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The cosmic pie: DM and Lyman-a forest.
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Our framework.

1. Homogeneous and isotropic FRW expanding Universe

2. Standard model of particle physics for g, (7)) and g, (T')

3. DM is produced via freeze-in IR dominated at 7 ~ M

4. Single FIMP non-CDM particle y

e MASS m)(

- g, Internal degrees of freedom

» non-thermal phase space distribution (PSD) f,(p)

 Maxwell-Boltzmann (MB) statistics (excellent approximation)

M,
5. DM produced in radiation-dominated era H(7T) —Tzl
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Boltzmann Equation for FIMPs.

¥ = % B1(K1) Bpi1(Kpy1)
T

dlogx

1 <1 ldlogg*) C(x,q)

H(x) 3 dlog x E

£+m n

4
B(T.p) = %[H d; | |dn; @ny* 9P — Py |4 1P | | £k
i=1 =2 i=1

In our work we consider | ./ |2 = const. since Freeze-in is IR dominated.
(Excellent approximation)
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Our topologies.

Single production Pair production Triple production

Bs X

FIMP DM
Two-body decays
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Three-body decays

FIMP DM

Scatterings
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Chosen benchmarks.
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2d1x, M =1TeV, m, = 30 keV

PSDs for benchmarks.

3dlx, M =1TeV, m, = 30 keV slxy, M =1TeV, m, = 30 keV
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Warmness constraints.

* Free-streaming length

teston M) = ey (V1))

a(t)

< Awpm(Mwpm)
tprod

« Momentum dispersion W)( = \/(pz)/m)f < WWDM Kamada, Yanagi - [1907.04558]

4/3 1/3
m, > 19 kev< gdalio) > <i> 106.75
d 5.3 keV 3.6 2. (M)

 Linear matter power spectrum P(k) computed with CLASS

1. Relative transfer function (k) = P/Pcpy ki > klw/zDM

: - 2 _ plD/plD
2. Relative 1D transfer function I (k) = P~/ Pspy

dMsub Mhalo P (1/ Rsub)

M szub sub \/277 (Ssub Shalo)

2> 57 —63

3. Number of Milky way satellites N, « J
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Relative transfer functions.

P(k)/Pcpm(k)

T%(k)=

CDM
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FIMP DM bounds: (i, M) plane.

2d1x benchmark, F' = 1, conservative 2d1y benchmark, F' = 1, stringent

5 10 15 20 25 30 40 50 60 70
m,, [keV] m, [keV]

Lower Mass Bounds on FIMP DM 10 Alessandro Lenoci



ma/my

T2

FIMP DM mass bounds: (7, r,) plane.
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Subdominant FIMP DM bounds: (1, F) plane.

2d1x benchmark, M = 1TeV, conservative 2d1x benchmark, M = 1TeV, stringent
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Further developments.

1. We can change the cosmological background up to BBN
e Early matter domination

 Inflationary reheating (non adiabatic evolution)

» Fast expanding universe: new species with p a =G+

n/2

H(T) M
T2+n/2

2. Specific microscopic realisations
* Portal models: dark photon, Higgs portal

 UV-dependent freeze-in

FIMP model — our methodology + CLASS — constraints on FIMP parameters
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Thanks for listening!



The MB approximation.

2d1x, M =1TeV, m, = 30 keV 3dlx, M =1TeV, m, = 30 keV
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The |.Z |* = const. approximation.

10-3 my = 1 TeV, m, = 30 keV

—— | Myyp—yy|* = const. ((q),0,) = (2.50,2.96)

3 - = Eq. MB ({(¢),04) = (3.00, 3.46)
— = [Myyrx(5)1? ({q) ,04) = (2.50,2.96)
= 2
iy
>
NQ
>

Specific simple model : fermion thermal bath y annihilation into y DM through a scalar mediator ¢

Z Dy, dpw+y,dix
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FIMP DM bounds: (m , M) plane.

; 3d1x benchmark, F' = 1, conservative ; 3d1yx benchmark, F' =1, stringent
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FIMP DM bounds: (i, M) plane.
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FIMP DM mass bounds: (7, r,) plane.
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FIMP DM mass bounds: (7, r,) plane.

mWDM = 35 k@V mWDM — 53 keV
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Subdominant FIMP DM bounds: (1, F) plane.

3d1y benchmark, M = 1TeV, conservative
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Subdominant FIMP DM bounds: (1, ) plane.
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