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SIS SHROINGE SRS
CONVENERS: JONATHAN FENG AND STEVE RITZ
CF1-4 ARE PIRECTLY RELEVANT FOR PARK MATTER.

CF1: WIMP DARK MATTER DIRECT PETECTION (PRISCILLA CUSHMAN,
CRISTIAN GALBIATI, PAN MCKINSEY, HAMISH ROBERTSON, TIM TAIT)

CFR: WIMP PARK MATTER INDIRECT DETECTION ()IM BUCKLEY, POUG
COWEN, STEFANO PROFUMO)

CF=2: NON-WIMP DARK MATTER (ALEX KUSENKO, LESLIE
ROSENBERG)

CF4: DPARK MATTER COMPLEMENTARITY (PAN HOOPER, MANO)
KAPLINGHAT, KONSTANTIN MATCHEYV)

CF5: PARK ENERGY AND CMB (SARAH CHURCH, SCOTT PODELSON,
KLAUS HONSCHEID)

CF&: COSMIC PARTICLES AND FUNDAMENTAL PHYSICS (JIM BEBATTY,
ANN NELSON, ANGELA OUINTO, GUS SINNIS)
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5 O RIBAVA B RS IEINIHE) 5@ @R SR MIEINEEA R
DOCUMENT HTTP.//ARXIV.ORG/ABS/1305. 1605

COSMIC FRONTIER HAD ITS MAIN PRE-SNOWMASS
MEETING AT SLAC MARCH &-8.

HTTP:.// WWW-CONF.SLAC.STANFORD.EDUW/ COSMIC-
FRONTIER/201=/.

SHORTER DOCUMENT AS A RESULT OF WORK.
LEADING UP TO THIS MEETING.

THE LONGER POCUMENT (TO BE READY BY THE
END OF THE SNOWMASS MEETING) WILL FLESH
OUT THE DETAILS AND ADD MORE EXAMPLES OF
COMPLEMENTARITY.

e \ 1 4 4 Y Ty 4  § Y Y Y R S
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http://arxiv.org/abs/1305.1605
http://www-conf.slac.stanford.edu/cosmic-frontier/2013/
http://www-conf.slac.stanford.edu/cosmic-frontier/2013/
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L] COMPLEMENTARITY BETWEEN AND WITHIN THE FOUR PILLARS OF
PARK MATTER DETECTION

[l DIRECTDETECTION EXPERIMENTS THAT LOOK FOR DARK.
MATTER INTERACTING IN THE LAB

[1 INDIRECT DETECTION EXPERIMENTS THAT CONNECT LAR
SIGNALS TO DARK MATTER IN OUR OWN AND OTHER GALAXIES

[1 COLUIDER EXPERIMENTS THAT ELUCIDATE THE PARTICLE
PROPERTIES OF DARK MATTER

L] ASTROPHYSICAL PROBES SENSITIVE TO NON-GRAVITATIONAL
INTERACTIONS OF DARK MATTER

.
: e e e = = = = =
PE. = T e i s e e mae oo e o o Siei SRS S
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NEXT: EVIDENCE FOR DPARK MATTER.

HOW MAY ASTROPHYSICS SAY SOMETHING ABOUT THE
PARTICLE NATURE OF DARK MATTER? WE WILL PICK ONE

PARTICULAR EXAMPLE.

CAUTION!

(1) L AM GOING TO START FAR AFIELD AND THEN GET
CLOSER TO THE ENERGY FRONTIER TOPICS.

(2) L AM GOING TO FOCUS ON SOMETHING THAT
INTERESTS ME CURRENTLY BUT THAT IS OK
BECAUSE IT SERVES AS A WELL-MOTIVATED
EXAMPLE AND THE POINT IS NOT TO BE EXHAUSTIVE

T T T S S S S A Rk

B
L
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ROTATION SPEED AND DARK MATTER IN GALAXIES

THE PLATEAWU IN SPEED AS THE DISTANCE FROM THE
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ROTATION SPEED AND DARK MATTER IN GALAXIES

THE PLATEAWU IN SPEED AS THE DISTANCE FROM THE
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NOTE THE LINEAR RISE IN ROTATION SPEED CLOSE TO THE CENTER.
THHS COULD BE A HHINT THAT THE POMINANT COMPONENT OF PARK

MATTER IS NOT A WIMP. BUT WE STILL NEED TO SORT OUT HOW STAR

FORMATION AFFECTS PREDICTIONS FOR PARK MATTER PENSITIES.
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ROTATION SPEED AND DARK MATTER IN GALAXIES
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ROTATION SPEED AND DARK MATTER IN GALAXIES
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ROTATION SPEED AND DARK MATTER IN GALAXIES
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LARGER SCALES: DARK MATTER IN CLUSTERS OF
GALAXIES

- h . s . \

BULLET-CLUSTER

O AF <L 0 L BLUE: MATTER FROM “WEAK”
-y - gm.-S W EECEEE R T %
% AT T .o *t IGRAVITATIONAL LENSING
. L |REP: GAS IN X-RAY'S
..' ‘, .. : . X
o 'S oy

Comp()site-'Cregli’t!%—'ra‘y:-NASA/ e i.: L St 1,
CXC/CfA/ M:Markevitch et al ; ' R
Lensing Map: NASA/STScI; ESO WFI;
Magellan/U.Arizona/ D.Clowe et al.
Optical: NASA/STScI; Magellan/
U.Arizona/D.Clowe et al ;
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CLUSTERS HAVE BEEN FOUND!
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DARK MATTER ON EVEN LARGER SCALES

(A) MOTIVATION TO THINK ABOUT NON-
WIMP CANDIDATES AND

(B) EXAMPLE OF HOW ASTROPHYSICS
COULD GUIDE MODEL BUILDING

Monday, July 1, 13



NEXT: SEARCHING FOR THE NON-GRAVITATIONAL

INTERACTIONS OF DPARK MATTER

PUE TO LACK OF TIME, wWILL FOCUS ON WIMPS HERE

R SRLEEL == EE e B

T e T e S e S — - -
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Dark Matter

Leptons
Nuclear Matter P Photons, Other dark
electrons, muons,

uarks, gluons W, Z, h bosons articles
9 & taus, neutrinos P

DM DM DM
Direct Indirect Particle Astrophysical
Detection Detection Colliders Probes

SM SM DM SM SM DM DM DM

THE CONNECTIONS SHOWN ARE
REPRESENTATIVE ANDP NOT EXHAUSTIVI

i
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PIFFERENT SEARCHES COULD BE
SENSITIVE TO DIFFERENT
PARTICLES.

ALL SEARCHES DON'T ALL HAVE
TO POINT TO THE SAME REGION OF
SOME PARAMETER SPACE.

THEIR ABUNDANCES SHOULD ADPD
UP TO THE WMAP/PLANCK
MEASURED VALUE.
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INDIRECT SEARCHES
RELY ON THE SAME
ANNIFHHLATION THAT
TOOK PLACE IN THE
EARLY UNIVERSE TO
SET THE WIMP
ABUNDANCE
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INDIRECT SEARCHES
RELY ON THE SAME
ANNIFHHLATION THAT
TOOK PLACE IN THE
EARLY UNIVERSE TO
SET THE WIMP
ABUNDANCE
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BN ELDAFIONEDEEVEEENTAE CINIEAINC NI
INIDHIREC I SIEARCIHIES

S-WAVE OR P-WAVE PIECE OF
ANNHHHLATION CROSS SECTION
COULDP POMINATE IN THE BARLY
UNIVERSE

INDIRECT SEARCHES
RELY ON THE SAME
ANNIFHHLATION THAT
TOOK PLACE IN THE
EARLY UNIVERSE TO
SET THE WIMP
ABUNDANCE
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BN ELDAFIONEDEEVEEENTAE CINIEAINC NI
INIDHIREC I SIEARCIHIES

S-WAVE OR P-WAVE PIECE OF
ANNIHILATION CROSS SECTION
COULDP POMINATE IN THE BARLY
UNIVERSE

P-WAVE CROSS SECTION
PROPORTIONAL TO V2. IN THE EARLY
INDIRECT SEARCHES UNIVERSE V2 ~ 0.2. EXAMPLE: DM
COUPLING TO RUARKS THROUGH
AXIAL VECTOR CURRENT

RELY ON THE SAME
ANNIFHHLATION THAT
TOOK PLACE IN THE
EARLY UNIVERSE TO
SET THE WIMP
ABUNDANCE

- ﬁ
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BN ELDAFIONEDEEVEEENTAE CINIEAINC NI
INIDHIREC I SIEARCIHIES

INDIRECT SEARCHES
RELY ON THE SAME
ANNIFHHLATION THAT
TOOK PLACE IN THE
EARLY UNIVERSE TO
SET THE WIMP
ABUNDANCE

S-WAVE OR P-WAVE PIECE OF
ANNIHILATION CROSS SECTION
COULDP POMINATE IN THE BARLY
UNIVERSE

P-WAVE CROSS SECTION
PROPORTIONAL TO V2. IN THE EARLY
UNIVERSE V2 ~ 0.2. EXAMPLE: DM
COUPLING TO RUARKS THROUGH
AXIAL VECTOR CURRENT

S-WAVFE |S THE ONLY PIECE
RELEVANT FOR INDIRECT SEARCHES
SINCE Vv2~10° LOCALLY

- ﬁ
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NEXT: INDIRECT SEARCHES

SCARCHES FOR PROPULTS OF PARK MATTER
ANNIHILATION OR DECAY

B R e S e i Y T T T T T T T ey v
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Mass within 300 parsecs [Mg]
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velocity
distribution

v mteractions

» & 3 /:

IN EQUILIBRIUM,
ANNIHLATION RATE IS
RELATED TO CAPTURE RATE
AND HENCE TO THE
SCATTERING OF DM OFF
BARYONS

JIMBUCKLEY, CF2

Earth

1450m | 1

2450 m
2820 m

= iceTop
It /Bv:) Stations, each with
- - 2 lceTop Cherenkov detector tanks
2 optical sansors per tank
320 optical sensors

2010: 79 strings in operation
2011: Project completion, B6 strings

IceCube Array

'.//’/8":> stnngs including 6 DeepCore strings
. 60 optical sensors on each string

5160 optical sensors

T Amanda Il Array
L (precurser 10 lceCube)
‘ DeepCore
6 strings-spacing optimized for lower energas
A 350 cptical sensors

' Eiftel Tower
' 324m
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Hooper, Goodenough
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NEXT: DIRECT SEARCHES FOR WIMPS

AXIONS NOT COVERED IN THIS TALK

COMPLEMENTARITY OF PIRECT, INPIRECT AND
COLLIPER SEARCHES

R SRLEEL == EE e B

T e T e S e S — - -
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DM interacting with leptons DM interacting with quarks
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TYPICALLY COLLIDERS ARE ABLE TO GO LOWER (N
MASS. COMPLEMENTARITY IS EVIDENT.
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http://arxiv.org/abs/1305.6921
http://arxiv.org/abs/1305.6921

e OHEDISCOVERIESCENARIOSSIIGRIDIG SEHRINE
CIOIMIPIEERM BINHTARERT

PIRECT SEARCHES AND LHC FIND A 60 GEV NEUTRALINO.

FURTHER LHCTILC STUDIES REVEAL IT ONLY
CONTRIBUTES ABOUT HALF OF THE RELIC PENSITY

IN TIME, AXION DETECTORS MAKE A DISCOVERY
CONSISTENT WITH AXIONS BEING THE OTHER HALF OF
DARK MATTER

COsSMOoLOGICAL SIMULATIONS AND OBSERVATIONS
PROGRESS SUFFICIENTLY THAT THEY ASCERTAIN PARK
MATTER S COLDP AND NON-INTERACTING

THIS WOULD EXTEND OUR UNDERSTANDING OF THE
UNIVERSE BACK TO NANO-SECONDS.

e \ 1 4 4 Y Ty 4  § Y Y Y R S
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Dark Matter

Leptons
electrons, muons,
taus, neutrinos

Photons, Other dark
W, Z, h bosons particles

Nuclear Matter

guarks, gluons

DM DM

_ DM DM _ , SM DM _
Direct Indirect Particle Astrophysical
Detection Detection Colliders Probes

SM

SM SM DM DM DM
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