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What Is Observational Cosmology?

time (years) temperature
0 ~ 10°K
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What Is Observational Cosmology?

time (years temperature

0 ~ 10°K

3000 K

Rodsbift =

Credit:Michael Blanton and SDSS collaboration



The Biggest Puzzie in Cosmology: the Cosmological Constant

The E-H action:

1
S = 2_1(' [d4x\/ —8 (R o 2AB) T Smatter [g,uw ‘P]
=
1
R//”/ — ERgIMV + ABg//tI/ — KT,MI/

The observed value for the cosmological
constant should be

Aéff — AB —+

|
J'dkza)z(k) (h=c=1)

(27)

Cosmological observations suggest Aeff ~ 1072V



The Biggest Puzzie in Cosmology: the Cosmological Constant

By using dimensional regularization:

4 )

m. m:

— E n——In :
p\/ac . 16471_ (//t2>

l

Only the Higgs contribution gives ~ 10**eV
Aogr = N+ prge = 107V

Fine tuning problems usually means we don’t understand something!






Lovelock's Theorem

“The only second-order, local
oravitational field equations derivable
from an action containing solely the 4D
metric tensor (plus related tensors) are
the Einstein field equations with a
cosmological constant.”

Seray = ZJ',/ gd*x[R — 2A]

0oy =0 G, =0

grav




Lovelock's Theorem

“The only second-order, local
oravitational field equations derivable
from an action containing solely the 4D
metric tensor (plus related tensors) are
the Einstein field equations with a
cosmological constant.”

2
SgraV:%J\/__gdélx[ R_M(V )2_2V( )]



Chameleon Gravity |
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The Chameleon Force on Voids
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Why To Test Gravity on Cosmological Scales? - Observational Reason
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Why Voids?

credits: Diemer & Mansfield
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Void Morphology

credits: Diemer & Mansfield
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How To Count Voids: Excursion Set Formalism in a Nutshell

TTT'TTT"TFI]jTY1T"

S(R) = 6,(q) = | dxWg(x)6 (g + x)

S(R) = 6*(R) = (6*(q,R))
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Why Weak-Lensing?
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Weak-Lensing Review
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Weak-Lensing Review

Mean convergence within 0

_ 1 , 2 ("
K(<0)= 2 J‘H/‘<9d O’k (0’) — oYs JO dO0'0'(x)(0’) <K>(9/) _ (Zﬂ)_lJ

0
(7,)(0) = R( < 0) — (k)(O)
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dwk(ﬁﬁw)

— R{(y, + irpe ™} (v, = — S{(y; + iy e *?})
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Weak-Lensing Review

Under the thin lens approximation:

4nG Y1 r A

0) =
K(0) 2

dxpo(x0, %) =
Jn—Ayl2

By defining

AZ(0) = Z( < 0) — (Z)(0)

AZM(H) = 2, <7’t,x>(‘9)

2

2(0)

cr
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WL Voids

Amendola et al. (1998)
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Void-Lensing and MG

M3
grav o 2 J'\/idélx [R +f(R)]

167G a’
V2O = ;T a25ﬁm ?5R(fR)

V(¥ — @) = V26f;,

V(¥ + @) = 82Ga*sp,,

rp / R-p eff

Marius Cautun et al. (2018)
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Void Lensing (DES)
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How To Void Lensing?

Gadget simulation (Spergel)
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Toy Optimum Centenng Void Finder
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Everything Leads to OCVF
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Theory X Simulation (3D)
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£0BOV Voias

Neyrinck (2008)
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Companson With Literature (3D) - Mark C. Neyninck (2004)

OCVF 3D ZOBOV

r[h~Mpc]

Hamaus et al (2014)
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Void-Lensing Measurements Visualisation ( ~ 10°deg?,0.1 < z < 0.3)
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Void-Lensing Measurements
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The Thin-Lens Approximation

k(@) =

4nG Y1 r A
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DM Profile X VL Profile
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ZOBOV
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20-3D Connection
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The Void-Lensing Mode!

Projected field 3D field

2(rJ_ ‘ R2D’ AZD’ ABD) = L9?[53D(R3D’ A3D) ‘ RZD’ A2D]

dn,
dR;p

1
2(ry | Ryps Agps Asp) = — JdR3D (R3p | Asp) X deld¢ P(x) [R3p, Ryps Asp, App) X Jdr 1OspClr, =X, || R3p, Asp)

N
B Jd’”ll‘seff(’l’ 1)
=> AX(r)=2(<r)—2(r))
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The Void-Lensing Mode!

dn,
2(r) | Ryp, Bop, Azp) = Iy; JdR3D iR, (R3p | Azp) X deld¢ P(xy | R3ps Ryp, Azp, Agp) X Jdr 193p(1 7L =X, | | R3p, Azp)
D
N/
dn,
2(r; |Ryp) = | dIn Ry TR dx,dpSpsp(xy) | drydsp(lr, —x) || Rsp)
3D

dn,  flo) dlno™
dinR V(R) dInR

dk ~
, Where GZ(R) — [ kzp,fflm(k) ‘ W(k ‘ R) |2
272
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The Void-Lensing Mode!

dn,
dR;p

1
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The Void-Lensing Mode!

| dn,
2(r | Ryp, Bops Bsp) = — JdR3D
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3D
Voids in general 9<R,< 10 6<R, <7
20.0 0.12 40 40 0.00
17.5 0-00 35 30 —0.15
15.0 o 30 015 30 030
O —0.24 5
EQ. 12.5 0.36 § 20 080 EQ‘ 29 —0.45
~ 10.0 048 ~ 20 045 2() ,
= 7.5 —0.60 = 15 ~0.60 £ 15 |
= < =< .
5.0 —0.72 10 —0.75 10 |
2.0 —0.84 5 —0.90 5 ~0.90
0.0 o O ~1.05 0 1.05
0.0 2.5 5.0 7.5 10.012.515.017.520.0 0 10 20
olh~Mpc] 1MPC o[h~"Mpc]

45



Prelminary Resutt (8 < R?? < 15)

dn,
dR;p

(R3p | Asp) X deld¢ P(x) [Rsp, Ryps Asp, App) X Jdr 193D( |7 —x, | [R3p, Asp)

N/

dn,
2(r; | Ryp) = Jdlan IR de¢d¢52D,3D(xi)Jdr|| Oip(|ry —x || Rsp)
3D

|
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Information in the Void Profile

Where,

1 + tanh

r.|r,)
—— =V g

In (\/ (rp/rv>2 + (r, - DA(Z)/rV)2> —In (r,) |

\)

Starting from the 3D void profile (Voivodic et al., 2020):

3D
py (1,

PP

OO === 1vterm solely




Conclusions and Future Perspectives

® Void-Lensing can be measured with a significant S/N by

future spectroscopic surveys.
® Void-Lensing can be a key test of gravity on large scales

since voids are the ideal environment and lensing Is directly

sensitive to the total matter field.
® The VL modelling shows that the measured signal depends

on the VIA
® Cosmological constraints with VL is yet to be obtained.

We ve paved the avenue for It by: (1) showing the condition
necessary to measure proj. Void profiles and (i1) proposing a
simple connection between what we measure and 3D voids.
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20-3D Connection
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Why Voids? - Voids As Just Another Tracers of LSS
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Lovelock's Theorem

“The only second-order, local
oravitational field equations derivable
from an action containing solely the 41
metric tensor (plus related tensors) are
the Einstein field equations with a
cosmological constant.”

Mp,
Sgrav — H [d X/~ 8 R
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Lovelock's Theorem

“The only second-order, local
oravitational field equations derivable
from an action containing solely the 4D
metric tensor (plus related tensors) are
the Einstein field equations with a
cosmological constant.”

gm_]\/[[)’[\/_al4 [R+ﬁ1R ]
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Lovelock's Theorem

“The only second-order, local
oravitational field equations derivable
from an action containing solely the 4D
metric tensor (plus related tensors) are
the Einstein field equations with a

cosmological constant.”
wr(59)

M3
grav T Pl [\/_ d4
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The Role of Void Radius
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What Is Observational Cosmology?
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Voidls As Just Another Tracers of LSS
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The Biggest Puzzie in Cosmology: the Cosmological Constant

By using dimensional regularization:

4 2
n. n.
= Y n—1In| —
IOVCZC Z 164][ ( qu )

l

Only the Higgs contribution gives ~ 10*eV

Dvac| X 106(}6\/4]
O D —~J

O QO
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Why Voids? - The Information in Void Counts (5. White, 1978)

P(X.) = The probability that there is a galaxy in dV, at x;
P()_(i) = The probability that there is no galaxy in dV at x;
P(®y(V)) = The probability that there is no galaxy at V

P@y(V) =PX,,.... X =1—| ) PX)— ) PXX)+ ) PXXX)—...

P, ..

i=1.N Jj<i k<j<i

But

L, Xy) = n™ |1+ Z 5(2)(xi, xj) + Z 5(3)(xi, X;, X))+ ...+ cf(N)(xl, .. ,xN)_

The probability of finding a "hole" of a certain size contains the
whole hierarchy of N-point functions!

dv, ..

dV,
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Hints for Deviations From a Cosmological Constant!

DES-SN5YR
DES-SNS5YR+CMB
DES-SN5YR+BAO+3x2pt

DES-SN5YR+CMB+BAO+3x2pt

T. M. C. Abbott et al. (2024)
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