- e —— e e —t—

R —

| |
IDENTIFICATION OF |
DARK MATTER CANDIDATES |

i GIANFRANCO BERTONE

"l - -

INSTITUT D’ASTROPHYSIQUE DE PARIS
UPMC

Unité mixte de recherche 7095 AP' - CNRS - Université Pierre et Marie Curie el T
. . i JNIVERSITAS

. ) Universitat Zirich




DIRECT DETECTION

BASICS

DM SCATTERS OFF NUCLEI DIFFERENTIAL EVENT RATE

IN THE DETECTOR
dR > fE(u,t)
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THEORETICAL UNCERTAINTIES

ELLIS, OLIVE & SAVAGE 2008; BOTTINO
ET AL. 2000; ETC.

N UNCERTAINTIES ON F(V)

LING ET AL. 2009; WIDROW ET AL. 2000;
HELMI ET AL 2002 (CFR. NEXT TALK!)




DIRECT DETECTION

LOCAL DENSITY

DYNAMICAL CONSTRAINTS ULLIO & CATENA 2009

® TERMINAL VELOCITY OF GAS CLOUDS

e BLUE HORIZONTAL-BRANCH (BHB) HALO
STARS FROM THE SDSS

e ESTIMATES OF OORT’S CONSTANTS

® MOTION OF STARS PERPENDICULAR TO

THE GALACTIC PLANE 4
0.3 0.4 0.5
pnu(Ro) [GeVem-?]

e VELOCITY DISTRIBUTION OF MW
SATELLITES povi(Ro) = 0.389+0.025 GeV cm 3

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

SEE ALSO STRIGARI AND TROTTA 2009; WEBER
AND DE BOER 2009; SALUCCI ET AL. 2010
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TRIAXIAL HALOS

PATO, GB, AGERTZ, TEYSSIER, MOORE 2010

z=0.0
MOMENT OF INERTIA TENSOR
ROTATION AXES
(A,B,C)
80 kpc




TRIAXIAL HALOS




TRIAXIAL HALOS

. z=1.87




MODULATION OF DM DENSITY

AT FIXED GC-DISTANCE

simulation without baryons
orthogonal to minor axis




MODULATION OF DM DENSITY

AT FIXED GC-DISTANCE

simulation with baryons
stellar disk




DIRECT DETECTION

z UNCERTAINTIES ON THE LOCAL DENSITY
L == _ R

“STATISTICAL” “SYSTEMATIC”

ULLIO & CATENA 2009 PATO, GB, AGERTZ, TEYSSIER, MOORE 2010

simulation without baryons
orthogonal to minor axis

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

FROM DYNAMICAL -
OBSERVABLES (SEE ALSO /00/,00 = 0.39 — 1.94 Esl ReINi Ry

STRIGARI & TROTTA 2009) TRIAXIALITY, BARYONS, ETC.
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'DIRECT DETECTIO

O59% C.L. CONSTRAINT ON THE RECONSTRUCTED DM MASS
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~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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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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GB, CERDENO, FORNASA, RUIZ DE AUSTRI & TROTTA (2010)



EXAMPLE IN THE CO-ANNIHILATION
REGION (24 PARAMS. MSSM)

LHC




EXAMPLE IN THE CO-ANNIHILATION
REGION (24 PARAMS. MSSM)

LHC + DD

BERTONE, CERDENO, FORNASA, TROTTA, RUIZ DE AUSTRI 2010
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CONCLUSIONS
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esAS WE PREPARE FOR DISCOVERIES, IT IS CRUCIAL TO
QUANTIFY UNCERTAINTIES AND SYSTEMATIC EFFECTS

eDIRECT DETECTION IS AFFECTED BY UNCERTAINTIES
OF DIFFERENT KINDS, INCLUDING A ~50% SYSTEMATIC

UNCERTAINTY ON Ox

el HC IS RUNNING! EXCITING TIMES AHEAD, BUT
DIRECT AND INDIRECT SEARCHES LIKELY NECESSARY
TO IDENTIFY DM

e COMBINING LHC AND DD IS POSSIBLE: CONSISTENCY
CHECKS OR JOINT CONSTRAINTS UNDER THE

(REASONABLE) ASSUMPTION THAT Ox SCALES WITH Qx
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TeV Particle Astrophysics 2010
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