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Motivation

Motivation

@ Hawking effect is an interesting result in quantum field theory in
do not describe dynamics.

curved spacetime which is usually realized using null coordinates *

@ However, null coordinates do not lead to a true Hamiltonian as they

effect in Hamiltonian formulation.

@ We have introduced a set of near-null coordinates to derive Hawking
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Schwarzschild spacetime and null rays

e Hawking effect 2 for Schwarzschild black hole is derived using metric

ds? = —Qdt? + Q7 1dr* + r? (d6? +sin0°d¢?) |

where Q = (1 — r5/r). For dr, = Q'dr null coordinates are

Vv=t+r, ; u=t—r, .

@ Using these null coordinates the metric is

ds® = —Q dudv + r* (d6® + sin°d¢®) .
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The Hawking effect

@ Ingoing and outgoing modes are
for(v) ~e v and py(u)~e Y.

@ The Bogoliubov transformation between
these two modes give usual Hawking
effect.

pw(u) = Z [aww/ fw/(v) + Buow f:’(v)]

@ In the domain |v| < 2rs, null coordinates are related as

v —2r, e U/
o
ISER KOLKATA

( ISER Kolkata Confer Department of Physical Sciences December 5, 2018 5/11




The temperature

@ The number density for Hawking quanta

1

= A+ = ’ 2 = -
<Nw> = <0*|Nw |0*> Z |/3WW | e2nw/»x _ 1 "

The temperature associated with the Hawking effect

TH = %/(271’/(3) = 1/(47rr5k3) .

@ Therefore, an observer at .#* would perceive thermal quanta at
temperature Ty = »/(2wkg) = 1/(4nrskg).
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Canonical formulation

Canonical formulation

o A timelike and a spacelike coordinates
for O~ observer

T =t—(l—€)r, ; &&= —t—(1+€)r
@ For O observer
Ty =t+(l-e)r ; & = —t+(l+e)n
@ In the domain |£_| < 2rs
€ ~or, et/
@ For both the observers O~ and O
ds? = © 29 —dr? + = dTi dés + d&2
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Canonical formulation

Scalar Field Hamiltonian
@ The Hamiltonian for free scalar field
n 1
H;: :/dgi {{ 5 2(8&@)2} + 11 8fi§0:|

o Fourier modes

Y= Z(bke’kfi M= Z\fqﬁkeikfi )
\/Vi Vi 4

@ Hamiltonian in terms of the Fourier modes
+ +
HE =%, H(Hi + D)
e Hamiltonian density for k" mode Hi = %ﬁ Tk 2|l<| bk

o Diffeomorphism generator Dki = —% (ﬁkg;)_k - ﬁ_kggk) 'mﬂm
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Canonical formulation

Number operator in Fock quantization

o (LD

:<o¢t:|o>e2m/%+1[ Ly 1 <7%k,>]

K - 627”@/%_1 C(1+26) r=1 (1+2% kr

@ The number operator N, = {7—22‘ —lim,.0 7—2;"} k|71,
@ The vacuum expectation value of the number operator

1 2 1 (")
<N;< w> = ernr/n_q [C(1+25) Z?O:l 1125 kf }

A

@ In Fock quantization <3Q;> = EQ = 1|k| for all modes.

— _ 1 _ 1
o Ny = (Np=w) = rw/ ] — e@mree 1
@ Therefore, an asymptotic future observer O would perceive thermal
quanta at temperature Ty = »/(2nkg) = 1/(4nrskg) in Fock
()
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Conclusion

Conclusion

@ Usually Hawking effect is realized through the use of null rays.

@ We introduced near-null coordinates to derived hawking effect in
Hamiltonian formulation.

@ Using this formulation one can apply different canonical quantization
methods such as polymer quantization.

[m] = = =
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