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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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e CLUSTERS OF GALAXIES

eCMB

COSMOLOGICAL OBSERVATIONS

*TYPE IA SUPERNOVAE =

FOR RECENT REVIEWS SEE E.G.:
GB, HOOPER & SILK, HEP-PH/0404175. BERGSTROM, HEP-PH/0002126




VWHAT 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 PARTICLE HAS TO PASS THE FOLLOWING 10-POINT TEST

’

- s ———— g

3) Is it neutral?
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6) Collisionless? 7) Couplings OK? 8) y-rays OK?
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WIMPS

NATURAL CANDIDATES
(ARISING FROM THEORIES
ADDRESSING THE STABILITY
OF THE ELECTROWEAK SCALE
ETC.)

e NEUTRALINO, LKP
e ALsO: LZP, LTP, ETC.

AD-HoC CANDIDATES
(POSTULATED TO SOLVE THE
DM PROBLEM)

e INERT DOUBLET MODEL
e HEAVY NEUTRINOS
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OTHER

e AXIONS
(POSTULATED TO SOLVE THE
STRONG CP PROBLEM)

e STERILE NEUTRINOS

e SUPERWIMPSsS

(THAT INHERIT THE
APPROPRIATE RELIC DENSITY
FROM THE DECAY OF THE NTL
PARTICLE OF THE NEW
THEORY)

e WIMPLESS

(WHERE THE APPROPRIATE
RELIC DENSITY IS ACHIEVED
BY A SUITABLE COMBINATION
OF MASSES AND COUPLINGS
OF THE DM PARTICLE)

®ETC. (AXINO, Q-BALLS..... )
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&L THE DM CANDIDATES ZOO |

WIMPS
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& It is possible to reconcile a graviton LKP scenario with CMB and diffuse photon background
measurements, if the minimal UED model is extended with right-handed neutrinos, [458].

b There are not yet studies on neutrino or antimatter signals potentially produced by this dark
matter candidate.

TAOSO, GB & MASIERO 2007

TEST PERFORMANCE OF SELECTED DM CANDIDATES. THE SYMBOL V IS USED WHEN THE CANDIDATES SATISFY
THE CORRESPONDING REQUIREMENT, AND IT IS ACCOMPANIED BY A ! SYMBOL, IN THE CASE THAT PRESENT AND
UPCOMING EXPERIMENTS WILL SOON PROBE A SIGNIFICANT PORTION OF THE CANDIDATE’S PARAMETER SPACE.
IF THE REQUIREMENT CAN BE SATISFIED ONLY IN LESS NATURAL, OR NON-STANDARD SCENARIOS, OR IN THE
‘ CASE OF TENSION WITH OBSERVATIONAL DATA, THE SYMBOL ~ IS USED INSTEAD. CANDIDATES WITH A ~
» SYMBOL IN THE LAST COLUMN, WHERE THE FINAL RESULT IS SHOWN, SHOULD STILL BE CONSIDERED VIABLE.
‘} IF ONE OF THE REQUIREMENTS IS NOT SATISFIED, THEN THE SYMBOL °A IS USED, AND SINCE THESE
REQUIREMENTS ARE NECESSARY CONDITIONS, THE PRESENCE OF A SINGLE °@ IS SUFFICIENT TO RULE OUT THE
LPARTICLE AS A VIABLE DM CANDIDATE.
= S —————— I—




- —— e ————— - S

10-POINT TEST |

(w - g -

I II III IV. V. VI VII VIII IX X Result
DM candidate Q0h? Cold Neutral BBN Stars Self Direct y-rays Astro Probed

v oV v v
v 'V

SM Neutrinos
Sterile Neutrinos
Neutralino
sravitino
Gravitino (broken R-parity)
Sneutrino vy,
Sneutrino vg
Axino

SUSY Q-balls

v
v
Y,
v
v
v
v
v
Y

1rst level graviton
Axion
Heavy photon (little Higgs)
Inert Higgs model
CHAMPs
Wimpzillas v

! X SSSXSPESSX NS %

& It is possible to reconcile a graviton LKP scenario with CMB and diffuse photon background
measurements, if the minimal UED model is extended with right-handed neutrinos, [458].

b There are not yet studies on neutrino or antimatter signals potentially produced by this dark
matter candidate.
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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

ON THE LEFT, SCHEMATIC VIEW OF
THE STRUCTURE OF POSSIBLE
EXTENSIONS OF THE STANDARD
MODEL
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| PARTICLE DARK MATTER: {

: |
‘ A MULTIDISCIPLINARY APPROACH |
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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

-
L. e ————————

WE ARE GETTING READY TO SOLVE THE “INVERSE PROBLEM” (AND HOPING \
L THAT THERE WILL BE A PROBLEM TO SOLVE..!) .
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SEARCHING FOR NEW PHYSICS AT THE LHC)|
!
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Example of analysis in the framework of mSUGRA

=0,u>0

r:n(l._lL)=2 TeV

1000 2000 3000 4000

m, (GeV)
’———-———__v RasEa———— “-l-..' ’———-—-——._......-—--——-‘» ————— “:--.,'
/ Simulation of an event with SUSY particle \ The 100 fb-1 reach of LHC for SUSY in the mSUGRA \
& production in the CMS detector at the LHC \ ¥ model. For each event topology, the signal is observable .

-d
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-— . - —
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l | | below the corresponding contour.
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GXAMPLE OF INVERSE PROBLEM AT LHC

; INFERRING THE RELIC DENSITY (THUS THE DM NATURE) OF NEWLY
‘; DISCOVERED PARTICLES FROM LHC DATA... WHAT WE WOULD LIKE:
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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.
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FIEXAMPLE OF INVERSE PROBLEM AT LHC |

‘ INFERRING THE RELIC DENSITY (THUS THE DM NATURE) OF NEWLY DISCOVERED '
{ PARTICLES FROM LHC DATA... WHAT WE WILL MOST PROBABLY GET: 3

B —— B =

T ———— o~ = - —~— -—

EVEN IF SUSY PARTICLES ARE
DISCOVERED, IT WILL BE |
CHALLENGING TO DETERMINE

QXHZ WITH GOOD ACCURACY!

Adapted from Baltz et al. PRD 2006

| LCC1

| LCC2
LCC3
LCC4 105%

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

NEED PARTICLE ASTROPHYSICS
(DIRECT/INDIRECT) EXPERIMENTS

TO PROVE THAT NEW PARTICLES = |
DM !! i
SEE ALSO B. C. ALLANACH ET AL. 2004, M. NOJIRI ET AL. | ]
2006, ROSZKOWSKI ET AL. 2009 = s T ————
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PRINCIPLE AND DETECTION TECHNIQUES

DETECTOR

IDM SCATTERS OFF NUCLEI IN
' THE DETECTOR

= | =

=1
\
{
1
J

'DIRECT DETECTION |
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ADAPTED FROM BAUDIS 2007

COUPP,

PICASSO ’
CDMS CRESST )
EDELWEISS : ﬂ ROSEBUD

DAMA, LIBRA,
e XMASS, CLEAN
HDMS, DRIFT, B | KIMS
GERDA LILICY
ZEPLIN, XENON,
Y, WARP, ArDM

, DETECTION OF RECOIL ENERGY VIA

! IONIZATION (CHARGES), SCINTILLATION
{(LIGHT) AND HEAT (PHONONS)
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CDMS RESULTS, JAN. 2010

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

Charge side: 2 concentric
electrodes

Phonon D

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




CDMS RESULTS, JAN. 2010

Fail timing criterion ' : : Fail timing criterion
. Pass timing criterion
Neutron density
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N
c
L=

Normalized yield

N
o

lonization yield
Normalized yield

Recoil energy (keV) Normalized timing parameter (ps)

EXPECTED BACKGROUND RATE: 0.8. 2 EVENTS
OBSERVED. PROBABILITY OF 2 OR MORE EVENTS 23%.
ONE EVENT PROBLEMATIC... NOT A DETECTION!



DIRECT DETECTION

PRINCIPLE AND DETECTION TECHNIQUES

DM SCATTERS OFF NUCLEI
IN THE DETECTOR

DIFFERENTIAL EVENT RATE

dR R

By =2 pe2pypy | LG
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Umin

dE 202, My

DETECTOR

SUSY: SQUARKS AND HIGGS
EXCHANGE

UED: 1ST LEVEL QUARKS AND
HIGGS EXCHANGE




| DIRECT DETECTION |
¢ PRINCIPLE AND DETECTION TECHNIQUES T‘
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,DIFFERENTIAL ENERGY SPECTRA (FROM TOP TO BOTTOM AT E o KEV) FOR WlMPS WITH M = 50, 100 AND\'
;ZOOGEV GREEN 2008 |




DIRECT DETECTION

z UNCERTAINTIES ON THE LOCAL DENSITY

——— ————————— A

I R—

“STATISTICAL” “SYSTEMATIC”

ULLIO & CATENA 2009 PA{(!)'O, GB, AGERTZ, TEYSSIER, MOORE 2010
X

simulation with baryons
stellar disk

0.3 0.4 0.5
PoulRy) [GeVem-2]

ppr(Ro) = 0.38940.025 GeV cm ™ po/po = 1.01 — 1.417E=IN:8 2

OBSERVABLES po/po = 0.39 — 1.94 sl ReINIRY

TRIAXIALITY, BARYONS, ETC.

FROM DYANAMICAL
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'DIRECT DETECTIO

O59% C.L. CONSTRAINT ON THE RECONSTRUCTED DM MASS

===
N |

=1

~25 kg of Ge, 1 yr

o0

ADAPTED FROM GREEN 2008

~150 kg of Ge, 1 yr

~10° kg of Ge, 1 yr

100
m® (GeV)
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ﬁDlRECT DETECTION

|

i BETTER CONSTRAINTS COMBINING RESULTS FROM
i DIFFERENT TARGETS

107 10 10° I [V (Ve 107 10 10 10t 10t 10 10!

counts / kg day counts / kg day
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GAMMA-RAY TELESCOPES

e GROUND BASED (CANGAROO,
HESS, MAGIC, MILAGRO, VERITAS)
® SPACE SATELLITE FERMI

® PLANS FOR A FUTURE CHERENKOV
TELESCOPE ARRAY

NEUTRINO TELESCOPES

e AMANDA, ICECUBE
e ANTARES, NEMO, NESTOR
eKM3

e S ————

ANTI-MATTER SATELLITES

e PAMELA
* ATIC,PPB-BETS
¢ AMS-02

OTHER

®eSYNCHROTRON EMISSION
eSZ EFFECT
®EFFECT ON STARS




WHY “ANNIHILATIONS”’?

" INDIRECT DETECTION |

L ,_.-a-v'-‘.

X = DARK MATTER

EARLY UNIVERSE

SM =

ROUGH ESTIMATE OF THE ;

RELIC DENSITY: f

L 3 x 107 27cm?3s~ !
Axh" "~ — —

(7o)

| SECTIONS CAN REPRODUCE
CORRECT RELIC DENSITY. LSP
IN SUSY SCENARIOS KK DM
IN UED SCENARIOS ARE OK!! J

!
ELECTROWEAK-SCALE CROSS '
\
!

N —— . -

FLUX OF SECONDARY }

PARTICLES FROM DM ANN.

: “dN (ov) —

(I}(A(? E) = A()—— JAQ

dE 47mm?

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

——
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|

. o ——

S —— e

)
4
4
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. CosMIC ete- s‘

!

‘ PAMELA, HESS, FERMI, ATIC, PPB-BETS, HEAT, |
"z AMS, CAPRICE... ’

¢ HEAT (2001)

A BETS (2001)

O AMS—-01 (2002)
m ATIC—1,2 (2008)
X PPB—BETS (2008)
7 HESS (2008)

@ FERMI (2009)

~~
lL
n
|
%)
9
£
>
()
O
p—
~~
Lud
AHEAT 94+95 N
=
"
Lud

O®PAMELA 08

10?
E (GeV)

GRASSO ET AL. 2009 GRASSO ET AL. 2009



EJ(E) (GeV'm™s'sr™)

lNTERPRETATlON

DM DECAY

| e e e
:
1

= HEAT94/95/00
CAPRICE%
« PAMELA
Y v AMSO8

Energy [GeV]

GRASSO ET AL. 2009 STRUMIA ET AL. 2009 IBARRA ET AL. 2009

SNRS INHOM. SNRs 2NPARY CR ACC.

£ &N/4E [m-tar-'a-'CeVt)

... + MANY MANY OTHER
MODELS .

PIRAN ET AL. 2009 BLASI 2009



PAMELA / ATIC WHAT DO WE LEARN?

DM with M = 150 GeV that annihilates into W* W~

... some DM
candidates, with
peculiar particle
| physics and

et astrophysical

e T ' parameters, can fit the
PAMELA and/or ATIC
exCesses...

CIRELLI, KADASTIK, RAIDAL, STRUMIA 2008



PAMELA / ATIC WHAT DO WE LEARN?

DM with M = 150 GeV that annihilates into W* W~

... some DM
candidates, with
peculiar particle
| physics and

et astrophysical

e T ' parameters, can fit the
PAMELA and/or ATIC
exCesses...

Energy im GeV

DM with M = 10 TeV that annihilates into W*W-

So what ¢?

CIRELLI, KADASTIK, RAIDAL, STRUMIA 2008
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THE TROUBLE WITH INDIRECT SEARCHES |

J

—
_ - — e

"

Annihilation Channel

(w.'.-_

SOLUTION, EVEN WHEN THE DATA HAVE NOTHING TO DO WITH DM!

o e s, e at——
...WHICH MEANS THAT THE “INVERSE PROBLEM’” ALWAYS ADMITS A '

)

!
’

d

—




WE HAVE ALREADY MANY HINTS OF ‘DETECTION’!

DAMA Direct Detection

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

WIMP-Nucleon Cross

1

10
WIMP Mass [GeV/e’]

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?

WIMP-Nucleon Cross—Section [em

E¥ Ml |GV am ¥ e ey

107" .

WIMP Mass [GeV/c’]

DAMA Direct Detection

Evidence for: annual modulation.

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

o
3}
131
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z
|
Z
=

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, ...

[MeV em™2 st srt

T by /dE

107

= new limit

10°
WIMP Mass [GeV/e’]

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...

WMAP & Fermi Haze

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

WMAP & Fermi Haze

No smoking-gun. Very complicated
astrophysical backgrounds..




| DM ANNIHILATION SIGNAL S

(RES+UNRES+SMOOTH+EXTRAGAL.) }

PIERI, GB, BRANCHINI 2009
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PIERI, GB, BRANCHINI 2009
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| THE GALACTIC CENTER |

b BRIGHT GAMMA-RAY SOURCE DETECTED BY HESS, MAGIC
! AND NOW FERMI ‘;

. == |

4
HESS J1804-216 GC/HESS J1745-290

2

i

.

et - T

11.9 /203

-
® 4.0

=

G0.9+0.1/HESS J1T4?-2310 HESS J1745-303

-

i
()

Galactic Latitude ()

355

4

AHARONIAN ET AL. 2007
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http://fermi.gsfc.nasa.gov/ssc/first_light_allsky.jpg
http://fermi.gsfc.nasa.gov/ssc/first_light_allsky.jpg

.i DM INTERPRETATION |

i INCREASINGLY CONSTRAINED
- —

~——— —————— A e ===sle -

LS4.3(WW)
LS4.45(WW)
LS45(WW)
LS4.55(WW)

PATO, PIERI, GB 2009




3 CONSTRAINTS FROM CMB x

;  ON THE ANN. CROSS SECTION AT RECOMBINATION, I.E. V/c~108 |
t (CFR. TALKS BY locco AND HECTOR ON MONDAY) :

— e ————— f—}

constraints on f <gv> from CMB

—
o
|

)

-

Planck
forecast

l__l
o
£
(&
| S—
A
)
=]
Vv
R

_.
o
|

N
U

10000

GALLI, locco, GB, MELCHIORRI 2009
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J THE INTERACTION OF SECONDARY PARTICLE FROM DM ANNIHILATION WITH THE

| THERMAL GAS CAN 1: IONIZE IT, 2: INDUCE LY—-0l EXCITATION OF THE HYDROGEN AND ‘
; 3: HEAT THE PLASMA. THE FIRST TWO MODIFY THE EVOLUTION OF THE FREE ELECTRON '
z FRACTION XE, THE THIRD AFFECTS THE TEMPERATURE OF BARYONS. -!

& — e =5




’; CONSTRAINTS FROM CMB i

ON THE ANN. CROSS SECTION AT RECOMBINATION, I.E. V/C~108 '

i = N

| - — =

Ruled out by WMAP5

1 XDM 'y 2500 GeV, BF = 2300

2 u*w 1500 GeV, BF = 1100

3 XDM p'w 2500 GeV, BF = 1000

4 XDM e*e 1000 GeV, BF = 300

5 XDM 4:4:1 1000 GeV, BF = 420

Planck 6 e*e 700 GeV, BF = 220

forecast 7 w1500 GeV, BF = 560

8 XDM 1:1:2 1500 GeV, BF = 400

9 XDM p*w 400 GeV, BF = 110

10 ' 250 GeV, BF = 81

11 W*W- 200 GeV, BF = 66

12 XDM e*e” 150 GeV, BF = 16

13 e*e” 100 GeV, BF = 10

| e |
1
2]
e
Q
| S
-~
>
o
~
g

100
DM Mass [GeV]

SLATYER, PADMANABHAN, FINKBEINER 2009
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J THE INTERACTION OF SECONDARY PARTICLE FROM DM ANNIHILATION WITH THE ‘
!

— — — —_—

| THERMAL GAS CAN 1: IONIZE IT, 2: INDUCE LY—0 EXCITATION OF THE HYDROGEN AND
3 3: HEAT THE PLASMA. THE FIRST TWO MODIFY THE EVOLUTION OF THE FREE ELECTRON :

! FRACTION XE, THE THIRD AFFECTS THE TEMPERATURE OF BARYONS. |

e - —




THE QUEST FOR THE SMOKING-GUN
OR

“HoOw TO CONVINCE A PARTICLE
PHYSICIST?”






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)
|l GRAVITINOS IN SUSY WITH R-PARITY VIOLATION (GB, BUCHMUELLER, CoVI & IBARRA 2008)




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”?
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| | GRAVITINOS IN SUSY WITH R-PARITY VIOLATION (GB, BUCHMUELLER, COVI & IBARRA 2008)
TSIy \WIMP FOREST! GB, JACKSON, TAIT & VALLINOTTO 2009

2) MULTIPLE SOURCES WITH IDENTICAL SPECTRA

E.G. DM CcLUMPS 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)
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Ay*=25.6
# events = 109

W j

2) MULTIPLE SOURCES WITH IDENTICAL SPECTRA

E.G. DM CcLUMPS OR IMBHS

3) HIGH-ENERGY NEUTRINOS FROM THE SUN

Al e B ICECUBE, ANTARES, KM3
LAl FLUXES PROPORTIONAL TO SCATTERING NOT ANNIHILATION CROSS SECTION



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)

‘ H‘H

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

| Ay*=25.6
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b?‘ Wﬂ GRAVITINOS IN SUSY WITH R-PARITY VIOLATION (GB, BUCHMUELLER, CoVI & IBARRA 2008)
LTIV \WIMP FOREST! GB, JACKSON, TAIT & VALLINOTTO 2009

2) MULTIPLE SOURCES WITH IDENTICAL SPECTRA

E.G. DM CcLUMPS OR IMBHS

weglv  3) HIGH-ENERGY NEUTRINOS FROM THE SUN

e rL e [T ICECUBE, ANTARES, KM3
et ¥y 58 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.




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)

| J‘JH

NEUTRALINOS (E.G. BERGSTROM AND ULLIO 1997)

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

WWM INERT HIGGS DM (GUSTAFSSON ET AL. 2007)

{ wﬁhﬁﬂ GRAVITINOS IN SUSY WITH R-PARITY VIOLATION (GB, BUCHMUELLER, COVI & IBARRA 2008)

LTIV \WIMP FOREST! GB, JACKSON, TAIT & VALLINOTTO 2009

2) MULTIPLE SOURCES WITH IDENTICAL SPECTRA

E.G. DM CcLUMPS OR IMBHS

weglv  3) HIGH-ENERGY NEUTRINOS FROM THE SUN

e rL e [T ICECUBE, ANTARES, KM3
e ¥, e 85 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.

5) ANGULAR POWER SPECTRUM OF EG BACKGROUND

wi+1)c,/2m

ANDO & KOMATSU 2006, ANDO ET AL. 2007; SIEGAL-GASKINS 2008; FORNASA, GB ET AL. 2008
FERMI GUEST INVESTIGATOR GRANT!
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eHUGE THEORETICAL AND EXPERIMENTAL EFFORT
TOWARDS THE IDENTIFICATION OF DM

e HC IS ABOUT TO START. 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 ~5 YRS. DISCOVERY OF WIMPS OR
PARADIGM SHIFT..
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