


cvidegneg jor Park Matter

Evidence for the existence of an unseen, “dark”, component in the energy density of
the Universe comes from several independent observations at different length scales
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What do wg Rnow?

An extraordinarily rich zoo of non-baryonic Dark Matter candidates! In order to be considered
a viable DM candidate, a new particle has to pass the following 10-point test

2) Is it cold? 3) Is it neutral? 4) Is BBN ok? 5) Stars OK?

6) Collisionless? 7) Couplings OK? 8) y-rays OK? 9) Astro bounds? 10) Can probe it?

WIMP Mass [GeV/c™

TAOSO, GB & MASIERO 2007
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The PM candidates 200

WIMPs

NATURAL CANDIDATES
Arising from theories addressing the

stability of the electroweak scale etc.

e SUSY Neutralino
e Also: LKP, LZP LTP, etc.

AD-Hoc CANDIDATES
Postulated to solve the DM Problem

e Minimal DM
e Maverick DM
® efcC.

Other

+AXIONS
Postulated to solve the strong CP
problem

+STERILE NEUTRINOS

+SUPERWIMPS

Inherit the appropriate relic density
from the decay of the NTL particle of
the new theory

+WIMPLESS

Appropriate relic density achieved by
a suitable combination of masses and
couplings




The PM candidates 200

IMPDs

NATURAL CANDIDATES
Arising from theories addressing the
stability of the electroweak scale etc.

e SUSY Neutralino
e Also: LKP, LZP, LTP, etc.

AD-Hoc CANDIDATES
Postulated to solve the DM Problem

e Minimal DM
e Maverick DM
® efcC.




Park Matter secarches

Colliders

Direcet D etectitg o D etection



Park Matter-related
Cxperiments circa 2012

Download: hitp/mww?2. lap.li/users/bertone/



http://www2.iap.fr/users/bertone/
http://www2.iap.fr/users/bertone/

Indireet Petection

WHY “ANNIHILATIONS”’?

X = DARK MATTER = STANDARD MODEL PARTICLE

EARLY UNIVERSE

RELIC DENSITY (NR FREEZE-OUT)

5 3x1072"cm3s™!

QOh“ ~
< oV >

Electroweak-scale cross sections can reproduce
correct relic density.
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WHY “ANNIHILATIONS”’?

X = DARK MATTER

EARLY UNIVERSE

RELIC DENSITY (NR FREEZE-OUT)

5 3x1072"cm3s™!
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Electroweak-scale cross sections can reproduce
correct relic density.

= STANDARD MODEL PARTICLE

ANNIHILATION FLUX

dN (ov)

®; (N, E;) = 2(¢,Q)d/
(OB = Gt A

Particle physics input from extensions of the
Standard Model. Need to specify distribution of
DM along the line of sight.




THE FERMI SKY



http://fermi.gsfc.nasa.gov/ssc/first_light_allsky.jpg
http://fermi.gsfc.nasa.gov/ssc/first_light_allsky.jpg

THE 130 GEV LINE
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THE 130 GEV LINE

Not really what one would expect from Supersymmetry..

e Direct Annihilation to photons
IS loop-suppressed in SUSY

e hard to produce the line
without overproducing low-
energy photons

e.g. Cohen et al.
arXiv:1207.0800



http://arxiv.org/pdf/1207.0800v4.pdf
http://arxiv.org/pdf/1207.0800v4.pdf

THE 130 GEV LINE

assuming more general models:

—

IPG €/ /C [GCT./IPG/EIO ATNIE] /10


http://arxiv.org/pdf/1207.6773.pdf
http://arxiv.org/pdf/1207.6773.pdf
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THE 130 GEV LINE
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Pirect Petection

PRINCIPLE AND DETECTION TECHNIQUES

ADAPTED FROM BAUDIS 2007

DETECTOR

DM SCATTERS OFF NUCLEI IN DETECTION OF RECOIL ENERGY VIA
THE DETECTOR IONIZATION (CHARGES), SCINTILLATION

(LIGHT) AND HEAT (PHONONS)




Pirect Petection

DIFFERENTIAL EVENT RATE




Pirect Petection

STATUS

2012



Pirect Petection

LOCAL DENSITY




Modulation of PM density

AT FIXED GC-DISTANCE (PATO, AGERTZ, GB, MOORE, TEYSSIER, MOORE 2010)

PATo, AcEIRTZ, G, MeoixE, TEYSSIER, MoolxE 2




Modulation of PM density

AT FIXED GC-DISTANCE (PATO, AGERTZ, GB, MOORE, TEYSSIER, MOORE 2010)

R = 8.5 KPC

IPATO, ACGEIRTZ, G5, MoLIkE, TEYESIER, MookE 2010




Complementarity of PP targdets




Complementarity of PP targdets




Park Matter Sgarches at the sHC




Beyond the otandard Modgel

The Standard Model provides an accurate description of all known particles and interactions, however there are good
reasons to believe that the Standard model is a low-energy limit of a more fundamental theory

To explain the origin of the weak
scale, extensions of the standard
model often postulate the existence of
new physics at ~100 GeV

On the left, schematic view of the
structure of possible extensions of the
standard model
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Beyond the otandard Modgel

The Standard Model provides an accurate description of all known particles and interactions, however there are good
reasons to believe that the Standard model is a low-energy limit of a more fundamental theory

SEARCH AT LHC FOR PROCESSES LIKE E.G.




cxample of Inverse problem at HC

Inferring the relic density (thus the DM nature) of newly discovered particles from

L HC data... What we would like:
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FIG. 34, Particle spectrum for point LCC3, The stau-neutralino
mass splitting is 10.8 GeV. The lightest neutralino is predomi-
nantly b-ino, the second neutralino and light chargino are
predominantly W-ino, and the heavy neutralinos and chargino
are predominantly Higgsino.
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cxample of Inverse problem at HC

(example in the stau coannihilation region, 24 parms pMSSM)

MCIMC AS
IMFLEMENTED UN THE

SUREIREAYES Cobl=



cxample of Inverse problem at HC

what we will most probably get
(example in the stau coannihilation region, 24 parms MSSM)

G2, CERDENQ, FOIRNASA, IRUIZ DIE AUSTRI & TROTTA, 201C



cxample of Inverse problem at HC

what we will most probably get
(example in the stau coannihilation region, 24 parms MSSM)

FIRDENQ, [FOIRNASA, RUIZ DIE AUSTIRI & TROTTA, 2010
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DD+LHC
“ocaling” fInsatz



What happens if we add these constraints to the LHC posterior?

LHC + [P

GEE, FolrNAsA, PIERL, RULZ, TROTTA 201 1



Conclusions

e Huge Theoretical and experimental effort towards the
identification of DM.

e DM Indirect Detection more and more constrained, but
detection still possible

* DM Direct Detection looks promising, but info from other exps.
is needed to determine DM parameters

| HC is running! Direct and indirect searches likely necessary to
identify DM

e Next 5-10 years are crucial: this is the moment of truth for
WIMP Dark Matter!




Prospecets for observing

DM annihilation with CTH



http://arxiv.org/pdf/1210.3503v1.pdf
http://arxiv.org/pdf/1210.3503v1.pdf
http://arxiv.org/pdf/1208.5356v1.pdf
http://arxiv.org/pdf/1208.5356v1.pdf

THE 130 GEV LINE

arxiv.or

df/1207.6773.pdf



http://arxiv.org/pdf/1207.6773.pdf
http://arxiv.org/pdf/1207.6773.pdf
http://arxiv.org/pdf/1111.2183v1.pdf
http://arxiv.org/pdf/1111.2183v1.pdf
http://arxiv.org/abs/1008.3703
http://arxiv.org/abs/1008.3703

THE 130 GEV LINE

Internal Bremsstrahlung


http://arxiv.org/pdf/0710.3169v3.pdf
http://arxiv.org/pdf/0710.3169v3.pdf

LHGPP

Combining accelerator and direct searches
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Combining accelerator and direct searches




1st possibility:

“Consistegncy cheek”



What happens if we add these constraints to the LHC posterior?

LHC + [P




What happens if we add these constraints to the LHC posterior?

LHC + [P
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