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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

* ROTATHON CURVES \

¢ CLUSTERS OF GALAXIFS
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FOR RECENT REVIEWS SEE E.G.:
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WHAT DO WE KNOW?

AN EXTRAORDINARILY RICH ZO0O 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 PARTICLE HAS TO PASS THE FOLLOWING 10-POINT TEST

Qh? OK? 21 ks it cold? 31 Is it neutral? 4) Is BBN ok? 51 Stars OK?

I
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6} Collisionless? 71 Couplings OK? 8) y-rays OK? 9) Astro bounds? 10} Can probe it?
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TAaoso, GB & MaAasiErC 2007




DM CANDIDATES
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COSMOLOGY AND ASTROPHYSICS
CONSTRAIN THE PROPERTIES OF DM

SCATTERING CROSS-SECTION MIXING ANGLE (STERILE NEUTRINDOS |

ANNIHILATION CROSS-SECTION DECAY TIME
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DM CANDIDATES
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DM CANDIDATES

WIA P

- -

.

Black Hole Hemnanl

T__I_

Sapeer WINPS

| g




COSMOLOGY AND ASTROPHYSICS
CONSTRAIN THE PROPERTIES OF DM
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THERMAL RELICS, WIMPS

WHY “ANNIHILATIONS™?

EARLY UNIVERSE

N
4

ROUGH ESTIMATE OF THE
RELIC DENSITY:

ELECTROWEAK-SCALE CROSS
SECTIONS CAN REPRODUCE
CORRECT RELIC DENSITY. LSP
iN SUSY sCENARIOS KK DM
IN UED scENARIOS ARE OK!!

FLUX OF SECONDARY
FPARTICLES FROM DM ANN.

PARTICLE PHYSICS INPUT
FROM EXTENSIONS OF THE
STANDARD MODEL. NEED TO
SPECIFY DISTRIBUTION OF DM
ALONG THE LINE OF SIGHT




BEYOND THE STANDARD MODEL

THE STANDARD MODEL PFROVIDES AN ACCURATE DESCRIPTION OF ALL HMOWMN PARTICLES AND
INTERACTIONS., HOWEYER 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

THE STANDARD MCDEL PROYVIDES AM ACCURATE DESCRIPTION OF ALL HMNOWMN PARTICLES AND
INTERACTIONS. HOWEYER 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

THE STANDARD MCDEL FROVIDES AN ACCURATE DESCRIPTION OF ALL HNOWMN PARTICLES AMND
INTERACTIONS. HOWEVER THERE ARE GOOD REASONMNS 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

WIMP: NEUTRALINO

ALTERNATIVES: GRAVITINO. AXINO.
SNEUTRINO...

UNIVERSAL EXTRA-DIMENSIONS

WIMP: B!

ALTERNATIVES: Z', H', 7™...

IN BOTH CASES: VIABLE DM CANDIDATE, WITH

MASS — TEV AND WEAK CROSS SECTIONS



INDIRECT DETECTION

GAMMA-RAY TELESCOPES

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

®*PLANS FOR A FUTURE CHERENKOV
TELESCOPE ARRAY

NEUTRINO TELESCOPES

e AMANDA., ICECUBE
e ANTARES. NEMO. NESTOR
e M3

ANTI-MATTER SATELLITES

*PAMELA
*AMS-02

OTHER

eSYNCHROTRON EMISSION
o ST EFFECT
®*EFFECT ON STARS



X AND Y-RAY EXPERIMENTS
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& GLAST

QUANTITIES OF INTEREST FOR PHENO. STUDIES

®*ENERGY RANGE

eEFFECTIVE AREA
¢ IMPORTANT TO HAVE GOOD SENSITIVITY

®* ANGULAR RESOLUTION / PSF

. IMPORTANT FOR DISCRIMINATION AGAINST BCKGND

*ENERGY RESOLUTION
® [IMPORTANT FOR LINE /FEATURES SEARCHES

eFIELD OF VIEW / EXPOSURE

® CRUCIAL FOR ALL-SKY / SERENDIPITOUS SEARCHES
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Angle for 68% containment (degrees)
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s GLAST EXPOSURE MAP
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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

z=11.9
800 x 600 physical kpc

Diemand, Kuhlen, Madau 2006

HTTPL/WWW.UCOLICK.ORG/—~DIEMANDYVL




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
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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
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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
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TARGETS FOR INDIRECT DETECTIO

z=0.0

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




TARGETS FOR INDIRECT DETECTIO
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THE GALACTIC CENTER

BRIGHT POINT SOURCE DETECTED BY HESS AND MAGIC
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DM ANNIHILATIONS?
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PROSPECTS FOR GLAST IN LIGHT OF
THE HESS (AND MAGIC) RESULTS

HOOPER & FAHARLIAS 2006




DM ANNIHILATIONS?
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PROSPECTS FOR GLAST IN LIGHT OF
THE HESS (AND MAGIC) RESULTS

HOOPER & JAHARLIAS 2006




PROSPECTS FOR GLAST IN LIGHT OF
THE HESS (AND MAGIC) RESULTS




PROSPECTS FOR GLAST IN LIGHT OF
THE HESS (AND MAGIC) RESULTS

BELOow GLAST SENSITIVITY




THE GALACTIC CENTER

...MIGHT BE MORE INTERESTING TO FOCUS
ON AN “ANNULUS"”™ AROUND THE CENTER

IMAGE FROM HTTP//GLAST.GSFC. NASA CGOVY. SEE STOEHR ET AL. 2002, SERPICO & IaraRIIAS 2007




GLAST SENSITIVITY




THE GALACTIC CENTER

...MIGHT BE MORE INTERESTING TO FOCUS
ON AN “ANNULUS"™ AROUND THE CENTER

(J)¥, |arbitrary normalization |

T
SERPICO & TAaAHARIIAS 2008
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THE GALACTIC CENTER

...MIGHT BE MORE INTERESTING TO FOCUS
ON AN “ANNULUS”™ AROUND THE CENTER

Moore

(I)¥, [arbitrary normalization |
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THE GALACTIC CENTER

...MIGHT BE MORE INTERESTING TO FOCUS
ON AN “ANNULUS"”™ AROUND THE CENTER

a.’

(I)¥, [arbitrary normalization |
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DM SUBSTRUCTURES

FPieri. GB & BraNnCHINI 2008

2 EFFECTS:

2 UNRESOLVED CLUMPS
“BOOST” THE DIFFUSE FLUX
® RESOLVED ONES CAN BE
IDENTIFIED AS (DIFFUSE?)
SOURCES.

DEPENDING ON THE
PARTICLE PHYS. AND
ASTROPHYS. ASSUMPTIONS.
UP TO 10 - 100 LARGE MASS
SUBHALOS COULD BE
DETECTED WITH GLAST.
SEE ALSO DIEMAND,
KUHLEN & MADAU 2008
FOR RESULTS BASED ON
THE V1A LACTEA
SIMULATION.




THE GALACTIC CENTER
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DM SUBSTRUCTURES

Pieri. GB & BrRaNCHINI 2008

2 EFFECTS:

2 UNRESOLVED CLUMPS
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PROBLEM WITH INDIRECT SEARCHES

Profile

Annihilation Channel

>

Energy




lNT OF DM?

DAMA Direct Detection
Eodency for 30 GeV WINP
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MAYBE...

DAMA Direct Detection

Bundence for 50 GeV WIMP
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THE QUEST FOR THE SMOKING-GUN
OR

“HOW TO CONVINCE A PARTICLE
PHYSICIST?”




1. Look for Spectral Lines!

i - i Predictions made e.g. for:

eNeutralinos (e.g. Bergstrom and
Ullio 1997

e KK Dark Matter in UED
Bringmann et al. 2005

-Inur_t Higgs DM (Gustafsson et al.
2007 |

e(Decaving) gravitinos in

with R-parity violation
Buchmueller, Covi and Ibarra

Signal+Background fit.¢,+ ¢,

A*=235.6
# events = 108

Relevant experiments:

GLAST, Ground based Gamma-ray
telescopes (energy resolution
10-15%)
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2. Look for multiple sources with identical spectra




1. Look for Spectral Lines!

e it Predictions made e.g. for:

eNeutralinos (e.g. Bergstrom and
Ullho 1997

KK Dark Matter in UED
Bringmann et al. 2005

-Inur_t Higgs DM (Gustafsson et al.
2007)

e(Decaving) gravitinos in SUSY
with R-parity violation (GB,
Buchmueller, Covi and Ibarra

Signal+-Background fit.¢,+ ¢,
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2. Look for multiple sources with identical spectra




(SOMEWHAT ARBITRARY)
BLACK HOLES: DEFINITIONS

STELLAR Mass BHS

« EMDFCrNT OF STELLAR DWOL LTHOM

= INMEECTLY OESFTWED

* FOEUST EVIDEMSCE
aOowER LIMITS OFM BASS FOw OB

10°M_ <M< 10°M_

INTERMEDIATE MASSs BHS

= llarmr rome N Gl 08 L USTERS
- MAYED DESINVED AS ULXS

- SeEn rom SMBMHsT

- SeEr UL ATIVE BUT SEOSAm

Iﬂﬂllgf.lli]‘.ﬂ*ll.,

SUPEAMASS IVE BHS
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EVIDENCE FOR BLACK HOLES

Core of Galaxy NGC 426l

Hubble Space Telescope

Whioe Feeld Planetary Camera




THE BH AT THE GALACTIC CENTER




MABS [ SOLAR MASS )

Raowus [PC]




FORMATION OF DM °‘SPIKES’

ADIABATIC ACCRETION OF BHS MODIFIES THE SURROUNDING DM DISTRIBUTION
(GONDOLO & SILK 2000)
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CONSERYE MASS & ANGULAR MCMEMNTUM:
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GB & MERRITT 2005




A “SPIKE” AT THE GC~?

WHAT HAPPENS IN
THE INNER PARSEC?

FPROFILES ARE MODIFIED
DUE TO

*THE PRESENCE OF THE
SMBH (SPIKE) GONDOLO
AND SILK 2000

«sSCATTERING OFF THE
STELLAR CUSP (HEATING OF
DM, SCATTER INTO THE
SMH) MERRITT 2004

| st ANNIHILATIONS

COMBINED EVOLUTION OF
DARK AND BARYONIC
MATTER




INTERMEDIATE-MASS BLACK HOLES




INTERMEDIATE-MASS BLACK HOLES

OVERDENSITIES AROUND IMBHS LIKELY SURVIVE . MAKING THEM
INTERESTING TARGETS

Rl e e e e e e B e e |

GEB. ZENTNER & SiLx 2005
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3. MULTI-WAVELENGTH / MULTIMESSENGER APPROACH

eFoLLOW ALL THE PRODUCTS OF ANNIHILATIONS. BUILD A CONSISTENT MULTI-
WAVELENGTH SPECTRUM AND COMPARE WITH OBSERVATIONS!
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4. GAMMA-RAY BACKGROUND (ANGULAR POWER SPECTRUM)

Ando et al. 2006

b
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L DOESE o= How to discriminate
([, 54 -0 81) Ol - against astrophysical
background?

AR T

PR -

eLook at angular power
spectrum (similar to CMB!

/

eDepending on the
relative importance ot the
DM signal VS.
astrophysical, possibility to
identify it with GLAST!
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CONCLUDING THOUGHTS

e REALISTIC DM SCENARIOS LEAD TO DETECTABLE
SIGNALS IN GLAST

*TO ACTUALLY SEE SOMETHING. WE NEED TO BE
LUCKY

eTO OBTAIN UNAMBIGUOUS EVIDENCE FOR DM, WE
NEED TO BE VERY VERY LUCKY

*THE TIME OF SPECULATIONS IS ALMOST OVER., GET
READY TO ANALYZE SOME DATA!



