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Motivation

m The spontaneous pair production from charged black holes
mixtures two independent processes:

m Schwinger mechanism by electromagnetic force
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m Hawking radiation by tunneling through horizon
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m Near-extremal Kerr-Newman black holes: dual CFT
description & exactly solvable

m Near-horizon region: GR solution & pair production occurs
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Near Horizon Geometry of Kerr-Newman

m Kerr-Newman (KN) black holes: M, @, a = J/M
m Near horizon limits: ¢ — 0, 2 = Q? + a?
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m Near horizon of near extremal KN black holes
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Scalar Pair Production

m Klein-Gordon equation
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m ansdtz:  ®(t,r,0,p) = e WP R(1)O()
m decoupled equations
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Scalar Pair Production

m Exact Solution:

R(r) = c(r—B):F 9 (p 4 B)3(R+n)
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m three essential parameters

q@Q3 — 2nary
r3 + a?

R
Il

) K=

1
: u:\/HQ—mQ(r8+a2)—/\—4

SIS



Pair Production in Near Extremal Kerr-Newman Black Holes

Scalar Pair Production

m Outer boundary condition: no incoming flux at asymptotic

i reflected B.C. in
Dl g— < -= D=0
(out) D(out)
H incident transmitted B
|
p=2B p =00
inner boundary (horizon) outer boundary (asymptotic)

CMC, Kim, Lin, Sun, Wu, PRD 85 (2012) 124041 [arXiv:1202.3224 [hep-th]]
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Scalar Pair Production

m Flux conservation for bosonic particles
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m Bogoliubov relation
o> = 18]* =1

m Vacuum persistence amplitude |«|? and Mean number of
produced pairs |5|?
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m Absorption cross section
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Scalar Pair Production

m Expansion around r = B
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m parameters: ¢/ = ¢, and 5" = ¢

m Expansion around » — oo
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m Condition for existence of propagating modes
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Scalar Pair Production

m relations of parameters
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Scalar Pair Production

m Flux formula (radial direction)

D= /d9dg0i\/—gg”(<I>Dr<I>* — 3*D,d)

m Relevant fluxes:
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Scalar Pair Production

m Outer boundary condition: c%“) =0
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Scalar Pair Production

m Bogoliubov coefficients:
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m Absorption cross section:
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Thermal Interpretation

m Hamilton-Jacobi action:  R(r) = ¢*5(")  (WKB)
S(r) = / dr \/[w(r% + a?) — qQ3r + 2naror]?
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m Residue contributions of the contour integrate at three
simple poles: r = £B and r = oo
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Thermal Interpretation

m Phase-integral formula:
NS = e_Sa+Sb = eim

m Temperature for Schwinger effect:

R
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m Unruh temperature and effective curvature:
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Thermal Interpretation

m Mean number of produced pairs:

extremal limit S, — oo
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m New parameters: (R — 0 = Tkn = 271y, Tkn = 0)
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m Mean number of produced pairs:
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B w;: near horizon frequencies 2+ 5
m Ty: Hawking temperature
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Dual CFT Description

m Absorption cross section (pair production)
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m from 2-point correlator in 2D CFT
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m Conformal weight:  hyp = hgr = 5 tip
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Dual CFT Description

m Twofold CFT descriptions for Kerr-Newman black holes

m J-picture: ¢ = ¢}, = 12J (central charges) temperatures
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m geometrical meaning of ¢: radius of embedded extra circle
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Dual CFT Description

m CFT entropy: (for both pictures)
7T2
SceT = g(cLTL + ¢gTR) ~ w(r3 + a* + 2ryB)

m Black hole entropy and temperature
SgH = 7T(7’_2~_ + a2) = Sy ~ W(Tg +a®+ 2roB)
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m |dentification via first law of thermodynamics
(6SBH = dScFT)
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Dual CFT Description

[ ] and (atr = B)
2arg QB
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m variation of parameters: 0M =w, §J = —n, 6Q = —q
m CFT “frequencies”
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Summary

m Spontaneous pair production of scalar field in near
extremal KN black holes: exact Bogoliubov coefficients

m There is a remarkable thermal interpretation.

m The pair production (unstable mode) is holographically
dual to an operator with complex conformal weight.



