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Introduction
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» Local quench with temporal width € is inserted in a CFT at origin.

» We show that when ¢ ~ % and € is small,
the quench correlator can be analytic continued to OTO correlator.

» This enables us to extract the Lyapunov exponent from the quench
correlator.



Introduction

» Consider local quench in one CFT
of TFD.

» Mutual information,
Ip.p =54+ Sp—Saus.
t,

» The time when due to
perturbation, the mutual
information vanishes, I4.5(t*) = 0, t

\

is the scrambling time. L

t = f(L,B)+ £ In (i) 4+ O(e)

» We evaluate the correction to scrambling time and Lyapunov
exponent, when the infalling massive particle has a spin-3 charge.
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HHLL correlator

> Reduced density matrix:

pAe _ Ne—th (e—eH0<O)eeH) 05 (eeHoT(O)e—eH) eth
= Ne_th(’)(xl, Z1)pgs O (x4, T4) ™t

» Entanglement entropy,

Sy o InTrz pe = (O (24)0(22)5(23)O(21))




Holographic dual

» Backreacted geometry is conical defect geometry,

R%dr? 9 1.9
IR —m + r°do”.

tanh A = /1 — Me? and m = 222 R%. Caputa, et. al. 1410.2287

ds* = —(r? + R* —m)d7* +

» The co-ordinates (r, 7, ¢) are related to BTZ co-ordinates (z,¢,x) by
following transformation,

Dy = ’cosh (%’Té) — cosh (%’TtL> ’
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tan (1) =
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SL(2) connections and WL prescription
The flat s1(2,R) Chern-Simons connections in the radial gauge,

4

where o = /1 — %. Defining matrices,

g=exp(ax (T+¢) bp), g=exp(ax(r—¢)b '(p), blp)=er

o? o?
a = (Ll + Ll) (dr+d¢) a=— <L1 + 4L1> (dr — d¢)

the holomorphic prescription to obtain Wilson line is,

Weana (P, Q) = Trauna [§71(P) 3(Q) 97 H(Q) 9(P)] -

o

Sa=SInWima(P,Q) =1In <

1
6 6 *

R2 o?

(1) .(2) ~ _ .
(ln Too' Too N 2 cos (a|ATo|) — 2 cos (a|A¢oo|)>



Single interval entanglement entropy

Transformation is substituted to obtain time dependent jump in EE,

6 BE
2],y =i (1 12(52) 2,0,00) + 000

where,

sinh %(52 - 61)

Zp4,(t) = '
0,6 (1) sinh 5 (t — ¢1) sinh 5 (£2 —t)




Cross-ratio

Lets consider the cross-ratio,

isin (2;;6) sinh (¢ — £1)

sinh 5 ({1 — ¢ + i€) sinh 5 ({2 — t — ie)
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When t ~ (I +12)/2, and € is small, = |z] << 1.

To avoid the branch cut when taking the t >> [y limit,

t—t+ 1€

2.0
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When t ~ (I1 +12)/2, and € is small, = |z] << 1.
To avoid the branch cut when taking the ¢t >> 5 limit,

t—t+ 16
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OTOC

Transformation is substituted to obtain time dependent jump in EE,

6 E
2 aul, g, = (1412 (25) 20,0) + 000

where,

sinh %(82 — gl)
sinh %(t — 61) sinh %(ﬁg — t) '

Zfl 2 (t) =

A)232 E o
qund — M Sil’lh2 % (62 — El) (1 — % 67(t+161 ZQ)) .
oTO s TC

Taking €, = /2 gives the standard OTOC.



Kruskal extension of BTZ

The holographic dual local quench in one CFT of the TFD is the Kruskal
extension of BTZ with an infalling particle on one side of the extension.

0, T

ﬁ

Evaluate the Mutual information, 4.5 = S4 + Sg — SauB.



Transformation in two regions

Dy = ’cosh (%ﬂﬁ) — cosh (%ﬂn)) Dr = ‘cosh (%’%) + cosh (2%%)‘
oo, - B,

tan (10) = % Smhl()i*;tL) tan (r) = _% sinhgjftg)
(o) = =75° nhp(ﬂg) tan (¢r) = — 3¢ mn(f@

Related by the replacement, tg — t; + i5/2.

Saus ~

In TLTR 2 cos (| AToo|) — 2 cos (| Apoc])

(Pr2, TL2; OL2)

RZ

o2
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(oR2; TR2, OR2)

Tu

(PR1; TR, PR1)
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Scrambling time

Mutual information, Ia.p(t) =Sa+ S — Saus, Ia.p(t*)=0
in the limit ¢ — oo,

_ sinmy/1 — %

t*t = htls —|—§ln ZSinhiﬂ-(l2 h) - ﬁl il
2 T I} 2w e 1_ 248

Using % = % €, where the energy E of the infalling particle is finite,

Caputa, et. al 1503.08161

t* = f(L)B) + % ln <7T-Sizlsity>

Since, Sdensity = g—g and Lyapunov exponent is read from,

1 2w
t* ~ —1 = AL =—.
N, B¢ =B



Charged conical defect

> Infalling massive particle has spin-3 charge, ¢

2
ds® =—dr? [+ R*> —m + a 1
(r+vr2+ R?—m)
2 2
+dr2#+d¢2 r’ ! 7
r°+ R*—m (’f‘+ 7‘2+R2—m)

> The flat sl(3,R) Chern-Simons connections in the radial gauge,

o? 4%
a = <L1+4L1 - 81€CSW2> d€+a
a=—|L +a—2Lf@W d¢~
a = -1 4 1 Skes 2
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Charged CD

9l4(RA)8 8
Waa(P,Q) = % sinh® 5 (£, — £1) %
3 3 _ 2
—2)N—1 1 ((1—2) 1
(A1A2ds) ™" (22) Z < 2)iri /21 Z)\T (1—z)n/21
j=1 j=1
» Using the substitution
A E 4
Bo _ B y_pelt oy
(& e ™

Single side EE, is

ASpr(PQ) = i 1 (I Waq — In Waal, )

c 128E __ Y2128 4
= ﬂ ln [(1 + i ZZI ez( )> — sz TZ€17€2(t)




Bound on charge

Let’s consider the following limit of entanglement entropy,
c 68E\* ¢ /68\*
1+ - S (=
e A\

= —In

ASgg
Lo—00, t>0 24

The EE is real and finite when,

lq] E Sp e
M _ = 4 28 Sa — &
c < c + 2¢’ Y
w 2A
o/ 220

For, I1 <t <3, using t — t + ie; and then taking t >> 5,

212 RA 8 38
WAd‘ — # Sinh8 %(52 — 41)
OTO TI'

4 2
L 2E mvia-n)) (36487 smetia-e) |
Ss m2c



Scrambling time
We derive scrambling time from Mutual information
Inr(tn, tr) = i (mw}jd + InWh — mwER 1nWj§v2)
where the two sided Wilson line is,

. 214 (RA)SSE
Wﬁf" :(T)B coshgg(thtR)x

B 4 2 4
[(1 - 127”:572(%,@)) - (CLQ (Hfﬁ(tL,tR)) ]

sinh%(& — tL) COSh%(& - f,R)
cosh Z(tL — tr)

Ti(tn,tr) =

Scrambling time is,

G+l B B !
= — + ;ln [smhg(fg —61)] +

2
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Lyapunov exponent

_1
24 B 9(]252 4

1 2G2
Sﬂ ﬂ'Sﬂ

B

b+l B b
2m

b= +;ln[sinh%(€2—€1)}+ In

The scrambling time increases as g is increased from 0 to critical value
lg| = E?/c. It is singular at this value, then decreases.

If energy, E is very small,

15} m2c
tey ~¥ly + — In| ——
27 4r "\ 36]¢|32
Define the 'spin-3 scrambling time’, 3 = % log ¢, Perlmutter, 1602.08272

Hence spin-3 Lyapunov exponent is : /\(LB) = %’“

This is a holographic verification Perlmutter’s claim , ASLN) = %F(N —1),



Conical Defect with HS chemical potential

The flat s1(3,R) Chern-Simons connections in the radial gauge,

(Ll—ﬂL 1—MW )dag+

2k 8k
L w2 L2 W _
+MO<W2—7WO+ 4k2W2+TL )df
where
o’k 4otk
e o «
L= 1-20 o = ..
27r< 31%2)+ o Wenog et
Ho _ 2724
R T c

In CFT, such a state is given by density matrix,

= N it <Z eroPWon O, (21, 71) e P2 OF (24, 904)) et

n



CFT with Higher Spin symmetry

The bulk background is BTZ with HS chemical potential and infalling
massive particle does not have HS charge. Given by following
deformation of CFT action,

Scrr — ScFr — /d2qu(z) + h.c.
In CFT and its thermofield double with large interval length [ >> £,
SEE(L @] R) ~ 455 vt.
For unperturbed CFT, entanglement speed v = 1.

v remains unaffected in presence of HS deformation,

32 3,2
Sep(LUR) — 4<§; + gg?f‘) t =485t



Bound on p

See'lt)

167

See'lt)

©n=0.02

1=0.033

3\ Jov3 -3 ~ 0.04066.

See'lt]
4%

0.04




Scrambling time

CFT evaluation of 6-point correlation function on thermofield double
Srur o (O (24)0 ()7 (23)0(#2)5 (23)O (1))
leads to Scrambling time,

. by + 04 EGSEE(E) 153 & 16M2ﬂ2 4,[1;2
= + + In 5 + 352 +27T52

*
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Lyapunov exponent is same as Einstein gravity.



Summary

» We consider 2d CFT at large-c with local quench by operators
carrying higher spin charge.

» We use Wilson line prescription to compute single interval EE
following the quench. We find an analytic continuation which takes
the quench correlator to the OTO correlator.

» The entanglement entropy is finite and real only if the spin-3 charge
satisfies |q|/c < E?/c?.

» We find correction to scrambling time for two sided mutual
information in TFD, when the quench operator has spin-3 charge

» Controlled by spin-3 Lyapunov exponent 47 /f3.

» We find scrambling time in a CFT with HS charge, where the quench
has zero HS charge. Lyapunov exponent is same as Einstein gravity.
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