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Corpuscular approach

e Idea: Classical metric = collective effect of gravitons!
- Black hole as bound state of gravitons

- Occupation number: N = Mz/Mg

e Example: Hawking radiation
- Back reaction: N'=N—-1=N (1 - %)

- 1/N-correction could resolve information paradox

1 G. Dvali and C. Gomez, Black Hole’s Quantum N-Portrait, arXiv:1112.3359.
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Cross section

Semi-classical:

dos:

7 o |F(@)(F - B)

Fully quantum:
da'q N N 37> —> —> 2
wq x ni(F' - p)exp{—/d k (\/”f(k)— \/”f(k)> }

e Reinterpretation: Momentum transfer = graviton momentum

—>

P -P=k

e Back reaction: n,-(7<)) # nf(7<>)

= Quantum correction
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Concrete setup

e Potential created by a shell of mass M:

Jr

d(X —_—
G o e R IR
Y
— ~ k|R
n(k) &NM
|k |5R?
-~ N #N =00
e Graviton momentum not fixed:
ﬁ,min 4
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K[n,-] = K[nf] +k

e Maximization of
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Oqg = Osc* €XP — d37<)( n,-7<)— n 7)
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= Result:

;. - 1 _k
Tq O Gsc /V kmax - kmin
~—~ N——r

background photon
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e Corpuscular picture of weak gravitational background
e Natural interpretation of scattering

e Explicit computation of 1/N—correction

Future research

e Black holes
e De Sitter

e Inflationary scenarios
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o Arbitrary state

e Maximize expectation value
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Coherent States

e Cauchy-Schwarz

|<¢‘§7€‘¢>‘ < <Z |Cm‘2> <Z (m+1) |Cm+1‘2>
m=0 m=0

e Linear dependence for equality
am
v m!

e Normalization and expectation value of particle number:

CmXVmMm+1lcmy1 =cm=Cc
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The right quantum state
[ee]eY To)

Construction of n(7<>)

e Coherent states in fixed mode

e Discretize number density (with resolution Ak)

In(k)) :== lim ® ](n(?)(AkP) 71 C)

>
= Distribution over different modes determined by n( k)
= Distribution in one modes coherent

13
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The right quantum state
ooooe

Quantum time evolution

e As in one mode:

e Unknown time evolution

d(t,X) = /_) (e_"?? el Klt (n(k, t)|§%|n(7<>, t)) + C.C.)
k Vv
£v/n(K)

= Non-gravitational interaction needed to stabilize configuration
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Details of scattering
©0000

Amplitude

e Scattering of massless scalar W

e First-order S-matrix
(f1Sy — 1]i) o /d4x e® e~ (nc(k)|®|ni(k))

= Case |nf(7<))> = ]n,(?)) (no back reaction)
= Semi-classical limit.
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Assumption of mild time dependence

e Matrix element of the background field
(ne(K)|®|ni(k))
= [ (R (e + 3le™) (K
K

_/? ( ni(k)ei(wer((KNe= k) o mef(weff(mt—?y))
(s (k) |mi( K))
exp{fffd‘%k/(\/n—(f(/ﬁ) \/—.r)z}

—

e Assumption: n;j( k) # ne(k ) but n,(?) ~ nf(?)
= 0 # wer (| K) < [ K]
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00e00

Non-interference of absorption and emission

e Splitting of amplitude

«my—uwmap{_;/dq;(V“K?q_v&dﬁif}

(8(sb o + a5 — D) Vo7~ 7)

Emission c:fra graviton
+ 5<p6 — po — werr(| P — 3’I)> ni(P — 3’))

Absorption of a graviton

e We only consider absorption
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Determination of the average graviton momentum

e Physical observable: finite cross section

0 k
max d0-+ max
= dQ — = dk P(k
m= [ TaaSE = [k

min

with  k := momentum transfer

e Average graviton momentum

kmax
k= /v/ dk k P(K)
k

min
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Maximal effect

e First order: Deterministic process

e Heisenberg's uncertainty principle ApAb 2 1:
1 4|P]r,
|de | < = |p| g

N 1+4\/|p]rg

<1 (weak coupling)

—>
=
v
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Source-free gravity

Semi-classical Fully-quantum
Source p = g, x ® 8uv = Muw
in) = a0 in) = &% [n(K)
in) = ax ) lin) az|ln
o o |F(P)? oxn

-~
e The collective effects of the gravitons |n( k)) mimics the
classical source.

e The classical source p is not quantized, but does not exist on
quantum level.

20
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Normalization of number eigenstates

e |dentify
- 1 4
A, "L — 3) _ 32 10X
3731 = 69(0) = 555 [ eoF
e Calculate N
VNI
AN &t Njoy
(0[a%a%.710) = (27 )3N
e Normalized number eigenstate
(2m)3N At N

NZ) =\ U %
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