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IN £ QUILIBRIVM  cRITICAL PHTNOMTINA  UNDEZRSTANDING
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THAS PROBLEM (S USUALLY STUDIED INT Two
EXTRIMZ RZGEGIMEZS
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THERMA- L. TRANSITIONS AND DEFECT FPORMA TIONT
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KinpdLe ¥ R2URIK WZRE ACTUALLY INTERESTED N
DECEcT FORMATION S (N SYMMZTLY RiR2eac (NG
(RANSITIONS  INT 2 g COSMOLOEG Ichkt RPhercaROUINDS |

AS (S USUAL — SYMMZTRY RRZAKANG LZADS TO
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IN THI(S TALK We. wiec vse Hro/ 0 KRAPHIC METHODS
O UKD ZRS TAND T (H= ORIGINSG O©OF~ SUcCH
ScehAcinG BEHAVIOR

We Wit ALSO RNISc/SS SoMeE O THZR ASPECTS

oF RUunNceH  AeROSS CRITICATL POINTS — AND
THS DISCcCoOVeRLY OF New™ DYNAMICATL REGIMES,
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WHEN THE FPINAL HAMILTON/AN (S CRITICEAL  AND
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THE ®UANTUM RPRROXRLEM O FAR-FROM- ERUILIRRIVUM
SV LUTION BZCOMES A CLASSICAC PROBLTM
WITH A (IMZ DL INDINT ROONDIARY COIDITION.

THIS SetuPr HAS BTeN™ (USLLD (N AAS(cFT 7O
U DN ARES TAAND LINZAR R ESPONSE (N A WIDT

VVARLETY oL SITUA TION S - 25 VISCcpSITY
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INT FAR-FROM- EQUILIBRRIUM THS Szl HAS BEen
USZD To CONSITRUVCT MODILS oF AAS colMOLOLY

( s>, I Michelson, K-Narayan, A. Awead,
A . Ghosh y J-H O~ - 2006 -2009.
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THEe SeTUP — (N UARIOUS FoRrMS — HAS ALSO BTeanN
US<Z D 7o UNDZRS TAND ([HERMALIZATION o©OF
STRoNGLY COUPLZD 12cy THeoR eSS

THE. DUAL DESce (PO IS THE FFRRMATION O
EVENT HoORIZONS ©OR  APPARINT HoR(ZoNg
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O APPLY TH IS SETUR we 2D TO [~AIND A
HoolLOoOaRALHICc MODZL FoR (SOLATED CRITICAL DPDOINT

mJ — THEORY EXACTLY
T AT CRITIeAL POINT
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(MPLEe MmN T (N A VARIZTY OF SITUATIONS
P.BRASU & S R-D THeP (2o1(20(2) 103
P.BASU, D .DAS, S.RD Y T NISHIOKA THeEP (1303 (2013) 146
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wWEeE  Wlilte WoORIK (N A PRORE APPROXIMATION™
™ 3> g% > ol
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STATIC SOLUTION WITH J =0
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TH (S KIND OF MODIL F(RST CONSIDIRTID BY

RYU, NISHIOKA 8 TAEAYANAGI

— THey CoNSIpERETD U(dY =0 — So XN HaAS N
MZANING .
PROBZ APPROX 97 3> k¥ THEN MEANS GRAVITY
S Ak Q1ROVND UNCUTFARNGED —RUT  afiviee FLLD
BAhcrrreTiON NDODNTRIV/AC

Hopowitz Q WAY . RESULTS NDT SIENIRICANTLY
MODIRIZN BY CGRAVITY RANCKREACTION

OUR WORIL SHDWS THAT THE sSAME CSRUILIBR\OM
PHYSI1CS FoRr NONTR VAL UlCd) AND B 9% k2
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Now~ TURN ON A TIMZ-DIIRLINDTNT SOURCE

= d (- _ —3/2
p VoV, %N,?MCWW\VA.IQ +%& M\khwvA(/N

AND W CHoeDSE e.g.
T = T, tamh (BE)

WV <« mq»m (£ =-00)

AS EXPECTTD, AT LARLY TIMES THZE SolUTIONT
(S ADIARATIC



Re<O(t)>

8

1 | 1 1 1 1 | 1 1 I I I N |
=300 =200 =100

TTIME Z2VOLUTON OF ORDIR PIARAMITER



e W, (T,2) 18 THE SOWTION For A
C

CoNnSTANT SoURCE THZ ADIARIANTIc EXPANSION

Vgl = D, . (T®,8) + P (3.6

&-2
)\/ l T3 -~ _
[+ o U@ [ T2, = 2 B2y,
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ONCE  ADIABATICUATY PAWLS THIRE (S NO TAYLOR EXPANSIDN
(N  POWZRS oOoF 7P — W& NZTD TO (LeoK AT THE
ZRUATON (N &GINZRALITY

HoWZV TR SOMETHING VZRY SPEUATL HARPPING
IN ~ TH-& CRITICAL RZIONT  WHERE s

JEY ~ JyVE
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THE SOLUTION HAS AN EXPANSION- (A= 197

PERFORM A SPECTRAL DECoOMPOSITION™
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X = [ 2 = UL KT, KTy 2T
— - o(vs)
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—

CLENRLY  THE 22RO MODE DOMINATES NEAAMCS
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Kn  ~ o(¥5) < DRGA\WV



(N TERMS OF THE oRIG(INAL mv/VAl TH(S MEANS

—

& (e,9:9) = 15 & (L8 1)
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OO, 90> - ' F (L™
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Ho WeVgR WeE NDW KN2DW THE SYSTEMATC
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[N AAS|CFT DIPRINDINCE OF BRULK F~I(2UDS oON-
THS RADIAL Die cioN IS RECULATTD TO
SaenLe DIIRPINRATNCE (N DUAC LD THEORY

THE FPACT THAT DURING A QKRUINCH A 2<R0
MODE DOMINATES DYNAMICS [MPAPLITS THAT

(N THE F2cd THEoRY THees (S A DECoupLING
OF ScALES

SUcCcH DECoUPRLING (€ AN ASPECT OR CRITICAL
DYNAZMICL W QLT oUT TO UNDIRSTANUD
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MURNTA | KINDSHITA 0 TANAKXSHL ;  THep 1007 (2010)

CONSIDIAR USUACL HOLOGRAPHIC SURTRCONDUCTOR
CTART N SURPTRCooOLTN STATE

IN TRODUCE BRULK PIRLTURABATIONS
FIND THAT SOLUTIONT AXPPROMNAMHES tFAIRY
RLAce HoLcS (cCoupansen PHACE)

lg<0,>"/ T,




RHASZEN | GAUNTLZTT ,SONNTR & WIS ZMANT © PRL :QhNG_wV

INTRODUE A TIME DEPENDTNT ROUNDINRY CONDITION. Fol
A FINITE TIME INTZRUAL (N~ A  HDLOG RADPHIC
SURPZRCONDUCTOR  [INT (HE CONDTNSTD PHARE . T,
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HDOWENZR THIRE ANRE (HRsg DISTINCGT RcamesS
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THE |HoloaRAPHC STUDITS DESRI\RARTD SO FAR
INVOLVEDS GlLoaAz QUZNcH — AND THE RESULTING
BULe SoruTion ( #HENVCE  ORDTIR  PARAMTTER ) ARE
oo MOoOAaZnNecUS IN SEPRPACE,

T (S ForLLowS FROM ROLK ZQRUATIONS OF MOTION™
]

INT A GZNZRAL KFT | FLUCTUATIONS WiLL 1IMDUCE
INHO MOGENTIES ,

THs (£ INVISIRLE IN RuLk EQUATIONS o MOTOA
SINce THZSs ceanPTURE A N=0O LIMIT oOF THE
DYAL TRHEORY

FLUCTUATIONS ARE SUPPRTSSTD A7 N=90



\\Z CORRECTIONS = QUANTUM ©EffFectsS (N RULKS
— We Do NODOT KNZW Hoaul TO CACCOILATE THESE

SONN ER ua@\ CAMPO L 22U RIA [e0O6, 2229

ChESLER, GARCUA-GKRUA K LIU LI (F6 2

MODZC THIS AY (NTRODUCANG LAADOMIUESS (NTo

THe ISO0UNDARY CONDITIONS .

— IN A WAY CONSISTINT WITH FLUCTUATION —
DISSIPATION THEORENM



SETURL | THZRMAL &QUeNCH INT Hproa RAPHICc SUPZRFLU D

v CONSIDIR RLACK BRANE MetRric WITH A SPECUALILD
TIME —DEL TAIDINT TEMPERATUORE ()

T OTHIS /S ADPROXIMATE  Socution OF BULK TRUATIONS
WwWeen-  ((£) VARIZS SlowdlY

NS IMPOSE  RANIDOM ROUNDARY COUDITION T FoR THE
BOoL  cOMPLZX SCALAR  (P(X.E).
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NHEN SYSTEM Is Cootes agrowo T. — (9> stocus
DO MEKINS ARDd DEFECTS .

¢« DEFECT DENSITY CONSISTENT WITH KRRLE-2UDRTA

" New EBEFFECT = THERE (s A PERION OF NON-ADARATIC
EVorLuTON AFTEeR A.xm REFOAE A WELL-DEFINGD
CONDENESENTE Foia M s
— MODIF(CATION O0F ORIGINAL KIRRLT- ZORTK
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( HolLOGRMAPHIC TECHNIRUES Have THROWN UALUARLE
Ly T oN THE ORICIN OF KAIBBLE - 20UR AL
ScALING

New- ResulT @ CoRRECTIONS T0 ScALING
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THZY HAvVE ALSO LD TO DlscoveERY OF
NenW DYNAMICAL REEG(MES
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BUCHZL | LTHNIR SMYZRS THTZP (205 (20(3)0 6%
BUCHEL , LABNZR, MYZRS |, VAR NITLETRK  PRL 111 (2013) 201402
STUDIED THIS HDLOARAPHICALLY
— START WITH PURE AAS
—  TURN ON  ROUNDARY CcONDITION 0F SCACAR
1
TN THE —=AST R&qIME W S> A\v,ou =0 THEY FouUdd

2N - 20—
AGDV ~oXSY AE ~ N,

Fo 2 d, < N d T APPEAMRS THAT W —>00 pPROBLEMATIC



ON- THE ©OTHZR HAND 1W—o00 SHoULD RLdDLUCE TO
NBRUD7T [QUINCH — THZRE ARE SeANSIBRLE RZSULTS
K NS e ts N [ R TH7 S CASE

COULD TH(S BE A FEATURE OF STRANGE STRONGLY
COUPLZED THZORIETS WH 14 HAvVE GRAUITY DUALS 7



SRED | D.CALANTE L RE.MYRS PRL 12 (2014) (2160
S.2D 5 D .GALANTE & R ,.c. MYERS askiy @ K0T . >068L

2

—  (NVESTIGATE THS IN FIZd THZORY ITSELF

. Look AT FIRZE RoSoNlc v FTeMIIoONIC (2D S
W T TIME RTLPLENDEANT MASS
Pl PR 2
(o®) — miCedP

cCHOSE aNH(€) SO THAT MOdTL BOLUVABLE Fok
PRSI TRARY RATES

e PIREFORM A5 > e LIMUT



RZSULT . RENDRMALIZED QUANTITLES ScALE EXACTLY
LIKEZ HoloaRAPHIC MODZL

(A FACT THE RESULT 'S VALID FoR ARRITRARY
IN TERACTING DEFPpR MEen CET'S
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™ME  RenpMALZED L (0,> AT SoMe TIME £ =0
CAN  ONLY DIRIND ON- NS  AND
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{o>n~m b g 2t

THE  FuNCcTionT 9 HAS A POWER STRIES ExXPAXSIOUY
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