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Galactic Dark Matter

CDMin galaxics:
- Massive Par’ticle with weak~t9pc interactions (WIMP)
- Distributed to form a halo

- Thermal comPonent
- Substructures

~ Non-’thermal component

Galactic dark matter detection:

A2 lclentifg tg[:)es of signals
= Exploit speciﬁc signatures
~ Stuclg relevant backgrounds

- Qua nthCy uncertainties
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MultiChannel search of dark matter

o Direct search: elastic scattering of x off nucleiin a low background detector

‘ > recoil energy of the nucleus

annual moclulation O{: the rate
° ]nclirect searches; Airectionalitg of the recoll

— signals due to yx annihilation taking Place inside celestial bodies (Sun, Earth)
where Y have been capturecl and accumulated

\—> Neutrino flux > ul:)~going muons in a neutrino telescol:)e
source location /some spectral feature

- signals due to xx annihilation taking Place in the galac’cic halo
——> Neutrinos source location /some sPectral feature

> Photons

- continuous gamma-ray flux source location/ some spectral feature
- gamma-ray line very goo& spectral feature

L 5> Positrons spectral feature

A B, Antiprotons sPectral feature

e TR Antideutcrons very goocl spectral Feature

> Flectrons/ positrons = multiwaveleng’th search (radio, X, gamma rays; SZ on CMB)
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Hints of a signal?

e Direct detection: DAMA annual modulation of the rate
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DAMA annual modulation
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Direct detection: DAMA annual modulation
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Hints of a si'gnal ?

e Direct detection: DAMA annual modulation of the rate

° Leptons: PAMELA Positron fraction [ATIC 7]
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PAMELA Posi’tron fraction
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Positron fraction: CR baclcgrounc]

T. Delahaye et al. {2008)
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Positron fraction: astropl'gsical sources

a=2, MED diffusion setup, ST model y
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Positron fraction: DM si'gnal

- B/C best fit set

- Direct production
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Hints of a si'gnal?

e Direct detection: DAMA annual modulation of the rate
° Leptons: PAMELA Positron fraction

e Gamma rays: EGRET “excess”
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EGRET “excess”
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Hints of a signal?

e Direct detection: DAMA annual modulation of the rate
° Leptorxs: PAMELA Positron fraction
e Gamma rays: EGRET “excess” (not confirmed bg FERMI!)

e Microwaves: WMAP haze 7
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WMAP haze

K band

Ka band

Q band

Statistical signiﬁcance of the excess
DM interpretation: rec]uires large boosts

D. Cumberbatch, J. Zunt, J. Silk, H. Eriksen, arXiv:0902.0039 [astro-l:)tﬂ
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Hints of a si'gnal?

e Direct detection: DAMA annual modulation of the rate

o Leptons: PAMELA Positron fraction

e Gamma rays: EGRET “excess” (not confirmed bg FERMI)
e Microwaves: WMAP haze ? (requires large boost Factors}
i)

o Antiprotons, neutrino fluxes: no anomalies

° Antideuterons: 1Cor the near Future
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Secondary antiprotons
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Cosmic Antideuterons
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Particle DM (WIMPs)

° Astropgsical searches may be usecl to set constraints on the
Prol:)erties of Particle DM

o Ifa signal is detected, it may guicle us toward the Proper’ties
of the DM candidate

- Sk PAMELA (Positron fractions combined with antiproton fraction)

Pre?ers DM which Premcerablg couFles to !eptons. This is compa‘cible
also with the DAMA annual modulation effect

° The large number o1C current and Foreseen c:lata wi” a”ow a

cleel:) studg of the Par’cicle DM hgpothesis

e This rec]uires good knowledge of the sources of
backerounds and of the astrophgsical uncertainties (sti”
large%
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Astrophgs cal uncertainties on DM sngnals
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Particle DM

P Particle DM: can be searchecl at accelerators
— Tevatron, LHC, B Factories, ILC

e This requires to sPecth the nature of the DM candidate
and the unclerlging model of New Phgsics

— Supersgmmetrg

— GUT models

~ Additional symmetries
— Extra-dimensions

— Mocle!s O]C string theorg or branes
- (...
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Non~bar30ni’c DM candidates

e Non supersgmmetric candidates

— Neutrino

— “Minimal” candidates

— Axion e Lowenergy MSSM
— Kaluza-Klein fields » Universal mass params
s Higgs |- > Light neutralinos
— Mirror bargons e Minimal SUGRA
..)
o Supersgmmetric candidates e Non-minimal SUGRA

’ > Higgs sector
—| Neutraiino > » Sfermion sector
— Sneutrino »  Gaugino sector
— Gravitino

e NMSSM

— Axino
L Messenger ﬁelds @ Anomalg mecliated Silen
— Stable non~toPo|ogical solitons (Q-balls) e )

=+ Heavg non~thermal I"CliCS

i)
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What astrophgsica signals Probe?

e Direct detection:
— (In) elastic scattering cross section on nuclei (non-relativistic)

— Scattering cross section on electrons

o Indirect detection of antimatter, gamma rays, multi-A Photons

— Annihilation cross section (non~relativistic)

e Indirect detection at neutrino telescol:)es:
— Elastic scattering cross section on nuclei (or electrons)

— BR of annihilation cross section
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What accelerators Probe?

e DM candidate

— Contributes to missing momenta (since neutral and massive)

o New Phgsics (NP) spectrum
— Masses and couplings (Par’tlg}

e The mechanism of Production at accelerators relies on
processes clhcmcerent From the those Producing the
as’trophgsical signals

o Accelerator Phgsics and astrol:)hgsical signals may either
Probe the same or ditferent sectors of the NP Parameter
space

° ComParisons have to be Pemcormed N speciﬁc models of NP
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Minimal Supergravitg (mSUGRA)
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o The Parameters at the EW scale are obtained bﬂ RGLE
evolution from their universal values at the GUT scale

e In addition, EWSB is induced racliativelg through the RGE
evolution of the Higgs mass Parameters

E:> ma , p

r:ree Pa rametersz L\[l /”2 , 110 44(‘) , tan ’,[3 | Sigll ( /1 )

tanﬁ = <H2>/<H1>

Neutralino LSP: almost pure bino
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Mass Parameters evolution
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o (fb)
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SUsy Particle Productions at LHC
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SUSsY Parti’cle signatures at LHC

Tgpical SUSY events at LHC mainlg result in gluino and
squark Production, followed 139 their cascade clecags

e zero lepton +jets+ K1 events,
e one lepton +jets+ K events,
e two opposite sign leptons +jets+ Fr events (OS),

— same-flavor (OSSF),
— different flavor (OSDF),

e two same sign leptons +jets+ Fr events (SS),
e three leptons +jets+ K1 events (3¢),
e four (or more) leptons +jets+ K events (44).
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Reach of LHC in mSUGRA

mSugra with tan3 = 30, A, =0, u> 0
1500 : g :

-1 1400

100 b o
1200

1100

1000

I?t( I—IL)::' TeV

0 1000 2000 3000 4000 5000
m, (GeV)

H. Baer, 0901.4732 [IﬂeP~Ph]

Nicolao Fornengo, Univcrsitg of Torino and INFN-Torino (Italg) PROMETEO I: LHC Physics and Cosmologcj - Valencia - 05.05.2009



LHC reach and astrophgsi’cal DM searches

MmSUGRA, A;=0 tanf=10, >0

-----------------------
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LHC reach and astrophgsi’cal DM searches

mMSUGRA, A,=0, tanf3=55, >0
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LHC reach and astrophgsi’cal DM searches

mSUGRA, A,=0, tanp=50, u<0
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Cosmic antiprotons
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Cosmic antid
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Cosmologg may P|33 arole!

° Cosmologica”y allowed regiions depend on the mechanism
of DM formation in the ear Yy Universe (Pre~1515N era)

e The thermal historg of the Universe before or around the
time of decouplin may clrastica”g change the current
value of the relic abundance for a gi\/en candidate
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() _h=

Sl

Low-reheati ng cosmologg
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Low-reheat ng cosmologg
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Scalar-tensor gravi’*ly with 2 scalar fields
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Non-universal SUGRA

° Non~universalit9 in the Higgs sector

m; (Maur) mg e I Do M T,
m2Ha(MGUT) mg(1+5a) s s o2

EWSB is atfected
Neutralino LSP: mixed neutralinos can arise

° Non~universalitg in the stermion sector

m?(Mcur) = m§(l+4;) = "B QSUAD)

° Non~universalit9 in the gaugino sector
Mj(MGUT) = Ml/Q(l—I—(SJ) ] = 1,2,3
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l_ow-senergg effective MSSM

D

(*)

M, (Mzw) = = tan® Oy Mo (Mpw)
mQQ(MEW):m?J(MEW):m%(MEW) = mg
At(MEW):Ab(MEW) = Amg
A (Mgw) = Am;
tan 3
ma
/’L

Free Parameters; My, m;,»mz, A, tanfB, ma, [

From GUT assumption: My (Mgut) = Ma(Mgut) = M3s(Mgut) = M2

Nicolao Fornengo, Univcrsitg of Torino and INFN-Torino (Italg) PROMETEO I: LHC Physics and Cosmologtj - Valencia - 05.05.2009



MSSM

Neutralino LSP: either laino, mixed or higgsino

5000 F L SR T 1 ’ T
[ tapn s =8
= 1\ | b g e L34
\ L s
1000 :;__J‘_\_Iﬁ_,__di\,ﬂ 1 TeV;?
E0.01 - — = =3
e 500 \ B -
= § P 300 GeV
\c_:\/ = N - A i T AV T
o 3. 100 GeV
= 100 = i ( e
Rl e 8 e e i S S S
L N \ 30 GeV
- 1 P 0.9 0.99 q
e L L Prch S W 0 |
50 100 500 1000
u (GeV)

Nicolao Fornengo, University of Torino and INFN-Torino (Italg)

PROMETEO I: LHC Physics and Cosmology - Valencia - 05.0%.2009



MSSM + Gaugi’no non-universa i't3
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A, Bottino, F. Donato, N. Fornengo, S. Scopel (2003)
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Light Neutralino LSP: almost pure bino + fraction of higgsino
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Cosmological lower bound on mass

with: m4 > 90 GeV with: maq4 — o0

A, Bottino, F. Donato, N. Fornengo, S. Scopel (2003)
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Li’ght neutralinos at L HC: sequenti’al chain

M, M
[l (2] leslm, IR~ 17|
Ml Ml Ml Ml
d-seql A-seq2
M2
] /7R |2l
MZ
' 7 T M, M, M,
gesrg X affSS gl  Xa
B-seq
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Li'gl'\t neutralinos at LHC: branched chain

Gg— qxi— q(Z, h, H,A) x, — qffxi

M, M,
lialov, lee! lee! lkal v, sl
MZ
_________________________________________________________
M, M, M, M, M,
A-brch &-brechl
MZ
-] leel. v, ]
M2
Ml Ml Ml
B-brch2
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Branched chain
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Cosmic antiprotons

3 A. Bottino, F. Donato, N. Fornengo, S. Scopel (2004)
|> O. 1 = I | L ] I I I I I | R I I I 1T -
() - A
MSSM + gaugino non universa O P :
‘T - —
% Best-fit astro params
— 10_2 o » g a b’;{x —]
I o ooEX S 3
n = SR : 3
o I S5 i
| = 3 L .
E - T 7
— 3%, i
1 0_3 :_ .: '.:-:Q~ —:
% E ..!}{‘. 3; ~e..‘ E
= /4 “!‘., -}-& A X /%
&) v 4o & 4
5 S /
. 1074 | R Y
) g R "V
|| E "C: e '\\XT.:. g % E
ey = %A 9 {-A‘;;"g. )
t 7 /X,‘} 2 ‘:E{".x'? i: 2 S
% B SRS, X
Sile 105 Kz e B
£la
o 10 100
m, (GeV)

A. Bottino, & Donato, N.Fornengo, S. Scopel, PRD 70 (2004) 015005

Nicolao Fornengo, Univcrsitg of Torino and INFN-Torino (Italg) PROMETEO I: LHC Physics and Cosmologlj - Valencia - 05.05.2009



Cosmic antideuterons

MSSM + gaugino non universa
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Coming data from:
low~l:>ac|<ground experiments underground
neutrino telescopes
large area detectors
balloon éxperiments
space detectors

Tevatron, LHC, B Factories

The near future Promises to be very exicitingl

(... but life will not be easy -7
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