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Yes: Hawking radiation is an example
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1. Hawking’s scattering process
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2. Pair production by crossing
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Throughout: dynamical background metric “Vaidya”

g = ptv

Thin shell of radiation
falling in to origin
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Hawking Scattering

Scatter spherical particle through background

Massless, quantum

/

) = / 48 (p) o(p) [p) = / 4%(p) / dv () |p)

— / d® (p) / dv (v)e® ) |p)

I Spherical symmetry
E = |p|
Time-like “impact
parameter”
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Hawking Scattering

1
T Sint = 5 / d'z b 9,60, ¢

Compute using usual methods

Tree

W15 = 10} = [ dvp(e)e )~ AGME log(~v/u)
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Hawking Scattering

Not fully inclusive

A = N/ do 672(]_'33’—]530)6—47LG]\4 E’log(—v/p)

0
g_ N/ do ei(E'—E0)6—4iGM E’ log(v@

Hawking’s amplitude
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Simply cross in-state to out-state

0
A = N/ do e (F' —Eo) ,—4iGM E" log(—v/p) \‘/

Crossing
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Pair Producton

Count outgoing states

1

eSTGME" _ ]

IB|* = (factor)

Thermal distribution
1
STGM

T —
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Deeper understanding: Bogoliubov transformations

In Out
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Exact field eom 0°¢ + 0, h*" (x)0,¢ = 0

e

Past solutions P(z, p)

P(z,p) > e TP

N

Future solutions F'(x, p)

—ixz-p
Fla,p) 55 e

/ d®(p) [F(x, p)b(p) + h.c.
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Pair Producton

b(k) = STa(k)S = / 4 (p) (A(k, p)a(p) + B(k, p)a’ (p))

Bogoliubov coefficients = (generalised) amplitudes

Vaidya vacuum \v
Alkp) = (QIStam)Sal ) @

B(k,p) = (Qa(p)STa(k)S|Q) ‘<

Perturbative expansion: Lippmann-Schwinger series
=P Giulia’s talk



Observable

Count number of particles in future
Q8" (p)a(p)SI) = [ dOE) Blp,k)B(p.

Differential number operator

dn = |B(k,p)|?d®(k, p)

1
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Higher Orders

(.S) <.S(O)_|_S(1)_|_...>
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Also computed SV

16G2M?E
vV
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Higher Orders

Analog of PM expansion
S q(0) 1 g(1) 4 ...
exp (z—) = exp (zC T i )>
Y Y
Finite size effect
Also computed SV /
S+ S = —AGMElog ( — v/p) .

~ —4GMElog (— (v +AGM)/p)

Finite radius of horizon
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We're tooled up on this problem

“ Remove background?

Pair production: crossing
One pair enough > D ' Single graviton

(Squeezing) / exchange: enough
K
o 73
/'P +4q P

Infalling radiation: \ Matter to BH:

coherent state form factor?
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Outlook

We're tooled up on this problem
Remove background?
Non-local pair production - tunneling? Parikh & Wilczek
Exponentiate with more care: stationary phase
Radiation reaction?

Page curve?






