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Dark Matter Searches

' WIMP production

(collider searches)
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elastic scattering
(direct detection)

Q
WIMP annihilation
(indirect detection)




Indirect Searches
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Why Cosmic Photons?

YxY — oMSM or Y — SMSM
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Cosmic Photon Spectra

l YxY — oMSM or Y — SMSM '

1I3rinlgmlamll & Weniger (2012)
AE/E = 0.15
10; ......... AE/E = 0.02 H
| ALY
= L
] :
= gpzzoww
@\
= 0.1
0.01 -
002 005  0.10 020 050 100 2.00

x=FE/m,
Bringmann, Weniger, Phys.Dark Univ. | (2012) — arXiv:1208.5481



Cosmic Photon Spectra
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Cosmic Photon Spectra

[XX — SMSM

or X — SMSM]
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Prediction for the Flux
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Prediction for the Flux
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Prediction for the Flux
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Prediction for the Flux
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Prediction for the Flux
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What about decays?

The calculation for the photon flux
from dark matter decays is very similar
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What about decays?

The calculation for the photon flux
from dark matter decays is very similar
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Gamma Ray Bounds
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Benchmark (Thermal) Annihilation Cross Section:
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- STERILE NEUTRINOS ™\

Produced through oscillations

sin® 20 ( MmN, )1-8
1078 \3keV

Dodelson,Widrow, PRL72 (1994)

QNha ~ (.1

Production can be enhanced by
lepton asymmetry

\ Shi, Fuller; PRL82 (I999)J




- STERILE NEUTRINOS ™\

X-ray lines source
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\ Pal, Wolfenstein, PRD25 (I9@




- STERILE NEUTRINOS ™\

X-ray lines source

NR — VL7

E, ~mpy,/2

. 1 sin” 26 (mNR)5
Nr = vy = 551032 sec 1010 \ keV
\ Pal, Wolfenstein, PRD25 (I9@

Other dark matter candidates produce X-ray lines
via annihilations, decays and other mechanisms



An X-ray Line at 3.5 keV

Stacked clusters and Perseus \/

Bulbul et al., Astrophys.].789 (2014)

Discovered Center of the Milky Way

Jeltema and Profumo, MNRAS450 (2015)

in 2014 M31 (Andromeda) -
Boyarsky et al.,, PRL113 (2014) =

Jeltema and Profumo ® |



An X-ray Line at 3.5 keV

Stacked clusters and Perseus

Bulbul et al., Astrophys.].789 (2014)

v
Discovered Center of the Milky Way [/
Vi

Jeltema and Profumo, MNRAS450 (2015)

in 2014 M3 (Andromeda)

Boyarsky et al., PRLI 13 (2014)
Jeltema and Profumo
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A sterile neutrino can account for the line!

my, ~ 7keV

NR — VLY sin?(26) ~ 7 x 10711
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Early time annihilations

Out-of-equilibrium dark matter
annihilations may deposit energy into
the plasma and alter CMB formation

Same for dark matter decays

Severe bounds!



Early time annihilations
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Early time annihilations
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Early time annihilations
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Direct Searches
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Direct Searches
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Dark Matter Flux
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Dark Matter Flux

-~

Local dark matter
density and flux

pg(l)\;;al) ~ (0.3GeVcem ™

(local)
PDM

mpwm

ngM — DM UDM — UDM

N

.

WIMP wind ,”
~220 kmls |,

~

S \dark matter halo

\\/

_/

l _ 4 —92 1 '
ngM\mDM:mO aov = 9 X 10" cm™ “ sec




Useful Analogy




Useful Analogy




Useful Analogy




Useful Analogy




Useful Analogy




Useful Analogy

Underground Lab
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Recoll Energy
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Recoll Energy
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bolometers liquids
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Interesting results also
with electron recoil...
(more tomorrow)

€he New Hork Eimes

OUT THERE

Seeking Dark Matter, They
Detected Another Mystery

Do signals from beneath an Italian mountain herald a revolution
in physics?



Kinematics of Elastic Scattering
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Kinematics of Elastic Scattering
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Kinematics of Elastic Scattering
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Kinematics of Elastic Scattering
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Tiny Recoills
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Tiny Recoills
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Tiny Recoills

a ) ) )
Erélax _ Q’MXNU
\_ mN Y,
/— RECOIL ENERGY FOR A WIMP
2 (100 GeV)” 1076
EWIMP ~ 200 keV
kR 100 GeV ©

VWe need detectors with a
very low threshold energy




Dark Matter Scattering Rate

-
General equation for the differential rate

~
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g PROBLEM 2
Nt Number of target nuclei
Px Dark matter mass density
f(vrel) Dark matter velocity distribution




Dark Matter Scattering Rate

\_
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General equation for the differential rate
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——— =27 X f Urel dvrel
dEn /‘i/\fmx“rel dS), x (Urel)
PROBLEM 2
N

- SPIN-INDEPENDENT SCATTERING

Zf, +(A—=2)f,]°

U)((%) :[ fp ( )f] F(E )2: O->(5\P F(ER)2




Spin-Independent Scattering

4 sn \ )

d:[‘ O-XN o Vesc
FEr=0 < F(ER)Q < (,OX/ fx(’Urel)dvrd)

— = (NT mN) X 5
\ MXNmX / min(ER) 2/01'61

dEg
~—




Spin-Independent Scattering
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Spin-Independent Scattering
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Spin-Independent Scattering

e )
dr T \ ’
= (NT mN) X . 5 Er=0 X F(ER)2 X Px / fX (vrel) dvrel
dER \ Mx_/\/‘mx / 'Umin(ER) 2Urel
4 )

Nuclear Physics
N~




Spin-Independent Scattering
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Spin-Independent Scattering
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Spin-Independent Scattering
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Collider Searches

Boveia, Doglioni, Ann.Rev.Nucl.Part.Sci. 68 (2018)
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Missing Energy/Momentum

Missing transverse momentum,
inferred from momentum
conservation
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Dark Matter particle
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Missing Energy/Momentum

CMS Experiment at LHC, CERN

Data recorded: Tue Oct 4 02:50:32 2011 CEST
Run/Event: 177783 / 442962676

Lumi section: 273

Compact Muon Solenoid

ak5PFJet 0, pt: 574.2 GeV
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pfMet 0, pt: 598.3 GeV




Mono-X Searches

Final state: X (photons, jet, etc.) + missing energy



A Mono-Jet Search
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Other Collider Searches
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Other Collider Searches
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Lots to Look Forward to!

Impressive Results by C
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