EQVIVARIANT L OCALIZATION

A WD
HolLo 6RAPHY

CERN 8 JUVE 2023

PREC(SION NoLo6RAPHY WORK SHoP

BASED ON D.HARTELLI R A.2 2306. 03991



MANY SUCCESSFUL SToRIES OF EXAREW|2A Tow PROBLEM S IN RoaLOEMAPHY

@ ENTROPY FUNCTIONS HAVE BEEN UfED tO sTuUDY Avp (ounT

BLAcx HOoLE HICROSTATES

\\
o "TRIAL CEVTRAL LUANGES TO (cMPUTE "ExAcT" CELTNAL CHARGES

ﬁ(A) *”Ssu/ <crr

EXTREM2E
A PARAHMETEVIZE GLOBAL SYMHETRIES [ SOMETRIES
(N CFT (N &RAVITY

( CHEMI (AL POTENTIALS) CERUIVARIANT PARAMETERS )



A TALE OF FOUR EXTREM]ZATIONS

@ (65 MOX'M??UMW voQuwme mrw'vﬂ-‘uf[om
Livieies saroe-wecenr 03] [hARteLel- sPAREs -vAL o5 ]
3
b SCET a(b) = tv R(s) vele (¢ )

%

VARYING R-SYHHETRY

D3

v

Adssxses »c@utio n




MoRe EXPLICITLY FoR TORIC (Y3 Wwirth toaic DATA V*F

Ar =l 8?0’0&0 /)7/uawe"ofes of H,,@ C{'—')‘9
(fh £, fz) =D ISOWW,} vies rjo tho (73
R(A) = 3 4eTa
VR AR )
G (8) = Z Can Aty S e
C:gu; 0'217 [Vz)V7/Vr)

L e () Q(A(é)) = Vol (¢)

vaj> a wem, bt teve  CRum- AZ 0%]



@

SAME STGRY FOoR SCFT3

F- extvem 2alion

S3-frae evengy ES(A)
VARYING R-SYHMHETRY

LoAFFE@s ; ) ARFERS - kL6 RANOY - PUFy- SAVDI ll]

vofume w ruipe 7afion

ﬁ
vebs (¢)

M2

¥,



@ ¢ - @xtremizafion

D3 prawes (OMPACTIEIED ON RIEMANN SURFACeES [ BEwINI- BoPev 137

3K
o,
CFT, ou 23— CFT, e
Ads3 x 2y x SEs b3
Extreng
2 FUNCT(oW
<o) = tv X%; R@a) Vee (€, 0 = S( 1)

" \\

\MM'M Voeuwo

[ couzevz - 6 AvW1LET - MARTELL - SPARYS 18]
CEAubTien —naerEw) - sPARYS 1)

N~ ) (5v)
D= NEE) C(A(ym) = S (5,N)

CHosce(vi-Az 157



@ T - extvemizahion

M2 PBRAWES (OMPACTIEIED ON RIEMANN SuRFACeS L[ BEwM, Az 1<]

BLACK HoLE Ads, x 23 x SEs el

/

Mmcagaletes QM

S(A) @Vl{(/&f))' ?uw-,{fov) \/oe (f/ h) =b S(F,,\')

1/ \

wesler volume
[ ¢couzerz - 6 AvW1LET - MARTELL - SPARYS 18]

>\ — % (f;la')
D —o DlEn) c(A(Em) = S (5,N) CHosce(vi-Az 187

C6AvrTEn —naRTEW) - SPARYS 19]



ALL THIS RECEWTLY EXTENDED TO oRR(FOLDS

® LOCAL 5|~6UL/-)-¢2ITIES,4L,50 IV CODIMENS|ON LESS tHAM TWO

PROTOTYPE ; THE SPINDCE U(IPEVH,V'?] (21,22) ~ (}\"121/ >\"22z ) Aé C*

</, ¢z,

o DESPITE OB<CURE (NTERPRETATION OF sing u«.ﬁm:'ny/ Q¥T oW oRQIFoLDS
Exist AccordInG TO Boto 6RAPHY AND DERIVE (R BIXED Po(ns

[ FeRMERY ~ 6 AUMI(ET ~PlvA - (ARTELS - SPARYs 14 ]
cud weuy olbew



ALL THESE ExTremAl FumcTiows FACTORIZE OV Tonic ORBAfuLDS

U™

CFT COMPACT FiED ON Torle M

S £ P
F(a,6)= 2 F””;)(A* Pw)
T

© ORAVITATIONAL BLOCKS Fun vnwewol giew Ho CFT

(] 6&“"3 AePQx»ols o defaibs f,YH,w cow[)ac({ﬂm‘l’lom

SMOWING GUN FOR EQUIVARIANT LOCALIZATION




ALL THESE ExTregmAl FumcTiows FACTORIZE OV Tonic ORBAfuLDS

y NP
CFT COMPACT €(ED ON SPINDLE

1%

Fw(A GP) N Fu—-M*‘l’)
F(A,G): i _ = -

0 GRAVITATIOVAL BLOCKS vnwewrad, giwee Huo CFT

(] 6&“"3 AePQx»ols o defaibs f,YH,w cow[)ac({ﬂm‘l’lom

SMOWING GUN FOR EQUIVARIANT LOCALIZATION




Gravitational blocks

Blocks are universal:

B(A;,w,) universal F(A;) | QFT interpretation (large N)
AdS, x §7 | =22k NSRVA NG A A, S3-free energy
AdSs x S° —% N2 A1 AN 4d anomaly polynomial
AdSs x,, S* —% N5/3 (A1 A,)3/? S>-free energy
AdS; x S* | —Z8d) N3(A1A,)? 6d anomaly polynomial

CHogse1mi— HRISTON- AZ 03]

fav ovbwroé’ds Seo

MANTEL T - FAEDD - FOLtArARGSSA 21
Ro(pg- AVMIIET~ RARIELL(- SPARKS 22
bENOLINI- GAUNTLETT - SPARKS 23



EXTRE MAL FubCllers RELATED To ANOHALIES ETC

® THEY SHouLD BE |NDEPEWNEMNT OF MEBTRc DETAILS,

ToPolLo (AL (N NATURE

® T Hey SHovuLD RBE E QuivARIAMT

| THERSE AvY S(MPLE UNIVERSAL GEORE1R((AL OBJIE(T THuat (Aftures

ALL THESE PROUPELRTIES



CONSIPER TORIC GRRB[FoLDS

(H?.M) W > W= -?, d‘/.'l\dt}; d)( - U[el)‘M

DELZANT THeonEH semew-e‘wd \07 LE RMAY -ToLHAN

Mgy ) COMVEY
Mzw = > }D={76|R IV‘X’)\ZOX 7% Pgtmvf

o5’
CERE e O

o o

Ao, 0————o (€2,

SPINDLE



(NTRODVCE EavivyRIANT PANAMETERS

U(l')|M acks as g = &0

THE EGV|VARIAPT VOLUME (S

€

LJp—

o¢;

wibth Hewietounisn H-_ £

(igw=-dh)

\/(Aa,i.) =

|
(20)° J

febf'woly'... dy,.
f -




+Wo WAYS O0F (OMPUTING [T ! EGUIVARIANT LOCALI ZATION

Pixed Pom} fanmvea C8eRLILe- VEREVE ; DUISTERMAT - ELWMAN ; Avivau -@°T, .- ]

— - Aﬁ;gj
Vi) 2 —=
freed a I!— %? N )“’,/U‘

dg = cador o)o 0nbi (o0 g b Pixod pont A

UA' = O'U,'[nodava Fo Va —_ a-Qoua Lo e.dg,W)



FwWo WAYs of (OMPUIING 1T ! MolIEN- WEYL Fornul A

Sywp@elic quolicut dﬂﬂW‘aha\a o 64// :/(,):"“"
2 C(a V:' =0

Azl

4" tA

d-w
\/“’Z):J” oo e
e Aer 2T 7T(mza $a)

a=4




RE(LAT(ON AHord THE <+t woO

V{(ts-Zapn @)= ¢ - V(M :4%)

Hw

@ \/HW d°f¢mde cu d-wm ta ond 4 €

] \/ Jefwdc on 4 Aa awd M ¢



® COMPACT ¢ASE

Toric D(VISorS Do WitH
LINE BUNDLE Lg4

d
Cw] = -2n 2 Aali)
@z

T v

ea &
)\a‘"-- )aej (1 CL“I\ D (1 (Lar)
ar H

PN
L\f

Qd,o(uvu-u-own" ll/\iw ZG‘L‘ohs \annm

Foeywow:g& . £



@ Nowv CorpACT cASE . VA0S U e vationed vaotwh aF Ec

-6
\/(/\/{) = f c ay, .- dYM
2

40
ke)ofMAc.O

FoR (ACLABI -YAU CONES

COMIFoLD

AzO

RESOLVED (COWIFCLD

A#0




® [NCORPORATE ALL EXTREWAL FuveTion FOR AIS BRANE SOLUTIeNS Wit (Y,

0o \/(;\:-0/{) SASAVIAN VOLUHME

(0~ pmextmizet cun )

a (8e5)) = V(o ;)
(w-1)

o WEEY i) c HAfTER VOLVME
f (C. ox (p.awvza[iao.

PIECE OF DEGLREE
w-1 IN Xg

c(A(eN) = R



® FOR E XAHPLE | For ALL UnowN D2, H’Z/DB/ D¢, M5 BRAwE SOLUTIOWS

COMpACTIfe(ED ON 52 orR A SPINDLE

AC’Sd X H wiHn feux.rz,s i
e
fovic 3“‘“"*"7

Fle) = V)

H, = OV 'Ga)
dda




®@ Honcovewr

FcrR  FIBRATIONS

X N g Mm

(form ) Erng) = (E1ymp ) @ (i )

S \/(yw. (ff + 0(’5';;‘?)) Ma ?)‘2’) )

ST A

7 DA
F(UJ éfP) o .- o oo p.f)
PO(M‘S
fM

They ex f&mma Wro U\9l¢1v([0\/r ?p\c?of?a{f‘ow v pQocles




CONCLUSIONS

@ THE EQUIVARIAMT VOLVKHE Is THE VWEY OBILCT Fom ALl ExTRENAL PROBLEMS

Fonr suPe @sypmHetwic 60 HETHIES WiTth AW RoLoFNAPHIIC DUAL

(] (1 (5 TOPp LOGCAL (N NATUNE . NO MEED OF ESPLIC1T HETRWC  GR DETAILY :

IN TON(C CASC , WE JUST NEED TORLC pPATA

O AL coHPUTAticwS oF (NTEFRATED AVOMALIES N oRBIFOLDS APPLARED

v 16k Li1ERBTURE (AN BE RetoRMmuL A1ED IV TiRW s OF EQUIVARWA KT LOCQLL2AT IeW

O EauivARIAMT MATURE EXPLAINS ALL FACTORIZATOM PROPELRT(ES FOR

ExtRe MAL/E NTROPY FUNCTIgWS



