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The BTZ black hole

M. Banados, et. al., Phys. Rev. Let. 69 (1992) 1849
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The geon construction

J: (T,X,¢) — (T,—X,P(¢))




The geon construction

The BTZ black hole The RP? geon



The RP? geon

J. Louko, et. al., Phys. Rev. D 59 (1999) 066002

The geon map is
J: (T,X,¢) = (T,—X,P(¢))

(T, X,¢0) = (T,—X, ¢+ )

In light cone coordinates
U=T-X
V=T+X

the map becomes

J (U, V,9) = (V,U, ¢ + )



The RP? geon

J. Louko, et. al., Phys. Rev. D 59 (1999) 066002

J (U, V,0) = (V,U, ¢+ )

Now we note that
I:={I,J}~7Z

which means the geon can be seen as a quotient spacetime

Mgeon — MBTZ/ZZ

Recall the BTZ metric
l2
2 2 2
— 4dU d M (1 — d ]
* (1+UV)2 [ Udv +M(1=UV) d¢

; The BTZ and geon
metric are identical!



The Unruh-DeWitt detector

Unruh, w. G. (1976) Phys. Rev. D, 14, 870
Dewitt, B.S. (1979) 1in General Relativity, eds. S.w. Hawking and w. Israel
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The Unruh-DeWitt detector

Unruh, w. G. (1976) Phys. Rev. D, 14, 870
Dewitt, B.S. (1979) 1in General Relativity, eds. S.w. Hawking and w. Israel

The probability of transition is given by
2
P(E) = ¢®[{04| u(0) | Eq)|” F(E)
with being F(E) the response function

I(E) _ /oo d’T,X(T,) /Ooo d’T,/X(T —zE(T —7' )G+ ),.’13(’7'”))

— 0 /
The Wightman function

G™(z, ") := (0] $(z)p(2) |0)

and (VHV, + M) GT(z,2') =
m =0



The Unruh-DeWitt detector

Unruh, w. G. (1976) Phys. Rev. D, 14, 870

Dewitt, B.S. (1979) 1in General Relativity, eds. S.w. Hawking and w. Israel

We define the instantaneous transition rate as

F(E)
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It the detector was turned on in the asymptotic past
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Quantum field theory on the BTZ spacetime

Carlip S. (1995) arxiv:gr-qc/9506079
The BTZ spacetime can be see as the quotient space

Mprz = Mags,/Z
where the identification is
7~ (t,r,¢) ~(t,r,¢ +2m) =: A

Thus we can make use of the method of images to obtain the BTZ
Wightman functions

n ./
GBTZ ZGAdS A 33) '> Hartle-Hawking

Vacuum

1
B Z dm/AX2(z, ')

n=——oo

where

AX2(z,z") = — 1+ v/a(r)a(r') cosh [r—h (¢ — @' — 27r'n,)-

a(r) = r%/r; — \/ a(r’) — 1) cosh [ (t — 1 )




Quantum field theory on the RP2 geon

Recall that
Mgeon — MBTZ/Z2

with T':={I,J} ~Zy and J:(U,V,¢)— (V,U,¢+ )

Ggeon E GBTZ z, J™x')
me{0,1} AGT (z,x')

= Giryg (2,2") + Gipy (z, J2') "/‘/

1
dm\/AX2(z,J(z'))

= Gy (z,2") + Z

NnN——00



The transition rate of a detector in the BTZ spacetime

et us consider a detector at a fixed distance:

4 )

1
t=1/ T;
vo—1

. /

r = constant; ¢»=0

SO0 the transition rate along this trajectory is

]:—BTZ(E) = % + 2/000 ds Re [e_iEngTz(f"(T)aw(T - 5))]
where o
1
Cora (@)= =) = 2, G JAXE (el =9)
and

AX2(z(1), z(r — 5)) = —1 + a(r) cosh [%’%n] — (a(r) — 1) cosh [
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The transition rate of a detector in the RP? geon spacetime

Again, we consider a detector at a fixed distance:
4 )

1
t=1/ T;
vo—1

. /

r = constant; =0

In the geon space time the transition rate is given by / BTZ

fgeon(E) = % + 2]000 ds Re [e‘iEsG;eon(x('r),a:(fr — s))]
= Fprz(E) + /000 ds Re [e7"** AGT (z(7),z(T — 3)]
where 00
AG* (z(r),a(r—5) = 3 !

47r\/AX7% (z(1), Jz(T — 8))

n——CO
and

AX2(z(7), Jz(r — 5)) = —1 + a(r) cosh [%’% (n + %)] — (a(r) — 1) cosh [;—’2‘ (21 — s)]



The transition rate as a function of energy gap
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The transition rate as a function of energy gap
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The transition rate as a function of energy gap
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The transition rate as a function of energy gap
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The transition rate as a function of energy gap
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The transition rate as a function of energy gap
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The transition rate as a function of proper time
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The transition rate as a function of proper time
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The transition rate as a function of proper time
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Summary

The response of a detector is
different in the BTZ black hole
and its associated geon

Non-stationary effects are
observed in the geon spacetime

Future work

Finite detector times

Examine transition rates along
different trajectories (radial
infalling and circular)

Impact for the topological
censorship theorem

More realistic spacetimes

Thank you!



EXTRA SLIDES



Moving the detector further away
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Changing the size of the black hole

— .F..BTZ - ]:geon (;’: — —1) T 'geon (;’: — _05)
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Changing the length of the interaction
— BTZ — geon

t=0.1 | t=1




Quantum field theory on the RP2 geon

geon(w I)_GETZ(Q;:B T z

n=——~o0o

1

4/ AX2(z, J(x'))

geon \

~

AX2(z, J(z')) :—1+\/oz(7°)a(r’)cosh[ (¢ — ¢ —7 — 27m)] — V(e = 1) (afr )—1)cosh[ > (t—l—t)]

geon

_/

AX2(z,2') = -1+ /a(r) a(r’)cosh[ (6 — ¢ — 27m)]—\/(a(r)—l)(a(r’)—l)cosh [%(t—t’)]




The integral of the response function

Integral of the
response function
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Stays positive!
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Quantum field theory on the BTZ spacetime

carlip s. (1995) arxiv:gr-qc/9506079
AdS; can be defined as the submanifold

X{-T{+ X5 —T5 =17
in R* with the metric

ds® = —dI{ — dT5 + dX7 + dX3

Introduce coordinates

T) = ¢+/a(r) cosh (%qﬁ) /\

X1 = £y/a(r)sinh (' ¢) ds? = — f(r)dt® + f(r)~1dr?
2 7.2
Ty = #+/a(r) — 1 cosh (Z—;t) +r7do
2
X9 = f\/a(r) — 1sinh (%t) where f(r) = —M + 7

N o) =t



Quantum field theory on the BTZ spacetime

Lifschytz G. and oOrtiz M. (1994) Phys. Rev. D 1929-1943

An AdS; Green’s function

with transparent

GT r, ') =
AdSB ( ’ ) 47{- \/AX2 (Qj, {L") boundary conditions

AX%(z,2")i=—(T1 —T))? — (Tp — T5)° + (X1 — X})? + (Xo — X5)?

= —1+ va(r)a(r) cosh |7 (¢ — )] = v/(a(r) = 1) (a(r) = 1) cosh | 75 (¢ — ¥')

So the BTZ Green’s function is
( 50 h

1 |
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\_ J

AX2(z,2') = —1 + /a(r) a(r’)cosh[ (6 — qs—zm)] V@) = 1) (afr )—l)cosh[ (- t')]



Quantum field theory on the RP2 geon

The actionof J: (U,V,¢) = (V,U, ¢ + )

- (1-UV B rh
T —E(: -I—UV) cosh\/ﬁqb—ﬁx/a(r)cosh( / ¢)
Xlze(f _Uv)smhfgb_e\/ smh(%gb)
V4+U
(20 - o ()
= =£(1+UV): _1smh(62)
SO 4 )




Quantum field theory on the RP2 geon
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The transition rate in the geon spacetime

dn\/AX2(z, J(z))
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