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Abstract: After a brief introduction, where | review the properties of the \'good Dark Matter candidate\' and the status of accelerator, direct and
indirect Dark Matter searches, | will show that a conclusive identification of DM particles can most likely be achieved only through a
\'multidisciplinary\' approach, that combines together different detection techniques. | will place special emphasis on the upcoming Large Hadron
Collider, and on the gamma-ray satellite GLAST (scheduled for launch on June 3, i.e. the day after the talk...)
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EVIDENCE FOR DARK 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 WE KNOW?

AN EXTRAORDINARILY RICH ZOO OF NON-BARYONIC DARK MATTER CANDIDATES HAS

BEEN PROPOSED OVER THE LAST THREE DECADES. IN ORDER TO BE CONSIDERED A
VIABLE DM CANDIDATE. A NEW PARTICLFEF HAS TO PASS THE FOLLOWING 10-POINT TEST

1) Qh? OK? 2) Is it cold? 3} Is it neutral? 4) Is BBN ok? S} Stars OK?
L 3’,"#';‘-"‘ .
NP X

61 Collisionless? 71 Couplings OK? 8) y-rays OK? 9) Astro bounds? 10) Can probe it?
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Taoso, GB & MAsiIErO 2007




COSMOLOGY AND ASTROPHYSICS
CONSTRAIN THE PROPERTIES OF DM

SCATTERING CROSS-SECTIOMN MIXING ANGLE (STERILE NEUTRINOS)

ANNIHILATION CROSS-SECTION DECAY TIME




BEYOND THE STANDARD MODEL

THE STANDARD MODEL PROVIDES AN ACCURATE DESCRIPTION OF ALL KNOWM PARTICLES AND INTERACTIONS.
HOWEVER THERE ARE GOOD REASONS TO BELIEVE THAT THE STANDARD MODEL IS A LOW-ENERGY LIMIT OF A
MORE FUNDAMENTAL THEORY
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BEYOND THE STANDARD MODEL
2 EXAMPLES

MINIMAL SUPERSYMMETRY

£.a. GEB. HoOoPrER & SiLx 2005

E.G. NETRI ET AL. 3001

WIMP: NEUTRALINO

ALTERNATIVES: GRAVITINO, AXINO,
SNEUTRINO...

UNIVERSAL EXTRA-DIMENSIONS

CeEsmc, MATCOHEY & SCHwma T 2002

SENVANT AaMD TAT 2002

WIMP: B!

ALTERNATIVES: Z', H', /M.

IN BOTH CASES: VIABLE DM CANDIDATE, WITH
MASS — TEVY AND WEAK CROSS SECTIONS



BEYOND THE STANDARD MODEL

THE STANDARD MODEL PROVIDES AN ACCURATE DESCRIPFTION OF ALL KNOWM PARTICLES AND INTERACTIONS.
HOWEVER THERE ARE GOOD REASONS TO BELIEVE THAT THE STANDARD MODEL IS A LOW-ENERGY LIMIT OF A
MORE FUNDAMENTAL THECRY
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SEARCH FOR DM AT LHC

WARNING N. 1: LHC MAY NOT NECESSARILY ALLOW US TO INFER THE RELIC
DENSITY (THUS THE DM NATURE) OF NEWLY DISCOVERED PARTICLES

EVEN IF SUSY PARTICLES ARE
DISCOVERED. IT WILL B8E
CHALLENGING TO DETERMINE

QIHJ WITH GOOD ACCURACY!

NEW PARTICLES MAY THEN TURN
OUT TO BE TOO ABUNDANT
{DECAYING DM?7) OR NOT ENOUGH
({ MULTI-COMPONENT DM)...

NEED PARTICLE ASTROPHYSICS
(DIRECT/INDIRECT) EXPERIMENTS
TO PROVE THAT NEW PARTICLES =

DM !!




PARTICLE DARK MATTER:
A MULTIDISCIPLINARY APPROACH

DIRECT DETECTION INDIRECT DETECTION




DARK MATTER-RELATED

EXPERIMENTS CIRCA 2008
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DIRECT DETECTION

PRINCIPLE AND DETECTION TECHNIQUES

DM SCATTERS OFF NUCLE! DIFFERENTIAL EVENT RATE
IN THE DETECTOR

DETECTOR

SUSY: sQUARKS AND HIGGS
EXCHANGE

P

| UED: 1ST LEVEL QUARKS AND
| HIGGS EXCHANGE




DIRECT DETECTION

PRINCIPLE AND DETECTION TECHNIQUES

DM SCATTERS OFF NUCLE!
IN THE DETECTOR

DETECTION OF RECOIL ENERGY VIA
IONIZATION (CHARGES), SCINTILLATION
(LIGHT) AND HEAT (PHONONS)

DETECTOR

N‘




DIRECT DETECTION

PRINCIPLE AND DETECTION TECHNIQUES
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DIRECT DETECTION

PRINCIPLE AND DETECTION TECHNIQUES

' DM SCATTERS OFF NUCLE!
IN THE DETECTOR

DETECTION OF RECOIL ENERGY VIA
IONIZATION (CHARGES), SCINTILLATION
(LIGHT) AND HEAT (PHONONS)

DETECTOR
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DIRECT DETECTION
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DIRECT DETECTION

STATUS
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DIRECT DETECTION

95% C.L. CONSTRAINT ON THE RECONSTRUCTED DM MASS

~-25kgof Ge, 1 yr

150 kg of Ge, 1 vr

ADAPTED FROM GREEN 2008




DIRECT DETECTION

BETTER CONSTRAINTS WHEN COMBINING RESULTS
FROM DIFFERENT TARGETS

THE CASE OF COUPP. GEBE. CERDENO. COLLAR & ODOM 2007

SEE ALSO DREES & SHAN 2008




INDIRECT DETECTION

GAMMA-RAY TELESCOPES

*GROUND BAsSeED (CANGAROO,
HESS, MAGIC, MILAGRO, VERITAS)
*SPACE SATELLITE GLAST

*PLANS FOR A FUTURE CHERENKOV
TELESCOPE ARRAY

NEUTRINO TELESCOPES

*sAMANDA, ICECUBE
e ANTARES, NEMO, NESTOR
ekm3

ANTI-MATTER SATELLITES

*PAMELA
e AMS-02

OTHER

SSYNCHROTRON EMISSION
o ST EFFECT
¢*EFFECT ON STARS



INDIRECT DETECTION

WHY “ANNIHILATIONS™?

L 4 - AN SATTERN T = STARNDARD SODEL ST LE
EARLY UNIVERSE ToDAY
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FLUX OF SECONDARY
PARTICLES FROM DM ANN.

ROUGH ESTIMATE OF THE
RELIC DENSITY:

ELECTROWEAK-SCALE CROSS PARTICLE PHYSICS INPUT

SECTIONS CAN REPRODUCE FROM EXTENSIONS OF THE
CORRECT RELIC DENSITY. LSP STANDARD MODEL. NEED TO
IN SUSY SCENARIOS KK DM SPECIFY DISTRIBUTION OF DM

i UED sCENARIOS ARE OK!! ALONG THE LINE OF SIGHT




N-BODY SIMULATIONS

PROJECTED DARK MATTER
HALO V1A LACTEA. ENTIRE
AT Z=0.

HE SIMULATED MILKY WAY-SIZE
PLUS ROTATION AND ZOOM

z=11.9
800 x 600 physical kpc

Diemand, Kuhlien, Madau 2006

HTTPY/ WWW.UCOLICK.ORG/~DIEMAND/VL/




N-BODY SIMULATIONS

PROJECTED DARK MATTER DENSITY-SQUARE MAPS OF THE SIMULATED MILKY WAY-SIZE
HALO VIA LACTEA. ENTIRE FORMATION HISTORY (Z=11.9->0), PLUS ROTATION AND ZOOM
AT Z=0. DIEMAND. KUHLEN & MADAU 2006

b — |

HTTP /MAWWW.UCOLICK.ORG/'~-DIEMAND/YVL.




N-BODY SIMULATIONS

PROJECTED DARK MATTER DENSITY-SQUARE MAPS OF THE SIMULATED MILKY WAY-SIZE
HALO VIA LACTEA. ENTIRE FORMATION HISTORY (Z=11.9->0), PLUS ROTATION AND ZOOM
AT Z=0. DIEMAND. KUHLEN & MADAU 2006

=29

-
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HTTPY//WWW.UCOLICK.ORG/—DIEMAND/VL.




N-BODY SIMULATIONS

PROJECTED DARK MATTER ARE MAPS OF THE SIMULATED MILKY WAY-SIZE
HALO VIA LACTEA. ENTIRE FORMATION HISTORY (Z=11.9->0), PLUS ROTATION AND ZOOM
AT Z=0. DIEMAND. KUHLEN & MADAU 2006

z=2.0

HTTPY// WWW.UCOLICK.ORG/~-DIEMAND/VL.




N-BODY SIMULATIONS

PROJECTED DARK MATTER “wm SIMULATED MILKY WAY-SIZE
HALO VIA LACTEA. ENTIRE Fm lm-ihlt.l-:-ﬂl, PLUS ROTATION AND ZOOM
AT Z=0. DIEMAND. KUHLEN & MADAU 2006

=1.5

HTTPY//WWW.UCOLICK.ORG/—DIEMAND/VL.




N-BODY SEMULATIONS

PROJECTED DARK MATTER  MAPS OF THE SIMULATED MILKY WAY-SIZE
HALO VIA LACTEA. ENTIRE FORMATION m‘tﬁli;l-:ﬂl. PLUS ROTATION AND ZOOM
AT Z=0. DIEMAND. KUHLEN & MADAU 2006

z=1.1

HTTP// WWW.UCOLICK.ORG/~DIEMAND/VL.




N-BODY SIMULATIONS

PROJECTED DARK MATTER “wm SIMULATED MILKY WAY-SIZE
HALO VIA LACTEA. ENTIRE Fm mtt&my PLUS ROTATION AND ZOOM
AT Z=0. DIEMAND. KUHLEN & MADAU 2006

z=0.9

HTTP/ WWW.UCOLICK.ORG/~DIEMAND/VL,




N-BODY SIMULATIONS

PROJECTED DARK MATTER “wm SIMULATED MILKY WAY-SIZE
HALO VIA LACTEA. ENTIRE FORMATION MII}}I}L PLUS ROTATION AND ZOOM
AT Z=0. DIEMAND. KUHLEN & MADAU 2006

p—

HTTPY//WWW.UCOLICK.ORG/~DIEMAND/VL/




N-BODY SEMULATIONS

PROJECTED DARK MATTER

OF THE SIMULATED MILKY WAY-SIZE

HALO VIA LACTEA. ENTIRE mmlu—m PLUS ROTATION AND ZOOM
AT Z=0. m“& MADAU 2006

z=0.5

HTTPL// WWW.UCOLICK.ORG/~DIEMAND/VL.




N-BODY SEMULATIONS

PROJECTED DARK MATTER OF THE SIMULATED MILKY WAY-SIZE
HALO V1A LACTEA. ENTIRE memlﬂ-:ﬂ]. PLUS ROTATION AND ZOOM
AT Z=0. DIEMAND, KUHLEN & MADAU 2006

z=0.4

HTTPY/WWW.UCOLICK.ORG/-DIEMAND/VL/




N-BODY SIMULATIONS

PROJECTED DARK MATTER : ARE MAPS OF THE SIMULATED MILKY WAY-SIZE

HALO VIA LACTEA. ENTIRE FORMATION HISTORY (Z=11.9->0), PLUS ROTATION AND ZOOM
AT Z=0. DIEMAND. KUHLEN & MADAU 2006

z=0.2

HTTPL/WWW.UCOLICK.ORG/—DIEMAND/VL.




N-BODY SIMULATIONS

PROJECTED DARK MATTER MAPS OF THE SIMULATED MILKY WAY-SIZE
HALO VIA LACTEA. ENTIRE Fm HISTORY (Z=1 1.9->0), PLUS ROTATION AND ZOOM
AT Z=0. DIEMAND. KUHLEN & MADAU 2006

b — i |

HTTPY//WWW.UCOLICK.ORG/—DIEMAND/VL.




N-BODY SIMULATIONS

PROJECTED DARK MATTER DENSITY-SQUARE MAPS OF THE SIMULATED MILKY WAY-SIZE
HALO VIA LACTEA. ENTIRE FORMATION HISTORY (Z=1 1.9->0), PLUS ROTATION AND ZOOM
AT Z=0. DIEMAND. KUHLEN & MADAU 2006

z=0.0

HTTPY//WWW.UCOLICK.ORG/~DIEMAND/VL.




N-BODY SIMULATIONS

PROJECTED DARK MATTER ' ARE MAPS OF THE SIMULATED MILKY WAY-SIZE

HALO VIA LACTEA. ENTIRE FORMATION HISTORY (Z=1 1.9->0), PLUS ROTATION AND ZOOM
AT Z=0. DIEMAND. KUHLEN & MADAU 2006

z=0.0
1104 x 828 lqnc'

HTTPY//WWW.UCOLICK.ORG/—DIEMAND/YVLJ
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N- BODY WLATIONS

PROJECTED DARK MATTER

“m MILKY WAY-SIZE
HALO VIA LACTEA. ENTIRE :

PLUS ROTATION AND ZOOM

AT Z=0. D .: y '.-". -_ ..'.“ "" l_'- -' =i
z=0.0 .
3132 x 2349 kpc
T s

HTTPY/WWW.UCOLICK.ORG/~DIEMAND/VL/




N-BODY SIMULATIONS

PROJECTED DARK MATTER Y-Sil _ - IF THE SIMULATED MILKY WAY-SIZE

HALO VIA LACTEA. ENTIRE FORMA' H TORY .95->0). PLUS ROTATION AND ZOOM
AT Z=0. DIE (UH & MADAU 2006
z=0.0 ‘
2285 x 1714 kpc
- - TN L]
- &

-'®

HTTP/WWW.UCOLICK.ORG/~DIEMAND/VL/




z=0.0

o % " = - .

HTTPY/ WWW.UCOLICK.ORG/~DIEMAND/VL/




THE GALACTIC CENTER

BRIGHT POINT SOURCE DETECTED BY HESS AND MAGIC

& 0O

aauwaublg

Gialactic Lathude ()

AHAROMNIAN ET AL. 2007 AHAROMNIAN ET AL. 2006

...MIGHT BE MORE INTERESTING TO FOCUS ON AN **ANNULUS”
AROU ND THE CENTER ISTOEHR ET AL. 2002}
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P SERPFICD & ZaHAaRIJAS 20CT
IMAGE FROM HTTP.Y/GLAST.GSFL.NASA.GOV



URES

2 EFFECTS:

VED CLUMPS “BOOST"”
FLUX

_-.""m CAN BE
 IDENTIFIED AS (DIFFUSE?)
SOURCES.

DEPENDING ON THE PARTICLE
PHYS. AND ASTROPHYS.
ASSUMPTIONS, UFP TO 1O/Y100
LARGE MASS SUBHALOS COULD
BE DETECTED WITH GLAST. SEE
ALSO DIEMAND, KUHLEN &
MapDAaU 2008 FOR RESULTS
BASED ON THE VIA LACTEA

SIMULATION.
PiERI. GE & BRANCHINI 2008

* PROSPECTS STRONGLY DEPEND ON ASTROPHYSICAL (MASS FUNCTION,
CONCENTRATION, SPATIAL DISTRIBUTION, PROFILE) AND PARTICLE PHYSICS (MASS,
SPECTRUM, CROSS SECTION) PARAMETERS. DEDICATED WORKSHOP ON JUNE 7-8.




INTERMEDIATE-MASS BLACK HOLES

ADIABATIC ACCRETION OF BHS MODIFIES THE
SURROUNDING DM DISTRIBUTION (GONDOLOD &
SiLK 2000)

GC LIKELY DESTROYED DUE TO
HE CENTRAL STELLAR CUSP

E
(GB & MERRITT 2005




INTERMEDIATE-MASS BLACK HOLES

ADIABATIC ACCRETION OF BHS MODIFIES THE OVERDENSITIES AROUND IMBHS LIKELY
SURROUNDING DM DISTRIBUTION (GONDOLD & SURVIVE . MAKING THEM INTERESTING TARGE
SiLK 2000)
- '__F._._‘_-"_“-u..._‘_

p Xrr’

9 -> GEB.,. ZENTNER & SiLx 2005

AMY OVERDENSITY AT THE GC LIKELY DESTROYED DUE TO
GRAVITATIONAL SCATTER OFF THE CENTRAL STELLAR CUSP
(GB & MERRITT 2005)




THE QUEST FOR THE SMOKING-GUN
OR “HOW TO CONVINCE A PARTICLE PHYSICIST?”

CLAIMS OF DISCOVERY HAVE SEEN MADE OVER THE YEARS EGRET souRCE. HEAT Excess. INTEGRAL S11 <V LINE,
WMAP HAZE ). THE FOOTPRINT OF DM COULD BE ANYWHERE., BUT HOW DO WE GO FROM “HINTS" TO “DISCOVERY ™’




THE QUEST FOR THE SMOKING-GUN
OR “HOW TO CONVINCE A PARTICLE PHYSICIST?”

CLAIMS OF DISCOVERY HAVE BEEN MADE OVER THE YEARS (EGRET SOURCE. HEAT ExXCESS. INTEGRAL S11 KEV LINE.
WMAP HAZE). THE FOOTPRINT OF DM COULD BE ANYWHERE, BUT HOW DO WE GO FROM “HINTS™ TO “DISCOVERY""?

1) ANNIHILATION LINES (OR OTHER UNMISTAKASBLE SPECTRAL FEATURES)

MNEUTRALINOGS £ .G. BERGSTROM AND ULLIO 1997

KK Darnm MATTER IN UED (BRINGMANN ET AL. 2005

INERT HMIGOS DM ( GUSTAFSSON ET AL. 2007

GRAVITINGS 1N SUSY wiTH R-PARITY VIOLATION (GB. BUCHMUELLER. Covi & Isassa 2008,

2) MULTIPLE SOURCES WITH IDENTICAL SPECTRA

E.G. DM cLumPs orR IMBHS

3) HIGH-ENERGY NEUTRINOS FROM THE SUN

ICECUBE, ANTARES, M3
FLUXES PROPORTIONAL TO SCATTERING NOT ANNIHILATION CROSS SECTION

4) MULTI-WAVELENGTH / MULTI-MESSENGER APPROACH

BERTOMNE. SiGL & SiLx 2001: ALOISIO. BLAS! & OLINTO 200d4;: COLAFRANCESCO. PROFUMD & ULl 0 2005:
ReGis & ULLs»0 2007

S) ANGULAR POWER SPECTRUM OF EG BACKGROUND

AMDO & HNOMATSL 32D0E. ANDO ET AL. 2007




CONCLUSIONS

*HUGE THEORETICAL AND EXPERIMENTAL EFFORT
TOWARDS THE IDENTIFICATION OF DM

el HC IS ABOUT TO START. EXCITING TIME AHEAD,
BUT DIRECT AND INDIRECT SEARCHES LIKELY

NECESSARY TO IDENTIFY DM

DM DIRECT DETECTION LOOKS PROMISING, BUT
INFO FROM OTHER EXPS. IS NEEDED TO DETERMINE

DM PARAMETERS

*DM INDIRECT DETECTION UNCERTAIN., BUT
SMOKING-GUN EVIDENCE MIGHT BE FOUND

oLET’S KEEP OUR FINGERS CROSSED!



