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EVIDENCE FOR THE EXISTENCE OF AN UNSEEN,
ENERGY DENSITY OF THE UNIVERSE COMES FROM SEVERAL
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

3) Is it neutral?

~

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

OTHER

e AXIONS
Postulated to solve the strong CP

problem

e STERILE NEUTRINOS

e SUPERWIMPS

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

e WIMPLESS
Appropriate relic density achieved by
a suitable combination of masses and

couplings

e Etc. (Axino, Q-balls




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

e SUSY Neutralino
e Also: LKP, LZP, LTP, etc.
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AD-Hoc CANDIDATES
Postulated to solve the DM Problem

e Minimal DM
e Maverick DM
® etc.

e AXIONS

Postulated to solve the str:

problem




BEYOND THE STANDARD MODEL

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
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PARTICLE DARK MATTER:
A MULTIDISCIPLINARY APPROACH

DIRECT DETECTION INDIRECT DETECTION



Park Matter-related
cxXperiments circa 2011
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WHERE DO WE STAND?

WE HAVE BUILT (ARE BUILDING) EXPERIMENTS TO SEARCH FOR DARK
MATTER, AND WE HAVE BEEN MAKING PREDICTIONS FOR DECADES
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WHERE DO WE STAND?

WE HAVE BUILT (ARE BUILDING) EXPERIMENTS TO SEARCH FOR DARK
MATTER, AND WE HAVE BEEN MAKING PREDICTIONS FOR DECADES

WE ARE GETTING READY TO SOLVE THE “INVERSE PROBLEM” (AND HOPING
THAT THERE WILL BE A PROBLEM TO SOLVE..!)
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W vy



AT THE LHC

LHC - B CERN

wzatoint 8 - ATLAS ALICE
Point 1 < Point 2

cms
Point 5




SEARCHING FOR NEW PHYsSICS AT THE LHC

Example of analysis in the framework of mMSUGRA
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The 100 fb-1 reach of LHC for SUSY in the mSUGRA

Simulation of an event with SUSY particle
production in the CMS detector at the LHC

model. For each event topology, the signal is observable
below the corresponding contour.




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
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cxample of Inverse problem at LHC

Inferring the relic density (thus the DM nature) of newly discovered particles from
LHC data... What we would like:

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

AD. FROM BALTZ, BATTAGLIA, PESKIN, WIZANSKY (2005)




cxample of Inverse problem at LHC

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

Benchmark value, g LHC error, ¢
139.3 14.0

2694

p(d|x)p(x)

pixid) —
p(d)

MCMC As
IMPLEMENTED IN THE

'I‘[;"j' SUPERBAYES CODE
500
50.0

TABLE I: Sparticle spectrum (in GeV) for our benchmark
SUSY point and relative estimated measurements errors at

the LHC (standard deviation o)

¢ BENCHMARK IN THE CO-ANNIHILATION
REGION (SIMILAR TO LCC3 IN BALTZ ET AL.).

¢ ERRORS CORRESPOND TO 300 FB-1.

¢ ERROR ON MASS DIFFERENCE WITH THE STAU
~10% FOR THIS MODEL CAN BE ACHIEVED WITH

10 FB-1



cxample of Inverse problem at LHC

what we will most probably get
(example in the stau coannihilation region, 24 parms MSSM)
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LHC only
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GB, CERDENO, FORNASA, RUIZ DE AUSTRI & TROTTA, 2010



cxample of Inverse problem at LHC

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

Bertone et al. (2010)

LHC only
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GB, CERDENO, FORNASA, RUIZ DE AUSTRI & TROTTA, 2010



DIRECT DETECTION

PRINCIPLE AND DETECTION TECHNIQUES

ADAPTED FROM BAUDIS 2007

/// : COUPP,
PICASSO

DETECTOR
*” COMS s CRESST
“EDELWEISS ; m ROSEBUD

W DAMA, LIBRA,
: XMASS, CLEAN,
HDMS, DRIFT, ' KIMS
.................................... GERDA

ZEPLIN, XENON,
WARP, ArDM

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



DIRECT DETECTION

BASICS

DM SCATTERS OFF NUCLEI DIFFERENTIAL EVENT RATE
IN THE DETECTOR

DETECTOR

SUSY: SQUARKS AND HIGGS
EXCHANGE

UED: 1ST LEVEL QUARKS AND
HIGGS EXCHANGE




Building up the Milky

z=11.9 o
800 x 600 physical kpc
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Pirect Petection

LOCAL DENSITY

DYNAMICAL CONSTRAINTS ULLIO & CATENA 2009

® TERMINAL VELOCITY OF GAS CLOUDS
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e BLUE HORIZONTAL-BRANCH (BHB) HALO
STARS FROM THE SDSS

e ESTIMATES OF OORT’S CONSTANTS

® MOTION OF STARS PERPENDICULAR TO
THE GALACTIC PLANE

O.C; 0.4 0.5
Pou(R,) [GeVem~2?]

e VELOCITY DISTRIBUTION OF MW
SoLER RS ppr(Ro) = 0.389+0.025 GeV em ™3

CONSTRAINTS ON M(<R) -> CONTRAINTS ON Qx

SEE ALSO STRIGARI AND TROTTA 2009; WEBER
AND DE BOER 2009; SALUCCI ET AL. 2010;
GARBARI, LAKE & READ 2010



Triaxial fHalos

PATO, AGERTZ, GB, MOORE, TEYSSIER, MOORE 2010

MOMENT OF INERTIA TENSOR

ROTATION AXES
(A,B,C)




Modulation of PM density

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

R=8.5 KECH

PATO, AGERTZ, GB, MOORE, TEYSSIER, MOORE 2010



Pirect Petection

UNCERTAINTIES ON THE LOCAL DENSITY

“STATISTICAL” “SYSTEMATIC”

6PAT(), AGERTZ, GB, MOORE & TEYSSIER 2010
x10

simulation without baryons
orthogonal to minor axls

ULLIO & CATENA 2009

03 0.4 0.5
PoulRy) [GeVem-2]

1.01 — 1.41R/A=IN: 31Nt

0.39 — 1.94 g1\ ReINIRY

FROM DYNAMICAL OBSERVABLES (SEE
ALSO STRIGARI & TROTTA 2009)

po = 0.466 = 0.033(stat) + 0.077(syst) GeV cm™>
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'DIRECT DETECTION !
t 95% C.L. CONSTRAINT ON THE RECONSTRUCTED DM MASS ‘J*

~25 kg of Ge, 1 yr

~150 kg of Ge, 1 yr

~10° kg of Ge, 1 yr

o0

ADAPTED FROM GREEN 2008



Complegmentarity of PP targets

p,=0.4 GeV/em’, v, =544 kms, v, =230 kms, k=1

i Xe+Ge+Ar
e DM benchmarks

Pato, Baudis, GB, Ruiz, Strigari, Trotta, arXiv:1012.3458



Complegmentarity of PP targets

p0:0.4i0 1 GeV/cms, vesc:544i33 km/s, v0:230i30 km/s, k=05-35

B xe
| IXe+Ge

| iXe+Ge+Ar
e DM benchmarks .7

PATO, BAUDIS, GB, RUIZ, STRIGARI, TROTTA, ARXIV:1012.3458
(SEE ALSO A. GREEN PAPERS, E.G. ARXIV:1009.0916 AND REFS. THEREIN)



http://arxiv.org/abs/1009.0916
http://arxiv.org/abs/1009.0916

LHGPP

Combining accelerator and direct searches

= I
0% LHC

DD




To coMBINE LHC AND DD:

e SPECIFY DM EXPERIMENT

z - x
{ K == $ : i : 3

e ADD NEW LIKELIHOOD BUILT ON
THE NUMBER OF EVENTS

® RE-RUN THE CHAINS

¢ (NOTE THAT FIXING THE NUMBER
OF EVENTS = FIXING THE PRODUCT
OF CROSS SECTION TIMES LOCAL
DENSITY)
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GB, CERDENO, FORNASA, RUIZ DE AUSTRI & TROTTA (2010)



1st possibility:

“Consistgncy check”

OBSERVED n. of events
Ney X O~xnPx

since I’'m fixing the local density, the
scattering cross section is also fixed.



1st possibility:

“Consistgncy check”

...even forcing the identification of the
neutralino with DM, posterior is
multimodal and not very constraining.

LHC + 1 ton DD (fixed py)

Probability density
o o o
N TR T

O
\S)

- 2
log 1 O(QX? h™)




2nd (more physical) possibility:

“ocaling” fnsalz

OBSERVED n. of events Bertone et al. (2010)

Ney 60
but, under the scaling ansatz
Qdm

therefore

(Nevﬂdm>
O~pn X
A Pdm




2nd (more physical) possibility:

“ocaling” fnsalz

Omega too large: wrong Cosmology
LHC + 1 ton DD (scaling py)

A

Omega too low: subdominant
component OR wrong cosmology
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RELIC DENSITY (NR FREEZE-OUT) ANNIHILATION FLUX

I

dN
apl o o1 o | i(2E)= <JV>2 /1 Py (£, 2)d

- & dEi 8mm
S SRViE : X

. Particle physics input from extensions of the
Electroweak-scale cross sections can reproduce | Standard Model. Need to specify distribution of

correct relic density. DM along the line of sight.




~ Indirget Deteetion

WHY ‘“ANNIHILATIONS”?

ANNIHILATION FLUX

V| }

dN
B, (2B = N 17V) /1 p2 (£, )d

s | OF 87Tm>2<
t

PARTICLE PHYSICS PARAMETERS (UNDERLYING THEORY)

ASTROPHYSICS (SIMULATIONS + OBSERVATIONS)
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RECONSTRUCTED DENSITY PROFILES

— Einasto: a=0.159
A -- NFW
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NAVARRO ET AL. 2008 NAVARRO ET AL. 2008

FITTING PO = Craa NFW
FORMULAE
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http://fermi.gsfc.nasa.gov/ssc/first_light_allsky.jpg
http://fermi.gsfc.nasa.gov/ssc/first_light_allsky.jpg
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http://fermi.gsfc.nasa.gov/ssc/first_light_allsky.jpg
http://fermi.gsfc.nasa.gov/ssc/first_light_allsky.jpg

Fermi null searches set an upper limit on the gamma-ray flux from Dwarf Galaxies

Upper limits jrom Pwarfs

dN
d; (L E;) = <JV>2 / pi (¢,2)d/ - “;SUGRA| | —UMalll -=== Draco
dEi 87TmX log b:'oco;::pbe Berenices =+~ Sextans
w

*«+ Fornax

S : e =+ Bootes |
Compare with Fermi upper limit o

Dmax~1071° photons cm? s
(above 1 GeV)

With conservative estimates of
the l.o.s. integral

=

ABDO ET AL. 2010



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

IF we identify

neutralino = Dark Matter

(in Draco for Fermi, or in the
Universe in the case of CMB)

THEN
we can exclude the
spurious solution at low
relic density

GB, FORNASA, PIERI, RUIZ, TROTTA 201 1



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

...since we are
basically ruling out the
region corresponding
to large annihilation
Cross sections

"

log 1 O(o viem® s

160

GB, FORNASA, PIERI, RUIZ, TROTTA 201 1



... OR CONSTRAINTS FROM CMB

ON THE ANN. CROSS SECTION AT RECOMBINATION, I.E. v/c~108

The interaction of secondary
particles from DM annihilation
with the thermal gas can

1: 1onize gas

2: induce Ly—« excitation of H

dre _ 1 s
de— = ) [Rs(2) = Ls(2) — Ix(2)]

3: heat the gas
...extra term in Tg equation

In both cases, effect depends on

f{ov)

m,

pann =

L b BD ARt b RRS Bl

[RUTPEFRY A

f (ov) [em’s™"]

Galli, locco, GB, Melchiorri 2009,‘2011
- Slatyer, Padmanabhan, Finkbeiner 2009

Ruled out by WMAPS

Planck

forecast CVL

100
DM Mass [GeV]

Expected constraint with Planck (95% c.l.):

Pann < 1.5 107 m3 s1 kg




MANY HINTS FROM INDIRECT SEARCHES...

INTEGRAL 511 keV

Evidence for: MeV Dark Matter
Boehm et al (2003,2004), Axino DM
(Hooper et al. 2004)

Gamma-rays: EGRET, HESS,

Evidence for: GeV / multi-TEV DM
E.g.: Cesarini et al. 2005, De Boer (2005,...),
Hooper et al. 2006, ...

WMAP Haze

Evidence for: 100 GeV DM
See e.g. Finkbeiner 2004, Hooper, Dobler
and Finkbeiner 2007

Gamma-rays: Fermi

Evidence for: ~10 GeV DM annihilating to
taus. Hooper et al. 2010




INTEGRAL 511 keV

Evidence for: MeV Dark Matter
Boehm et al (2003,2004), Axino DM
(Hooper et al. 2004)

Gamma-rays: EGRET, HESS,

Evidence for: GeV / multi-TEV DM
E.g.: Cesarini et al. 2005, De Boer (2005,...),
Hooper et al. 2006, ...

WMAP Haze

Evidence for: 100 GeV DM
See e.g. Finkbeiner 2004, Hooper, Dobler
and Finkbeiner 2007

...BUT NO CONCLUSIVE EVIDENCE!

INTEGRAL 511 keV
Scenario is severely constrained: Beacom,
Bell & Bertone 2003, Beacom and Yuksel
2004, Hooper, Sigl and Fayet 2006. Emission
appears now lopsided, LMXBs?

Gamma-rays: EGRET, HESS...

EGRET not confirmed by Fermi. Anti-proton
flux in conflict with De Boer et al. HESS:
Mass scale “not natural”, astrophys. source?
See papers by: Bergstrom, Bertone, Hooper,
Profumo, Ullio...

WMAP Haze

No smoking-gun. Cross-check with Fermi?

Gamma-rays: Fermi

Evidence for: ~10 GeV DM annihilating to
taus. Hooper et al. 2010

Gamma-rays: Fermi

Astrophysical background poorly known,
featureless spectrum, bizarre DM properties




Most enduring Roman legal adage:

“TESTIS UNUS,
TESTIS NULLUS!”

= "A single witness is as good as none"

...Need to Cross-check with independent
observations before claiming evidence
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PAMELA / ATIC WHAT DO WE LEARN?

DM with M = 150 GeV that ameabilates into W* W-

... some DM
candidates, with
peculiar particle
physics and
astrophysical
parameters, can fit the
PAMELA and/or ATIC
eXCEeSSES...

CIRELLI, KADASTIK, RAIDAL, STRUMIA 2008



PAMELA / ATIC WHAT DO WE LEARN?

DM with M = 150 GeV that ameabilates into W* W-

... some DM
candidates, with
peculiar particle
physics and
astrophysical
parameters, can fit the
PAMELA and/or ATIC
eXCEeSSES...

So what ¢?

CIRELLI, KADASTIK, RAIDAL, STRUMIA 2008



THE TROUBLE WITH INDIRECT SEARCHES

Annihilation Channel

... WHICH MEANS THAT THE “INVERSE PROBLEM’” ALWAYS ADMITS A
SOLUTION, EVEN WHEN THE DATA HAVE NOTHING TO DO WITH DM!




Beyond upper limits
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IF a future CTA experiment actually finds a signal
THEN we can set interesting constraints on DM




THE QUEST FOR THE SMOKING-GUN
OR

“HOW TO CONVINCE A PARTICLE
PHYSICIST?”



| MADE OVER THE YE,
DM COULD BE ANYW




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 EXCESS, INTEGRAL 511 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 UNMISTAKABLE SPECTRAL FEATURES)

NEUTRALINOS (E.G. BERGSTROM AND ULLIO 1997)
KK DARK MATTER IN UED (BRINGMANN ET AL. 2005)

INERT HIGGS DM (GUSTAFSSON ET AL. 2007)
GRAVITINOS IN SUSY WITH R-PARITY VIOLATION (GB, BUCHMUELLER, CoVI & IBARRA 2008)

WIMP FOREST! GB, JACKSON, TAIT & VALLINOTTO 2009
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2) MULTIPLE SOURCES WITH IDENTICAL SPECTRA

E.G. DM cLUMPS OR IMBHS




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 EXCESS, INTEGRAL 511 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 UNMISTAKABLE SPECTRAL FEATURES)

NEUTRALINOS (E.G. BERGSTROM AND ULLIO 1997)

KK DARK MATTER IN UED (BRINGMANN ET AL. 2005)

INERT HIGGS DM (GUSTAFSSON ET AL. 2007)

GRAVITINOS IN SUSY WITH R-PARITY VIOLATION (GB, BUCHMUELLER, CoVI & IBARRA 2008)
WIMP FOREST! GB, JACKSON, TAIT & VALLINOTTO 2009

2) MULTIPLE SOURCES WITH IDENTICAL SPECTRA

E.G. DM cLUMPS OR IMBHS

3) HIGH-ENERGY NEUTRINOS FROM THE SUN

Ful a0 ICECUBE, ANTARES, KM3
" ' FLUXES PROPORTIONAL TO SCATTERING NOT ANNIHILATION CROSS SECTION
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WMAP HAZE). THE FOOTPRINT OF DM COULD BE ANYWHERE, BUT HOW DO WE GO FROM ‘“HINTS” TO “DISCOVERY’’?

1) ANNIHILATION LINES (OR OTHER UNMISTAKABLE SPECTRAL FEATURES)

NEUTRALINOS (E.G. BERGSTROM AND ULLIO 1997)

KK DARK MATTER IN UED (BRINGMANN ET AL. 2005)

INERT HIGGS DM (GUSTAFSSON ET AL. 2007)

GRAVITINOS IN SUSY WITH R-PARITY VIOLATION (GB, BUCHMUELLER, CoVI & IBARRA 2008)
WIMP FOREST! GB, JACKSON, TAIT & VALLINOTTO 2009

2) MULTIPLE SOURCES WITH IDENTICAL SPECTRA

E.G. DM cLUMPS OR IMBHS

3) HIGH-ENERGY NEUTRINOS FROM THE SUN

ICECUBE, ANTARES, KM3
FLUXES PROPORTIONAL TO SCATTERING NOT ANNIHILATION CROSS SECTION

4) MULTI-WAVELENGTH / MULTI-MESSENGER APPROACH

BERTONE, SIGL & SILK 2001; ALOISIO, BLASI & OLINTO 2004; COLAFRANCESCO, PROFUMO & ULLIO 2005;
REGIS & ULLIO 2007, JELTEMA AND PROFUMO 2008 ETC.
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5) ANGULAR POWER SPECTRUM OF EG BACKGROUND

ANDO & KOMATSU 2006, ANDO ET AL. 2007; SIEGAL-GASKINS 2008; FORNASA, GB ET AL. 2008
FERMI GUEST INVESTIGATOR GRANT!




What if the LHC does NOT find new physics

The Nightmarg Scegnario
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* Huge Theoretical and experimental effort towards the
identification of DM

e| HC is running! Exciting times 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

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

e A combination of these techniques will allow to identify or to
rule out the most promising DM candidates within 5-10 years
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e Ground Based (CANGAROO, HESS,
MAGIC, MILAGRO, VERITAS)

e Space satellite FERMI

e Plans for a future CTA

Neutrino Telescopes

e Amanda, IceCube
e Antares, Nemo, Nestor
oKm3

e PAMELA
o ATIC,PPB-BETS
* AMS-02

Other

e Synchrotron Emission
eSZ effect
e Effect on Stars




" INDIRECT DETECTION |

WHY “ANNIHILATIONS”’?
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CONSTRAINTS FROM CMB

ON THE ANN. CROSS SECTION AT RECOMBINATION, I.E. v/c~108

Planck

forecast VI

GALLI, locco, GB, MELCHIORRI 2009

THE INTERACTION OF SECONDARY PARTICLE FROM DM ANNIHILATION WITH THE

THERMAL GAS CAN 1: IONIZE IT, 2: INDUCE LY—0O EXCITATION OF THE HYDROGEN AND
3: HEAT THE PLASMA. THE FIRST TWO MODIFY THE EVOLUTION OF THE FREE ELECTRON
FRACTION XE, THE THIRD AFFECTS THE TEMPERATURE OF BARYONS.




CONSTRAINTS FROM CMB

ON THE ANN. CROSS SECTION AT RECOMBINATION, I.E. v/c~108

Ruled out by WMAPS5

1 XDM p'u 2500 GeV, B
2w 1500 GeV, Bi
3 XDM p'p 2500 GeV, B
4 XDM e*e 1000 GeV, BF = 3
5 XDM 4:4:1 1000 GeV, BF = 420
Planck 6 ee 700 GeV, BF = 220
forecast 7wy 1500 GeV, BF = 560
CVL 8 XDM 1:1:2 1500 GeV, Bl
9 XDM p'p 400 GeV, B
10 p*p 250 G I
11 W'W 200 GeV, B
12XDM e 150 GeV. B
e*e 100 GeV. BF

f {ov) [em’s™"]

100 1000
DM Mass [GeV]

SLATYER, PADMANABHAN, FINKBEINER 2009

THE INTERACTION OF SECONDARY PARTICLE FROM DM ANNIHILATION WITH THE

THERMAL GAS CAN 1: IONIZE IT, 2: INDUCE LY—0O EXCITATION OF THE HYDROGEN AND
3: HEAT THE PLASMA. THE FIRST TWO MODIFY THE EVOLUTION OF THE FREE ELECTRON
FRACTION XE, THE THIRD AFFECTS THE TEMPERATURE OF BARYONS.




eHUGE THEORETICAL AND EXPERIMENTAL EFFORT
TOWARDS THE IDENTIFICATION OF DM

el HC IS RUNNING! EXCITING TIMES 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 MORE AND MORE
CONSTRAINED, BUT DETECTION STILL POSSIBLE

e WE NEED DATA! IN ~10 YRS. DISCOVERY OF WIMPS
OR PARADIGM SHIFT..
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CDMS RESULTS, DEC. 2010

Operated at ~40 milliKelvin for good
phonon signal-to-noise

Phonon side: 4 quadrants
of athermal phonon sensors
=> energy measurement

Charge side: 2 concentric
electrodes




CDMS RESULTS, DEc. 2010

Fail timing criterion ‘
Pass timing criterion
Neutron density

lonization yield
Normalized yield
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EXPECTED BACKGROUND RATE: 0.8. 2 EVENTS
OBSERVED. PROBABILITY OF 2 OR MORE EVENTS 23%.
ONE EVENT PROBLEMATIC... NOT A DETECTION!
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http://fermi.gsfc.nasa.gov/ssc/first_light_allsky.jpg
http://fermi.gsfc.nasa.gov/ssc/first_light_allsky.jpg
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PATO, PIERI, GB 2009




WE HAVE ALREADY MANY HINTS OF ‘DETECTION’!

DAMA Direct Detection

Evidence for: annual modulation.
Interpretation unclear.
Bernabei et al (1996,2000,2005,...)

INTEGRAL 511 keV

Evidence for: MeV Dark Matter
Boehm et al (2003,2004)

Gamma-rays: EGRET, HESS,

Evidence for: GeV / multi-TEV DM
E.g.: Cesarini et al. 2005, De Boer (2005,...),
Hooper et al. 2006, ...

WMAP & Fermi Haze

Evidence for: 100 GeV DM
See e.g. Finkbeiner 2004, Hooper, Dobler
and Finkbeiner 2007; Dobler et al. 2009




...BUT MOSTLY INCOMPATIBLE WITH EACH

OTHER, IS DM BEHIND ANY OF THEM?

DAMA Direct Detection

Evidence for: annual modulation.

Interpretation unclear.
Bernabei et al (1996,2000,2005,...)

INTEGRAL 511 keV

Evidence for: MeV Dark Matter

Boehm et al (2003,2004)

Gamma-rays: EGRET, HESS,

Evidence for: GeV / multi-TEV DM

E.g.: Cesarini et al. 2005, De Boer (2005,...),
Hooper et al. 2006, ...

WMAP & Fermi Haze

Evidence for: 100 GeV DM
See e.g. Finkbeiner 2004, Hooper, Dobler
and Finkbeiner 2007; Dobler et al. 2009

DAMA Direct Detection

Does not fit with the most nave explanations.
New candidates? New “new physics”?

INTEGRAL 511 keV
Scenario is severely constrained: Beacom,
Bell & Bertone 2003, Beacom and Yuksel
2004, Hooper, Sigl and Fayet 2006. Emission
appears now lopsided, LMXBs?

Gamma-rays: EGRET, HESS...

EGRET not confirmed by Fermi. Anti-proton
flux in conflict with De Boer et al. HESS:
Mass scale “not natural”, astrophys. source?
See papers by: Bergstrom, Bertone, Hooper,
Profumo, Ullio...

S . et

WMAP & Fermi Haze

No smoking-gun. Very complicated
astrophysical backgrounds..




SPECTRUM

LCC3 spectrum

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.

PARTICLE SPECTRUM, FROM BALTZ ET AL. 2005



DM AND STARS

EFFECT ON SUPERMASSIVE AND
INTERMEDIATE MASS BLACK
HOLES

GB, SIGL AND SILK 2002; GB AND
MERRITT 2005, 2006; AHN ET AL.
2006; GB, ZENTNER & SILK 2005;
TAOSO ET AL 2008; FORNASA AND GB
2008; GB ET AL. 2009

EFFECT ON THE EARTH

MACK, BEACOM AND GB 2007

EFFECT ON COMPACT OBJECTS

GB AND FAIRBAIRN 2008

EFFECT ON STARS (PoP Il & SUN)

GB, LOPES & SILK 2002; GB, TAOSO
AND MEYNET 2007; GB, locco, TAOSO
AND MEYNET 2009







...AND THE GALACTIC RIDGE

VHE GAMMA-RAY IMAGES OF THE GC REGION

AHARONIAN ET AL. 2006



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

m, =500 GeV

X% q=1, ov/(3 10-28) JAQ=98
Xa rﬂd=8' U‘J/(S 10-28) jﬂsﬂ=1?0

HESS June/July 2003.
HESS July/August 2003.
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PROSPECTS FOR GLAST IN LIGHT OF
THE HESS (AND MAGIC) RESULTS
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THE WIMP FOREST

GB, JACKSON, SHAUGHNESSY, TAIT, VALLINOTTO 2009

| Mp=250, Adiab ] | Mg=450, Adiab

E'd®/dE [GeV cm™ s7]
o
&

o
L:
E'd®/dE [CeV cm™ s7]

100 100
Energy [GeV] Energy [GeV]

FIG. 4: Predicted fluxes, from a solid angle AQ = 10° towards the GC, for the chiral square model with
Mg, = 250 GeV (left column) and Mg, = 450 GeV (right). We show both the actual spectrum (dotted lines)
and the spectrum as it would be observed by an experiment with a 10% energy resolution (solid) like Fermi
LAT. An NFW (adiabatically compressed) profile has been adopted for the lower (upper) panels. We show for
reference the HESS data relative to the gamma-ray source detected at the Galactic center.
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DIRECT DETECTION

STATUS

http /idmtocs. brawn.echy XENON AND CDMS ARE THE

CURRENT LEADERS ON SPIN-
INDEPENDENT CROSS-
SECTIONS

FUTURE REACH SHOULD
COVER LARGE PORTION (BUT
NOT ALL) OF THE SUSY
PARAMETER SPACE
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Roszkowsk/Rwz de AvstryTrotta 2007, CWSS B WMarkow
Roszkows kbi/Rwmz de AvstryTrotta 2007, CWSS B Markow
Ellis et. al Theory region post-LEF benchmark points
Baltz and Gondala 2003




TRIAXIAL HALOS

sphere (0,R)

PATO, GB, AGERTZ, TEYSSIER, MOORE 2010




