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Introduction

QFT in curved space-time

@ Fixed classical background geometry
@ Quantum field propagating on this background
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Introduction

Hawking radiation

@ Black hole formed by
gravitational collapse
e Thermal flux at .# "
_ K r=0
27

Hawking collapsing

radiation \\ matter ——

O /' Black hole

// \\

[ Hawking CMP 43 199 (1975) |
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Introduction

Stress-energy tensor expectation value

Semi-classical Einstein equations

_2.<energy> momentum
density density

* T01 702 703

710 shear

T20 stress

T30 pressure
momentum momentum

density flux
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Introduction

Massless, conformally coupled scalar field ®

Klein-Gordon equation

1
[D—ER]CI)—O
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Introduction

Massless, conformally coupled scalar field ®
Klein-Gordon equation
1
[D —~ ER] D=0

@ [J curved space-time Laplacian V, V¥
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Introduction

Massless, conformally coupled scalar field ®

Klein-Gordon equation
1
O—--R|{®=0
B¢
@ [Jcurved space-time Laplacian V, V#

@ R Ricci scalar curvature
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Introduction

Massless, conformally coupled scalar field ®

Klein-Gordon equation
1
U-—-R|®=0
-5
@ [Jcurved space-time Laplacian V, V#

@ R Ricdi scalar curvature

Classical stress-energy tensor

2 1 . 1
Ty = gcpmq);v - ggzwq)'“q);a - gcbcb;w,
1 1 1 )
+ gg‘uvq)DQ + 8 (RVV — Eglﬂ/R) b
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Introduction

Massless, conformally coupled scalar field ®

Klein-Gordon equation

1
O—-—-R|P=0
@ [Jcurved space-time Laplacian V, V#

@ R Ricdi scalar curvature

Classical stress-energy tensor

2 1 ) 1
Ty = gcpmq);v - ggw,@'“cbm - gcpcp;w
1 1 1 5
+ ggVV®Dq> + 8 (RI’W — Eglﬂ/R) b
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Introduction

Vacuum polarization

(#?) J
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Introduction

Vacuum polarization

(%)

Technical motivation
@ Simplest nontrivial expectation value

@ Simpler to compute than SET
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Introduction

Vacuum polarization

(%)

Technical motivation
@ Simplest nontrivial expectation value

@ Simpler to compute than SET

Physical motivation
@ Has some physical features in common with SET

@ Related to local temperature

Tocal & <qA)2>

[ Buchholz & Schlemmer CQG 24 F25 (2007) ]
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VP renormalization

Renormalizing the
vacuum polarization

DeWitt Phys. Rept. 19 295 (1975)
Christensen PRD 14 2490 (1976)

Wald CMP 54 1 (1977)

Christensen PRD 17 946 (1978)

Decanini & Folacci PRD 78 044025 (2008)
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VP renormalization

Divergence of the VP

q>2
@ Involves products of field operators at the same space-time point

@ Expectation values are divergent
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Divergence of the VP

N

cI>2
@ Involves products of field operators at the same space-time point

@ Expectation values are divergent

Expectation value

($2(x)) = lim [~iGr(x,+")]
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VP renormalization

Divergence of the VP

CDZ

@ Involves products of field operators at the same space-time point

@ Expectation values are divergent

Expectation value
(®%(x)) = lim [—iGp(x, x)]
x'—x

Feynman Green’s function Gg(x, x’)

[EI _ %R] Gr(, 2 = — (—g) 2 5(x— =)
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Overall strategy
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Overall strategy

Regularization by point-splitting
—iGg(x, x")

@ Finite for x’ # x

@ Divergences as x’ — x are purely geometric and independent of
the quantum state
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VP renormalization

Overall strategy
Regularization by point-splitting
—iGg(x, x")

@ Finite for x’ # x

@ Divergences as x’ — x are purely geometric and independent of
the quantum state

Renormalized expectation value
@ Subtract off appropriate divergent terms Gs(x, x”)
o Take the limit x’ — x

N

(&%(x))ren = lim {—i [Gr(x,2') — Gs(x, )]}

v
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VP renormalization

Hadamard renormalization
Hadamard parametrix

U(x,x")

_iGs(x, x’) = —87'(20‘(_7(, x’)

+ O (clogo)

[ Decanini & Folacci PRD 78 044025 (2008) ]
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AR EIPZLTN  Hadamard renormalization

Hadamard renormalization

Hadamard parametrix

U(x,x")
—iG xx' =—+O ologo
5( ’ ) 8712(7(x,x’) ( 23 )
/ : /
@ 20(x,x") square of the geodesic 4y
distance between x and x’
X
[ Decanini & Folacci PRD 78 044025 (2008) ]
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AR EIPZLTN  Hadamard renormalization

Hadamard renormalization

Hadamard parametrix

U(x,x")

~iGs(x %) = G20, )

+ O (clogo)

@ 20(x,x") square of the geodesic x
distance between x and x’

e U(x,x") symmetric biscalar regular
asx’ — x

[ Decanini & Folacci PRD 78 044025 (2008) ]
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AR EIPZLTN  Hadamard renormalization

Hadamard renormalization
Hadamard parametrix

U(x,x")

16 %) = G20, )

+ O (clogo)

@ 20(x,x") square of the geodesic x
distance between x and x’

e U(x,x") symmetric biscalar regular
asx’ — x

1 0
U(x, x/) == ]. + ERVVO—/PIU',V + P

[ Decanini & Folacci PRD 78 044025 (2008) ]
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AR EIPZLTN  Hadamard renormalization

Hadamard renormalization
Hadamard parametrix

U(x,x")

16 %) = G20, )

+ O (clogo)

@ 20(x,x") square of the geodesic x
distance between x and x’

e U(x,x") symmetric biscalar regular
asx’ — x

1 o
U(x,x") =1+ ER},UO”HU/L +...

@ Taylor series expansion for ¢, o’ in
terms of Ax# X

[ Decanini & Folacci PRD 78 044025 (2008) ]
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Static, spherically symmetric black hole

Metric
ds* = —f(r)dt* + f(r) "t dr* 4+ r* d6? + 1’ sin® 0 d¢? J
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A E o iEIVZLTOl  Static, spherically symmetric BH

Static, spherically symmetric black hole

Metric
ds® = —f(r)dP + f(r) "' dr? + 2 d0* + 1? sin? 0 dg”

Positive frequency field modes

Pootm = eiiwtlpwﬁ(r)yﬁm(el 4’) w>0
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Static, spherically symmetric BH
Static, spherically symmetric black hole

Metric
ds® = —f(r)dP + f(r) "' dr? + 2 d0* + 1? sin? 0 dg”

Positive frequency field modes

Puotm = € " Po(1)Yim(6,9) @ >0

@ w frequency
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Static, spherically symmetric BH
Static, spherically symmetric black hole

Metric
ds® = —f(r)dP + f(r) "' dr? + 2 d0* + 1? sin? 0 dg”

Positive frequency field modes

¢w€m = eiiwtlpwﬁ(r)yém(gf 4’) w>0

@ w frequency

@ Y/, (0, ¢) spherical harmonic
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A E o iEIVZLTOl  Static, spherically symmetric BH

Static, spherically symmetric black hole

Metric
ds® = —f(r)dP + f(r) "' dr? + 2 d0* + 1? sin? 0 dg”

Positive frequency field modes

¢w€m = eiiwtlpwf(ﬂyﬁm(el 47) w >0

@ w frequency
@ Yy, (6, @) spherical harmonic

® |,(r) radial function
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VP renormalization

Canonical quantization

) /

CIS = / dw Z Z [awém(l)wfm + ﬁ:;émqb;k)fm}

w=0 yZom=—t
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A E o iEIVZLTOl  Static, spherically symmetric BH

Canonical quantization

o ) /
&= / dwd Y. [ﬁwmqbwem + 8 Peotm

w=0 " y—om=—t

Boulware vacuum 4,,,,|B) =0
State which is as empty as possible far from the black hole
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A E o iEIVZLTOl  Static, spherically symmetric BH

Canonical quantization

o ) /
&= / dwd Y. [ﬁwmqbwem + 8 Peotm

w=0 yZom=—t

Boulware vacuum d,,,|B) = 0

State which is as empty as possible far from the black hole
Feynman Green’s function

—iGr(x,x') = (B|T [®(x)®(x)] |B)
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Canonical quantization

00 [ee]

¢
&= / dwd Y. [ﬁwmqbwzm + 8 Peotm

w=0 yZom=—t

Boulware vacuum d,,,|B) = 0

State which is as empty as possible far from the black hole
Feynman Green’s function
—iGp(x,x") = (B|T [®(x)®(x")] |B)

_ /oo dw i (204 1) By, o (r) gl ,(r')Py(cos )
(=0

w=0
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Canonical quantization

a

o ) /
&= / dwd Y. [ﬁwmqbwzm + 8 Peotm

w=0 yZom=—t

Boulware vacuum d,,,|B) = 0

State which is as empty as possible far from the black hole
Feynman Green’s function
—iGr(x,x') = (B|T [®(x)®(x)] |B)
_ / © s i (20 + 1) &Pty (1), (') Po( cos )
=0

w=0

cosy = cosfcost +sinfsind cos Ag
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VP renormalization

Renormalized VP

(D% (X)) ren = J}/lg; {—1[Gr(x,x") — Gg(x,x")] }
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Renormalized VP
(®?(x))ren = lim {—i [Gp(x,x") — Gs(x,x)]}
x'—x
Feynman Green'’s function Gg(x, x")

@ Mode sum over separable solutions of the scalar field equation

@ Modes can only be found numerically
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VP renormalization

Renormalized VP

(D% (X)) ren = J}/lg; {—1[Gp(x,x") — Gs(x,x")] }

Feynman Green'’s function Gg(x, x”)
@ Mode sum over separable solutions of the scalar field equation

@ Modes can only be found numerically

Hadamard parametrix Gs(x, x”)
@ Purely geometric

e Taylor series expansions for x close to x
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Renormalized VP

(D% (X)) ren = J}/lg; {—1[Gr(x,x") — Gg(x,x")] }

Feynman Green's function Gg(x, x”)
@ Mode sum over separable solutions of the scalar field equation

@ Modes can only be found numerically

Hadamard parametrix Gg(x, x’)
@ Purely geometric

@ Taylor series expansions for x’ close to x

How can we subtract Gs(x, x") from Gg(x, x") so that limit can be taken
and answer computed numerically?
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WKB

WKB-based method |

Candelas & Howard PRD 29 1618 (1984)
Howard & Candelas PRL 53 403 (1984)

Howard PRD 30 2532 (1984)

Anderson, Hiscock & Samuel PRD 51 4337 (1995)
EW & Young PRD 77 024008 (2008)

Flachi & Tanaka PRD 78 064011 (2008)

Breen & Ottewill PRD 82 084019 (2010)

Breen & Ottewill PRD 85 084029 (2012)
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WKB

Euclideanization

@ Wick rotation t — —it
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WKB

Euclideanization

@ Wick rotation t — —it

@ Euclidean time coordinate periodic T — T+ 27 /x
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Euclideanization
@ Wick rotation t — —it

@ Euclidean time coordinate periodic T — T+ 27 /x
o Thermal state at temperature « /27
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WKB

Euclideanization

e Wick rotation t — —it
@ Euclidean time coordinate periodic T — T+ 27 /x

o Thermal state at temperature « /27

HHI state |H)

@ Black hole in thermal II
equilibrium at the Hawking
temperature

HJr
@ Regular on and outside event
horizon H-

[ Hartle & Hawking PRD 13 2188 (1976) I
Israel PLA 57 107 (1976) ]
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WKB-based method Ar =0,y =0
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WKB-based method Ar =0,y =0
Euclidean Green’s function
K o0 o0 .
Gel(x,x') = o5 1 30 €T (20 +1) pue(r)gus (1)

n=—o0 =0
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WKB-based method Ar =0,y =0

Euclidean Green’s function
K
8772

Y Y (204 1) pu (1) (1)

n=—00 (=0

Gg(x,x") =

Renormalized VP

<qA)2(X)>ren = lim {GE — Gs}
ATt—0
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WKB-based method Ar =0,y =0

Euclidean Green’s function
K
8772

33 €T (204 1) e (r)aue(r)

n=-—o0 (=0

Gg(x,x") =

Renormalized VP
(®(x))ren = lim {Gg — Gs}
AT—0
= Alir_l}o {Gg — WKB expansion}

+ lim {WKB expansion — Gg}
ATt—0
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WKB-based method Ar =0,y =0

Euclidean Green’s function
K
8772

Y 3T (204 1) e (F)ue (1)

n=—00 (=0

Gg(x,x") =

Renormalized VP
(®(x))ren = lim {Gg — Gs}
AT—0
= AI%I—I:O {Gg — WKB expansion}

+ lim {WKB expansion — Gg}
ATt—0

@ WKB expansion known in closed form
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WKB-based method Ar =0,y =0

Euclidean Green’s function

K o0 (o) .
GE(XI x,) — @ Z Z emKAT (28 + 1) pné(r)qnf(r)

n=—oo /=0
Renormalized VP

(®(x))ren = lim {Gg — Gs}
At—0
= AI%I—I;IO {Gg — WKB expansion }

+ lim {WKB expansion — Gg}
ATt—0

@ WKB expansion known in closed form
@ Numerical sum over modes
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WKB-based method Ar =0,y =0

Euclidean Green’s function

K o0 (o) .
GE(XI x,) — @ Z Z emKAT (28 + 1) pné(r)qnf(r)

n=—oo /=0
Renormalized VP

(®(x))ren = lim {Gg — Gs}
AT—0
= Alir_l}o {Gg — WKB expansion}

+ lim {WKB expansion — Gg}
ATt—0

@ WKB expansion known in closed form
@ Numerical sum over modes
@ Analytic part plus numerical integrals
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WKB

VP on Schwarzschild
B 2 132 | 22 302 1 2 esin2 2 2M

ds = f(r)dt*+ f(r)" dr”+r°d6~ +r°sin“ 0 de f(r) = -
(9%

0.35 @ Regular on and

0.30 outside the

0.25 horizon

0.20 @ Asr — o

0.15 approaches

0.10 value for a

0.05 the]rl\r/?al state

on
0.001 5 3 7 5 3 7 r/2M-1

[ Candelas & Howard PRD 29 1618 (1984) |
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Extended coordinates

Extended coordinates method |

Taylor & Breen PRD 94 125024 (2016)
Taylor & Breen PRD 96 105020 (2017)
Morley, Taylor & EW CQG 35 235010 (2018)

Breen & Taylor PRD 98 105006 (2018)
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Extended coordinates

An alternative approach on Euclidean spacetime

X'—Xx

K [ee] o .
Ge(x,x') = 5 Yo 5 e AT (20 + 1) prue(r)gne(r) Py (cos )
n=-—o00 (=
Taylor & Breen PRD 94 125024 (2016) Taylor & Breen PRD 96 105020 (2017)
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Extended coordinates

An alternative approach on Euclidean spacetime

X'—Xx

K

LY e 204 1) ()P (cos )

n=—oo /=0

Gg(x,x)

K o0 [ee] .
Gs(x,x') = 32 Y, )™ AT (204 1) Ty(r) Py (cosy)
T n=e0 1=0
Taylor & Breen PRD 94 125024 (2016) Taylor & Breen PRD 96 105020 (2017)
y y
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Extended coordinates

An alternative approach on Euclidean spacetime

(®%(x))ren = lim {Gg — Gs}
X' —Xx

K

LY e 204 1) ()P (cos )

n=—oo /=0

Gg(x,x)

K o0 [ee] )
Gs(x,x') = 32 Y, )™ AT (204 1) Ty(r) Py (cosy)

n=—oo /=0

AT—0,7—0 H=—o0 /=0

X [pné(r)qné(r) - an(r’)]}

(®*(x))ren =  lim {é i i e AT (20 +1) Py (cos )

V.

Taylor & Breen PRD 94 125024 (2016) Taylor & Breen PRD 96 105020 (2017)

Elizabeth Winstanley (Sheffield) Expectation values on black holes SW13, May 2019 19 /30



Extended coordinates

Mode-sum representation of Gg
Extended coordinates

w? = % [1 — cos (kAT)] s = f(r)w? +2r* (1 — cos )

Taylor & Breen PRD 94 125024 (2016) Taylor & Breen PRD 96 105020 (2017)
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Extended coordinates

Mode-sum representation of Gg

Extended coordinates

2
2 2 o2 2
w* = p[l—cos (kAT)] s* = f(r)w” +2r° (1 —cosy)
Hadamard parametrix
2 2i42j
n_ K W
Gs(x,x ) = w 20 EDU(T’)W T oo
i=0j=—i
Taylor & Breen PRD 94 125024 (2016) Taylor & Breen PRD 96 105020 (2017)
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Extended coordinates

Mode-sum representation of Gs

Extended coordinates

2

w? = 2 [1 — cos (kAT)] s2 = f(r)w? 421 (1 — cos )

Hadamard parametrix
2 i 2i+2j
N K AW
C5003) = o by L P gz

w2i+2j - = inkAT . .

2T = __oo;)e (2€+1) Py (cosy) Fre(i, j|r)
Taylor & Breen PRD 94 125024 (2016) Taylor & Breen PRD 96 105020 (2017)
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Extended coordinates

Mode-sum representation of Gg
Extended coordinates

2
w? = 2 [1 — cos (kAT)] s2 = f(r)w?+2r* (1 — cosy)

Hadamard parametrix

/ o 2 w2i+2i
Gs(x,x ) = —8 ZO ZD,I(T) 782j+2 =
= j:—]
w2it2j 0 A
inkAT .
o Z Z e (20 +1) Py (cosy) ¥e(i, j|r)
Nn=—00 (=
K/27I 21+2 A
Y(i,jlr) = / —inkAT P, (cos ) siny dy AAT
né( /]| ) 27_[ AT=0 Jy=0 32]+2 Z( 7) yay
Taylor & Breen PRD 94 125024 (2016) Taylor & Breen PRD 96 105020 (2017)
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Extended coordinates

VP calculated using extended coordinates
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Extended coordinates

VP calculated using extended coordinates

K o
Ge — 8? Z Z emKAT (zg + 1) Pnz(r)qu(”)Pf (COS ')’)

n=—c0 (=0
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Extended coordinates

VP calculated using extended coordinates

K © X .
Gg = — Z Z lKAT (20 + 1) pre(r)gne(r) Py (cos 7y)
n=—00 (=0
koL X2

Gs = 57 Y L) Y €T (2041) Py (cos ) Dy (r) ¥l I7)

n=—00 =0 i=0 j=—i
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Extended coordinates

VP calculated using extended coordinates

Z Z eleAT (20 + 1) pre(r)gne(r) Py (cos 7y)
n=—c0 (=0

) o 2 i
Z_: ZZ _Z: e AT (20 +1) Py (cosy) Djj(r)¥e(i, j|7)

T n="c0 (=0i=0j——

Renormalized VP (®?) e,

Lz _Z Y (20+1) | pua(r)qua(r) — E Z Dij(r)¥ue (i, jIr)

n=-—00 (=0 i=0j=—i

Expectation values on black holes
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Extended coordinates

Topological black holes in adS

Euclidean metric

a8 = f(r) de? + £(r) 7 dr + 2 d6P + P F(0) dg?

) = —g—%ﬂ A <O
sinf k=
VACIERY k=
sinhf k= -1
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Extended coordinates

VP on topological black holes

2M  Ar?
=k-—-"—"  k=1,0-1
£(r) == 0, |
(@
_0.0014 2 4 6 8 T
-0.0016 Asr — co, approach

-0.0018

-0.0020

-1/48772

values for vacuum
state on pure adS

[ Morley, Taylor & EW CQG 35 235010 (2018) ]
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Pragmatic mode-sum

Pragmatic mode sum method |

Levi & Ori PRD 91 104028 (2015)

Levi & Ori PRD 94 044054 (2016)

Levi & Ori PRL 117 231101 (2016)

Levi, Eilon, Ori & van de Meent PRL 118 141102 (2017)
Levi PRD 95 025007 (2017)

Lanir, Levi, Ori & Sela PRD 97 024033 (2018)

Lanir, Levi & Ori PRD 98 084017 (2018)

Lanir, Ori, Zilberman, Sela, Maline & Levi PRD 99 061502 (2019)
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Pragmatic mode-sum

Lorentzian space-time

Static, spherically symmetric metric

ds* = —f(r)dt* + f(r) "t dr* 4+ r* d6? + 1’ sin® 0 d¢?

Feynman Green’s function in the Boulware state

(e°]

—iGg(x, x') = /

w=0

dw i (20 +1) @y, o (1) (¥ ) Py (cos )
=0
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Pragmatic mode-sum

Lorentzian space-time

Static, spherically symmetric metric

ds* = —f(r)dt* + f(r) "t dr* 4+ r* d6? + 1’ sin® 0 d¢?

Feynman Green’s function in the Boulware state

(e°]

—iGg(x, x') = /

w=0

deo 37 (26 4+ 1) €M (F)g () Prfcos 1)
/=0

Time-like point-splitting r =/, ¥ = 0

CiGr(x, ') = / dw Y (26 +1) €< |0 (r)

w=0 4=
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Pragmatic mode-sum

Hadamard parametrix

) 1 f/Z f/l fl
— ! — — — .
iGs(x,X) = arap T Toor2f ~ 9672 a8 T

[ Levi & Ori PRD 91 104028 (2015) |
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Pragmatic mode-sum

Hadamard parametrix

) 1 f/2 f// f/
— ! — — —
Gs(x,X) = parap T Toz2f ~ 962 8y T

Integral representation of singular term

1 °° WAt
— = - we“ dw
Atz w=0
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Pragmatic mode-sum

Hadamard parametrix

) 1 f/2 f/l fl
- I = - - LRI
iGs(x,X) = garap T Toz2f ~ 962 w8 T
Integral representation of singular term
1 ~ iwAt
e iwAt g
AR | /w e w
1 © ) f/2 f// f/
. / iwAt
= == d — = e
iGs(x,x¥) = — g7 /w:o weTT AUt 1907 T 962 48rer J
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Pragmatic mode-sum

Renormalized VP

<ci>2>ren = AI}QO {—i[Gr — Gs]}

[ Levi & Ori PRD 91 104028 (2015) ]
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Pragmatic mode-sum

Renormalized VP

<q>2>ren = AI}EWO {—1[Gr — Gs]}

e o 5]

f/2 f// f/
* 19272F T 9672 T 48r2r
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Pragmatic mode-sum

Renormalized VP

At—0

(&) en = lim {—i[Gf — Gs]}

=1

f/

— K « iwAt - 2 1
Aglo{/—owe dw LE')(EJF ) [ (r) [ +
f/2 f// f/
T 10272f T 9672~ 48r%r
- 12 "
BT iwe f _ f
- ?38{ oo ¢ g“’(r)} T 1o272F ~ 9672

4872y
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Pragmatic mode-sum

Renormalized VP

<q’\>2>ren = lim {—i [GF — Gs]}

At—0
_ iwAt = 2, Y
- tm Lo S v o+ 7]

2 1" !
PG N
19272f 9672 487m2r

= lim {
e—0

@ Integral over w fails to converge in the usual sense

0o 12 11 /
iwe f _ f _ f
/ dwe g“’(r)} T 10272F " 962 T B2y

w=0
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Pragmatic mode-sum

Renormalized VP

(&) en = lim {—i[Gf — Gs]}

At—0
o . o iwA - 2 7(‘]
- i | [t Bt vinors g}
2 " !
L f f

1922f  96m2  487%r
() . 2 " /
= lim{/ dwe“‘)egw(r)} + f f f
€—0

w=0 19272f 9672 487%r
@ Integral over w fails to converge in the usual sense

@ Growing oscillations of wavelength v as w increases
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Pragmatic mode-sum

Renormalized VP

(= i, (1161 )
_ . o iwA - 2 L
= Iim, {/wo e [Z D WOl g ] }

2 1" !
PG N
192722f 9672 4872r

o0 ) f/2 f// f/
_ . 1We — —
= o { /w:o dwe g‘*’(r)} T 19272F ~ 96m2 ~ 48r22r

@ Integral over w fails to converge in the usual sense
e Growing oscillations of wavelength v as w increases

@ Replace with a generalized integral which cancels the oscillations

[ Levi & Ori PRD 91 104028 (2015) ]
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Pragmatic mode-sum

Generalized integrals

H(w) = N d@ e Gy (1)

@=0

104 H(w) forr=6

0.5

H(w)
=)

-0.5

0 0.5 1 15 2 25 3
w
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Pragmatic mode-sum

Generalized integrals

w

Hw) = | doeGy(r) Hi(w) =

@=0

[H(w) + H(w +v/2)]

N =

104 H(w) forr=6

0.5

H(w)
=)

-0.5
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Pragmatic mode-sum

Generalized integrals

w . 1
H(w) = Odwe‘wegw(r) Hi(w) = 5 [H(w) + H(w+1v/2)]
@@=
1 x10* i H(w)fyrr=6' 10 H,(w) for r=6
6.27
6.26
o8 6.25
3 5 624
- T 623
05 6.22
6.21
Yo o5 1 15 2 25 3 62 05 1 15 2 25
w w

[ Levi & Ori PRD 91 104028 (2015) |

Elizabeth Winstanley (Sheffield) Expectation values on black holes



RSET on Schwarzschild

x10% RSET vs r in Boulware
3 —TI'><1'2(r)><r4
—Tr'xfz(r)xr”
2 - Tg”xfz(r)xr"
+ Anderson's results

S
[ e S
5 10 15 20 25

@ Diverges on horizon
@ Vanishes as r — oo

[ Levi PRD 95 025007 (2017) ]
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RSET on Schwarzschild

x10% RSET vs r in Boulware 4 %10 RSET vs rin HH
— T XPxr —T 10
— T <Pt 3 —T,"%f()
2 T xBxrt T4
+ Anderson's results 2

=)
N U
-1 *
Tt = )
5 10 15 20 25 5 10 15 20 25
r r
@ Diverges on horizon @ Regular on horizon
@ Vanishes asr — o @ Nonzero as r — oo

[ Levi PRD 95 025007 (2017) ]
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Summary
WKB-based method

@ Euclidean space-times

@ Static, spherically symmetric black holes

Extended coordinates method
o (®?) on four and higher-dimensional black holes
@ Both conformal and more general couplings
e To do: (T,w)ren
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Summary
WKB-based method

@ Euclidean space-times

@ Static, spherically symmetric black holes

Extended coordinates method

° <<f>2> on four and higher-dimensional black holes

@ Both conformal and more general couplings
e To do: (Tw>ren

Pragmatic mode-sum method
@ Lorentzian space-times

@ Both static and stationary black holes
o (®2) and (T )ren
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