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WIMP miracle

Assume DM is a particle in thermal t (ns)
e . . . 1 10 100 1000
equ“brlUm |n rhe prlmordlal barh: LU ] UL ] LILLLLLLI 1 LILBLLILILL 108
I [ | |
d?’l 9 2 10—4 my=100 GeV
— _ k - , _ 6
! 10~ 4
10
X a -8 weaker interactions
10 102
Y (4-10 )
10 100 X
-12
X a -14 ‘
1) stronger interactions 104
_16 \\
2 2 2 10 1 1 |IIII 1 1 l\l 1 IIIII 1 1
QDMh O.1/<<5armv>Ipb 0.1 (mDM/kEW) (gEW/gDM) ” ,
T (GeV)

The observed relic density requires weak interactions!

Physics beyond fthe standard model addresses electro-weak symmetry breaking
— new partficles are expected at ~ EW scale
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Hints on DM nature

Cosmology glfant;lt;aryomc (Q,~6Q,)

: (Thermally produced)
Sfructure —®» Cold (bottom-up hierarchy)
formation

-, Cluster —» “Weak” self-interactions

dynamics (6,,/m,, <1cm?qg)

X-ray: M.Markevitch et al.; Optical:
D.Clowe et al.; Lensing Map: D.Clowe
v e o
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. Galactic o
§ —> Dissipationless
24 dynamlcs (suppressed e.m. or strong interactions)

XV Incontri di Fisica delle Alte Energie, Genova, 30/03/2016 Marco Regis



Alternatives to WIMPs

WIMPs as mainstream DM: theorefical prejudice
@ Modified gravity

@ Non-Particle/Baryonic DM (e.g. primordial black holes)
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WIMP interactions

WIMPs have (weak BUT non-negligible) interactions
with ordinary matter

WIMP detection strategies:

PRODUCTION

Production at colliders

g
3

Direct detection

ndirect detection M/
D

ANNIHILATION>

relic abundance

free-streaming mass

Q  SCATTERING >
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Indirect searches

Annihilafions (or decays) of DM particles
in astrophysical objects
generate fluxes of “standard” detectable parficles.

Low- r-nerqy phomns Positrons
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Decay process

.."

Enery ofre prcess sef byrh DM mass ~ GeV-TeV
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Indirect searches

WIMPs are a primary source of
hig h _energy C h arged Cosmic—rays , Energies and rates of the cosmic-ray particles
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Plus radiative emission in the radio, X and
gamma bands from WIMP induced e'-e”
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Charged cosmic rays

POSITRON FRACTION above 10 GeV
Local source: pulsars or dark matter?
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Gamma ray emission

, Daylan+ 2014
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Gamma ray emission

3 1 from what next DM WG
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Some ‘*new”’
directions



WIMP angular correlations

Even if DM halos are too faint to be individually
detected in gamma-rays, they form the most
numerous populafion in the Universe.

EG-MSII

The DM “cumulative” signal or ifs .

é[oz “le Jo eseuwio] wolj

spatial coherence might be observable.

EG-MsII

-1.0

Al

— Dig into the unresolved extragalactic sky
Stacking Statistical correlations
of fluctuations
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WIMP angular correlations

The idea is to have an accurate fracer of the DM distribution (gravitational
potential) in the Universe, to be used as a filter in order to separate the DM
non-gravitational signal from other astrophysical non-thermal emissions.

Fermi-LAT map Gravitafional tracer (lensing or galaxy cafalog)

aaaa
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Cross correlations

02— - Cuoco+, ApJS 2019
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Radio waves tfrom WIMPs?

The extragalactic radio background appears to be significantly brighter than extrapolation from
number counts of AGN and SFG (ARCADE-2 Collaboration, 2009)

— — .F_o'rpga'noo etal., 2014 10°
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Simplest solution for ARCADE excess: The excess can be explained in ferms of synchrofron
Radio background is produced by radio sources emission induced by WIMP annihilations
faking over in the counfs af sub-mdJy (Singal ef al, 2010) (Fornengo, Lineros, MR, Taoso, PRL 2011)
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dSphs at radio waves

20 MR+, JCAP2015

T T T TTTT T IIIIIII| T I_g
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Synchrotron emission from electrons ”

and positrons injected by WIMP
annihilations if an ambient magnetfic
field is present.
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10°
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Several observations with the ATCA telescope
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Direct and
collider searches



Direct detection

%0 Dark Matter
(mass ~ GeV — TeV)

Scattering of WIMPs off target afomic nuclei
Germanium

Recoil energy measured by
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Direct detection

Beyond the easiest case (contact scalar interactions)

° i ——
Full set of effective operators 01 = 1,1y Or = Sy - #ly
for DM - nucleus scatfering O3 = —iSy - (ﬁ X %v) Og = Sy -ty
-G .5 = S . ( Sy x L
Relevant for GeV-TeV DM O1= 5 Sn ) Qo = —i5 (Sﬂv 8 mN)
05 = —iy - (35 x Fiy) O = —iSy - ;L
Op = (5} : nf—N) <§N - %) 0y = —iS, - L

Fitzpatrick et al., JCAP 1302 (2013) 004 + interferences

® |nteractions on (bound) electrons Relevant for keV - MeV DM
® DM phase space disfribution in the Galaxy (esp. the high-v tail)

- simulations
- observations (GAIA)
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Direct detection

Characteristic WIMP signatures

2-6 keV

7 j[e——— DAMA/Nal =100 kg —— - «—— DAMA/LIBRA =250kg ——
0.08 (0.29 tonx<yr) (0.87 tonxyr)

DAMA/LIBRA
annual modulation

Residuals (cpd/kg/keV)

LAl LA el LWL,

® Annual modulation: ANAIS, KIMS, DM-Ice, SABRE
® Diurnal modulation: DAMA with larger mass could likely access it

® Directionality: Nuclear emulsion (NEWS), Anysotropic crysfals (ADAMOQO), Liquid Ar TPC,
Negative lon Time Expansion Chamber (NITEC), Carbon nanotubes, DRIFT, MIMAC,
DMIPC, NEWAGE, D3, ...
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WIMPs at LHC

WIMPs do not interact in detectors
— experimental signature is fransverse momentum imbalance

No clear evidence for new physics so far at LHC.

An example: pMSSM10 after Run 1
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Diphoton resonance connected

fo
DM production?

SPIN-0 ANALYSIS
background-only fit
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Conclusions

| "approccio poliedrico presenta
molte opportunita e qualche rischio.

E' in ogni.caso una strada obbligata. -
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