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Infinite Chiral Symmetry in Four Dimensions
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ABSTRACT: We describe a new correspondence between four-dimensional conformal field theories
with extended supersymmetry and two-dimensional chiral algebras. The meromorphic correlators of
the chiral algebra compute correlators in a protected sector of the four-dimensional theory. Infinite
chiral symmetry has far-reaching consequences for the spectral data, correlation functions, and central
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charges of any four-dimensional theory with A" = 2 superconformal symmetry.

w/ﬁojaiﬂfjw L///\/) )
- Ly
L Ko lote C/x\/)/\/-'>0O with 1z



%/@f@f%ic Duad s %e
/3 ’mwﬂ&/ o Sl /@)
We will show ot

13327@ N VOA = A VOA built

ﬁem “Witten rjﬁr&yymh
o SL ()

/S%mpﬂwy@ /LO/L) / m%%;c @?/C%/cm .
w/%@r;\jq? ) ~/



N =4 omm/ﬁ/;eém:

éogm\ 1

- %’)%J/\ S/O)(L Va_ /ze% o Qoi’c)?nz[ el 0{ GL/\/

2,(0)Z,(z)~ &
- Porform  BRST Reobuclion Q@ 64

/\/
£ %w va /@%& ;
N =4 ch e ogépéﬂv@v 4
4 h}m/ ﬁ/ﬁ/w@/zéw/ O/)@/VO'ZZ o7 S

o 90, / 6Ly
/éwg’o%ff ng/@mﬁ stack )



MO&/G %F&W@u:
@M@vmﬁwm #/evmé/ﬁmwn/ /Q&/Zmﬁ%m\/

§ Diff (s, 0e0) by €402
Clossical Vorsion /ﬂ“@l% 6,00168) ,.
[T¢q, e, = (491, @[7%)//4’4%

- {2 222E 90120, [ 2,2, | O} Gy (12))



\/W) amt /ﬂ&We 'mglz%@/"
J% ¢ Wom (@' aV) | T -

D
Toe Hem(@, €)1 55 Ly
Z, 2,¢€ 9//\/ LT 2
BRST MJ%&O@ 6L,

/9210758 ngICQ. ,
2.¢ 90,02)) € Hom /f“j@k/k)//zm

T e Hom/ ¥ &V )2
[Z/)le + L0 =0 > WOM? GZ/V//%Q)




/U 4’ VW@I’J@%V@/ — ﬁﬁ%m % OW&%7

][07/“ %8 525%1 §7Zrm mw/@( /m o
~/

B-brene @@N e @A(@)

P%&je oot ZWOOZM& % sheaves on

L xl™ 0/{0/1”7’/24@ 5)@/\/[8

&Z 2
S}LQQ){ y/\/ﬁ /] . ;z Ué’c%\f éwr\J/z, /1//572]

on CX) C@@"VC/@/A&{PS 2,727_ e @ Ay

2, 4 ¢ Lod(71.%) [2, 2, ]=0




Wil madler:  alss neluote /

ey e
Spoe {1@7 breune %5@¢K
Phose Soac | rw%)

f’//mréim /fee romte (KK ) s hoover m@ykdz l
175/0115 cver $X7 socored Chorn clbrss NZ@XJ?X%M&XJ
I) j) Z,’ " A@#/ﬂ (}/0[%0\/

Good  Relote large NV vonfor Qg%m [l matho )

f@ [/OSP@@ 572%7 @’TWO?/@// /wélifm;ﬁ;%\%i@



Cisec strineg Lebls: (X o CY/5
g fible (X o C/3)

- e °(X)=02"(X7Tx)
B@/{/‘eumé O&{fﬁeﬂ%raé 68’)’%7[%6(5 J@é/wmwgvem

{{ 69%4/07% Structure

_ A (X)€"
ﬁo&m@‘p}nc %@f%-giwoj%e 5@/0)?344‘
7] C

Eouati MDI/J :
¢ @:(/g C{le{mes Gj'}l,j?"’a%é, o/ez{c%mw{/&w i comploe sh
# AD/[DW%])AM 77C* hunddle

9



X /5 CEX  Auemann swac
(ohat. is d@ close! 51127 {;eu souwrcal (\7

o hrane @%C?

Arswr o eD7(X)  sh that
oot = IVE € L7 (X)
,g)(a/mp/.g: 6 = d:g
Z 2,W ),

o = ol e (0,00, ~w ) N(@,JQ,QJ@,)

[ fer]*
(é(ﬁimﬂ ),V o, v ol 2) :Jw)o/%>

&

10



#”;@ raghic [)
Lomplox 7ﬂam4é¢ﬂ

u.w[ to 1%3;27 en CSC>:
C°\C  here holomorphic

ﬁmcﬁ@ns are F/z,i,co;,[);) Saizf%%

[w]T

SF+IVE@idv ) £ = O

Soldions 4o s e%uwé?em.' L, Wy ond)

L{/ p— M)/z“/\/&;

Jw( ™

hy, = W, 24NV w,

[w/™

(,(lw, - U,UJZ —_—

IV

11



g@ﬂCALS?O?'l—" /'/0{0 V‘@%’c%a/ﬁs %Q Q/Lir/a/ e«/ @éra -
HES fopo;é?j/@/ 78-moetp ( o

Si(e)= I xS
G@a(f Cﬁmpm/@ %@ /V Y/MWOQ/&M %m

Bmpole( en  SL (T)
Y wo aﬁoroacle/s:

/) 09%1”46 o A r@f%i(’ ver{ex ca/ eboror USIN
Wrélen i/ﬁozfywwng oj Oﬂ

l) Use 6Wé7mmoé7 i%elm%



/»ovme, A% c,/oba/ SymmeTry a/C/G’%)f@“
>J —/ = S xS

O « 9;217/@ trace o o7

Modes  f2°d:0() form o Lie algehron
The iéykw/ Jmmijy i[j@/)/@u consists 0{
L odes p%@s% vocwwrm. ot O amd oo
I§ O s %SP"*’L 7;;\7/@%@/;7%@/74@& oure
jéz“c@;? 9(z), O w2

13



%':—Km- mm;% vertex O&/\%f%ﬂw
Je bej ﬁpj v S a1 ]//@US

Al noc/es: szK Sl form

PN

j//%U éé@%a[jjmmefﬁ?%j)j{jmo/z

\/? oS oo 1/9/‘4% igcy{vr&: /‘ §f7n AL
M( m/o@ﬁegs Zm —:\j{Z n+/—/»0/2
C’%cj oijmme%f‘ieé.' L_f) Lo, L, = 5(7\

14



Tr %/L)//f z Hor- MCJ_OZ@ /W Sé(ﬁ
e Z/ZL \> s, (c)

] /va CDZ V/P&éWJ&ﬂW&%ﬁW
—> s[ (i) o

U:/ 1S oun /mé/%/{e J/M@/}”IS/W@/ L/on
cg P Tr(ef)de cas

<ﬂL



#%D@W&M ééoéa/ Sqmme;ﬁw A/Qg hrow
c Moles of ho/a f@p% VOA
/S /e &/7@/&/@ 5/{ /OS&JSw 57%56@5
Bosonic Fort: OL \/emé (51 (¢)
JUJM(G Z[;va@ Ao(em@% ic VGCTZW {G//C//S
OL)'/(& mMotter. &/LSO mc/m:/a Oppes 3{::7 évza#s
O(sL, (€))®g((k [k )




R4 [Mo& ™a {%Q/V‘)

17



T/O/'f pmwofes Vi stren msvzrw%%s
oh fZLe VOA ;&{7 %7

rjég“@[%)cjz)fvﬂﬂ//z)o&J

%}/«essepﬁ o fermb aff/ OOPL Do) Oz )
VOA  dleterminedd w45 [ poremoter: [/
Cgmo/éairj Loweo N VOA

~ o/f) /¢ ‘/07%



LM e IV VOA w. M Maf‘g{eﬂ

3(’“ C,L/m(dfkm @/v) z Z C//B?n(@ @/v)

T ¢ Hom(a” X" J
—ox om (€7, ) 50((2)‘9\

66:{;(,76 mV&/f“/OWVIf Dz 57‘7;;’? @p@wmlws
1 2, -2, j
-Aa/ oint {{j(/k/k)

) s,m n/2  rep su(2),
’Sp/n n/l+/ Lm@/e/“ AWWZ’ S()él)

19



[ M‘PQQPDFJ% jé@%a/ oéyfmne%mes:
§ yede T o202, 0"

Osrs

-— Sp/w ?’L/Qv Wno/@” Of/ﬁ‘/ g(/((sz
| SLy Cw{mvna/(iymme
/U( 0 pen 5t rin WW/ Scymmet 708

cj([zc/%)o/@ Ve Q)VK) j//k/éc)@&&)
YA



(9 STrin Sem mexriés
EI(F) ,  Fedli/e)
Owr /7&97“% \10\775
[£0(F), £1(e)] = £ (F6)

/mu/f (ol o h[ﬁ/f[ ¢
Keconstruct SL, (T) ff@mp{ﬁéﬂlaéou( : )>)

R mgj\ry ;\7@%@(‘



o A L T L
% B Z gt Ziy Z
Wick  contracksn D{O/aw»sv‘rzj qee/rcﬂ{%

= /ﬁa/fip/fcazzf@n n @/542(@/)

22






Klt)s@/g 672;\:7 @79@»@/@4«5
Tr 2 2 = 5" K /2. repo ﬁ{ SU (2,

CT o &2 under Korente
So(a.)

Jr £ 24 Z Z ‘.

J, 2 J2 ) %\] 1),

LI K/2 re s % Sé/ﬂz)/{
spin k/2+L water SO(Z)

24



&9%/‘65/%?1%37 G lotyal 0§7mme7‘r765:
jéZ(JZ//—;VZ[/,L 2; Zé«« (S K-2.

jérZ(JZTP/ZC)g} g//;‘;/’] b (< K +2

L

€ @/\// @VR)
/247 K/,
7;07@%@’ Hoose cure Fowrmer mokes (){

vect (sL(e1) = D[ 1 5o LR )

25



ﬂwm @OSW/’( Cé)fpg{ S/;injpj%%/ymmﬁ’w%
E Vfﬁ‘l{@(gzl/fjj a5 or 4/’@@01/76 éf&\

ng{y more @rcwnp@w o ée coorlal
o

_ %’/1@ iuﬂ/‘éﬁ’“ %@7"7% —> §[l(f]//~/

- C (o0 55 S (A?fW/i%QA/\ﬁS /é&w% MQ/@/&MMU»)

/[fe/afecj coor k.
_ /s/:{)oz?ue, Movsow iam, Zhon



Conclusion.  Helo r@%tp/&w/ to the chiral ol K
ooy Y ehron
/5 %Opié)j/@/ @-ﬂwa[o/% J
Si(e)= I xS
How cloes this relude +o erebiary hologpaphy”

C.,5 L /,20/6) : Cayecvlwe Hoit /()Ca/:'za%im 5{
E7p€ Jlﬁ on AJS;XS; /5 {or( /3'/?100/6%

o (&?\D) X d;“l coifte ém(f(jh%moj W

W, 2

/\/ & D Ei)"'( (:),C(h‘/)' CJJ:JK
2 Y2, MK



Thes 4op' ohing hos  ps((3]3) M
(resiclue o{ pé(ﬂ‘/@) en Aoégyx?')

R%%Edf et cv[: Loca/cze ugzj
@ e ps((3]3)
(orres perol ling  Surer - ghost s

W w, dw. - w,dw,
D&, 1 /\/ z/ /; 3 Q)ZL S

\
b@(ﬁes 6307( 5‘}?0?3 lo w)=0 2,=0

28



Zencé,éf’oﬂr #0{0 V‘@%’c%/ﬁs %Q Jir/a/ e«/ e,éra ”
/\7 ‘\7
/S %0790;4;)7/(9// 27)‘/07/00@/ &7

Si(e)= Iy > xS
fow Ho recover e large IV chiral 2/76&3?
Lffectie lhezry on (1 & hiher s gavty”
Usual %raﬂm o&c&gﬂ%;
— Mok fications 4 b@mc/ﬁtg corolshoms on
DM = CiP'
{—7 32{17[@ frae qrerodters o (rge |\/



CET correlpdors < &)i%moﬁo‘ogmm csmpo#oaf?’ms

O

Helomerghic Frcture




(b Gl Mo sy *

| | s CIP' x TP, (b
// 2 Y A
/////
N
=l

Foucloy conditions in holomorihr %27% |
e (SLO)) has ereler | pole at Y=0
A QQD)/(SL;\(C))®PSZ[/// /j) has ordler | zero at V=0



Neow /a@am@/ % $/.(C) howe coonlooite:

W e $//O [ retoded 7/\47 Sui2) )
Z on @//o/ (CA/V&// M)m W/@tme)

7L /LOMWO(/ (‘/&V‘FC/LM /ﬁuéé (947{4 2= co, W= oo)
MOJ/{?m‘/?mﬂs o?{ /ooumo/w conoli bons ot
z2=0, =0

6&537

32



Pasﬁu’ ble. Wmﬁ gz (’om/i onsS. QJ%OW
Aeq® (5L (¢))®ps(1]1)
to have o pdle § orcler Koo ot n=o
A A/ ‘K(AJL 52:0 o lsw

CAD}CQ/) WSM I /ve/p/@g@n/fa{?e/n,

LKM , K/x*l} %

Su(x) 4 x SO(%)
{DW{L K41, 9om /2 weder SOL) [isrentz ﬁﬁm%(éfmm%;}

33



e 07 (SL(L)) Modifed hounchey condhons

O<’\/””:K‘”’0m§z:c> = [K? K/:K
Or:

o A S +7L'/'K@/4Jw935

=0 =0

e £ w1 m/mtlj

pOSSIéZZ Jegm’ma\f/’am 5{ éwic:fj CO?JIM;;
[Sosenic: [M/, b‘/x] 5 o] ["‘”7@*1]@0

Fermionic L"‘“ ) u/ﬁ’] 0 ({uro (,@f)/es)
(+ Z o/@r/VWS)



S?ﬂﬁ(p. Trace qamwze’rs % [Mjg /\/ GAW\&/O&@%M. 3
w: 7?)</1~ c [&u-() l;(/i] )
Ir X,k (X;D%%)Z;)’ € [/’(”7 V/,\J—l} K, 0

Fermienic Tr’ X/K/j < [KH) M/l%/] s

N~

Ir X/(‘Dce[k’”) 1‘/17”] b2 o

Pé/'{effé maﬂt&/h/(:> inokice? e %\Q Seume.
hut also 1o came lladion)



36

ﬁgm{’w/we: N =4 chiral aa\/%eéret 007\/‘@/04757971 ﬂ/ﬂ(’/ﬁQﬂS
I o
(ok) ‘9“(7“)>‘<§g, -2 ZKS[/)})M
b= @M@% condifien
b: = Variatiens ‘{ be @orv\ospmfz? 1o (9
Com make W/ic.’-} wm/)u%a{imts % L and
5 poW(’— ﬂmcéim'ts ﬁem fé@jmuiﬁn .Sioé.
These.  mateh {ﬁe J/’M/Wra computabions



E X amM pz-Z WVHLM

CTrfp X)) ax>va z T

How +o compute ﬂmjmwog Slc’//e)
w(ac ><~—~7 éownoézy opeerrontor

s KEX/K) corresporals 4o o~ L)@Wno/;czy W with
{@9“}@,7\’7 517@1//&/@ n " 52:0

37



Want o ficol A" ot th o Sigulearly
sw‘v’sﬁi\a? 2 A% =0 (EOom) @ J 3
5 op@/rver/o?" o/eb/mme@/é
il
‘\/ T “ 7~ kc;z
(1+/wl")

) I S VA LA e
A = + Nw =2 ( L) s

2=0 (H—IW’) -0 > (1+1vi
+ -+ LNy e Vg
K/ z 2=0
- [ +/wl
it wde KT c




Oén\(j 'f&rfmpv\@%af 20 s

LN el L

K| ((F lwi™) T 2%

Agf&% operator

J U)KO(NDK+74, WSWH +o ﬁDcX;

(Clﬂxi-
{WJJMUI{QAU’&W( tuo porit flnclon
Nb(w/ /W/lkcjwo(w
Z..u»a.

(1t /wl™)F™

W

39



Outlosl

-~ er%@f’ é){WZes
D% W\'{Lﬂﬂ ADL‘; s wfa./rpi(/y
ey SL(C)/ T

— L\Gi&m{c\e]mufﬁns”
LOCO»{ 07961‘0«.7[07% VA SW&JO@
B-brames i SL, (C) (wz? o Complox Cuces

. Other c/wSe/)a?{meﬂlgg, |
M2 brames / matix vecter moclels (€ 202)

Ling clofects in 2L Yl
(/5A£iﬂia€) monscmiem, %;207?)

40



