONTINUITIES oF

X (o ) S ) ARE SYMPLECTOMORPHISMS

®© RUT WHAT ARUT CONTINUITY
AS A FUNCTION OF U 77



X’ROLE OF THE kL WCF:

AS wu CROSSES A WwWALL -
MS BPS RAYS PILE UP

2 |

V.

U= UT . DISCONTINVITY IN RH
PROBLEM ALoNG Ly=Ay,

= T g SR

nzo Yl“,-rm)"?_
M>0

U—) uh . DISCONT}NUITY | S

— KQ(“Y,-HMK)_)“’)
= T‘— “Y)‘\'M(z



THUS, THE RH PROBLEM

REMANS UNCHANGED AS W
CROSRES THE wal/l [F THE

S2(¥,u) oBREY THE KSWCF.
THUS: THE KS FRMULA
GUARANTEES THE ONTINUITY
O THE Hk. METRIC ACROSS
WALLS O0F MS \

BUT ... WHY 18 oUR PROPoSAL

THE RichT— onNE ¢

WHY 13 THE METRIC THE RIGHT ONE
FoR THE PHYSICAL PROBLEM ¢



C. DIFFL EQUATIONE AND A \\

PHYS | CAL PROOF o0F THE K S FoRMULA

_J

RH IS EQUVALENT T0D A DIFEEQ S

Ao = % 53X

TS CoNTINUOUS IN S—PLANE:

ACRoSS Xy //

X 54 - (%7 53(s%)
~ |
= X 75: X

Z Ao 1S PoLoMerPHIC FoR SeCT



= S X = /X‘ZX

STRUCTURE GRouP: SYMPL(T )

ASYMPTITICS =S
= | (o) Ga
‘5

~1)
<N0TE 04 ONTUGATE To T2y,

SINCE Sy 1S INDPT oF Ru,A ...

SAME ARGUMENT S SAT\SFLES A
SET OF TDIFFERENTIAL EQATIONS:






SUMM ARY OF THE LOGIC:

PROPERTIES I-¢ {—> TR-H PROBLEM

R-H PRORLEM WI(TH PRESCRIBED
DISCONTINVITIES

AN
0

SYSTEM OF
DIEE E@S. WITH PRESCRIBED

“MoNoDRoMY "' ( STOKES DATA).

kNow NG ‘Az & kNoWwING THE
" MoNoDROMY "

kEY PONT: THE DIFE EQS.
ALL FOLLOW FROM THE PHYSICS

OF TRE 4D GAUGE THEORY|




THE Xx HAVE N1CE PHYSICAL
"INTERPRETATIONS
D=¢ W= STHM |

/-
T 3

| D=4 wW=2 5YM ] Y

s(\\\D =3 W:y o= MODEL |

@ 6D LIGHTLIKE [ INE OPERATIRS

o LD ‘1 HOOFT— WILSON- MALDACENA
LO0P OPERATORS ANNIHILATED BY Qy

o 233D CHIRAL RING O PERATORS
ANN. BY Qs

e VM=R (O/OIO, | $+5 ’é(f—fl)>
J Yo ) E

§d¥3 VMAM = §Ax3 (A3+ SR<E +f‘k§)




o TR SPN(,5) (Hey), =¢.

VAo = V™S HAs kERNEL 7);
= [73 Qs ) VN-A"""]
= Vrr’(’fb)‘/— 7“')r)=0'

e CALL THE sSusy Qg ™R
AROVE ANvULL VECTOR

X Qe= QR+ Tk, IN 4D
DoNALDSON - WITTEN TWIST

¥ Q. = Q,+3Q, IN 2> TFT
oR  ROZANSKY— WITTEN TW ST



I —
X < € Xp %(Aiﬂ-?Sof—)—’R'SlaIBoLxg

e

- o — 3
o SXp § ( §)I+ RS Oy o+ RS ag )dx

ARE Q- CLOSED AND GENERATE
TLHE CHIRAL BING OF THE 3D
TFT.

o ANOMALOUS U(I)Q W ARD YDENTITIES
4+ ANOMALOWS SCALING (JARD IDENTS

—> K, § DIFFERENTIAL EQUATION.



OL.OM,OP;PH-\(
L

- ON M

3 o _

s XA

=% =

V...
L OMORPH
HO

So

AL

AS
ke v
GR0
A SR
_ (X OF
o ?< _ - |
A E\ | %\AA I\RW\AL@I\)b
a | A LE A
| BA Sca
— X\AK
O~ _

- \(
3 ._9 R-SYMMETR
=
— X(A§
x Gy
o5



(Agn)g: WHY THE 3-TeERM LAURENT
E XPANSION 7

CAucHV,-anANN EQS => STRUCTURE
-) (o +)
lAuz S .A + ]+ SA

BY DIRECT CoMmPuTATIoN IN HK GESMETRY
= samE For A, (weakey Gaueed sam)

SCALE STMMETRY :

Ut I)R SYMMETRC:

'S --—-l-ui /\i
3 “au W 3/\+A X =o

= Ay A, BAE 3-TERM LARENT
EXPANS NS 1N S| )



TO COMPLETE THE STRY Wi
MUST TOERIVE THE CoNNgEcTioN WA 4
OR EQUIVALENTLY — SINCE IT (S A
FLAT CONNECTION ON BxXCP'xR, ~

ITS  “MoNoODRo MY

STokES PHENOMENON

THE $- BEs Q. HAS AN \RRECGUAR
SINGULAR POINT AT §$=0,80;

S OLUTIONS EXHEIT STOKES P/+g/vo»4*
!
«AQ IS CONTUGATE TD 2 =

e STOKES RAYS = BPS RAYVS Ly

DENOTE STokES FACTORS BY Ay



TREMAINING EQUATIONS !
ISOMONODRIMIC DEFRORMAT(oN

= STOKES FACTORS by
ARE IMDPT OF R w, A, -

)

= CHECK AT LARGE R /N
1— INSTANTIN APPROX\M ATIONS

3.
A = S

THIS COMPLETES THE PROOF

OF THE kS WekF FOR FLELD
THEORY WY



¥ CRASH CoUuRSE oN STOKES PHENON.

CONSIDER. A E/RST ORDER MATRIX
ODE N THE CMPLEX +-PLANE:

A
;gl(" =AY

A solunon VY fAvcE—TrANSFORMS
THE FLAT CONNECTION  AR)dt TO ZERS.

LF AE) 1S REGULAR NEAR t, THEN
S0 (S THE SoOLUTIoN $

SUPPOSE ALY HAS A SNEULAR PN,

o A REGULAR SINGULAR PO/NT HAS

A
A('f:.):: ——’:—-\--_..



THEN :

1. J ConvercenT SERIES SOLUTIONS

IN A DISt. AROUND +=0. LTF
A_, IS DIAGONAL:

(")
A, = L

THEN

£

2. \Y () Wil BAVE MONODREMY

A‘ROU/\/D i’_‘.:o

® AN IRRECULAR SINCULAR POINT

HAS A PoLE OF 0RDER > 7. .
C. ONSIDER THE SIMPLEST CASE:



t
Z\
ASSUME:  Z= < . )
-

THEN THE SERES METH®D LEADS
To A ForMalL SoLUTION :

- £
P - e /e (1+ \{{4:+&Pztz+----)

L Y

BUT Now THE SERIES IS JUST
ASYHPTOTIC FoR £ —0 ; ITT ™ES
NOT CoNVERGE.

WHAT ARBOUT TRUE Soumw?




2 . STOKES
&%) " RAYS

77/ s/ ) 4— STOKES

”//// SECTORS

THM:. | ET r BE A RAY = STOKES
RAY anp H_. THE HAF-PLANE

CoSNTANING
jw

““*N) = \. TRUE WLUVTIN B
ASYMPTIMC TO THE FORMAL
SOLUTION TOR ALL +t—o IN He

=3 Z/'L-

= e " —1 Lo




STOKES PHENOMENON :

CONSI1DER

F.=F. S, onv HaH,

2

ST OKES PHENOMENON:

S5 =1 TFE THERE (S No
STOKES RAY (N 35 BUT S5F1

Ty

FF 3 STkES RAYS (N 3T

CF ONE RAY L THeN S =S,
IS THE STokES FACTR FoR 4.




AN ALOG OF MONODROMTY

CHOOSE =£vr < STOkES RAY

THERE ARE TWo ANALMTIC CONTIG
OF . T H_







[, SUMMARY OF TWE LECTURES

YTA: TRKE- HOME SUMMARY oF T %IE
\/\/\/\/\/va

1 WE CoNSTRUCT THE Hk METRIC

FOoR CIRCLE- CcoMPACT IEIcATION oF
N=2,D=4 FIELD THEORIES

L. QUANTUM CoRRECTION'S TO THE
DIMENSIONAL REDICTION METRIC COME
—RoM BPS STATES.

S CONTINUITY OF THE HYPERKAHLER
METRIC FolsLows £RM THE kS WCF

4. KS TMNS APPEAR AS DISCONTINUITIES
OF HoLoMogPHIC FUNCTIONS X (3) THA’
FaweE THE (NTERPRETETWN oF LINE OPERS.



786 JUMMARY oF LECURES 334
A/\—/\/\/\/\/\/\/W\/

MOMVATION : WE WANTED TO €IND
ANOTHER CoNSTRUCT ION ofF Ay NOT

MAKING OSE o0F THE LARGE R E)&PAAIS‘IOND
AND PERHAPS MORE CoMPUTABLE.

WE TOoUND INDEED A NEW CONSTRUCTION
FOR A CLASS oF D=U4N=2 THEORIES,

WE CONSIDER K M5 BRANES oN
W3x ¢, C= RIEMMW SURFAE

WiTH DEFECTS
C,. — SINCLE M)

Q\l \' \' \'BKMI.; e,’&SZ(‘{’;)

THERTY




[OW ENERGY LIMT: D=l N=?
FLELD THEORY.

SEIRERG WITTEN CURVE IS
A RIEMANN SURFACE

> < TYC

2 IS A k_FoLD BRANCHED CovER

.
y
- C

KK SHEETS

N = CANMNICAL [-FOfM ON TC

LET A, = Q) ON sueeT 3, THEN :



BPS STATES £FRoM OPEN MZ
BRANES = STRING WERS 6N C

FOLLOWING CURVES

20
('A,i—-)\d) a—t>=e )

WHICH ARE CLOSED, OR END ON
BRAJCH DoINTS,

FoR K=2 = <A,a,c>=ei49*

|

NOW RECALL WE CoMPACTIEY oN

S TO GET oLR Wk G-HODEL.

Do 1T [N THE OTHER GRDER



6D (2,0) Ak, / RV 8! < C + DEFECTS

| << Qc)ﬁ x2
Qc« Qs g \/S '

5D U(K) s™
R % C

4D W=2 GAUGE_
THEORY R‘QS

ﬁc < ( R

,S' << 2&‘:

J— MopEL: — WM



THIS IMPUES WE CAN ALSO TRKE W
TO BE H-iTeehN Modull SPACE:

AA

=+ R 9] =0
?éQP TE&,QP] =0

A = SU(k) GAUGE FIELD oN C
@ = kxk (li6)-FRM oN C

Vi

(.PN

Vi

Vi ~ POSIMONS OF TR M5-RRANE '
IN > < TXC



Now TF (A,¢) SoLve HITCHIN THEN

A = S’RCP + A+ SR

1S FLAT ¢ dA +A =0,

——————"

M = Modult space oF FLAT Sulk €)

CONNECTINS oN C W ITH
PRESCRIRED MONODROMIES

— |
FOCk € GONCHAROV CONSTRUCT A
BEAVTIFUL SET OF CoolDINATES oN

M GIVEN A  "DEcoRATED TRIANGU L ATION
oN C FoR k=2:

Z3 Z
= N ?(T-—- -S,AS?_ 83/\8._‘
E S].{AS“ S’Z_ASIS
2 =
Yy




—-’-/
FLie:
LIP EL . Z\
7(:2: = 77(?{

xe, - X, (axd)

FOoR GooD T 6,w ASYHPTUTICS WE

NEED ' WkB TRANGULATIONS  T(Hu):

10
LA, p=¢€

THEN WE CAN COMPUTE T-o0, ®
—oR f){E‘"@»“) USING WkB.

o)

Now - DEPENDENCE SHowS JuMPS
AT CRITCAL VALOES ezﬁ PHASES

OF 2Z TFor BPS S'FATES\.



WEWV :
549, >>>\\\<

A

TS 'S JUST A FLIP




AND SOME THING ANALOGOUS —RUT
FANCIER — HAPPENS TFOR VECTORMULTIPEL
WE CoNsRUCT X, FROM ?(Tw“)

THE JUMPS IN T(Bu) INDUCE
S TRANSFORMATIONS !

e —

\
COMPARIN G "\9“{-‘ D+ T GIVES
A §PECTRUM- GENERATING STOKES MATRIX

S: Xy — X
1.) E=XPLICYTLY CoMIUTABLE

;2) BUT ALSO :
Q(G};U-
S=Tr. "
79'<—-~52<'\9'+1-
= () S DETERMINED



S NEW DIRECTIONS é OPEN PROBLEMS

@ EXTENSION oF § To HIGHER
RANK HITCHN SYSTEMS (’PA-RT[A(_LY

DONE )

o THERE ARE STRONG CoNNECTONS

WITH TRE +t* TQuAToNS OF
CECOTT! &€ VAFA
\

TV = FAMILY OF MASSIVE
d=2 W=@2) QET

V —s  TRUNDLE oF (c,¢)
OPERATORS
(<> R GROUNDSTATES )

ANaLocy V = & WM.)



CECOTTI éVAF—A DPEFINE ++Y ConvecTioN

Vi = 3£1+ §C. +3 cD\P-
v &P (A-(:" SC. )W"O
FLATNESS = +tf =ouaTions

s
ANALOGY : HOLOMORPHY oF X ON M

MOREOVER | ANOMALOUS SCALE +
Ol)g SYMMETRY =>

Ssx P = (RsC -\-Q—Rf‘c’f) P
g P =(RsC+@+rs'T) ¢

BPS WALI-CROSSING EXPRESS ED
THROUGH STOKES FEACTORS



STOKES FACTORS S,-J-f. I|_+ey- ]

BPS  CHARGES LABELED RBY PAIRS it

Exameie  Rk(V) =3 CRossng A
WAL For RPS sTaTE (13)

QL _QF Q Qz
Slz Sls 13 Szz 23_ 3 Sls 12 nglz

I2

= Q. =Q;-52,52,,

NoT= Q= T . (F(,)F ~RHY

PROBLEM:  WHAT IS THE UD ANALOG 7

OF THIS FORMULAT C AN WE WRITE
AL As A TRACE ¢




© RELATION TO INTECRABLE
SYSTEMS.

THE | NTEGRAL EQUATION TFOR

THE Ay 1S ACTUALLY A FORM

OF THE THERMINNAMIC BETHE ANATZ |

Zy Mxlzx\ s e

JQOJ’X; = —2KR\Zyl<oJ)\"l+'ich

ﬁ/*x < ‘7:’:’3), + Qos(—-d‘(f) )

X = - olr) Y

£¥%Y' >
SXX'(G) = (Smk (Vl-l-vo( -1 1)

"S- MaTRIX



OPEN PROBLEMS HERE :

1. RELATION T® TRA OF
(- SYSTEMS N D=4, N=4 ? oRr
INTEGRARBLE SYysTEMS oF NEKRASOV+
SHaTASHVILY ¢

K. CAN WE EXPLOT TECHNIQUES
(N INTEGRABLE SYSTEMs To ©ND
X, FOR SMaLL R



e ANALOG FOR SUPERGRAV ITY:

M — Q. K. MANIFOLD FIRERED
BY HEISENBERG GROUPS

‘T — CAvowicsr H.G EXTENSION
oF T*ec* GiveEN BY QR

HITcon THM. —s /F Beuw THM.

O —> CONTACT STRUCTURE

BUT ... CONYERGEANCE €27
BUT]

A — congk A°

QW) ~ e

® S@XI] ,Q,aj Q'— X;: ~s 6—0‘4‘?\
Ly

» = SUM oN ¥ TDs6ES NoT
ConNVERGE ../



RELATION T MATHEMATICAL Wik

e RELATION TBH WORK OF
BRIDGELAND + TOLEDANO LARETDO.

(THEY HAVE ALL THE ELEMENTS
OF WL , STokES PHENOMENA,

[SOMONIDROMIC. DIFFL EQS. >

o TRELATION TO GENERATING FUNCTIONS
OF D. JoNcE ( SMILAR PRINCIPLE

OF WCF FRoMm C,OI\/'HI\/UI'TY')

® RE[LATION TO %-DEF(SQMED
“MoTIVic" EoRrRMULAE OF t%g

(SEE DIMOFTE+GUKOY FOR A
RECENT PROPoSAL )



