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Abstract: Inspired by the corpuscular model of gravity, | will discuss asimplified quantum description of neutral and electrically charged spherically
symmetric black holes given by coherent states of toy gravitons. From such states | will derive effective geometries devoid of curvature singularities
(replaced by integrable ones) and Cauchy horizons. Lastly, | will present a similar analysis for the Schwarzschild-de Sitter geometry, used as a
model for the late Universe, showing that the "reaction” of the de Sitter background to the presence of localised matter sources induces a modified
Newtonian dynamics at galactic scales and different values measured for the present Hubble parameter.

Zoom Link: https://pitp.zoom.us/j/93087108672?pwd=ekQrLysrcjRwVWFSZ2J5bndteX Btdz09
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A “conpuscatar” sounce of inspiration

Corpuscular gravity

Black hole = self-sustained loosely bound state e 1
of N > 1 soft off-shell gravitons 1 YT TN

EfF non-dim.
self-coupling

Collective conpling: o N =1 ——  system stuck at +he critical point

Quantum depletion

1

" Nép N o N
| "N

~

N

1/N-suppressed

; T2
ME—%, ﬂ.{’l’(k{)

Thermality ~ softness + combinatorics 4. Pvali, C. Gomez, et. al, seminal werks]
[A review: 4. Giast, TIGMMP 16 (2014) 1930001]
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’ i nE
Andrea Giusti
Assamptions and Objectives
Spacetimes. static and spherically symmetric (+ Gu 9rr = —1 )

P

ds? = —(1+2V)dt? + ——
0= -1+ 2V)d"+ 7505

+72dQ%, V=V(r), d9? = db?+ sin?hdy?
¥

Einstem-Hilbert + Matter +o linear order: static soaree + non-relativistic speeds

R
e 4 .
S—fd . { 167TG'N+EM]

| AN 4
— 3 ~ 3 _
Ty = 2 05 _ i 0 I L_/dxﬁ_/dx( s«czN”")

v—g dgH¥

+ de Ponder gange

[R. Casadio, A. Gingne, A. Ginsti, W, Lenzi, PhysBev.D 46 (2017) 044010]
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Effective Lagrangian Peineiers

V(r)
VGn

L= fd?’a; (%@D@—J@) d(r) =

Quantize and constract a coherent state |g) such +hat

VGx (9/®]g) = V(r)

L.e., the quantum state that “yields” 1he classical geometry

(at least in the regions accessible to our experiments)

Remark! ® is , [ is just convenient
representation of 1he non-perturbative physics ~ mean-field geometry
of a compact source,

[R. Casadio, arkiv.2103.00183 [gr-a¢]]
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Assumptions and Objectives Ricrv-e

Spacetimes: static and spherically symmetric (+ 9it Grr = —1 )

d2

ds? = —(1+ 2@) de? + (721/)

+7r2dQ%, V=V(r), d9?=d6?+ sin®hdy?

Einstem-tilbert + Matter +o linear order: static soarce + non-relativistic speeds

4
B fd {mch*EM]

) |_\FI A
2 é‘s T 3 = 3 L [’

V=g dg"

+ de Ponder gange

[R. Casadio, A. Ginano, A. Ginsti, M. Lenzi, PhysRev.P 46 (2017) 044010]

Pirsa: 22050064 Page 6/31




Effective Lagrangian Andvea Gl

L= /d% (%@D@— J@) O(r)

Quantize and construct a coherent state |g) such +hat

VG (g|®lg) = V()

L.e., the quantum state that “yields” 1he classical geometry

(at least in the regions accessible +o our experiments)

Bemark! ® is , It is just convenient
representation of 1he non-perturbative physics ~ mean-field geometry
of 4 compact source,

[R. Casadio, arkiv.2103.00183 [gr-4¢]]
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Luantum cohenent state for classical configuarations andres it fl '

Quantom vacuum: |0) = %Bystem” devoid of any or gravitational excitations

Givew the static potential "V = V(r) — Coherent state of the ¢
(mean-field potential)

0b = (-6 +A)® =0 Normal modes:  ug(t,r) = e * jo(kr), r:=|z|, k:=|k|

_ sin , :
Jo(z) = Spherical Bessel function
%

= K2 dk (h

e ~t
o2 ﬂ) [akuk(tir)+akuk(r§,r)]

©k2dk (hk\? [ S 2 72
2 ( F) ) ket ) ~ T i) it [ak,af] = S5

[R. Casadle, arkiv.2103.00163 [9r-4c]]
[R. Casadio, A. Gingve, A. Giasti, WM. Lenzi, PysRBev.P 46 (2017) 0440107
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Vacuum ag |0) = 0, while the Fock space F is built in the standard way upon |0) andrea il

|Classical) ——>  Natural choice: coherent state |g)
ak |g) = g(k)e* ") |g)
such that /Gy (gf®@lg) = V(r)

= 33k (zh

(g B(t,7) |g) = . T Lk )2 g(k) cos[vk(t) — kt]jo(kr) ——=> Staticity: () =kt

®k2dk -~ . . . k V(o -~ )
Vo) = [ G VR salkr) — @E=yfs i
1] : -P

B ® 12 4k " * bfdk Number of
Coherent state: |g) = : 5 9(k) @L} |0) [NG = ./o LQ(k)[z} Bt sl

27 272

[R. Casadlo, arkiv:2103.00183 [gr-4]]
[R. Casadio, A. Gingne, A. Ginsti, M. Lenzi, FhysRev.P 46 (2017) 0440107
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SCMWM gm ?{0& Andrea'usti

ds® = —(1+2V)dt* + +r2dQ?, V(r)

(1+4+2V)

ﬁ(k) = —-47GN i—g —  g(k) = \/g Vg(j) _

X
How many constituents in the coherent state?

2 oo
Nama 2 [
0

mp K

Hevce, techvically: — Blg) : (g|®|g) = V(r)//Cn,§r >0

[R. Casadle, arkiv.2103.00183 [gr-4¢]]
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Andrea Giusti

This is all well expected!

——> TDue to the vanishing size of the source!
reqular quantum matter core of size Ry >0

, WV eut-off kuv ~ 1/Rs

——> TDue o the infivite lifetime of the BH!
i account for the vecessarily finite lifetime Roo =7

TR cut-off ki ~ 1/Roo

Schwarzschild is “eternal”

2 pkuv 2 P
Ng =4 M—z [ % =4 M In (Rw) ~ Corpuscular scaling
k

2

k mp R mp

mp IR

what abont (k)7
1 [Rov E2dk 4 M? 1 il
B = AP RN
(k) Na /km oz ko) Ng m% (RS R

Remark!
-Het"e [k] = tengthdl, 'H/}e P]{]\{S\ﬁ:ﬁ\ [E C&?Sﬁdfa arkivi2103.00183 [9”"45}]
momentuwm is olrtaived as hk [B. Casadio, A Gingmo, A Giasti, M. Lenzi, FhysBev.P 4¢ (2017) 044010]
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A more careful look at R

txample: Spherical collapse of a ball of dust of (areal) radius R = R(7), T proper +'u(£n@

Radial geodesic in the Schwarzschild spacetime:

2GnM _ E?
R~ M2

%41

Simple quantization: R — ﬁ} P— P= —1hOp, =L, (R3)

@2 M?

2z
2202’

HU=el = €n lﬂnze_%L;L(n

(gen. Laguerre polynomials)

E? 1 / M\? WE

n? \ mp £

~ up to 0(1) wultiplicative coefficients [R. Casadio, EurFhysJ.C B2 (2022)10]
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This suggests that Rs ~ Ry (strictly speaking R, S Ru), and Ek) ~

¥

——> Reproduced all the corpuscular scaling laws!

what vow?
1) Reconstruct the geometry of the collapsed object
2) Understand how the cut-offs affect it

Va=1Cx(9l®9) ~V(r), 72 Ru

1.e., consistency with experiments

Page 13/31




Given the characterization of |g) through the cut-offs, one can reverse engiveer the
correspovding potential:

v p2dk o 2
Quantum potential:  Vy(r) = / V(k) jo(kr) ~ =
k

272

IR

[R. Casadlo, arXiv.2103.00183 [gr-4¢]]
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Given the characterization of |g) through the cut-offs, one can reverse engiveer the
corresponding potential:

Quantum potential:

Note that:

2
lim V,(r) ~ ——

[R. Casadle, ar¥ivi2103.00183 [gr-qe]]
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Given the characterization of |g) through the cut-offs, one can reverse engineer the
correspovding potential:

Afﬁu/-’l(r}

GT\M’

;\/ \/ A

Va() =V(r) 2 (
V(r) 0

Ay () = g, Bn () =

[R. Casadlo, arXiv.2103.00183 [gr-4¢]]
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Given the characterization of |g) through the cut-offs, one can reverse engiveer the
corresponding potential:

Quantum potential:

Quavtum-corrected wmetric

N

+ 2402 Horizow: root of g™ =1+ 2Vy(Ru) =

(close +o the Sehwarzschild ove)

dr?

ds? = —(1+2V)dt? 4+ ——
=1+ d"+ 7575

1 - 6
Kretschmawn scalar: Raﬁq{j Raﬁ'}ré = asr — 0 (SCMW@V&SCVMM" ~ 1/7‘ J Twtearable :_:.|=,r|[j,-__-\.!gr;—-'-\f
T Nothing weird happens at r = 0

_ GEM?

Tidal forces: relative acceleration of radial geodesics = —Riy ~ —ga T 0
8

[R. Casadlio, arkiv.2103.00183 [ar-q¢]]
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Zecosuer - ordotrom Black Hole ;

dr? GaM G 2
d +T2d§22, V(’f‘):— N + NG EVM+VQ

ds? = —(142V)dt® +

(14 2V) ¥ 212

P Gy M? > Q? +wo horizons R_ < R
; ; _ 2 12 _ (e
Horteons: Ry =Gy M E£/GRM2—Gn @ 2 o 12— 02 wrvomsl R — R,

Gy M? < Q*

R_ is a Canchy horizen ~» mass nflation & loss of predictability

Can our “coherent state approach” alleviate/solve some of tHhese problems?
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M oL
Classical potential:  V(r) = — Gy -+ G; 629 =Vu+ Vo
T r

- M - Q? \/Eff(k;) am M w2 Q?
Vi =-41Gn—, Vo=m0n-— = g(k)=1/=—-2=gmk)+gglk)=-— e
M S AT =Y — e = e T Vekme

i
N /e ©k2dk ; > k*dk o
o= reapl [TESamalln o= [T SR = Nu+ No+ Nurg

2
Iutroducing the cut-offs:
MQ - 2 M4 1 1
Ny=4—In (IL) R i i (m
m

2 R, ~8m2 \R? R%

5

[R. Casadio, A. Giusti, T. Ovalle, arxivi2203.03252 [gr-ac]]
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what about (k) = Ag'7?

kuv 1.2
8= e [ G kO = (s + (g + Bharg

Assuming g K Roo , then to leading order ove finds

NGE

4M? ln(Rm)—f— T2 Q4 21 M Q? 4 M? T2 Q4 ™M Q?

_ B o _
the R, 8 miR? m? Ry (k) mp R + 12mZ R3 m? R2

Taking 2Gn M > Gy Q2 thew

1 7 Q? R
/\G_ﬁ_Rs(l-Fm)hl(E)

“Typical” wavelength of the gravitovs building the geometry

[R. Casadio, A. Giusti, T. Ovalle, arkivi2203.03252 [ar-ac]]
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2GN M

wr

SV (k) jo(kT)

ds® = —(1+2Vy)dt* +

i+,

r

4 B 3 40 GyM

VqRN

[Re=Gn M =2+/Gx Q7] ' [Rs = Gn M/3 = 2+/GnQ2/3]
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Curvature siwqmlariﬁ&s?

1 4.8 .
Kretschmann scalar:  Rqpgqs REBY — s asr—0 (BN: ~Q%/r® ) Tutegrable singularity
r
Nothing weird happens at r =0

Tidal forces: rewmain finite as r — 0
I

Effective stress-energy tensor

G* . T _eff  eff _eff
T = g = diag (=p"%, 0T, 07, p1")

[ r\] , 4MR —7Q* . (r\ &
—= -1 — COSs (&)- + S?rz—rs-}%s S111 (_}%b) = 7p1"

: r\] (TQ*—4MR)rcos() +2R, (2M Ry —7Q?)sin ()
1 —cos (—) + 167273 R2

8

[R. Casadio, A. Giusti, T. Ovalle, arxivi2203.03252 [gr-ac]]
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curvature siwqmlariﬁes?

1 47 8 :
Kretschmann scalar:  Rypys R —1asr—0 (RN: ~Q%/r® ) Tutegrable singularity
r i
Nothing weird happens at r =0

Tidal forces: rewmain finite as r — 0

Effective stress-eneragy tensor

GH
L= 8GN

ef'f_#eﬁ""_*USMRS_WQB
g =" 16 72 r2 R2

= diag (—p°f, p2f, piff, p2f)

= f PR (r)r2dr = — f p(r)r? dr = O(e)
0] 0

I
Defiving properties of

eff 70 164MRS—37TQ2 & eff /3 2 . 2
e 19272 R? — 0 pi (r)rodr=0() “integrable” singularities

[R. Casadio, A. Giusti, T. Ovalle, arkivi2203.03252 [gr-ae]]
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Cauchy and Event horizons

No analytical solutions of 14 2Vy(Ry) =0 =2 Qualitative analysis: ey W for Bl S R s R
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A quantam state for the late Univense

A simple Toy model for the late universe: Schwarzschild-de Sitter geometry

dr? GnM  Ar?
ds? = —(14+2V)de2 + L7 402402, V(r) = — N _
s (1+2V) +(1+2V)+T ; (r) " 6

R
A cosmological constant; M =4n / p(r)r2dr  Wass of a localized matter source of size R
0

Pevioting by Ry the gravitational radins of the source and by L the cosmological horizon
one finds that

3/A>2GNM = Ry~2GyM, L=~+/3/A

[A Giasti, 5. Buffa, L. Heisenberg, B Casadio, Phys. Lett. B 826 (2022) 1364007
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Construct |9> sueh that:

for

VG (g®|g) ~ V(r)

RH,ET'
I

Therefore,

R 12
s k=dk
N:/

2 2

-1
= =]

)

M?
NM s —5
mp

mpL

N
M lp A

i (

(holegraphic)

Pirsa: 22050064

Since we assume Ry SRu<R<K L
we can approximately take:

Rs ~ Ry

Ry ~ L

=TI

|9(k)\2 = Ny + Na + Nua
L2

~ In (
&

(holographic)

ML
h

mp L

N —
Mgp) ? MA

i (257

M lp

[A Giasti, 5. Buffa, L. Heisenberg, B Casadio, Phys. Lett. B 826 (2022) 136400]
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Is it MOND?
X Perimeter-B
GI\;M In (t) , £~ /Gy ML (inthe outer region of a Galaxy)

Consider the potential Viyionp(r) ~ 7

17 oy
k Vuonn(k) = GnM B /‘Rs k2 dk ML mpL\ @
\/; o =l K => NmonDp = _— lg(k)|* ~ - In M s — Nasa

We started off with just SdS avd we ended up with a

5 also something that

resembles a o

A Glasti, Phys, Rev. P 101 (2020) 1240241
[M. Cadon], B. Casadio, A. Ginsti, W. Méck, W. Tuveri Fhys. Lett. B 776 (2018) 242-246]
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Ts i+ MOND?

. . M
Consider the potential Viyionp(r) ~ On In (T

7 ?) , £~ /Gy ML (inthe outer region of a Galaxy)

i

~ =
k Vuonn(k) = GnM B /Rs k2 dk ML mp L\ o

We started off with just SdS and we ended up with a

vs also something that

resembles a

(A, Giasti, Phys, Bev, P 101 (2020) 124024]
[M. Cadon], B. Casadis, A. Ginsti, W. Miick M. Tuveri, Phys. Lett. B 776 (2018) 242-248]
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Ts i+ MOND?

Andrea Giusti | :

Covsistent with some corpuscular (everay balavce) arguments.

Competition between dS scaling
and local (Newtonian) physics
gives rise to
av intermediate-scale force on test particles

Lr2

which is the kind of force responsible for the
dS bound state of gravitons, Ags ~ L, N ~ L?/£% ! : al -

N D Nya ~ cousisteney check

[M. Cadoni, B. Casadic, A. Giasti, M. Tuveri, Phys, Bev. P 47 (2018) 0440471
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Commewts on the Hy tension

Early Universe ~ duasi-dS Late Universe ~ SdS

I

; : - {pM IME
Assuming the conservation of N = L~L- 4 (I | P) <L

mpe dmp L

HEME ~ 1/

Tdea: CWB > Carry info avout L, =2 Carry info about L e
BNl ~ /L

Take ng > 1 galaxies of mass My HENeln _ OMB
LY

1
+ 5% baryonic content of Hhe Uviverse 4 H(?Mﬁ_ = (”q)
(ngGyMy ~ 0.05L)

[A Giusti, S. Buffa, L. Heisenberg, R Casadio, Phys. Lett. B B2¢ (2022) 1364007
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Conclusions

Starting Point: Corpuscular scaling laws

Coherent state representation for static and spherically symmetric spacetimes

Coherent state for a qmaw%mm field ® ~ mean-field potential (not fund. dof)

Application to: Schwarzschild, Reissuer-Nordstrsm, Schwarzschild-de Sitter

Reproduces Corpuscular scalings
| and

In 545, the coherent state picks up (for free) a

Argument that “relaxes” the Hy tensiow
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