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Halos/galaxies in  simulationsMν

• Having simulations with massive neutrinos allows us a deeper understanding 
of halos/galaxies clustering.


• Two aspects:


‣ Halos linear RSD in massive neutrino simulations


‣ P+B full shape analysis of mock galaxies on massive neutrino simulations



Halo/galaxy bias with Mν

For instance


but also

= b1δm + . . .
δh

= b1δc + . . .

δh,s = b1δc + fμ2Θh

= b1δc + fc μ2δc

= b1δc + fm μ2δm
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or simulations 
point at this one
Castorina++14

or ?

if unaccounted for, might introduce biases in the 
constraints from redshift-space data



Take simulations: which ansatz correctly recovers the linear growth rate?

Halo velocity with Mν

10°2 10°1

k [h Mpc°1]

0.980

0.985

0.990

0.995

1.000

1.005

1.010

1.015

1.020

f(
k)

/
f L

C
D

M

z = 1 (DEMNUni)

Total matter
fm linear
fLCDM

f̂

10°2 10°1

k [h Mpc°1]

0.980

0.985

0.990

0.995

1.000

1.005

1.010

1.015

1.020

f(
k)

/
f L

C
D

M

z = 1 (DEMNUni)

Cold matter
fc linear
fLCDM

f̂

Θh = Θc Θh = Θm

DEMNuni simulations, C. Carbone++
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[ ]V = 50 (Gpc/h)3



Or, which ansatz yields a better fit including nonlinearities            

Halo velocity with Mν
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QUIJOTE simulations, F. Villaescusa-Navarro++



Tests on mock galaxies “with ”Mν

• Simulations with massive neutrinos are a nontrivial test for the FS model


• Some outcomes: 


‣ Lower  of the fit w.r.t halos


‣ To properly fit simulation data, need to vary shot-noise parameters with 
wide priors.


‣ Scale-dependent shot noise is degenerate with 

kmax

Mν

E. Bellini ++

PSN =
1
n̄g

(αP + ϵk2)

Noriega++22

SANCHO mock galaxies      &         PBJ code
M.Biagetti++ C. Moretti, A. Oddo ++



• FS  model reaches 
 for a cumulative 

volume of  at 



• Need priors from the CMB to 
have a detection.

P + B
0.18 h/Mpc

25 (Gpc/h)3

z = 0.5
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Tests on mock galaxies “with ”Mν
E. Bellini ++



Thanks





Linear perturbations with Mν

With  suppression on small 
scales 





with 

Mν

Pm(k)
Pm(k, fν = 0) ∼ 1 − 6fν

fν =
∑i mν,i

93.14 eV Ωmh2

Whitford++21   3% effect!Mν = 60 meV ⇒


