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Observations
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What was the universe made of?

BBN Recombination Now ... in a (distant)
future
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What is the universe made of?
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Can X be the DM?

A DM candidate must;

|. match the measured relic density;
2. be cold;

3. be neutral;
4. be consistent with BBN;

5. leave stellar evolution unchanged.
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Challenge

We do not know what to search for

* not in scale

only bosons +——> bosons and fermions
fields ——f——p particles —— ——p macroscopic objects

107! eV 10-%eV eV  keV MeV GeV TeV Mpyanek 1074M, 10°M, 10M, 100M, 10°M

No DM ALPs U, ADM PBH o DM
de I|3rogtILe< H cannot have

Wsai\;ee edr\‘/%arf QCD WIMPs* less than a DM
o S 1
galaxies axion object per

dwarf galaxy
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Challenges

We do not know what to search for

* not in scale

only bosons +——> bosons and fermions
fields ——f——p particles —— ——p macroscopic objects
1072 eV 10~%eV eV keV  MeV GeV TeV  PeV Mplanck 107*M,  107°M, 10M, 100M, 10°M
<+
No DM: PBH No DM:
de Brogli
€ broglic Cannot have
wavelength < less than a DM
size dwarf biect
galaxies N

dwarf galaxy

Angelo’s talk this talk
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Direct detection

phenomenology



Direct detection phenomenolog

*assuming non-gravitational
Interaction exists
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Direct detection phenomenolog

d°R I d
LR s i
dEgldQy 2 [mym, ) dEp

Detector dependence
my, affects also the cross section
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Direct detection phenomenolog

Astrophysical inputs

)d3v

Vmin

d°R._. 1 [ d e,
= J—szf(v,t)(S(v g =
dEp

Detector dependence
my, affects also the cross section
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Direct detection phenomenolog

particle
physics Astrophysical inputs

d°R._ do

— A —p V.06V -§g—v,.)d°
dQR | dE, f(v,no(v -q Vipin) 47V

Detector dependence
my, affects also the cross section
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Cross Section [cm?]
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Direct detection phenomenolog

[APPEC Committee Report, arXiv:2104.07634]
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Direct detection phenomenolog

Lighter targets,
lower thresholds,

B alternative signals [APPEC Committee Report,’21]
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The Migdal effect



The Migdal effect
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Kinematics

Nuclear recoil energy

e
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DM-nucleus reduced mass
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E, Kinematics
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The Migdal effect

dBRmig danr 2
dE,dE,dv ~ dEgpdv
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The Migdal effect

dBRmig danr
—— | Z(Eg, E,) |
dELdE,dv | dEydy

DM nuclear recoil
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The Migdal effect

DM nuclear recoil
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de-excitation:
NR negligible

| Z(Eg, E)|* = 1+ | Zgo|” + | Z
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de-excitation:
NR negligible

lonization
rate

Computed in [Ibe et al. JHEP03(2018)194] for C, EAr, Xe, ...,
see also [Cox et al., 2208.12222]
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dal effect

[DarkSide-50, 2207.11967]
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Boosted Dark Matter



Cosmic Ray boosted DM

[Bringmann and Pospelov, 1810.10543]

New isotropic component of DM extending to
higher energies

DM density as a function of thel( R flux as a function of the
distance to the galactic centre }| distance to the galactic centre
do, dQ

d@ 4r [.o.s.

Denotes the CR
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Cosmic Ray boosted DM

[Bringmann and Pospelov, 1810.10543]

New isotropic component of DM extending to

Local interstellar CR flux

Local DM density

higher energies

0, _ [0

d@ 4
Denotes the CR

Effective distance parametrizing uncertainty
from l.o.s. integration
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Cosmic Ray boosted DM

Production
Add D local . AT, LS
X X 2 l l
= D, o|.F>(2m,T J ——
a7, =D o [T T,
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2
_ I +2m;T, additional terms compared to the
X T+ (m; + m){)z /(2m)() non-relativistic expression

TIIlaX —
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Cosmic Ray boosted DM

Production
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Cosmic Ray boosted DM

Earth attenuation

Easily solvable if it does not depend on the form factor

Solve energy loss equation d;;N = Z]:XF)(@)
dT '™ do
_)( = — Z HN[ )(NTrdTr
Z ~ o al;
to obtain flux at the detector depth
2,2/t
do, _ dr, \ do, _ 4m; e o,
dT; dT: ) dT, (2m,+T;— T:ev)* dT,
where the mean free path is
2 mym
f_lEanUXN i %2
N (mN T m)()
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Cosmic Ray boosted DM

Assuming no form factor in
the Earth attenuation
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Cosmic Ray boosted DM

Detection
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Blazar boosted DM

[Granelli et al, 21 11.13644]

Blazars are AGNs pointing to Earth.

The BH at their center accrete
WWW.Space.co ordinary matter and focus DM.
They emit a back to back paired jet
of relativistic electrons and protons.
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Blazar boosted DM

Blazar boosted dark matter at Earth:

r
— / /
z:DM = [ pDM(” )d” Differential cross section
r

min

Luminosity distance
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Blazar boosted DM

TXS 0506+056
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Different assumptions on the DM profile:

------- (ov)y =0

(6v)y = 10"*°cm’ s~
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Conclusions

® Many hints of the DM existence but where to look
for it?! We should look everywhere.

® Below the GeV standard direct detection searches
are insensitive.

® For the MeV- GeV range one needs to rely on
alternative signals: Migdal effect and boosted DM.

® What about <MeV range? See Angelo's talk.
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