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T NTRODUCT ION

WALL-CROSSIN G N D=4 W=2
THEORIES HAS BEEN KNOWN SINCE
THE WORK OF SEIBERG s WITTEN.

THE 4D PHENOMENA WAS /NSPIRED
BY THE DISCOVERY oE A SIMILAR
PHEZ NOMENA IN THEORIES WITH
D=2 @2) susy (FC,I,V).

CEC,OTT[%VAFA WENT ON TO
GIVE W.C E FoR THESE D=2 SYsTEMS

BUT ONLY IN THE PAST FEW YEARS
HAVE WE FIOND QUANTITAT IVE WCF
FOR D=4 N=2 SYSTEAMS.

THIS TALk: AN OVERVIEW oF
A POINT OF VIEW T— HAVE DPEVELOPED

0J)ITH MY COLLARIRATORS =




MAIN RESULTS OF THIS OVERVIEW :

4 NEW INDICES % NEW BPS STATES:
PSC s TRAMED BPS STATES

\

2. LA LO PICTURE oF WALL CRoSSING
AND A NEW DERIvATION ofF THE
K SWCE Via 8PS GALAXIES'

3. LINE DEFECTS £ FRAMED BPS
STATES [eap To “MOTIVC KSwcF”

AND Q—DEFIRMATION OF FUNCTIONS
ON SEIBERG-WTTEN MoDULI SPACIE S.

4 L I/NE DEFECTS = DARBX COIRDINATES
—>, CoNSTRUCTION of= Hk METRICS oNf U

[} /1
= FOK 0, ~THEDRIES  DARBOUX COORD'S ,
CoINC (DE SITH FoCk —GONCHAROY (DORPS

& SURFACE DEFECTS = GEWNERALI Z—E’D
AD-HD W



) OVERVIEW OF THE oVvERWEW

T W=2 Revew
<A-) BPS STATES % THE(®R (NDICES

(B)) SELF-DUAL ABELIN CavGE THERY

(C.) MARGWAL sTRBILTY % THE
WALL-CROSSING PROBLEM.

\
[T1 TWE WCF
PRIMITIVE = SEMFPRIMIT!

———) e

(A.) MULTI-CENTER SOLUTIONS

(B.) TBouWDSTATE RADILS

(C.) BASIC WC— MECHANISM
(D.) AMS PARADOX

(€) HALOS+ HALO FOCK SPACE

(F) SEMwPRMITVE WCF



TV BPS GALAXIES % L SWCE

o

(A.) NEED T Go @EYoND SEMI-PRIMITWE

(B.) BPS GALAXIES
— ENTROPIC SUPPRESSION

(C.) FTRAMED BPS STOTES O

(D.) TRAMED BPS WQ.: THE
I< S— TRANSFORMATION §

(E.) DERVING THE kSWCF

(F) RESOLVING AMS PARATOX:

CoNTVGATION IWALLS %
G ENERALIZATION OF ESWCF



{
"V LINE DEFECTS € FRAMED BPS STATES

(A) PDeEF. oF L.g

B) K., = @X e, s

FRAMED BPS STATES

(C.) GENERATING FONCTION
HALOS AGAIN

MoTivic KSWCF
CD-) STRONG POSITIVITY,

CLySTER ALGEBRAS,
AND TROP/CAL (ABELS



VI HYPERKAKLER GEOMETRY:

COMPACTIFICA—TloN TO THREE DIMENSIONS

(A') M AS ToRvUS FIBRATION

('B.) DARRBouX CoOoRDINATE EXPANSION
OF <Le¢>

(C~) PRoPERTIES OF %x
C'D) C oNSTRUCTING THE HX ViA TBA
(E) CoNSTRUCTION 6F Hk METRI|CS

(F) QUANTUM DEFOR MATION oF WA



VI, M5 BRANES € HITCHIN SYSTENS
(A) A = (2,0) )'J..THEomES/Cths

(B.) 3D CoMPAcT: M = HITCHIN Mobull

(C.) T b SET OF LINE OPERATRS
Lagsted BY © =C

(D) < Lg“))> :-W'HOL < FLAT GAUGE FLD)

(E) FoR A-HImeHiN SYSTEHS

. %}( — TOCK —CONCHAROV COORDS

e = ALGORITHM FOR COMPUTING

— BPS INDIES C2(Y¥)
_ Framed INDcES  Q(Y)



VT \
VT~ SuRFACE DEFECTS £ 2D/4d> WCF

(A.) DEFNMON of SURFACE DEFECTS
PRESERVED <QUSY

(B) E©xAMPLES

(C-) TR DESCRIPTION -
G-UkoV— WITTEN PARAMETERS

= TIRSoRS T;
(D)  \NewwNe LINE DEFECTS

(E.) rorMAL STRUCTURE OF
2D/uD WcF

(F) 2D CEOMETRY : HHVR's
V — M

(G) EXAMPLE §: BI\TCHIN SYSTEMS



L V\(:;Z PREV’EM)

Ty

STUDY PARTICLE SPECRUM
OF THERIECS WiTH D=4 N:=2 :

(&) SusYy ALcesrRA

A= NaoA
A = ?o;n(\.z))e: su@)g @ V), ®CT
A< &), & (‘12)2)_\‘11{

<®\f \+ . Elo‘«/c\
);Qo‘A,@(bg%: 20 P SAB

m(g,m

{QdA; @GB} - Q%pé% Z



@3\ A USEFUL INVoLUTION

FoR ANY PHASE § DEF/NE
AN INVOLUTION oF Su(2,2]2)

BY FYo-X & Wilg ROTATON BYS
{

Az AT oA




(C.) REPRESENTATONS

2
MASSWE ONITARY 1RREP

PARTICLE ~ INDULED FRoM ED.
REP @&« AOJLG;*A‘

—

©
AQ,: Se(8) & su(2),

R &))< 4(t+ =)

= ] = 2 —RG_(Z/g)ﬁ

_/

c £ LINE DEFEQCTS BRELOW
ToRr. Z= <'*|Z] CHoost

'

= -—e"”( —> )‘M>/ IZ\]




(ﬁd/-\ £ t(:_A FoeM
(GRADED CoMMUTING ) GLIFFRD
MCERAS. TACH HAS IRREP

Can= (0;1) & ($:0)

AS REP Ov 4;: So(%)@su(l)R

M >=Z): LoNG REPS

ﬁ”\@ﬁh@/k

. QA
M= |Z[: SHRT RERS: &' =0,

Prn @ h

Y = ANY FIN. DIML. REP OF So3)®sv(2),



K\ZPQ()’TEQ'TED SPIN CHARACTER J

2J3 21,

% XG40 Chf)  Lon G

(XX %%, ) cb(1,)  SHoRT

X, axl (T‘r(’(ws’( k )

X=-X2=y
=  Ir <2C):3 )C—i)ﬁ% <._\}>
Y-4') ch() |

1S AN \NDEY |

2(3'3+I3 )

X\= =Xy =)/



MoDULI OF VACUA

| W\ =2 THEWER HAVE
MoDuLl SPACES OF VACUA

0 [OCALLY

VM HM™
MoebuLl % LoDuLY

I

TS TaLk - S

3 LOW ENERGY THERY HAS
UNRROKEN ‘RANK

SELEw™WAL ARELIAN
G AVGE THERY



SELFwAL AReELIAN
G AUGE THERY

|, LOoCAL RVsTEM [F— TR
O RaNk Rr SVYMPLECTIC

L ATTCES
(--. MORE GENERALLY T* 1S
“PGlLSSoN':
o — V| — T—t‘ V' s o
‘c[avaf‘ 86'0‘81

Q. V= T®TR HAS Qwmpamale
POSITMVE CoMPLEX SR, T

FTe M) eV

¢» F=(xeoexT )FE

- dfF =0




3.

A LAGRANGIAN  BUT

CHOICE oFf "DuALITY FRAME
(04,___/ it ) FoRr =

4
= (e, P30 Reg FTFY

(Eew\ark{ AlLSe IN D=6 AREL. TM

ONCE GIVE QCtHeoseES A LAG.
CDECOMPOSTTION OF THE SPACC

O

- HELDS H AN ACTION

PRINCIPE  (BELov & Moo«@:)
/



C ONSTRAINTS oF SVEY

‘% = |— ParTicLE WH.S

- ® #,
Ye i

\.
RE STRICTION BF Z= OYERMAXR

To Py IS A SCAAR =
Z(X) -

CENTRAL CHARGE
N CTION

W= 2 susY =

(1) Z2CY) DEPENDS 6N VAC.
M6DOLI BUT ONLY ON VM: Z(X;u)

(2) Z(+ 30) e Hom (17 €)

JIES IN A L AGRANGAN SUBMELD:
Z((g":):-a £ ¥z ) =Gpz = o2

50\'—



DEF. OF PROTECTED SPIN CHARACTER

BPS BPS,_— m’fc
€7 - @ 1
(‘3 %f ) Q(b’,u,y = kepsklj)(')%}j)
! 275
Q(X uj\a ) p— il. )
. Xty |

"DEF: The BPI INDEX IS

THE SPECIALI Z2ATION T y=-—l :

S2(vu) = Q(m“) ‘3> l



T MPoRTANT REMARK

IN SUGRA THERE (S (N GENERAL

No sSu@), SYMMETRY.

BUT BPS INDICES CAN
STILL BE ’DECINE'D,'?%ECAUSE

C2w) = -2 (23') (—\)

%RPS

= T’ﬁfi”j

—| SAT\SFACTORY PHYS! CAL DERIVATON

OF kSWCFE FoR BPS /ADICES IN BdTH
FIELD THEORY & SUGRA, BUT oNLT =oR

THEGRIES WITH ONVBROKEN < U(2)p | S TTHERE.

A DPHYSICAL DERIVATION oF THE
MoT] VIC W._C,.F"T




OPEN PROBLEM: FIND AN

A LGORITHM Td COMPUTE THE
BPS SPECTRUM

¥ NO EXAMPLES /IN SUGRA

74
X A FoR A,— THEGRIES /N
CLASS A"

X OTHERWISE UNKNOWN (N FT,
EXCEPT FoR ScATTERED EXAHPLES

FIRST sTEP HOW Dees THe
SPECTRUM DEPEND oN MopoLr ¢

o OPIN craRacTER "DEPEND S

ON 25T VM \Sl Ht

. 'PSC% INDEX. ONLY DEPEND
oN VM,



|

PP STHTES CAN FoRkM
| BPS ROVNDSTATE ]

~

_J

BINDINGC ENERGY

FcTv,
SW, -

e | 20|~ [20)] - B%)| <o

DECAYS ONLY ALON &

M8 (XUXL) s = { u[ Zsu) || Z(b’z,u)}

(B.E<0 NEC | N‘o’T:S’uPT—'.‘?j >

QUY;W) ONLY TUMPS  AcCRoss
MSCY Y, ) W %48, =Y

WCE : FIND AQX




N~ PRIMITIVE }T CEM|—PRUIWTWVE Wee

—_—

(A) MC SoiNs (DeENEF)

DaTA: U= lim UE) € 3

X —> %
Co ec\\ dw on , K 3 Q N. -t
: <%, ¥ .
¥ 2 7 = Q'::m(émzx,(%>>
141 ESR ,

= Phase (Z(Zx;,u)>

\ 1
SO-'QAL'HOV\ 1£ oo ‘%@5 V\/\.oﬂecdlq_ | o‘f’
OQ-BM“C (%6;)8 X)\o\ck \AOQQS .



@) N=2 : ROONDSTATE RADIUS:

’R,Z: I;._<\6\)Ez> J’Z\"]’ ZZ l)
Twm(Z Z-)

)
= E_<\6«_>Kz> - N

REMBRKS

(1) DENEE STRAILITY:
<% F>Tm(E Z,) >0

N=CE SSBURY TRUT NoOT SUFFICIENT



L2) ™R £, —%
s Z 22> R (e72)

— ~@Q<Z/‘§>
For Teo-ct< - _ o2

e QKA -SINMUIQ 1S VO"Q o '\Dr'bwo\el
<K| X‘1> (KQ_VV\O\.%S ’?\,w +Q



(@) BASIC (N C ™MECHANI(M !

C’Dewe{; - H oonre )

(Raol;% ?‘L 7 Q _-:>

5O = Ty y, )2 ey JSUA 0y

81) 87, ?KHUKL'T(\rE
;ZD_X")KI-;—\ — \ <\é\)\éf¢> \



(D) AMS  PaRADOX

T HIS PICTURE RAISES A PARADOX :

STRBLE
fRoUND ’”’.?i’rﬁ?re
POl o N SxieT Ho;r;qu
M3 1) 1 AMSQE)
UNSTABLE Z[¥) =0

¢ ANO OTHER WALLS oF Mg

o 1,-PARTICLE |8 STARLE /N
A~ NBD /M, O ZCG,):Q.

REesoLomon L aTER .. ..



(E,) \;lALO§ + Bilo FOCK SPACES

ONE REASIN THE PRIMITIVE
WeE IS INCoMPLETE LIS THAT

MS (X, %) =HS(N¥, KX, )

So WHEN w CRoSSES THE
WALL L OTS OF oTHER STUFF
"DECAVYS.

DEF: Balo caNFIG. 1S A
MC  "BOUINDE™TE W TH

X =0 , X ¢
—

X4, ¥ = pY XA /;];56
CONSTRAINTS = ALL X4
S\T ON sPHERE:

j

’? = l2_<' YC) 'XL‘> Tom (é{o(;b’,\')




AcKD  NO oTHER CONSTRANTT AFPLY

HALO PARTICLES ARE MUTUALLY

BYS = QOUANTUM STATES
ARE N- FART/ CLE FO& SPACE
STATEC.

ONE PARTICLE &PACE oOF
QUANTUM STATES ® of a halo particle

8PS
%U,XKL = SDM\ S VI«/\\GL\



?l\k ~ CoM. MOST W&
[N RaDiAL SPINY, SWWIE
= % BUT ON THE oTHER HAND

" THERE ARE LANDAYV -LEVEL DEGENERACLES

OF THE QUANTUM STATES WHICH ARE
HENCE DRAWN FRoM

\/\]Wé\,\: <J-Kc)(xx\«> ® 1(“).&“

h
27,1,
Z, —~ GRADING  —(-1) °

HM,\S NO \'A'GvQ‘O g@rr—-;éw,j
'\er\S ~ % bGSOL,S



ﬂe %uauﬁ)h ‘SJ%‘I‘ S asSoci a{]‘ei
b\);‘}’a \/\6«-0)0 COV\.‘Y‘; 3 oveond W .
Core ¥, 1is-

HALO
TANY B

\ LXC%?[ C(;\ Wrm}

?[W’X = Z,- GRADED Fock SPACE

GENERATED BY Z.- GRADED
V.S. W

S %M




(F) SEMI-PRIMITIVE WCF.

Now WRITE A WeF FoR THE

HALO COMRIBUTION To THE
INDE X :




L whroduce ﬁmuF ”‘Q‘}QL’“" S T

><~(| X{_L_ = Xg 4%

) [

/ A A A4 L /
omate /G )
\\\\\\\\\\\ A

|<n > 1ty )

HJQ‘O n%,5 0
G’ TT(' ( )< Xnn) ¢ XK
\\\ NN \\\\\\
S.’EM\ PRMITVE WaF




1V PHYSICAL DERIVATION OF KSWCF

(A) MAN PRORIEM W/ HALO
PICTURE S THAT

SLYANY ) £ Q) QH:(NY )

:z M\‘xivﬂ ‘-’:
- = \N\X\C‘S
( Bet-d
6 \
\ /
N~ s

S~——

WITH OTHER MoRE COMPLICATED
BOONDSTATES GF TOTAL CHARGE

XC—;—NX



(B.) BPS GALAXIES

NEW (DEA : SUPPRESS MIXING BY
TAKING [LARGE CoRE CHARGE

CHooSE (1) SURGROVP OF
RANK r ARELIAN GAVGE GROOP

CQQ.)M¢3.> CHARGES 'Xo,, XQ )

(XO)X6I> =‘
"TAKE : ¥ = /\2\60,,_/\{6/,,_5
Selt = [¥] <45> <<ux5esf

WE WILL TAKE A —> ™



\

\
WE DEFINE A BPS GALAXY

TO0 RE A MW.C. SoLumnoN
(Ml TS QuMetoM At\m(_o(;>

WHERE ONE CENTER ¥ =0 HAS
CHARGE Y. AND ALL O0THER

CENTERS YJ HAVE CHARGES

X\S < ch ,

KEY CLAM: LET

(%) = { ENSEMBLE oF ALL?

BPS GALAXES

L)

0k A—w THERE IS KNo
QGUANTOM  MIXING BETWEEN

EANSEMRLES Wi Y.+ ¥




:S:USTLFIC/-\‘T[OI\/

(1') TNTRoPIC SLPPRESSION :

BIC RLACK HaLES CAN' T FRAGMENT

cf. Maldacena-Michelson-Strominger

(2' ) "D\ STANCE SUPPRESSIDN:

"TONNELING oSVER (ARGE DISTANCES
(S TEXPoNCNTIALLY SUPPRESSED




(C-) \‘FZAME'D BPS \NDE X }

/1’(75(’( Cort ) U /14“1{% /“p\

Ty o) =i Te 1)

C A— w0 %X(XMI“-)

Upiw These are. Wwell-debined
a—‘\-&‘l PP“\QCQ.U);SQ_ Con&i’au‘l’.



<(D) 1FT‘Q,M€.A. ‘BPS WaQQ—C_ms:(nq
)

%‘PS G‘a»Qp-x:e_g Qe QcDVV\."S) \\'ccd‘e &
RBut Wall- cro.sgn'rj \'S S‘IMP\Q:

Z005u) 11 204 u)




HAPPENS WHEN
Z(%.) Z<Xc+?fm-b>

N\ —n
'\/\f,\&k—_- %u/ -Z(h) )[ Z(Ko)’}

N.B. "DEPEVMENCE 6N ¥, DROPPED sur¥
Now STupY :

G\( 2 Q\((sz ) X (X—WA)QA\




| S
WeL(—
DETFINED TO
R A
—>
©Q

L \ O €

:% T NTR
SDUCE.

D

\@X ‘=

" %Y Ky !
Y

Tk
en
Qcross o RBRPS
Wl



G\&Q_ 0 UX(UQ | GXC

Wy

Uy

UY&W)z Tr J{ S LWty )

=1

1S A “DIFFL. DPERATOR.




(E) DERWING KSWCF

CONSIPER A NONSINGULAR

PoINT™ N Mopul SPACE AND
A SMALL PATH & NEARBY:

@P

ch(u ) IS SINCLE- VAWED oN P

RUT TRERE WILL TVPICAWLY
12 MANY WALLS \/\fx

_
P




Ne
GUCOA) — Tr/u({'(a;) GB_EV\)

SINCE 0 WAS ARRITRARY
GYCCUQ 1S ARBITRARY :

‘ Trruxi(u_;): 1 j

OPERATIR EQUATION CONSTRAIN S
“THE ®ps eans Q@) Y

LT S Easy T SHow
THIS (MPLIES £SWCF.



(F)  AMS PARADOX

C—

— NEW WALL WHEE HALO
DESCRIPTIon) CHANGES

(

/
CoNJUGATION
A@Xl e ) = wWaLL”

MS(KI)K“L> Z(Y,).—.—o AHS(X"\(I)
A(ny, )¥,) TS DEFINEDIN
TERMY of ATTRACTR FTLow TREES:

S\ul FlowoFr n¥zf. CRASHES \%
oN Z ) = O



n ¥, -PARTICLER

. K= . L X~
/ X \ .?<’ > ><
| ._A/ \
>{ 0 (A ( O \
\ Y, / X XA TX, 7(
\ >< . /
><\ - - - _9( - 7

(1) ©¥,)-pazTas

-

= MO NSDRoMY

<

, — G+ L

= <Y 20K UkY) >0
k=1



TWO CONSEQUENCER

@ LT F THE ONLY MASSLESS

PoPULATED CHARGES AT ?CK) ARE
[\l o ¥ THEN:

S AKT )
R = _D—Q“B) eZ[q ]

NOTA BENE: MAISLESS VMS
CoNTR IBUTE Q_cé" )"ZK '

WHEN THERE ARE MASSLESS
VMS THERE ARE ALSO MASSLESS

MoNoPores




\/ LINE DEFecTS

(A) NowW WE Focus oN FIELD TAERY

BASED oN ScCFML FBXd YT /\S*

LINE DEFECT: NBD IS CoNRRMAL
TO ALS, x S*

DEF/NE (T T RE A ConrormA L
BORY CoNDmoN o= A, [kA’Pus*Tw]

CONSIDER A LINE DEFECT

{;ZCO}x? %\’"Z



DEF: WE SAY L IS o®

TYPE S & T PRESERVES
T HE SUBACLGEBRA FIXED BTY 35

RS~ @+ T o5 G

. |

EXAMPLES
'_’I_,) WILSON

Lo~ Peg ) (E-iA-1F)
Rx 3

2 ) 't HOOFT
) F~ Pe shedodg pet

(P/g ~ —T;--l— Cpoo/sa



- )

(B) FRAMED RPS STATES

\ |[LRERT SPACE IS M®IFIED

W - D H,

Xerz

(l:\i GENERAL T, = [*- ToRSOR )

“THiNk OF #, vy AS SETOR
CREATED BY 00-LT HEAVY DTON
OF CHARGE —=>

E > — QQ(ZX/S)

DEF: FRAMED BPS STATES
SATURATE THIS ROOND




‘DEF: THE FRAMED

PROTECTED SPIN CHARACTER

23, <
BPS 1) <~3') jg

L’g u

43 N J-3+FI.3

g’_‘g_:-_—_*;;

Q e Z[yy'l avo

Q(LYy;5u)
IS PIECEWISE CONSTANT
IN S «



(C)) TFRAMED BPR WALL-CROSSNG

NE AR BPS WALLS:

W) = 4@s)| Znf <o |
< B x @*

SOME OF THE FRAMED BPS
STATE S ARE PDESCRIBED

R_RY WHALOS: XI,L

~ < XL ¢_> : QYC \:
HALO — . 2
2T (5, /5 )

(rou.ows FROM LIMIT O BOUNDSTATE
RADILS (N THE LIMIT Z, — . >




CROSS W) : CREATE /ANN. HALO
F OCk SPACES

THE ®PS walls WEW)

WIDE  @xC* NTo CHAMBERS

GENERATING FUNCTION

-}

FlLe):= % Q (AJ Vi) Ay

XK, sz. — }<XUX1 > ><
W)
T Brafs) >0 Tm (24 /5) <0
Cy C_
F(L,c, F(L,e)

T+Y

[

—1




l S
1”
C %
l< ‘
SU

. \
(Le-) sy,
= Smﬂ -
\ = Q_.,C,L)

ES
CLE
RTI
BALO Po

-

O

S C

P



MOTIVIC KSWC

| (]

F(, &)= SE®)FLe )S@®)
- S@&) FlLe:)S@)
MoOTIVIC

kswer?® S@)=s(®)

_.X¥ -

RELATED DISCUSSIONS:
DimMo FTE ‘a\ GUkOV

CECOTTI é( VAEA

’DlMOFTE, GUkoV % SO IBELMAN



AA
Xy, Xy, = 1) X% +%

ra

N\
Xy: COMMUTATIVE VARIABLES !

?:Q__,C,,_) = Z iz(éw\();éy

'QQ&
_ ko)

" =L, e-)

KX;\ &/)\(6’) - Q’- Q{) <% 0> §\<¥



(D)) STRONG PosITIVITY

SURPRISING FACT: (N THE
A - TIELD THEORIE S

PSC = spwv CHARACTER

<NON'TR’V/4L_ STAIEMENT
ARoLT Tops LoGY GF MonoPoLr
ModuL spacge . )

—> TPURELY A-LGEBRALC CoNyTRUCTION
O THE ALGEBRA OF LINE DEFECTS



DEF: A STRONGLY PesSITiv E
FoRmL Ling ocrerpaToR 15 A

CollEcon F(e) ce CHAMBER S

- C
+ Flc) < Zy_ Px XX FINITE SuM

— %

N' .
ConNgEcrues : FoRmMA L (inE operaTse s

S

COINCIDE wWiTU THE TROZ LINE OP %

_ X
o CLUSTER. ALGEBRAS

o CLUSTER. VARIENES
° TRoPicat LARBELS




VI Hk GEGMETRY £

\
CoMPACTIEICATION TO IDIMS

(A)  PuT THERY oN Rx<y
LOW ENERSY EECECTIVE THESRY:

Q= MODEL - T@BQ M

M 1S A ToRvuS FIRRATION

15 0 :(ELEC.) HMAG. )
M O WILSON LINES

o/ Lt [/

SINGULAR. onN PISCRIMINANT LOCUS

WHERE TPOPULATED CHARGES ¥ ARE
MASSLESS B —o.




<"B.) “’DPcRBoux COORDS

s« JLSY = \/‘/( R Hk
= FAMILY 6 CPLL
1
STRUCTIRES M ¢ TP

o WRAP L. oN 8§ =
[ OCAL OPERATIR IN 3D THERY

<LS’> S  HoloMorPHIC oN (Mj

o ON THE OTHER HAND

_ 3 -2xRH 2B.
<L5>“T‘m6‘3we” S

)



_ 3 —2nRH 2B.
<LS’>“NJ—%€LC'BZU o 363@)

S
G = CHARGE oPERATGR

O < H‘om@ W23 = Be® oo
RE THE (WILSeN (JNES

O—(@) : QRIF: SEF-puALTY ¥

Pos 1T AN ExPANSioN

LS = (L
< §> XZ "’<S)Y)/Ljh’

® JV DETAILSOE WHICH Livs
OPERATIZ CAPTuRed B O (Ly ¥ )

® |R, EFFECTVE LINE OPERATOR
CREATED BY oco-ly HEAVY DYON oF

CHARGE ¥ = %x "DARBOVX CooRDS



(C.) "PROPERTIES oF Uy

(L) Yy (+,5)  HOLOMorPHC ON M

(2.) HolLOMeRPH(C I[N S € CX

(3) R — 0 : TRACE ASYMPINES
10

Z,
Z gi LgX) TCK X+2€Y+T\—KSZX
¥

V =
s+

‘éx
SO

— s+
‘38 R o0 (jb'

L | cEWISE:
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