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The Dark Universe

WMAP + SN + BAO + galaxies distribution

Neutrinos:
0.3%

QroT 1.0052 £ 0.0064
Qa 0.721 4+ 0.015
Qs 0.233 £ 0.013
Qp 0.0462 4+ 0.0015
ho 05701=E 0013
o o
i Qaurh? 0.1369 £ 0.0037
Qyh? 0.02265 4 0.00059
25% Qpah? | 0.1143 £ 0.0034
E. Komatsu et al., arXiv:0803.0547
Dark Energy: J. Dunkley et al., arXiv:080%.0596

" G. Hinshaw et al., arXiv:080%.0732

QT CMbB temperature anisotropies

Geomctry: the Universe is Flat QA Luminosit9 distance of high~z SNila

Dynamics: the Universe is exl:)anc]ing o, i e I R N

— Decelerate for most of its historg
— Accelerate since “recent” time
and at very “old” times (inflation)

QB Primordial Nucleosgnthesns

Amplitucle of CMB temperature anisotrol:)ies
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Heavy Elements:
0.03%

Dark Matter

Neutrinos:
0.3%

N Free Hydrogen
and Helium:
= 4%

Darkatter: Non-baryonic (cold) dark matter is needed
r No candidate in the Standard Model
New fundamental Phgsics

Dark Energy:
710%

Dynamics of galaxg clusters
Rotational curves of galaxies

Weak |ensing

Structure formation from Primorclial

.

ensxgj fluctuations
Energg ensitg buclget
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The Particle Dark Matter Premi’se

e Particle candidate
° Cosmologg of the Particlé candidate
° Astrophgsical signals of the DM Particle

e Accelerator Phgsics searches for NP
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Non-bargoni’c DM candidates

e Non supersgmmetric candidates

— Neutrino: standard, RH MeV, (...)
— “Minimal” candidates (e.g.: MDM)

~ Axion e lLow energy MSSM
— Kaluza-Klein fields » Universal mass params
=i Little Higgs moclels » Light neutralinos
— Mirror bargons e Minimal SUGRA
(=
o Supersgmmetric candidates e Non-minimal SUGRA

; » Higgs sector
—| Neutralino > » Sfermion sector
— Sneutrino » Gaugino sector
— Gravitino

e NMSSM

— AxIno
— Messenger Lald= e Anom319 mediated SLISY
— Stable non~topo|oglcal solxtons (Q~ba”s} e (.

4 Heavg non~thermal I"CliCS

()
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Non~bar30ni’c DM candidates

e Non su'persgmmetric candidates

— Neutrino: standard, RH MeV, (...)
— “Minimal” candidates (e.g.: MDM)

— Axion e With R-handed (s)neutrino
— Kaluza-Klein fields 1
; y e With Majorana mass terms

— Little nggs models )
— Mirror bargons ® Insee-saw moclels

..)

° Supersgmmetric candidates e NMSSM
— Neutralino e (.J
—| Sneutrino >
— Gravitino
— AXINo C. Arina, N. Fornengo, JHEP 0711 (2007) 029
C. Arinj etal, P]RL 101 (2008) 161802
z D. Cerdeno et al., PRD 79 (2009) 023510
i Messenger ‘FICICJS D. Clclarﬁeno&et a].l, arXiv:090%.4677 [th~PH]
. ) R. Allahverdi et al., PLB 677 (2009) 172
v Stable ﬂOﬂ"tOPOIOglCal SOhtonS (Q"bans) R. Allahverdi et al., arxiv:0907.1486
] D. Demir et al., arXiv:0906.3540

— Heavg non-thermal relics &)

(-
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Particle DM formation

e Thermal relic

Qh? ~ (ov) L = ) e () meC e s

unless coannihilation occurs

® Thermal rCliC Wlth non"StanClarCl COsmOlOg\lj
Qh? ~ (ov) ] with (00 ann 2 (V)

ann ann

e Non-thermal relic
B lﬂ a |ow~reheating Cosmologg

— From next~to~|ightest Particle clecag

ot (%5
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Galactic Dark Matter

CDMin galaxics:
- DMasa non~bar90nic Particle
- Massive Particle with wealetgpe interactions (WIMP)
- Distributed to form a halo

- Thermal comPonent
- Substructures

= Non~thermal ComPonent

Galactic dark matter detection:

- ldentigg types of signals

~ Exploi’t sl:)eciﬁc signatures

~ Exploit (anti) correlations among, signals
~ Stuclg relevant backgrouncls

~ Quanthcg 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

armual moclulation oF thc rate
° ]nclirect searches; directionalitg of the recolil

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

\—> Neutrino flux > ul:)~going muons in a neutrino telescolz)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 good spectral feature

L 5 Positrons sPectral Feature

S L Antiprotons sPectral feature

T Antideutcrons very goocﬂ spectral Feature

> FElectrons/ positrons = multiwavelen‘g;th search (radio, X, gamma rays; SZ on CMB)

Nicolao Fornengo, University of Torino and INFN-Torino (ltalg) LCO9 - Perugja - 22.09.2009



disk dark matter halo

Gamma~ra35

diffusive halo

DM signal

xx — [1 loop| — 2v

xx — (...) — diffuse

line

galactic latitude: 0°

].OS 71 T T [ T T T ‘ T
104 E —1.5
- nl " Moore et al. [7“ ]
gf) i
Q103
'E Teut = 0.01 pc
i
L : )
% INFW
g 163 - cored isothermal
A= sphere
i -
O] : ozl 1 \ ............ 11 1 1 1

L1l
—150 —100 -50 0 50 100 150

galactic longitude (deg)

The flux is sensitive to the DM
dcnsitg Proﬁlc
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Galactic antimatter

disk

clark matter halo

Secondaries
PCR + Pism

pcr + Hersm

Hecr + pism

E— ﬁ7D76+
E— ]5,1_),6—'_

E— ﬁ)Dae—i_

diffusive halo

DM signal

xx — (...) — pp, DD, ete”

Produced in the DM halo

Pro agfjation and ener

redistribution in the cli%gusive halo

Produced in the disk

Pro a%jtion and ener
redistribution in the diffusive halo

iosphere

solar modulation
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lnterste“ar anti

10-! ¢

Primaries @

(DM signab
m, = 100 GeV i
_
)
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)
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QEJ_T&
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10-6
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@) = Donato, N. Fornengo, D. Maurin, P. Salati, R

Taillet, PRD 69 2004) 0603501

(2) D.Maurin et al. Astron. Astrophys. 381 (2002) 539

Proton ﬂuxes

T I (=R l | T T
P el 4 Secondaries @
> - o= (backgrou nd)
o, Y \\\ o\ <25% uncertainty
30 b o\ :
j e N \ ]
\ e Y, \\ R
Ll P | Ll L R T T
01 0.1 1 10 100
TS (GeV)
case | 0 Koy L Ve Va X]23/C
(kpc?/Myr) | (kpc) | (km/sec) | (km/sec)
max | 0.46 0.0765 15 5 117.6 39.98
med | 0.70 0.0112 4 12 52.9 25.68
min | 0.85 0.0016 1 13.5 224 39.02
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TOA fluxes and compari’son with data
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Cosmic Antideuterons
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Signal with uncertaintg band for:

— 50 GeV WIMP mass
— WMAP relic abundance
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DM signalz astrophgsi’cal uncertainties

T. Delahaye. R. Lineros, N. Fornengo, F. Doaato & P Sakn (2007)

Il Ll LN "l"' v Al LI} l"" 'l v L "'l'l L} L Ll ll‘l"
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Particle DM

e Particle DM: can be searched at accelerators
— Tevatron, LHC, B Factories, |LLC

o 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 omc string theorg or branes
- (..)

® lmcormation From COSTﬂOlOgg and aStYOPhﬁSiCBl searcl’\es
can guidc/complemcnt accelcrator searcnes ]COT' NP
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what astrophgsi’cal signals Probe?

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

— Scattering cross section on electrons

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

— Annihilation cross section (non~re!ativistic)

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 couphngs (Partlg)

e The mechanism of Procluction at accelerators relies on
processes clhcmcerent From the those Producing the
astrophgsical signals

e Accelerator Phgsics and astrophgsical 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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Reach of LHC in mSUGRA

mSugra with tanPy = 30, A, =0, u> 0
1500 - : . =

100 +b- b

m(g )aE:Z’ TeV

s

R - :

Sk miss  :

el Er™ i
e

---------

l?r( u L}:B TeV

0 1000 2000 3000 4000 5000

m, (GeV)

H. Baer, 0901.4732 [l’\CP—P}‘]]
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Cosmic antnprotons
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SUGRA

Cosmic antid

euterons

F. Donato, N. Fornengo, D. Maurin (2008)

10-2°5 T T |

R P S

T
\

10—26

IIIIIII|\

10—27

£2<gv> (cm?® s-1)

10~28

T IIIIII|

T T
c GAPS ULDB

1 event

o
I]IIIII| | IIIIIII| | IIIIIII| 1 ]

10-29 ! o
100

F. Donato, N. Fornengo, D. Maurin, PRD 78 (2008) 043506

ioakg ((CEAT)

Best-fit astro params

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

LCO9 - Perugja - 22.09.2009



Accelerators and cosmo/astro DM interp|33

mSUGRA, A,=0 tanf=10, u>0

Veue
....................

200 % TEYe Nt
LV LEP| |
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mogGeV)
d(p)=3x10" GeV"' cm?s” s = D(1)=10"cm? "

2
— O™ (W=40 kmZ yr' _ (S/B),,=0.01  m,=114.4 GeV
0<Qh’<0.129 = 0(Z,p)=107 pb

H. Baer, 0901.4732 [I’\CP~P}‘1]
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Accelerators and cosmo/astro DM interp|33

MSUGRA, Ao=0, tanB=55, u>0
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Accelerators and cosmo/astro DM interplag

mSUGRA, A,=0, tanB=50, 11<0
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H. Baer, 0901.4732 [I’\CP~P}‘1]

Nicolao Fornengo, University of Torino and INFN-Torino (Italg) LCO9 - Perugja - 22.09.2009



Cosmologg may P|83 arole!

° Cosmologica”y allowed regiions depend on the mechanism
of DM formation in the ear Yy Universe (Pre~515N 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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Scalar-tensor gravi’*l@ with 2 scalar fields

1 lllll 1 1 lllllll 1 1 eiss g 1ol
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R. Catena, N. Fornengo, A. Masiero, M. Pietroni, M. SCI’ICH«i, JHEP 0810 (2008) 003
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lmpact on mSUGRA

tan 0 = 53
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MSSM + Gaugi’no non-universa i't3
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Scopel (2003)

A, Bottino, F. Donato, N. Fornengo, S.
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Light Neutralino LSP: almost pure bino + fraction of higgsino

A. Bottino, F. Donato, N. Fornengo, S. scopel, PRD 68 (2008) 043506
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Cosmologi’ca| lower bound on mass

with: m4 > 90 GeV

A, Bottino, F. Donato, N. Fornengo, S. Scopel (2003)
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Cosmic antiprotons

v/T-\ A. Bottino, F. Donato, N. Fornengo, S. Scopel (2004)
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Cosmic antideuterons

MSSM + gaugino non universa
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Li’ght neutralinos at LHC: sequential chain

G— qxi— qff — affxi
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Ad-seql 4-seq2
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Sequenti’a

pp — X7T x|
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Sneutrino relic abundance

C. Arina, N. Fornengo (2007) C. Arina, N. Fornengo (2007)
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$104 (T = 0.23 GeV) (m-2 s sr-! GeV-!)

Sneutrino Dark Matter in LeFt-Right models

C. Arina, N. Fornengo (2007) C. Arina, N. Fornengo (2007)
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Conclusions

° Astropgsical searches may be Proﬁcientlg be used to set constraints on the
Pro[:)erties of Particle DM

o If asignal is detected, it will guide us toward the pro erties of the DM
candidate (and to some extent of the underlging N moclel)

e The large number of current and foreseen data will allow a cleep stuclg of
the Particle DM hgpothesis

e This requires goocl knowledge of the sources of backgrounds and of the
astrophgsical uncertainties éti” large)
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Conclusions

° Cosmological pro erties and astrophgsical signals of Particle DM
candidates can either guide or complement accelerator Phgsics searches

e Viceversa, accelerators, with their capabilitg of icﬂenthcgin (at least part
of the) BSM Particles and their Prol:)erties, will allow to s ape out the
Predictions for DM signals

o Thetwo aPProaches are therefore both fundamental in the stuclg of the
DM hypothesis

— Accelerators: prove the existence of Phgsics BSM and directlg
discover the new Phgsical states

— DM searches: prove the new Phgsical states explain the DM Puzzle
and explici‘celg clenthcy the DM presence in the astrophgsical
environment

° The interpla? between the two aPProaches may also te” something on the
cosmologica evolution of the earlg Universe
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