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Abstract: <span>We employ holographic techniques to study quantum quenches at finite
temperature, where the quenches involve varying the coupling of the
boundary theory to arelevant operator with an arbitrary conformal
dimension. The evolution of the system is studied by evaluating the
expectation value of the quenched operator and the stress tensor
throughout the process. The time dependence of the new coupling is
characterized by afixed timescale and the response of the observables
depends on theratio of the thistimescale to the initial temperature.
The observables exhibit universal scaling behaviours when the
transitions are either fast or slow, i.e., when thisratio is very small

or very large. For fast quenches, we uncover a universal scaling
behaviour in the response of the system, which depends only on the
conformal dimension of the quenched operator in the vicinity of the
ultraviolet fixed point of the theory.</span>
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Quantum Quenches:

 consider quantum system with Hamiltonian:
H = Hy+ \(t)6H

* prepare system in eigenstate 1%0) of Hamiltonian H

« abruptly turn on A system evolves unitarily according to

» Question: How do observables, eg, expectation values and
correlation functions, evolve in time?

« for most systems, coupling to environment Is
unavoidable —> decoherence, dissipation

- effects minimized for, eg, cold atoms In
optical lattice

—> |s there “universal’” behaviour?
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Quantum Quenches:

—> | there “universal” behaviour?

what are organizing principles for out-of-equilibrium systems?

» theoretical progress made for variety systems: d=2 CFT,
(nearly) free fields, integrable models, . . ..

- still seeking broadly applicable and efficient techniques
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AdS/CFT Correspondence:

Bulk: gravity with negative A Boundary: quantum field theory
in d+1 dimensions ey In d dimensions

‘holography”

anti-de Sitter P e conformal
space 2 field theory

radius

time

. |
<3 energy
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Quantum Quenches & Holography:

—> | there “universal” behaviour?

what are organizing principles for out-of-equilibrium systems?

» theoretical progress made for variety systems: d=2 CFT,
(nearly) free fields, integrable models, . . ..

- still seeking broadly applicable and efficient techniques

* what can AdS/CFT correspondence offer?
—> strongly coupled field theories
—> real-time analysis
—> finite temperature (if desired)
——> general spacetime dimension

 perhaps re-organization of problem will lead to new insights
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Quantum Quenches & Holography:

« AdS/CFT lends itself to the study quantum quenches for a new
class of strongly coupled field theories

 there has been a great deal of interest in the past few years

Chesler, Yaffe; Das, Nishioka, Takayanagi, Basu; Bhattacharyya, Minwalla;
Abajo-Arrastia, Aparicio, Lopez; Albash, Johnson; Ebrahim, Headrick;
Balasubramanian, Bernamonti, de Boer, Copland, Craps, Keski-Vakkuri,
Mueller, Schafer, Shigemori, Staessens, Galli; Allias, Tonni; Keranen,
Keski-Vakkuri, Thorlacius; Galante, Schvellinger; Carceres, Kundu; Wu;

Garfinkle, Pando Zayas, Reichmann; Bhaseen, Gauntlett, Simons, Sonner,
Wiseman:; .. .. ..

* much of work aimed at “thermalization” (eg, quark-gluon plasma)
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Quantum Quenches & Holography:

« AdS/CFT lends itself to the study quantum quenches for a new
class of strongly coupled field theories

Where are control parameters in AAS/CFT framework?

AdS/CFT dictionary:
gravity fields <€<———> boundary operators
P OH
eg, consider some scalar field in AdS:
equation of motion: (V? —m?*)® +--- =0
asymptotic solutions: & ~ IClA + Cs + -
Tf ¥ - ,r.
A s i + m?2L?
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Quantum Quenches & Holography:

« AdS/CFT lends itself to the study quantum quenches for a new
class of strongly coupled field theories

Where are control parameters in AAS/CFT framework?

AdS/CFT dictionary:
gravity fields <€<——> boundary operators
P OH

eg, consider some scalar field in AdS:

equation of motion: (V? —m?*)® +--- =0
A (6H)

I I ) C ~
asymptotic solutions: @ —d-A A

_I_...

—> Integration constants become coupling and expectation value

d d?

with conformal dimension: A = 5T y +m2[2
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Holographic Quantum Quench (cartoon):
t
A

asymp.AdS
boundary
r = () AdS geometry r = 0OC
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Holographic Quantum Quench (cartoon):

choice of b.c.
I Al
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= (0 AdS geometry 7 D) I 2"
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Holographic Quantum Quench (cartoon):

hoi fb.c.
. A t choiceof b.c
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Holographic Quantum Quench (cartoon):

t cholce of b.c careful examination
A o of scalar tails

launch scalar

- S S S GRS MR S SR S SR S S S S S S S S S S s S e
—
—
—

wavesinto AdS - asyMD. AdS
boundary .
r =0 AdS geometry r = 00 A(?) (0H)(1)
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Holographic Quantum Quench (cartoon):

careful examination

A t GAINEROT 0.6: of scalar tails
leViclifelgial collapse thermal state in
oJgels V=Y b|ack hole boundary theory

C
! )
| e,
: launch scalar \
: wavesinto AdS - asyMp. AdS
! boundary -
2r=0 AdS geometry r = 0oQ A(t) (0H)(1)

Pirsa: 13110074 Page 14/63



Holographic Quantum Quench (cartoon):

careful examinatio

A L EIiEEOs 5.6 of scalar tails
elViElilslg al collapse > thermal state in
Y OEQE black hole boundary theory
) \ ///'
\ L\-/-/’
' \ 7
h
A 7
launch scalar
waves into AdS \
asymp.AdS
boundary /\(z‘)
AdS BH geometry T = OC

- “thermal quench”: quantum quench at finite temperature
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Holographic Thermal Quench:

A 1 *fix boundary dimension: d = 4

 choose conformal dimension,
2 <A <4 and profile

gravitationE ke [EREE AN ,
S EUEE black hole A(t) = > [1 + “‘1111(//3’)]

=

launch scalar
wavesinto AdS

AdS BH geometry r = 00
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Holographic Quantum Quench (cartoon):

: careful examinatio
A t choice of b.c. of scalar tails
elVililelg al collapse > thermal state in
N black hole boundary theory
! h ///'
- —
Yal
' \ ‘
)
) \
\
launch scalar \
waves into AdS '
asymp.AdS
boundary /\(z‘)
AdS BH geometry T = OC

- “thermal quench”: quantum quench at finite temperature
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Holographic Thermal Quench:

A 1 *fix boundary dimension: d = 4

 choose conformal dimension,
2 <A <4 and profile

PlEeVic egal collapse AN ,
S EUEE black hole A(t) = r [1 + “‘1111(//3’)]

=

. r * solve linearized scalar eom
> //' in fixed BH geometry

—— determines (Oa) (1)

launch scalar
wavesinto AdS

AdS BH geometry r = 00
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Holographic Thermal Quench:

A 1 ¢ fix boundary dimension: d = 4

 choose conformal dimension,
2 <A <4 and profile

gravitationE e [EREE A ,
S EUE black hole A(t) = > [1 + “‘llll(f/Af)]

=

: r * solve linearized scalar eom
> //' in fixed BH geometry
_',//’

—— determines (Oa) (1)

diffeomorphism Ward identity™:
0'(Tij) = (Oa) 9jA

launch scalar
wavesinto AdS

, :
'*.._..\ ", » determine “BH mass” £(t) with
)

—> integrate for £(t), ie,
AdS BH geometry r = 00 & = —(Oa) O

* boundary constraint from Einstein eq’s
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Holographic Thermal Quench:
* lessons learned:

1. Renormalization of (strongly coupled) boundary QFT with
time-dependent couplings works In a straightforward way

* holography gives well-defined approach to renormalize bdry QFT

« bdry theory has new divergences: (A= UV cut-off scale)
[, =~ /d‘l.r —q (A'l + AP0 + -
+ A'.Z.i\—(igi_j ();)\ (),/\ + A‘.ZA—(iR(g) /\2 4 ... )

- familiar in the context of QFT in curved backgrounds

* new log divergences lead to new scheme dependent ambiguities

(Bianchi, Freedman & Skenderis; Aharony, Buchel & Yarom;
Petkou & Skenderis; Emparan, Johnson & Myers; . . .)

Page 20/63
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Holographic Thermal Quench:

 lessons learned:

2. Response to “fast” quenches exhibits universal scaling
AN )

(At)QA—él
AN?
(At)izA—4

- for example: max(Oa) ~
(d = 4)

- At —0

AE
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Holographic Thermal Quench:
* lessons learned:

2. Response to “fast” quenches exhibits universal scaling

AN |
- for example: max(Oa) ~ (At)QA_4

d=4
s NV - At — 0
AE ~ A yields physical
IN . ]
(At)2~—4 | divergence!!

« seems to indicate instantaneous quench is problematic
» physical problem?
» simply an issue with perturbative expansion?
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Holographic Thermal Quench:

 lessons learned:

2. Response to “fast” quenches exhibits universal scaling

AN il
- for example: max(Oa) ~ (AD25—
sy Y - At — 0
AE ~ A yields physical
(At)QA_4 | divergence!!

« seems to indicate instantaneous quench is problematic
» physical problem?
» simply an issue with perturbative expansion?
« compare to seminal work of, eg, Calabrese & Cardy

—> “Iinstantaneous quench’ is basic starting point

Pirsa: 13110074 Page 23/63



Holographic Quantum Quench (cartoon):
t
A

elVililslg al collapse
slelelIles Dlack hole

launch scalar A
wavesinto AdS

AdS geometry A(t)

|
e

p=>0
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Holographic Quantum Quench (cartoon):

At

Question:

elVililslg al collapse - >
slgeleliles Dlack hole What is Ag -

0;5 — —<OA> ()f/\

- t = At

launch scalar
wavesinto AdS

AdS geometry

p = 00
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Holographic Quantum Quench (cartoon):
t
A

Question:

elViElilslp al collapse - >
sleleliles Dlack hole What is Ag :

0;5 — “‘"<OA> ()f/\

-- t = At
[)mju i A!

I

|

I

: only consider

: thisregion N ___./ ___________ t =0

I

I

AdS geometry

p = 00
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elViElilslg al collapse
slgeleliles Dlack hole

Pmin = At
only consider
this region

AdS geometry

|
e
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Holographic Quantum Quench (cartoon):

Question:
What is AE?
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Generalizing “Fast” Quenches:
—> Question: What is AE?

» focus: full details of evolution, eg, approach to final state, are not
determined but allows us to understand scaling behaviour

« as we scale At — 0, only “tiny” region of solution in asymptotic
AdS relevant for this question

—> certainly full numerical simulations are not needed
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Generalizing “Fast” Quenches:
—> Question: What is AE?

- focus: full details of evolution, eg, approach to final state, are not
determined but allows us to understand scaling behaviour

- as we scale At — 0, only “tiny” region of solution in asymptotic
AdS relevant for this question

—> certainly full numerical simulations are not needed
—> solvable with purely analytic approach!!

» key: asymptotic fields in AdS decay in precise manner (ie,
Fefferman-Graham expansion) —> nonlinearities unimportant!
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Generalizing “Fast” Quenches:

—> Question: What is AE ?
- focus: full details of evolution, eg, approach to final state, are not
determined but allows us to understand scaling behaviour

- as we scale At — 0, only “tiny” region of solution in asymptotic
AdS relevant for this question

—> certainly full numerical simulations are not needed
—> solvable with purely analytic approach!!

» key: asymptotic fields in AdS decay in precise manner (ie,
Fefferman-Graham expansion) —> nonlinearities unimportant!

- relevant solution = linearized scalar solution in (pure) AdS!

 result A& applies for full nonlinear solution!!
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Generalizing “Fast” Quenches:

- analytic solutions, eg:  A(t) = 16AN((t/At)? — 2(t/At)? + (t/At)?)

A(t) /AN

10
ﬂ.':
o6t
oAl

842

612 0:4 f/_lf 0.‘6 l}.ll 1.0
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Generalizing “Fast” Quenches:

- analytic solutions, eg:  A(t) = 16AN((t/At)? — 2(t/At)? + (t/At)?)

16AN [t 7% t\° £\ A%
_ o| — ) —2b3|— N7
—> (Oa)(1) (At)2A—d (A/) (b“ (A/) b3 (&f) o (Ar)

X [ 29-2AT(k + 1) T(42 - A)
wnere e — — = 5
['(d+1+k—2A)T(A — 452)

A(t) /AN

'l.Dj
G.':
‘ll'.ﬁj
ﬂA:

42

6:2 0:4 f/_lf 0.‘5 I}.II 1.0
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Generalizing “Fast” Quenches:

« analytic solutions, eg:  A(t) = 16AN((t/At)? — 2(t/At)? + (t/At)?)

16AN [t %722 Y t’ £\
_ ) —on (& -
—> (Oa)(t) (At)25—d (A/) (b” (A/) b3 (&f) o (Af)

2428 (x 4+ 1) (42 - A)

h ]h‘ = - 2 2
NOETE T TR+ 1+ k- 2A)T(A - 432)
A(t)/ AN (At)*279(0a) (1) /AN
bl w- d=4: A=29 28  -..... ;
| —> 7
‘0\6;
0'.4_—
42+ 1
02 04 08 o8 w0
t/At ™ ' ' [
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Generalizing “Fast” Quenches:

- analytic solutions, eg:  A(t) = 16AN((t/At)? — 2(t/At)? + (t/At)?)

;o\ 424 £\ 2 . £ \° t \*
% (O_\,)(f) — (A/) b-_g (E) — .2[):; (E) —}-1)1 (E)

29-2AT(k + 1) T(42 — A)

h ]h‘ = - $ 2
NOEIE T TR+ 1+ k- 2A)T(A - 432)
A(t)/ AN (A)*27HOA) (1) /AN
bl w- d=4 A=29 28 -..... ;
| —_— 7
o[ I
0'.4:
42 1
02 04 08 o8 w0
t/At ™ ' ' [
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Generalizing “Fast” Quenches:

« as we scale At — 0, only “tiny” region in asymptotic AdS relevant
* relevant solution = linearized scalar solution in AdS space!

- general scaling (Oa) ~ AXN/(At)*2~% with holographic dictionary,

le, “energy conservation”: s /-m

J 0

(At)QA—d

» matches previous perturbative numerical calc’'s (for d=4)

A ‘
- [<OA> ™~ (At)QA—d ’ AE ~ i J
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Generalizing “Fast” Quenches:

« as we scale At — 0, only “tiny” region in asymptotic AdS relevant
- relevant solution = linearized scalar solution in AdS space!

- general scaling (Oa) ~ AXN/(At)*2~% with holographic dictionary,

le, “energy conservation”: A /.m

J0

AN A4
- [<OA> ~ (At)QA—d ; AL ~ (At)QAdJ

* matches previous perturbative numerical calc’s (for d=4)
- result here applies for full nonlinear solution!!

» physical problem?

» simply an issue with perturbative expansion?
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Generalizing “Fast” Quenches:

« as we scale At — 0, only “tiny” region in asymptotic AdS relevant
- relevant solution = linearized scalar solution in AdS space!

- general scaling (Oa) ~ AXN/(At)*2~% with holographic dictionary,

le, “energy conservation”: A /-Af

J0

AN AN?
‘ [<OA> ™~ (At)QA—d ; AE ~ (At)QAdJ

* matches previous perturbative numerical calc’'s (for d=4)
- result here applies for full nonlinear solution!!

> physical yeelslemes cffect
oo : " et o

Pirsa: 13110074
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Generalizing “Fast” Quenches:

AN®
[AE ~ (At):m—d]

: : : 1
« At — 0 yields physical divergence for (3 <A<d

—> ‘“Instantaneous” quench seems problematic!?!
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Generalizing “Fast” Quenches:

AN?
(At)ZZA—d

AE ~

: : : 1
« At — 0 yields physical divergence for (—) <A<d
—> ‘“Instantaneous” quench seems problematic!?!

« can consider various scaling limits:
—> At =alty; A\ = Y2A)\
as a — 0, A& finite but (Oa) divergent
—> At =alty; Al =a?27%A)\
as a — 0, (Oa)finite but AE vanishes

but would not be “standard” protocol
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Generalizing “Fast” Quenches:

A2
[AE ~ (At):zA—dJ

: : : 1
« At — 0 yields physical divergence for % <A<d

—> ‘“Instantaneous” quench seems problematic!?!

« can consider various scaling limits:
—> At = alty:; AN = 2A)N,
as a — 0, A& finite but (Oa) divergent
—> At =alty; AN =a**7%A)\
as a — 0, (Oa) finite but AE vanishes

but would not be “standard” protocol

) d d
- operators inrange ; — 1< A < seem to be okay

- note UV fixed point, ie, CFT, is source of divergence
« strongly coupled holographic QFT versus free fields???
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Generalizing “Fast” Quenches:

A2
[AE ~ (At)2A—dJ

. : : 1
« At — 0 yields physical divergence for % <A<d

—> ‘“Instantaneous” quench seems problematic!?!

« can consider various scaling limits:
—> At =alty; A\ = Y2A)\
as a — 0, A& finite but (Oa) divergent
—> At =alAty; AN =a?2 1A\
as a — 0, (Oa) finite but AE vanishes

but would not be “standard” protocol

) d d
- operators inrange ; — 1< A < ; seem to be okay

« note UV fixed point, ie, CFT, is source of divergence
« strongly coupled holographic QFT versus free fields???
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Generalizing “Fast” Quenches: &
« compare directly to C&C, ie, quench mass of a free scalar:
A =m?: Oa = ¢° A=d-—2

« quench with finite At and examine limit At — 0

[

"2
eq. of motion: | V2 — (1 + tanh(t/At))] ¢ =0
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Generalizing “Fast” Quenches: &
« compare directly to C&C, ie, quench mass of a free scalar:

A =m?: Oa = ¢° A=d-—2
« quench with finite At and examine limit At — 0

n 2
m

eq. of motion: | V% — - (1+ tanh(t/At))] d=0
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Generalizing “Fast” Quenches: &
« compare directly to C&C, ie, quench mass of a free scalar:
A =m?; Oa = ¢° A=d-—2

« quench with finite At and examine limit At — 0
.
m

eq. of motion: [V2 - (1+ tanh(t/At))] ¢ =0
- example in: Birrell & Davies, “"Quantum Fields in Curved Space”
eg, “In” modes:
1

fr(t) = 1 A(*x])[—i(w+ + w_Atlog(2 cosh(t/At))]

_ 1
X oF) (1 + ww_At,iw_At, 1 — ikAt; ;(1 + temh(f/Af))

e

with w+ = - (ik + VK% + -1122)

N

L

Page 44/63
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Generalizing “Fast” Quenches:

« compare directly to C&C, ie, quench mass of a free scalar:

A(t) = m?(t) = % [1 + tanh(t/At)] ;

Op = ¢° ; A=d-—2
« given individual modes, consider two point correlator
Gr(ti,t2) = in(0| dr(t1) o—k(t2) |0)in
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Generalizing “Fast” Quenches: &

« compare directly to C&C, ie, quench mass of a free scalar:
2

A(t) = m2(t) = % 1+ tanh(t/At)] ;

Op = P2 : A=d—2

« given individual modes, consider two point correlator
G;,-(fl 9 f_g) = in <()‘ (.9#(1‘1 ) (,9_;,.(f-_3) ‘U),‘,,

* ylelds simple result in the limit At — 0O

.

1 : (
G;\. t1.1 3 (,_“*"(fl—f;z)_{_
(t1, 22) 4w STWow

W — ’w'())

cosw(ty —t2)

112 (12

+——— cosw(t] + t2)

87?&‘()5,0
(w=Vk2+m2, wo=k)
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Generalizing “Fast” Quenches:

Koo
* consider response: (¢?) ~ / dk k%3 o Fy |2
)
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Generalizing “Fast” Quenches: &

Ko ax
* consider response: (¢?) ~ / dk k%3 o Fy |2
)

« following holographic example, UV divergences are removed by
adding appropriate counterterms in effective action
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Generalizing “Fast” Quenches: &

2

Koo
« consider response: (¢*) ~ / dk k973 o Fy |2
0
« following holographic example, UV divergences are removed by
adding appropriate counterterms in effective action

« UV divergences: eg, consider a constant mass

) 'A'rnu.r A.d—.—z 'A',”u‘r { l ) 1—5
O°) ~ dk - / dhe [ K77 = gmikTT ]
(9%) .}a k2 4+ m? Jo [ 2

1 . m?
_ d—2 d—4
= g_gtmar T yig_g)mer T

* regulated response (d=95):

| Yo's ‘ | ) 1
<C)2> — / dli.’ [A,Z |2Fl |2 - k‘" + s'nl“(f):|
JO &

2
m-=

where m*(t) = —- [1 + tanh(t/At)]
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Generalizing “Fast” Quenches: &
- regulated response (d=5): (¢?) ~ / dk [A-2 21 |* — k° — %mz(f)J
J )

.—T T T T T T T T T T T I T T T [ T T T '[ T T T [] T T T T 4

(@) N -
(8 o an

<(b2> _' <¢2 > adiabatic

o
o

_O5k L L L 1 L L I 1 I 1 L 1 L 1 1 L L i L I I 1 i
—4 —2 0 2 t/At 4 6 8 10
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Generalizing “Fast” Quenches: &

* regulated response (d=5):

1011 — - I I T I - "]
108 |- .
_10°F .
o
|
0.1 .
10—4 1 ] ] 1 ] | | 1

— 10 15 20 50 70 100 150 200

30
1/(mAt)
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Generalizing “Fast” Quenches: &

* regulated response (d=5):

1011 — - I I T — — "
108 - .
_10°F .
o
|
=100 slope: v = 0.9996 |
0.1} =
10—4 1 ] ] 1 ] | 1 | 1
— 10 15 20 30 50 70 100 150 200
1/(mAt)
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Generalizing “Fast” Quenches: &

* regulated response (d=5):

1011 — 7 I I T T v — I S
compare holographic scaling: (Oa) 1/(At)2A—d
108 |- |
> “Yholo — QA — d
_10°F |
-’
|
1001 slope: v = 0.9996 |
0.1} ﬂ
10_4 1 | | | | l l l

— 10 15 20 50 70 100 150 200

30
1/(mAt)
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Generalizing “Fast” Quenches: &

* regulated response (d=9,8,7,6,5,4):
10t x r | . I =
Yholo — d—4 = 5, 4, 3, 2, 1,0 d=9: ~=2.9951

g

8 -
= .~ = 3.9988

. 4 = 3.0000

10
- .
& 100 S _ : v = 0.99962
«.::",/ . - ol s f
._,__r—a—o—'—'—*_’_"'_'_._'""
0.1 -
10—4 1 1 L | 1 1 l | 1
. 10 15 20 30 50 70 100 150 200
1/(mAt)
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Generalizing “Fast” Quenches: &

——> why Is holographic scaling reproduced by free field?!?!?

Pirsa: 13110074 Page 55/63



Generalizing “Fast” Quenches: &

——> why Is holographic scaling reproduced by free field?!?!?

e consider S = Scpr + /d”’.z-,\(f) Oa(z) with A(t) = AN f(t/At)

« apply conformal perturbation theory
(0a(0)) = (0a(0) (‘xp[i/(ld.r/\(l)O_\‘(_r)])(.l_..l.

= TP + iANOA(0) / A%z f(t/ A OA(T)) crr
AN
9

(O—\‘(U) / dd'r-/.({/‘ﬁr)oj-('r) / dq'rf-/.([f/Af)OA(-I',»('M' + -

AN, Ax
(;Af)'.l._\—rf )2 (A{)ZQ_\—EJ

= b 4o
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Generalizing “Fast” Quenches: &

——> why is holographic scaling reproduced by free field?!?!?

econsider S = Scpr + /d”’.z-,\(f) Oa(z) with A(t) = AN f(t/At)

« apply conformal perturbation theory

(0A(0)) = (Oa(0) (‘xp[i/l(1".:'/\(I)O_\(.rm(.l_.I.

— TP + iANOA(0) / A%z f(t/ A OA(T)) crr
AN
9

(OA(0) / dlzf(t/At)Oa(x) / diz' f(t' | At)Oa(z'))opr + - - -

AN, Ax
(Af)'.l._\—rf )2 (Af)li_\—'jrf

= b F e

- organized with dimensionless effective coupling: g = A\ (At)4~=

Pirsa: 13110074 Page 57/63



Generalizing “Fast” Quenches: &

——> why is holographic scaling reproduced by free field?!?!?

econsider S = Scpr + /d”’.z-,\(f) Oa(z) with A(t) = AN f(t/At)

« apply conformal perturbation theory
(0a(0)) = (0a(0) (‘XI)U/ffd-f'/\(f)O_\.(-l')]%-.sI-
= (O +iANOA(0) /'d".:-_/‘(f/m)OA(.;-)>(.I...,.

AN?

> (OA(0) /l(1”.:3/'(!/&!)(9_\(.1') /-d".z"f(!’/ﬂf)OA(.J-’)>(.I_..[.+...
1

= aps g+ bag’+ )

- organized with dimensionless effective coupling: g = A\ (At)4~ =
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Generalizing “Fast” Quenches: &

——> why is holographic scaling reproduced by free field?!?!?

sconsider S = Scpr + /d".z-,\(f) Oa(z) with A(t) = AN f(t/At)

« apply conformal perturbation theory

(Oa(0)) = (Oa(0) explz /.(1‘!.1'/\(1)O_\(_r)])(.l_..l.

— 1O + iANOA(0) / Az f(t/At)Oa(z))crr

AN
2
1

(OA(0) / dlzf(t/At)Oa(x) / diz' f(t' | At)Oa(z'))err + - -

= aps g+ bag’+ )

- organized with dimensionless effective coupling: g = A\ (At)4~ =

sinlimit A\ fixed and At - 0: ¢g— 0!
AN

—> leading term dominates: (Oa(0)) =~ b, (An)ZA—d

Pirsa: 13110074 Page 59/63



Generalizing “Fast” Quenches: &

- holographic scaling should appear quite generally!!
A\ )
(At)2A—4

AN?
(At)QA—él

- for example: (Oa) ~

- At — 0
AE
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Generalizing “Fast” Quenches: &

* regulated response (d=9,8,7,6,5,4,3):

1011 — 1 T ' —
d—4 =5.4,3,2.1,0, -1
d=9: v=4.9951
e

T T T T T T T Y

Yholo
—> holographic scaling

10° reproduced by free field! LY = 3.9988 '

o5k : = 3.0000
ff y -y = 2.0005
Z .~ = 0.9996
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Generalizing “Fast” Quenches: &

* regulated response (d=9,8,7,

6,5,4,3):

I ’ | RO . ™

1011

108

scaling need not produce divergence
(d—2)/2 <A < d)2 d=9: ’724-?35)}
—> much of C&C is d=2,3 . v = 3.9988 |

Y= 3.00001
y -y = 2.0005

: vy = 0.9996 -
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Conclusions:

« quantum quenches: interesting arena for holographic study
* lessons learned:

1. Renormalization of (strongly coupled) boundary QFT with
time-dependent couplings works Iin a straightforward way

2. Response to fast quenches exhibits universal scaling

» much of fast holographic quenches analytically accessible

» both lessons 1 & 2 apply beyond holographic arena!!

Lots to explore!
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