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QFT on black holes

QFT on curved space-time

@ Classical background g+

space-time

@ Quantum field on this
background

Hawking radiation
@ Black hole formed by
gravitational collapse

@ Thermal flux at .#+ -
» 5
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Schwarzschild black hole

r=20 i-|-

j-i-

Elizabeth Winstanley (Sheffield) SR and BH quantum states July 2021

3/33



Unruh state |U)

e Hawking flux at .# "
@ Regularat H "

[ Unruh PRD 14 870 (1976) |
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Boulware state |B)

@ State which is as empty as possible at infinity J

@ Diverges on the event horizon

Z‘+

[ Boulware PRD 11 1404 (1975) |
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Hartle-Hawking state |H)
@ Represents a black hole in thermal equilibrium with a heat bath J

@ Regular on and outside event horizon

Z'+

-

1

[ Hartle & Hawking PRD 13 2188 (1976), Israel PLA 57 107 (1976) ]
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Canonical quantization

Canonical quantization of a neutral scalar field ®

Expand classical field in terms of orthonormal basis of field modes

d = Za]-(p;r + a;gbj_
]
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(@GR ERPZLIOM  Neutral scalar field

Canonical quantization of a neutral scalar field ®
Expand classical field in terms of orthonormal basis of field modes

d = Za]-q;j* + a}qb].—
]

Positive frequency modes

¢]+ o e—iw(t:l:x) w>0
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(@GR ERPZLIOM  Neutral scalar field

Canonical quantization of a neutral scalar field ®
Expand classical field in terms of orthonormal basis of field modes

d = Zajqu* + a}qb]f
]

Negative frequency modes

(P]_ o e—iw(t:l:x) w<0
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(@GR ERPZLIOM  Neutral scalar field

Canonical quantization of a neutral scalar field ®

Expand classical field in terms of orthonormal basis of field modes
D=V 4bT 4t
® =) a0 a9,
]
Promote expansion coefficients to operators 4, ﬁ;? with

A At A At At
[a]-,ak} = Ojk 4,8, =0 [aj,ak} =0
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(@GR ERPZLIOM  Neutral scalar field

Canonical quantization of a neutral scalar field ®

Expand classical field in terms of orthonormal basis of field modes
D=V 40T 4ot
b= Za]gbj +a;;
]
Promote expansion coefficients to operators 4, ﬁ;? with

A At A At At
[a]-,ak} = Ojk 4,8, =0 [aj,ak} =0

d;j - particle annihilation operators
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(@GR ERPZLIOM  Neutral scalar field

Canonical quantization of a neutral scalar field ®

Expand classical field in terms of orthonormal basis of field modes
b=V a.06T +ate-
=) a9 +ijg;
J
Promote expansion coefficients to operators 4, ]Jr with

A At AoA At oAt
[a]-,ak} = Ojk [El]',llk] =0 [a], :| =0

- particle annihilation operators
- particle creation operators

]
.‘.
]
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[ELIITEIRIERW PG Neutral scalar field

Canonical quantization of a neutral scalar field ®

Expand classical field in terms of orthonormal basis of field modes
b=V a.06T T
d = Za]gbj +a;;
]
Promote expansion coefficients to operators 4, ]Jr with

at| =6 [@al=0 |ahaf] =0

- particle annihilation operators
- particle creation operators

\x_‘_\

Define the vacuum state |0)

a;10) =
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Canonical quantization

Schwarzschild black hole

=
ds? = — (1 — ¥> ar + (1 — g) dr* 4+ 1> d6? + 1 sin? 0 d¢?

Elizabeth Winstanley (Sheffield) SR and BH quantum states



(@GR ERPZLIOM  Neutral scalar field

Schwarzschild black hole

=1
ds® = — (1 — g) dt* + (1 - g) dr® +r*do> + 1* sin® 0 dg?

4

Neutral scalar field modes

(tr9 )—;
(Pwﬁm V0, Q _TN\/W

e~ e Yy, (0) Roye (7)

4
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(@GR ERPZLIOM  Neutral scalar field

Schwarzschild black hole

-1
ds? = — (1 — g) dr? + (1 — g) dr* 4 r* d6* 4 r? sin” 0 d¢*

Wy
Neutral scalar field modes
1 —iwt jim
boim(t, 1,0, 9) = W—\/We fe™ Y 1, (0) Repe ()
Yy, (0): spherical harmonics
4
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[ELIITEIRIERW PG Neutral scalar field

Schwarzschild black hole

-1
ds? = — (1 — g) dr? + (1 — g) dr* 4 r* d6* 4 r? sin” 0 d¢*

v
Neutral scalar field modes
1 L
Poim(t, 1,0, 9) = W—\/We MY gy () Reoe (7)
Yy, (0): spherical harmonics
N: normalization constant independent of w
4
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Neutral scalar feld
Schwarzschild black hole

-1
ds? = — (1 — g) dr? + (1 — g) dr* 4 r* d6* 4 r? sin” 0 d¢*

4
Neutral scalar field modes
1 o
51,0,0) = ————e ™Y, (0)R(r
(owm( (P) VN\/W Zm( ) wé( )
Yy, (0): spherical harmonics
N: normalization constant independent of w
Positive frequency with respect to Schwarzschild time t: «w > 0
4
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Neutral scalar feld
Schwarzschild black hole

-1
ds? = — (1 — g) dr? + (1 — #) dr* 4 r* d6* 4 r? sin” 0 d¢*

4

Neutral scalar field modes
1
wim t/ /9/ -
(P 4 ( r (P) ’ N \/W

Yy, (0): spherical harmonics

e~ ™Y, (0)R i ()

N: normalization constant independent of w

Positive frequency with respect to Schwarzschild time t: w > 0

42 dr. -1
0= [d_ri + wa(r)] Rye(r) Fri (1 — 7)
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Neutral scalar feld
Schwarzschild black hole

-1
ds? = — (1 — g) dr? + (1 — #) dr* 4 r* d6* 4 r? sin” 0 d¢*

4

Neutral scalar field modes
1
wim t/ /9/ -
(P 4 ( r (P) ’ N \/W

Yy, (0): spherical harmonics

e~ ™Y, (0)R i ()

N: normalization constant independent of w

Positive frequency with respect to Schwarzschild time t: w > 0

42 dr. -1
0= [d_ri + wa(r)] Rye(r) Fri (1 — 7)

Vo (1) = w? Ty — oo
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Canonical quantization

“In” and “Up” modes

V78 P24 in
In” modes R7,

7’* _> —00
{ e—iwr* e — 00

SR and BH quantum



(@GR ERPZLIOM  Neutral scalar field

“In” and “Up” modes

e 7 11‘1
In” modes R wor

T* _> —00
e—iwr*_i_ALr)lgeiwr* Fe — 00

i+
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Canonical quantiza Neutral scalar field

“In” and “Up” modes
" 4 11‘1
In” modes R},
B(igge—iwr* Ty — —00
e—l(,d?’* +Ag)1£elwr* r* — 00

i+
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[ELIITEIRIERW PG Neutral scalar field

“In” and “Up” modes

V78 P24 in i 7 up
In” modes R7, Up” modes R ,
Bin e—iwrs T — —00 Fe — —00
e '+ ATe T 1y — 00 Ty —> 00
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[ELIITEIRIERW PG Neutral scalar field

“In” and “Up” modes

V78 P24 in i 7 up
In” modes R7, Up” modes R ,
Bin e—iwrs Iy — —00 el e — —00
e '+ ATe T 1y — 00 Ty — 00
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[ELIITEIRIERW PG Neutral scalar field

“In” and “Up” modes

" 7 in
In” modes R wor

e—iwr*_i_ALr)lgeiwr* Fe — 00

V2 ” up
Up” modes R ,

iWry up —iwr,
{ e+ A e

i—i—

7"*—>—00
Ty — OO
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[ELIITEIRIERW PG Neutral scalar field

“In” and “Up” modes

" 7 in
In” modes R wor

e—iwr*_i_ALr)lgeiwr* Fe — 00

V2 ” up
Up” modes R ,

iWry up —iwr,
{ e+ A e

i—i—

7"*—>—00
Ty — OO
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Canonical quantization

Boulware and Hartle-Hawking states
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Canonical quantization

Boulware and Hartle-Hawking states

Boulware state |B)

Positive frequency with respect
to Schwarzschild time

[ Boulware PRD 11 1404 (1975) ]
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(@GR ERPZLIOM  Neutral scalar field

Boulware and Hartle-Hawking states

Boulware state |B)

Positive frequency with respect
to Schwarzschild time

[ Boulware PRD 11 1404 (1975) |

y

Unrenormalized expectation values

B|O|B Z 2/ dw wém :le;n]

=0m=—/

[ Candelas PRD 21 2185 (1980) ]
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[ELIITEIRIERW PG Neutral scalar field

Boulware and Hartle-Hawking states

Boulware state |B) Hartle-Hawking state |H)
Positive frequency with respect | Positive frequency with respect
to Schwarzschild time to Kruskal time

[ Boulware PRD 11 1404 (1975) ] [ Hartle & Hawking PRD 13 2188

(1976), Israel PLA 57 107 (1976) ]

Unrenormalized expectation values

00 / 00 )
(BIOB) = Y 3 [ de oy, +0lF,]

=0 m=—/

[ Candelas PRD 21 2185 (1980) ]
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[ELIITEIRIERW PG Neutral scalar field

Boulware and Hartle-Hawking states

Boulware state |B) Hartle-Hawking state |H)
Positive frequency with respect | Positive frequency with respect
to Schwarzschild time to Kruskal time

[ Boulware PRD 11 1404 (1975) ] [ Hartle & Hawking PRD 13 2188

(1976), Israel PLA 57 107 (1976) ]

Unrenormalized expectation values

B|O|B Z 2/ dw w£m+0wlm]

=0m=—/
H|O|H Z Z / dw COth( ) [ Owim +Owém]
=0m=—/

[ Candelas PRD 21 2185 (1980) ]
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Properties of |H) on Schwarzschild

@ Regular on and outside horizon
@ Time-reversal symmetric

@ Thermal state in region I
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QFT on Kerr

Kerr space-time

.2
ds? = —%[dt —asinzed(p]2+%dr2+2d62+¥[( 2+ @) do — adt]”

A = 12 — 2Mr + a? Y. =7r>+a’cos’ 0
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The Kay-Wald theorem [Kay & Wald Phys. Rept. 207 49 (1991) ]

No Hartle-Hawking state exists for a quantum scalar field on Kerr }

i+
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QFT on Kerr

Massless scalar field on Kerr space-time

Scalar field modes

1 1

Puotm(t,7,0,9) = N me_i‘”teim‘PSwm(cos 0)Reoem (1)
r2+a
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QFT on Kerr

Massless scalar field on Kerr space-time

Scalar field modes

1 1
(Pwlm (t/ 7, 9/ (P) =

“Wimap el
r’+a

Swem(cosB): spheroidal harmonics
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QFT on Kerr

Massless scalar field on Kerr space-time

Scalar field modes

11
Gootm(t,7,0,9) = Nme EMPS o (€S O) Ry (1)
r-+a
Swem(cos 0): spheroidal harmonics
Wy
Radial mode equation
d? dr. 12+ a2
0= |-—5+V, r)| R r =
d?‘% wEm( ) wEm( ) dr A
4
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QFT on Kerr

Massless scalar field on Kerr space-time

Scalar field modes
1 1

Pewem (t/ r,0, (P) = =7 —1€_iwteim¢swém (COS G)Rwhn (7’)
N (12 4 a2)2
Swem(cos 0): spheroidal harmonics )
Radial mode equation
d? dre 1> 4a?
0= [d_r% + wam(r):| Rwﬂm(r) e = A
&% = (w—mQp)? asr. — —co
V, = *
wém(r) { w? as 7, — 00
v
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Classical superradiance

in — 1Ty _
(1’) wéme Yy — —O0
wﬂm —zwr* +Am 1wr* e — 00
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QFT on Kerr

Classical superradiance

in —iwr, _
wém —zwr* + Am zwr* Fe — 00
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QFT on Kerr

Classical superradiance

in —iwr, _
wém —zwr* + Am zwr* Fe — 00

[1_ ‘Al €m| } _w‘Bl fm‘

A, P> 1ifwa <0
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QFT on Kerr

Classical superradiance

in e—i&r*

Yy — —O0
wﬁm(r) = flzﬁ;n}‘ zwr )
tt Aw[m T =

04——FT 7T 1

a=0.99M ]

— pM=0.0 N

0.3 _— pzM:DJ b

—_ HSM:D'E 4

- pgM=0.3 n

o
: o
T T T T

]A 2 S 1ifw® <0

wlm

[ Brito, Cardoso & Pani LNP 905 (2015) ]
July 2021
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QFT on Kerr

“In” and “Up” modes
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QFT on Kerr

“In” and “Up” modes

“In” modes
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QFT on Kerr

“In” and “Up” modes

“In” modes
Positive frequency for

w >0
i—|—
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QFT on Kerr

“In” and “Up” modes

“In” modes
Positive frequency for

w >0

“Up” modes
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QFT on Kerr

“In” and “Up” modes

“In” modes “Up” modes
Positive frequency for Positive frequency for
w >0 w=w-—mOy >0
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A Hartle-Hawking state for Kerr?
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A Hartle-Hawking state for Kerr?

|CCH> [ Candelas, Chrzanowski & Howard PRD 24 297 (1981) |

1) l
(CCH|O|CCH) = ¥ Z/ dew coth (2T ) o,

(=0 m=—
o) y4 ~
+Y ) / dwcoth(zT )02}2111
I=0m=—/
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A Hartle-Hawking state for Kerr?

|CCH> [ Candelas, Chrzanowski & Howard PRD 24 297 (1981) |

(CCH|O|CCH) = / dw coth (2T ) o,

Om——Z

+Z Z/ dwcoth(ZT )02}2711

=0m=—/

@ Regular outside the event horizon

[ Ottewill & Winstanley PRD 62 084018 (2000) ]
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A Hartle-Hawking state for Kerr?

|CCH> [ Candelas, Chrzanowski & Howard PRD 24 297 (1981) ]

(CCH|O|CCH) = / dw coth (2T ) o,

Om——Z

+Z Z/ dwcoth(ZT )02}2711

=0m=—/

@ Regular outside the event horizon

@ Does not represent an equilibrium state
[ Ottewill & Winstanley PRD 62 084018 (2000) ]

Elizabeth Winstanley (Sheffield) SR and BH quantum states July 2021

17 /33



A Hartle-Hawking state for Kerr?
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A Hartle-Hawking state for Kerr?

|FT) [Frolov & Thorne PRD 39 2125 (1989) |

) 4
(FT|O|FT) = ) Z/ dw coth (ZT )oggm

(=0m=—
o J4 ~
+Y Z/ dwcoth(zT )oﬁm
I=0m=—/
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A Hartle-Hawking state for Kerr?

|FT) [Frolov & Thorne PRD 39 2125 (1989) |

(FT|O|FT) = Z Z/ dw coth (ZT )og}m

(=0 m=—

+Z Z/ dwcoth(zT )ozfzm

0m=—/
@ Potentially an equilibrium state

[ Ottewill & Winstanley PRD 62 084018 (2000) ]
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A Hartle-Hawking state for Kerr?

|FT> [ Frolov & Thorne PRD 39 2125 (1989) |

(FT|O|FT) = Z Z/ dw coth (ZT )ogj‘m

(=0 m=—

+Z Z/ dwcoth(ZT )ozfzm

0m=—¢

@ Potentially an equilibrium state
@ Divergent everywhere except on the axis of rotation
[ Ottewill & Winstanley PRD 62 084018 (2000) ]
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Charged scalar QFT on RN

Charged scalar field on RN space-time
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Charged scalar QFT on RN

Charged scalar field on RN space-time

Reissner-Nordstrom black hole

2 2\ 1
ds? = — 1—%+Q— dt* + 1—%+g dr* 4 r*dQy?
r r2 r r2
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Charged scalar QFT on RN

Charged scalar field on RN space-time

Reissner-Nordstrom black hole

2 2\ —1
g2 =—(1-ML 2 4y 1—%+g dr® + r?dQ)?
T r2 r 72

Charged scalar field equation

- Q
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Charged scalar QFT on RN

Charged scalar field on RN space-time
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Charged scalar QFT on RN

Charged scalar field on RN space-time

Charged scalar field modes

1
Poum(t,1,6,9) = 47e ™Y g, () Reve (1)
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Charged scalar QFT on RN

Charged scalar field on RN space-time

Charged scalar field modes

Bt (17,0, 9) = 317V (8) R (1)

v
Radial mode equation
a2 dr, 1
O:[—+Vg(r) Ree(7) -
2 w w 2
dr? ar 11— 27M + (rQ_z
y
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Charged scalar QFT on RN

Charged scalar field on RN space-time

Charged scalar field modes

Bt (17,0, 9) = 3¢ eV (8) R (1)

Wy
Radial mode equation
a2 dr, 1
O:[—+Vg(r) Ree(7) = -
dr? “ “ dr _2M . Q*
* 1 - —+ )
2
v . &2:<w—Z—Q) asr, — —o0
wg(i’) = 5 +
w as 1, — 00
Yy
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Charged scalar QFT on RN

Charge superradiance

Bi_‘n e—icT)r* 7 _) — 00
gilﬁ(r) = iA)zﬁ;r in Liwr :
e "+ AT 1y — 00

Elizabeth Winstanley (Sheffield) SR and BH quantum states



Charged scalar QFT on RN

Charge superradiance

Bi.n e—i&;r* 7 _) — 00
gilﬁ(r) = iUzﬁ.nf in Liwr .
e+ AT 1y — 00
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Charged scalar QFT on RN

Charge superradiance

we(r) = Bigge " T = —®
wl - e—zwr*_{_AgZelwr* 7y — 00

w[1- A | = @B,

AR > 1if w@ < 0
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Charged scalar QFT on RN

Charge superradiance

0e(r) = {

Zoop (%]

AR > 1if w@ < 0

Elizabeth Winstanley (Sheffield)

—iwr in Liwr
e '+ AT el

40

20

— Ty

-202— \ <=+ Q=0.5M, gM=0.1 _
o Y -— Q=0.5M, qM=0.5 1
40E i — Q=05M, qM=1 E
s WA -=- Q=0.99M, gM=0.1 ]
E B Q=0.99M, gM=0.5 1
-60F Y — Q-0.99M, gM-1 E
E \'. ‘\ E
-80F VN =
r v N ]
o M ]
R E. 0 Loy - L [ B
0%.0 0.2 0.4 0.6 0.8 1.0
oM
[ Brito, Cardoso & Pani LNP 905 (2015) ]
SR and BH quantum states July 2021 21/33



Charged scalar QFT on RN

“In” and “Up” modes
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Charged scalar QFT on RN

“In” and “Up” modes

“In” modes
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Charged scalar QFT on RN

“In” and “Up” modes

“In” modes
Positive frequency for
w >0
it
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Charged scalar QFT on RN

“In” and “Up” modes

1" 4
“Tn” modes Up” modes

Positive frequency for

w >0
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Charged scalar QFT on RN

“In” and “Up” modes

“In” modes “Up” modes
Positive frequency for Positive frequency for
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Charged scalar QFT on RN

Observables
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Charged scalar QFT on RN

Observables

e Scalar condensate SC =

N =
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Charged scalar QFT on RN

Observables

e Scalar condensate SC = % [Ci><i>+ +h.c }
o 1 o o A
o Current [ = = [&F (D'®) + (D'b) &' —hc|
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Charged scalar QFT on RN

Observables

—~ 1r. .
@ Scalar condensate SC = 5 [<I><I>Jr + h.c.]

0 et L
o Current Jl' = = [$* (D'®) + (D'd) &' — h|

@ Stress-energy tensor THV
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Charged scalar QFT on RN

Observables

1

e Scalar condensate SC = [ci)ci)* + h.c.]

N

0 et L
o Current Jl' = = [$* (D'®) + (D'd) &' — h|

@ Stress-energy tensor THV

Fluxes
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Charged scalar QFT on RN

Observables

1

e Scalar condensate SC = [ci)ci)* + h.c.]

N

e Current [/ = i [CTJJF (D'®) + (D) F — h.c.}

lom
@ Stress-energy tensor Tyv

Fluxes

@ Flux of charge K
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Charged scalar

QFT on RN

Observables

e Scalar condensate SC =

e Current [/ = i [CTJJF (D'®) + (D) F — h.c.}

167

L (@b +he]

N

o Stress-energy tensor T},

Fluxes

@ Flux of charge K
o Flux of energy L
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Charged scalar QFT on RN

Unruh state |U)

Elizabeth Winstanley (Sheffield) SR and BH quantum sta



Charged scalar QFT on RN

Unruh state |U)

%] J4 ) [e5) 1
A o 7 ~ up w
(UloU) = 5 ZZZO m;_e { dwol, + /_ _d@ol, coth ‘E ]

Elizabeth Winstanley (Sheffield) SR and BH quantum states



Charged scalar QFT on RN

Elizabeth Winstanley (Sheffield) SR and BH quantum states



Charged scalar QFT on RN

Ly

Elizabeth Winstanley (Sheffield) SR and BH quantum states



Charged scalar QFT on RN

Unruh state |U) G—w-_ 19
Tt

(U|OJU) = {/ dwowzm—i—/ dc?oz}}zmcoth‘%
Om— 14 - H

|

Ky =

l 00
q / dw (20 +1
647—[36;0 0 w( )w

Bl

Sfow 3] 1)

1 &y >
LU_W;)/O dw (20 +1) w

Elizabeth Winstanley (Sheffield) SR and BH quantum states July 2021 24/33



Charged scalar QFT on RN

Unruh state |U) Gow-10 S_,119
Y4 Y4

n 1 e 14 <5} . [e3) " &‘}
(U|OJU) = 5 Yo ) [/_oodwog}zm—i—/_oodwoilzmcoth 2Th

(=0m=—/(

|

Elizabeth Winstanley (Sheffield) SR and BH quantum states July 2021 24/33



B state on RN

“Boulware”-like state on RN

[ Balakumar, Bernar, Crispino & EW PLB 811 135904 (2020) ]

Elizabeth Winstanley (Sheffield) SR and BH quantum states



B state on RN

“Boulware”-like state on RN

@ Positive frequency with respect to Schwarzschild time ¢

[ Balakumar, Bernar, Crispino & EW PLB 811 135904 (2020) ]

Elizabeth Winstanley (Sheffield) SR and BH quantum states



B state on RN

“Boulware”-like state on RN

@ Positive frequency with respect to Schwarzschild time ¢

@ w > 0for “in” modes

[ Balakumar, Bernar, Crispino & EW PLB 811 135904 (2020) ]

Elizabeth Winstanley (Sheffield) SR and BH quantum states July 2021

25/33



B state on RN

“Boulware”-like state on RN

@ Positive frequency with respect to Schwarzschild time ¢
@ w > 0 for “in” modes

@ w > 0 for “up” modes

[ Balakumar, Bernar, Crispino & EW PLB 811 135904 (2020) ]

Elizabeth Winstanley (Sheffield) SR and BH quantum states July 2021

25/33



B state on RN

“Boulware”-like state on RN

@ Positive frequency with respect to Schwarzschild time ¢
@ w > 0 for “in” modes

@ w > 0 for “up” modes

o/ 0 . 0
o) =33 ¥ [ dwolt+ [~ awo, ]

(=0m=—/(

[ Balakumar, Bernar, Crispino & EW PLB 811 135904 (2020) ]

Elizabeth Winstanley (Sheffield) SR and BH quantum states July 2021

25/33



“Boulware”-like state on RN

@ Positive frequency with respect to Schwarzschild time ¢
@ w > 0 for “in” modes

@ w > 0 for “up” modes

(B~|O[B) Z Z [/ dwow£m+/ & wém]

0m=—/

,637:6#2 deo (20 +1)|BS

[ Balakumar, Bernar, Crispino & EW PLB 811 135904 (2020) ]

Elizabeth Winstanley (Sheffield)

SR and BH quantum states

July 2021 25/33




B state on RN

“Boulware”-like state on RN

[ Bernar, Balakumar & EW |

Elizabeth Wi Sheffield) SR and BH quantum states



B state on RN

“Boulware”-like state on RN

[ Bernar, Balakumar & EW |

Elizabeth Winstanley (Sheffield) SR and BH quantum states



B state on RN

“Boulware”-like state on RN

. 1o ! i~ max{0,42} up
(B|O[B) = 2 Z ZZ /_ dew [ Owtm +0w€m] _2/. o) dcw 0y,

mm{O,a}

[ Bernar, Balakumar & EW |

Elizabeth Winstanley (Sheffield) SR and BH quantum states



B state on RN

“Boulware”-like state on RN

max{0,Z e }

A 1 s o u
<B|O|B = E Z Z {/_ dw [ Outm T Owém] - 2/min{0,qQ} dw szm}
_— 7+

Properties of the state |B)

[ Bernar, Balakumar & EW |

Elizabeth Winstanley (Sheffield) SR and BH quantum states July 2021 26/33



B state on RN

“Boulware”-like state on RN

) 1o ! o0 max{O,r } "
wom =3 £ 5 { [ ol o] -2 [0 s, |

mm{O,g}

Properties of the state |B)

e Equilibrium state

Kg=0 Lg =0

[ Bernar, Balakumar & EW |

Elizabeth Winstanley (Sheffield) SR and BH quantum states July 2021 26/33



B state on RN

“Boulware”-like state on RN

. 12 ¢ o0 max{O,r } "
wom =3 £ 5 { [ ol o] -2 [0 s, |

mm{O,g}

Properties of the state |B)

e Equilibrium state
Kg=0 Ly =0

@ Empty as possible at infinity

[ Bernar, Balakumar & EW |

Elizabeth Winstanley (Sheffield) SR and BH quantum states July 2021 26/33



B state on RN

“Boulware”-like state on RN

. 12 ¢ o0 max{O,r } "
wom =3 £ 5 { [ ol o] -2 [0 s, |

mm{O,%}

Properties of the state |B)

e Equilibrium state
Kg=0 Ly =0

@ Empty as possible at infinity

@ Diverges on the event horizon
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