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What do we know about DM?

@ Gravitative effect

o Clusters in Halos, assuming
GR

o If a particle, it must be
produced (eg. freeze-out)

& Mediator to the SM needed -

@ Wethink:g/y/W/Z/h/... ® 4 9

o Stability: Z2 or accidental
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Can we test the thermal
hypothesis?

1) T 2 TUniverse
&) What is the mass: Mpu?

3) What is the cross section: ogy ?
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The Thermal Hypothesis

freeze—out
@z =25

(ov) small

(ov) larger




What is the cross section?
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What is the cross section?

2K~ Cross sections|

5 10 15 20)
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The Thermal Hypothesis

‘I'he annihilation cross section for xx — Z3; — ff is given by

. 2 [ 2 2
N (nyy)2ghn? /3~ AMF  (s+2M2) (s +205) |
L2ms L\ fo—am2 (s - MZ, )2+ M3, T ]

4ZBL S 4BL

o(Xx = Zpr = ff) = (14)

ov = const

&2

it Mpr > My
MP nr

1)ov =

= (G7)* M3, if Mpy < My




The Thermal Hypothesis

‘I'he annihilation cross section for xx — Z3; — ff is given by
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WIMP Miracle?
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WIMP Miracle?

-Zexchange
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Dark Matter:
The Gauge Portal



The Gauge Portal
( single parameter models)
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The Gauge Portal
( single parameter models)

Quantum numbers DM can Stable?
SU(2)y, decay into
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Relic Density: The gauge portal

DM mass in TeV DM mass in TeV

The Triplet The Quintuplet
(Wino) (Minimal Dark Matter)
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Relic Density: The gauge portal

Fcrmlon tnplct w1th Y = 0 ( wino ) Fcrmion qu'mtuplct with Y =0
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The Triplet The Quintuplet
(Wino) (Minimal Dark Matter)
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The gauge portal: Direct Detection

g
Q
£
Z.
>,
-

7
s

L. -
[ o g el =T T ||,

107
DM mass in GeV

Juri Smirnov, INFN Florence division



The gauge portal: Direct Detection

g
Q
£
Z.
>,
-

7
s

L. -
[ o g el =T T ||,

107
DM mass in GeV

Juri Smirnov, INFN Florence division



The gauge portal: Direct Detection
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Indirect Search for the gauge
portal

= (Galaxy groups (this work)
68/95% containment

=== (Galaxy groups, no boost
Fermi dwarfs (2016)

Thermal relic cross section

Stacked Galaxy Groups
Fermi-LAT Pass 8 Data, bb

M. Lisanti et al. 1708.09385
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Indirect Search for the gauge
portal

Timothy Cohen et al.
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Indirect Search for the gauge
portal

Fermi—LAT

Fermi-LAT
expected

Timothy Cohen et al.
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Minimal Dark Matter
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B in cm’/sec
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Minimal Dark Matter
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The Quintonium Spectrum
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The Quintonium Spectrum
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Probing the Heavy

M, (TeV) M, (TeV)
3.

Fermi LAT : Fermi LAT

Mass range favoured by
relic density computation

Mass range favoured by
relic density computation

8 9 10 11 12
E, (GeV)

The cross sections confronted with Fermi
searches

Juri Smirnov, INFN Florence division




0‘""‘\
g0
4 ;“, -~

Scalar
Dark Matter:
The Higgs Portal



The Higgs Portal

Qg > OQpy 3
BR(h — S9) > 58% 1 |
BR(h — SS) > 16% 1
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LUX 2015 e—
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The Higgs Portal

search @ Collider

Qg > OQpy 1 .

BR(h — 5S) > 58% C—1 |
BR(h — SS) > 16% 1 |
Fermi-LAT bb :
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1000
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Constraints and Future Prospects

XENONIT 2017

| Fermi-LAT bb
- Fermi-LAT ~~

] i H.E.S.S. vy —===--
Fermi-LAT excluded ] LUX excluded

100 1000 100
Mg [GeV] Mg [GeV]

o At the resonance indirect searches might be the
only chance in near future

o Above the resonance direct detection is taking
over!

M. Duerr, P.
Fileviez Perez,
J. Smirnov
1509.04282 |,
1508.04418
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Full Thermal Masss Range
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Full Thermal Masss Range
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summary

o The Thermal Hypothesis is a well
defined testable statement

@ The unitarity bound sets an upper
bound on the dark matter mass in
the freeze-out

@ 100 TeV is the desired range to test
the full thermal region

o At the moment indirect detection
seems to be the best way to go
towards this goal

Juri Smirnov, INFN Florence division



Thank you!
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