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WAdS3, WCFT and Lower-Spin Gravity

» What?

QFT with global s[(2,R) & u(1) symmetries.

Has oc conserved charges but not Lorentz invariant.
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WAdS3, WCFT and Lower-Spin Gravity

» What?
» Why?

Possible WAdS; dual.

— better understanding of holography in a realistic setup!
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WAdS3, WCFT and Lower-Spin Gravity

Lower-Spin Gravity

» What? ]

5[(2,R) @ u(1) Chern-Simons theory.
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WAdS3, WCFT and Lower-Spin Gravity

Lower-Spin Gravity

» What?
» Why?

Very simple model of WAdS3 without local DOF.
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Introduction

WAdS3, WCFT and Lower-Spin Gravity

Lower-Spin Gravity

» What?
» Why?

» Black Holes?
» Higher-Spin WAdS; black holes?
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Outline

Describing WAdS3; BHs Using Lower-Spin Gravity

» Boundary conditions — asymptotic symmetries.
» Determine thermal entropy.

» Consistency checks:

» Compare with WCFT results.
» Holographic entanglement entropy.
» Metric interpretation.

Max Riegler | Warped Black Holes in Lower-Spin Gravity



WAdS3; BHs in Lower-Spin Gravity

Boundary Conditions and Asymptotic Symmetries

k [ 2 Kk [
los = 47r/M<A/\dA+ 344/\A/\A>+87T/M (C AdC)
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WAdS3; BHs in Lower-Spin Gravity

Boundary Conditions and Asymptotic Symmetries

/Cs:ﬁ/ <AAdA+3AAAAA>+i/ (€ A dC)
471' M 3 8 M

Y
Boundary Conditions

Alp, t,¢) = b~"(p) [a(t, ) + d] b(p)
C(pﬁ i 99) - C(f, ‘1‘9)
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a, = L (k (EKIC2))L_1 a=0
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C¢ = —W/CS Ct=S
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WAdS3; BHs in Lower-Spin Gravity

Boundary Conditions and Asymptotic Symmetries

™

Asymptotic Symmetries

2

/Cszﬁ/ <AAdA+3AAAAA>+i/ (€ AdC)
471' M 3 8 M

@
[Ln, L] = (n— M) Lpym + —=n(n

12 - 1)(SrH-m,O

[Ln, Km] = —mKpim

K
[K/'l',« Km] = 5 Néntm,o

[Hofman, Rollier '14]
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First Law and Thermal Entropy

» Determine mass M and angular momentum J.
» Relate 5, Q & M, J.
> 0STh, = /8(6M — Q(SJ) = St1.
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First Law and Thermal Entropy

» Determine mass M and angular momentum J.

€= é’ﬂA/” g= S#Cua
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WAdS3; BHs in Lower-Spin Gravity

First Law and Thermal Entropy

» Determine mass M and angular momentum J.

e=8gA,,  E=EC,

oM :=46Q]e
0d :=4dQle

] +0Q[E], ] = 2mik
+46Q[z = —270L

|8,

|-,] |-,]
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First Law and Thermal Entropy

» Relate 5, Q < M, J.

58t = B(5M — Q3J) = k(hsa,) + g<fréc¢,>

where
h= o f do (a + Qa,)

E: Z%d(ﬂ(Ct"‘QQ;,)
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WAdS3; BHs in Lower-Spin Gravity

First Law and Thermal Entropy

» Relate 5, Q & M, J.

Eigen[h] = Eigen[27Lo] Eigen[h] = Eigen[277S]

K

§Sth = B(OM — Q8J) = k(héa,) + ~(hdc,)

N

where
h= ﬂ%dg@(aﬁrﬂa )
2m i

h= %fdip(ctJrQC@)
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First Law and Thermal Entropy

» Relate 5, Q & M, J.

Eigen[h] = Eigen[27Lg] Eigen[h] = Eigen[27+S]
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First Law and Thermal Entropy

> 68Th = 6(5M — QﬁJ) = STh-
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First Law and Thermal Entropy

> 5STh = 6((3M — Q(;J) = STh-

Thermal Entropy
2
K

(o2l o}

Sth =27 (M’y +
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WAdS; BHs in Lower-Spin Gravity (\
WCFT and the Vacuum @ 5

H v A% 2 2
gy = MM J () (Y
K K K

[Detournay, Hartman, Hofman ’12]
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WAdS3; BHs in Lower-Spin Gravity (\
WCFT and the Vacuum @ 5

H v A'd 2 2
5y, MM +4W$ } (_Jv } <M>) (o)
K K K

[Detournay, Hartman, Hofman ’12]

effdga a — _A efdgc Co — 6271'/"7

(Warped) vacuum:
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WAdS3; BHs in Lower-Spin Gravity (\
WCFT and the Vacuum @5
Sth = —47T”I\jMV + 47TJ — <—JV — (A/f:)z) (—J — Af)

[Detournay, Hartman, Hofman ’12]

(Warped) vacuum:

effdga a — _A efdgc Co — eZﬂ'iw
Jv_£+ﬁ My = Y
24 4 2
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Consistency Checks

HEE and Wilson Lines

Ser = — log [W;';@*R)(c; A)} log [w;;(”(c; C)}

[Castro, Hofman, Igbal ’15]

Max Riegler | Warped Black Holes in Lower-Spin Gravity



Consistency Checks
HEE and Wilson Lines @

Ser = — log [w;g@*R)(c; A)} log [W;‘g”(c; C)]

[Castro, Hofman, Igbal '15]

Holographic Entanglement Entropy

. A
SkE =7 (gAt+ MALp) + g log [ii sinh [Wﬂ 30”
)

where
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Consistency Checks

HEE and Wilson Lines

Holographic Entanglement Entropy

Seg = 7 (EAt‘F MA@) ~log {5“" sinh { Aw”

2 s

Skp = iMY <At+ [3; 5A@)+(iiMV - 4JV> log [/39, sinh { A“’H

M

[Song, Wen, Xu '16]
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Consistency Checks
HEE and Wilson Lines @

Holographic Entanglement Entropy

SEE = 7 (gAhL MA@) —log {5“” sinh { [f(p”
©

Skp = iMY <At+ ﬁg 6A<p)+(i5M" - 4J"> log [% sinh { Aﬂ

/[
P U e J{p

[Song, Wen, Xu '16]
=0 =27y
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Consistency Checks
HEE and Wilson Lines @

Holographic Entanglement Entropy

SeE =7 (gAtJr MA@) Iog V“’ sinh [ 5 (‘OH

©

>' Srn

Sk =~ o
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Consistency Checks

Metric Formulation

» Warped geometry < lower-spin gravity.
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Consistency Checks

Metric Formulation

» Warped geometry < lower-spin gravity.
» Determine geometric variables:

B! = B/(A,C;a,b,¢)

» Metric:
ds? = g, dx"dx” = (B, B)

WAdS; BH Parameters
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Consistency Checks

Metric Formulation

» Warped geometry < lower-spin gravity.
» Determine geometric variables:

B'=B'(A,C;a,b,¢)

» Metric:
ds? = g, dx"dx” = (B, B)

WAdS; BH Parameters

oV _ VP43 16

o2 ‘T Top CT ke

= spacelike (stretched) warped AdS; black hole!
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Metric Formulation

Initial Assumption

€= guA/u €= Euc/u
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» Globally well defined Killing vectors v/
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Consistency Checks

Metric Formulation

Initial Assumption

(Warped) vacuum:

egﬁ' dea, _ 1 efdgo Co — e27ri'y

» Killing vectors:

» Globally well defined Killing vectors v/

2
0l

v _ c
» ST =gt

K

MY =iy
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Consistency Checks

Metric Formulation

Initial Assumption

Eigen[h] = Eigen[27Lg] Eigen[h] = Eigen[277S]

» Killing vectors:
» Globally well defined Killing vectors v/
42

i A R
» Thermodynamics: (M, J), Q(M,J) v’

Max Riegler | Warped Black Holes in Lower-Spin Gravity



Consistency Checks

Metric Formulation

» Killing vectors:
» Globally well defined Killing vectors v/

» Thermodynamics: (M, J), Q(M,J) v

_ b ka _ 2v
> Y=3\ 72 T 73
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Conclusion and Outlook

Conclusion

Warped BHs and lower-spin gravity . v/
Easiest toy model for WCFTS with T > 0.
Straightforward extension to higher-spins.

Higher-spin warped BHs.
Full partition function as in [lizuka, Tanaka, Terashima '15].
Near horizon soft hair?
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Thank you for your attention!



