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C
RO

SS-C
O

R
R

ELAT
IN

G
 G

W
S W

IT
H

 LSS &
 C

M
B

M
ultim

essenger
cosm

ology probes the evolution and structure form
ation:

�
LSS: galaxy-clustering (G

C
) and w

eak-lensing (W
L) [eg, D

ESI(2019), Euclid(2022+), LSST
(2022+), SK

A
(2027+)]

�
G

W
s: single events from

 astrophysical sources, as w
ell as astrophysical and cosm

ological SG
W

Bs [eg, Ligo/V
irgo/K

agra, IN
D

IG
O

, LISA
, 

BBO
, D

EC
IG

O
, C

oVm
ic E[SloUeU, ET

«
]

T
he G

W
-LSS cross correlation:

�
provides new

 G
R

 tests and cosm
ological probes:

�
X

C betw
een G

W
-m

agnification and W
L (eg

Congedo, Cam
era, W

andelt)

�
X

C betw
een G

W
s and G

C (eg
O

guri, Scelfo, W
andelt) 

�
X

C betw
een SW

G
B and W

L &
 G

C (eg
Cusin, Sakellariadu) 

�
X

C betw
een SW

G
B and CM

B (egW
andelt, Tasinato)

�
helps determ

ining the redshift of BBH
 m

ergers via statistical approaches
(eg, M

enard, O
guri, D

ES/LIG
O

/Virgo collaboration)

�
helps reducing errors on cosm

ological param
eters (eg

H
0 ) by subtraction of peculiar velocities

of host galaxies (Palm
ese

et al 2019)

�
helps G

W
 delensing

and better estim
ation of the G

W
 lum

inosity distance (and cosm
ological param

eters)

C
usin

et al 2018

O
guri2013

Euclid X
 ET

 
w

ithout e.m
.



C
RO

SS-C
O

R
R

ELAT
IN

G
 C

M
B W

IT
H

 LSS

M
ultiprobe cosm

ology (eg
LSS X

C
M

B
) breaks degeneracies and increases perform

ance

�
LSS: galaxy-clustering (G

C
) and w

eak-lensing (W
L) [eg, D

ESI, Euclid, LSST, SK
A

]

�
C

M
B: secondary anisotropies in tem

perature and polarization [eg
Planck, SO

(2022+), LiteBIRD
(2028+), C

M
B-S4(2028+)]

C
M

B
-LSS cross correlation accounts for:

a.
G

alaxy X
 C

M
Blensing

Æ
galaxy redshift distribution, galaxy bias, structure grow

th, neutrino m
ass, D

E, halo profiles

b.
Shear X

C
M

Blensing
Æ

cosm
ological distance ratios

c.
a+b

Æ
lensing ratios, system

atics, low
-z/high-z tension

d.
G

alaxy-velocity X
C

M
BLensing

Æ
deviations from

 G
R

e.
Void X

ISW
Æ

D
E &

 neutrino m
ass

f.
Void X

C
M

BLensing
Æ

neutrino m
ass

g.
G

alaxy
X

ISW
 Æ

fnl, D
E, neutrino m

ass



STAT
E O

F A
RT

 IN
 T

H
E ITA

LIA
N

 C
O

SM
O

LO
G

IC
A

L C
O

M
M

U
N

IT
Y

G
W

S-X
C

�
PD

(U
ni): SG

W
B, G

C
 X

 G
W

s (LISA
 node, ET, SK

A
, Euclid)

�
T

S (SISSA
) : SG

W
B, G

C
 X

 G
W

s (LISA
 node, ET

?, SK
A

, Euclid)

�
TO

 (U
ni): G

W
 lensing (SK

A
, Euclid)

�
M

I (U
ni) : tepidly involved in G

W
-cosm

ology (LISA
 node)

�
M

I (IA
SF): starting, especially on SG

W
B secondary anisotropies, polarization, and X

C
 w

ith LSS (LISA
 node, ET, Euclid, SK

A
)

C
M

B
-X

C
 (Euclid-SW

G
 lead)

�
A

O
 (IN

A
F-agreem

ent): C
M

B sim
ulations

�
T

S (IN
A

F+SISSA
):C

M
B sim

ulations (A
SI-W

P lead)

�
PD

 (IN
FN

+U
ni): T

heory &
 Estim

ators

�
BO

 (IN
A

F, IN
FN

+U
ni): Estim

ators, N
body,  C

M
B sim

ulations &
 T

heory (Euclid SW
G

-W
P

&
 A

SI-W
P

lead:)

�
FE: (IN

FN
+U

N
I) Estim

ators &
 Likelihood (Euclid SW

G
-W

P
&

 A
SI-W

P
lead)

�
R

M
 (U

ni R
M

-II): Estim
ators and C

M
B sim

ulations

�
M

I (IN
A

F+IN
FN

+U
ni): N

body,C
M

B sim
ulations &

 Likelihood (SW
G

-W
P

lead) Subm
itted E

uclid K
ey P

roject on LSSxG
W

s
(involved M

I, T
O

, O
A

R
M

, P
D

,  A
O

)

Several subm
itted E

uclid K
ey P

rojects on 
LSSxC

M
B



A
C

T
IO

N
S

G
W

S-X
C

: do not m
iss the boat in m

ultim
essenger

cosm
ology

�
Several LISA

 nodes:coordination needed

�
Exploit existing expertise in galaxy-clustering and w

eak-lensing, on the observational (eg
clustering redshifts, peculiar velocities, 

lensing), theoretical, data analysis and sim
ulation levels

�
A

llocate dedicated funds for
PhD

and
postdocs

�
Focussed

Italian m
eetings &

 w
orkshops to m

otivate the cosm
ological com

m
unity

C
M

B
-X

C
: excellent expertise in place

�
Planck heritage, Euclid W

P leads and K
Ps

�
G

et stable link w
ith C

M
B probes

�
C

onsolidation
and

coordination

�
A

llocate dedicated funds for PhD
, postodocs

and
facilities,particularly in the fields of:

�
C

M
BLensing

X
LSS, estim

ator &
 likelihood

�
N

on-linear
effects

in
C

M
B X

 LSS: lensing reconstruction, sim
ulations, storage, com

putational tim
e


