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Direct detection update: LUX

Oct 30, 2013
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Direct detection update: LUX

LUX 2013 | Oct 30, 2013

CDMS I
ZEPLIN-II
ZENON100 100d
ZENON100 225d

-44|

—_
o

CoGeNT
DAMA/LIBRA

WIMP-nucleon cross section (cm2)

@ Xe detector, 85.3 days, 118 kg fiducial volume

s sy ® 90% C.L. limit of 7.6 x 1046 cm?2 @ 33 GeV 3
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Direct detection update: LUX

LUX dark matter Oct 30, 20139

Web Images Maps Shopping News More ~ Search tools

About 3,180 results (0.22 seconds)

"LUX dark ti N

LUX Dark matter detector finds no WIMPs, sowhyare  happy
ientist

Los Angeles Times - by Amina Khan - Oct 30, 2013

Scientists at an ambitious dark matter experiment in operation at an

New vore 71 underground gold mine in South Dakota have discovered exactly what

Blog Houston Chromcle (blog) 0ct30 2013



Indirect detection update: AMS

April, 2013

AMS, PRL110, 141102 (2013)

" ! L ! L
] ° AMS-02 T
) o PAMELA A |
A Fermi
2
. y H
s | o 4 i# L
.*E 1077, o 44 53# é E
2 [ e, # :
| oO o éiw |
i D%&ogow -
i 6.8x10¢ ete-events 1  dark matter
11 II 1 1 1 11 11 II 1 1 1 | I | II 1 1 1 [ [ [
1 10 102 annihilation? decay?
e* energy [GeV] @ nearby pulsar?

@ ...
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Collider updates

March, 2013
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Collider updates

CMS, EXO-12-048

Events / 25 GeV

Data / MC
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Planck Collaboration,
1303.5062, 1303.5076

March, 2013

500 1Ko
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PL A mk Planck Collaboration,
1303.5062, 1303.5076

March, 2013

Planck
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PL A mx Planck Collaboration,
1303.5062, 1303.5076

March, 2013

Dark Energy

COBE Before Planck After Planck

S. Su



We are living through a revolution in our
understanding of the Universe

on the largest scales

For the first time in history,

we have a complete picture of the Universe

S.Su 8



Qutline

At 4? ® The evidence of dark matter

2{t24? ® What is dark matter?
= dark matter and new physics

E1T4? ® Dark matter detection
= Direct detection
= Indirect detection
= Search at colliders

S.Su
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Exp evidence: rotation curves

‘ Rotation curves of galaxies and galactic clusters

NGC 2403 -

‘ Qi=pilpc

LI | .L,l | W TS VNS VIS VSIS WS W —— l

|
0 5 10 15
Radius [kpc]
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Exp evidence: rotation curves

‘ Rotation curves of galaxies and galactic clusters

NGC 2403 -

‘ Qi=pilpc
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Exp evidence: rotation curves

‘ Rotation curves of galaxies and galactic clusters ‘
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Exp evidence: rotation curves

‘ Rotation curves of galaxies and galactic clusters ‘

I 1 1) ' L] l Ll
Data
I I/ Total fit
-, g . s el
NGC 2403 ol ' - “l/
[/
g0 LT/
L |f
Constrain Q I /
O pl A 1} F— 1 I} I} Renadened i
0 5 10

‘ Qi=pilpc

Radius [kpc]
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Exp evidence: lensing

‘ Gravitational lensing ‘

Hubble Space Telescope image of a cluster of galaxies. Mass reconstruction of the cluster. Note the large, smooth
An imregular blue galaxy in the background is multiply-imaged. distribution of (apparently invisible) matter.

S. Su 13
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Exp evidence: bullet cluster

‘ colliding clusters ‘
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Exp evidence: supernovae

‘ Supernovae ‘

‘ 9 -ﬂf'. b b/
eJ 7 Cearchk 2o
s ” | > ‘ '
A .
|A/ ) 2 4 10 g "?
) o e
' -f’&f‘é
,'( 6' 649 4 =l
¥ ks g
% Y i 1 -§':&:~. ”
= .
: by

4

redshift

Constrain acceleration of expansion: Q -Q,

S su attractive matter vs. repulsive dark energy .



Exp evidence: CMB

‘ Cosmic Microwave Background ‘

Constrain geometry of the Universe: Q,+Q ERECIRIEE VK 10
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Exp evidence: BBN

‘ Big Bang Ndcleosyn'rhesis ‘

Constrain the density in baryon: Qg

10°

_. Number Abundance Relative to Hydrogen
© © © © © ©o © © o
® B u & O A b R A

S
S

-

=

He-4

He-3
Li-7

Edward Wright (2012)
17



Q,

1!T1IYI|T[IT!

- No Big Bang
Supernovae
v
N
{ & \‘\ C ! -1 B
} W
| \\
\\.
Clusters

Synthesis

Heavy Elements:

(), = p,/p('mm;\l
Q = ]

TOTAL ?
Neutrinos (v):

Q ~ 0.5%

Cosmic Pie/

Stars:
Q 0.5

3 Free H
& He:
Q~3%

Cold Dark Matter:
Q=27% + 2%

Dark Energy (A1):
Q=68% * 2%

e Remarkable agreement
e Remarkable precision (<10%)
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We know how much, but no idea what it is.

Dark matter Dark energy

No known particles contribute All known particles contribute

Probably tied to m,,, ~ 100 GeV | Probably tied to mg . ~ 10" GeV

Several compelling solutions No compelling solutions
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We know how much, but no idea what it is.
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/

Dark matter

Dark energy

No known particles contribute

All known particles contribute

Probably tied to m,,, ~ 100 GeV

Probably tied to mp,, .. ~ 10'° GeV

Several compelling solutions

No compelling solutions
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Dark matter

\

Source: Fermilab media /& CDM requiremen.'.s
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e Stable

* Non-baryonic
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e Cold (massive)

* Correct density
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Dark matter

Source: Fermilab media

(com

\

requirements
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NS
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* Non-baryonic
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Dark matter

~
Source: Fermilab media /& CDM re Uir'emen'rs
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Dark matter

~
Source: Fermilab media /& CDM re Uir'emen"'s
J—/

* Stable
* Non-baryonic

3 * Neutral
e Cold (massive)

* Correct density

* Gravitational
" X interacting
/

)

Even Higgs can not do it | 2



Zoo of dark matter

DM provide precise, unambiguous evidence for new physics

mass and interaction strengths span many, many orders of magnitude

Some Dark Matter Candidate Particles

.| Roskowski (2004)
s\ Baer and Tata (2007)

Vi
Q-ball
'

neutrinos WIMP

__ 1 Black Hole Remnant,

neutralino

10 KK photo
02 branon

s LTP -
10
10"
10—21
102+ axion
107 F SuperWIMPs :

-30 |
10 N fuzzy CDM l gravitino
1071 Tei KK graviton
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10739 L i i 1 ! ! | | | .

S' Su -33 . .-30, -27  -24 21 18 -15 12 9 12 15 18 22
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DM provide precise, unambiguous evidence for new physics

mass and interaction strengths span many, many orders of magnitude
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WIMP

Weak Interacting Massive Particle

4 D
e My yp~ M
WIMP e

weak

° gweak2
\_ y,

2.6 x 107 10Gev—2

—
o2 oA = Oh2-0.3
(04v) ~ ——0.1 ~ 107°GeV

meak

round the observed value

S. Su 24
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WIMP?

Weak Interacting Massive Particle

-
WIMP ° My mp~ Myeak connect to new
. T e Queak’ physics @ TeV?
210 =,
Q’)Q s 26 X 10 GeV

—
2 wan oo = Qh2-0.3
(04v) ~ ——0.1 ~ 10" GeV

m wea l\

round the observed value
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Dark matter and new physics

@ In many BSM theories, DM is easier to explain than no DM

‘ Dark Matter: new stable parﬁcle‘

 there are usually many new weak scale particles
* constraints (proton decay, large EW corrections)

discrete symmetry

!

stability

!

good dark matter candidate
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Dark matter and new physics

@ In many BSM theories, DM is easier to explain than no DM

‘ Dark Matter:

new stable particle ‘

 there are usually many new weak scale particles super-partners

* constraints (proton decay, large EW corrections)

discrete symmetry

proton decay

R-parity: SM particle + super-partner -
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stability —

lightest supersymmetric particle (LSP) stable
LSP # SM particle, LSP # super particle

!

good dark matter candidate
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Dark matter and new physics

@ In many BSM theories, DM is easier to explain than no DM

‘ Dark Matter: new stable parﬁcle‘

 there are usually many new weak scale particles super-partners

* constraints (proton decay, large EW corrections)

proton decay

discrete symmetry R-parity: SM particle + super-partner -

!

stability —— lightest supersymmetric particle (LSP) stable

I LSP # SM particle, LSP # super particle
good dark matter candidate LSP Dark Matter

LSP, LKP, LZP,...
S. Su lightest parity-odd particle
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Dark matter detection

SM

SM

—

DM annihilation

Efficient annihilation then
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Indirect DM detection
AMS2, PAMELA, Fermi-LAT,...
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Dark matter detection

DM SM direct DM detection

CDMS, CoGeNT, CRESST,
DAMA, XENON,LUX...
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Dark matter detection

DM SM direct DM detection

CDMS, CoGeNT, CRESST,
DAMA, XENON,LUX...

DM SM ‘ Efficient scattering now

—

Indirect DM detection
‘ AMS2, PAMELA, Fermi-LAT, ... ‘

S. S“‘ Efficient annihilation now ‘ 28




Dark matter detection

Collider Searches

‘ LEP, Tevatron, LHC ‘

- ———
DM SM

DM SM

—

Indirect DM detection

‘ AMS2. PAMELA. Fermi-LAT. ...

S. SU‘ Efficient annihilation now ‘

direct DM detection
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DAMA, XENON,LUX...

‘ Efficient scattering now
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Dark matter detection

Collider Searches

‘ LEP, Tevatron, LHC ‘

- ———
DM SM

DM SM

—

Indirect DM detection

direct DM detection

CDMS, CoGeNT, CRESST,
DAMA, XENON,LUX...

‘ Efficient scattering now

Caveat: might )

‘ AMS2. PAMELA. Fermi-LAT. ...

‘ not be the same

S. SU‘ Efficient annihilation now ‘

channel | Y
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Dark matter detection

Collider Searches

‘ LEP, Tevatron, LHC ‘

- ———

DM SM direct DM detection

CDMS, CoGeNT, COUPP,

CRESST, DAMA, XENON,...

DM SM

—

Indirect DM detection
AMS2, PAMELA, Fermi-LAT,...
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Dark matter detection

direct DM detection

CDMS, CoGeNT, COUPP,

CRESST, DAMA, XENON,...
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Direct detection

e Scatter from a Nuclei in a Terrestrial
particle detector
® Measure nuclear recoil energy

<galact|c center

Sun 230 krn/s Dec.

rate: R~} ; Nijnx{(o;x)
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Direct detection

e Scatter from a Nuclei in a Terrestrial
particle detector
® Measure nuclear recoil energy

< galactic center

Sun 230 krn/s

rate: R~} ; Nijnx{(o;x)

— e

Number of target
nuclei in detector
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Direct detection

e Scatter from a Nuclei in a Terrestrial
particle detector
® Measure nuclear recoil energy

Calactlc center

Sun 230 km/s

rate: R~} ; Ninx(o;x)

— e

Number of target
nuclei in detector

Local WIMP density
(astro physics)
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Direct detection

_—galactic center | ——— e Scatter from a Nuclei in a Terrestrial
< -—-;J_Uﬂ?% Ol particle detector

® Measure nuclear recoil energy

rate: R )Y ; Ninx{(o;x)

@ — — N / scattering cross section
N—_ _~ il .e.r' ot targe (particle physics)
nuclei in detector

Local WIMP density
/ (astro physics)
N— -
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Direct detection

_—galactic center | ——— e Scatter from a Nuclei in a Terrestrial
< -—-;J_Uﬂ?% Ol particle detector

® Measure nuclear recoil energy

rate: R )Y ; Ninx{(o;x)

@ — — N / scattering cross section
N—_ _~ il .e.r' ot targe (particle physics)
nuclei in detector

Local WIMP density

/ (astro physics)
N— -

<E> ~ 30 KeV rate < 0.01/kg/day

S.Su 30



Direct detection experiments

WIMP

29,
| 10% energy
lonization
Target 8
ar
9 Phonons/heat
100% energy
slowest
cryogenics
Light
1% energy
fastest
no surface effects

‘
WIMP

S. Su from Dan Akerib’ s talk at CERCA DM workshop



Direct detection experiments

+ Division of energy

Elonlzation

o Timing gl
HPGe expts power CDMS I o %.bé*‘ . anal
DMTPC (gas dir.) A | EDEIWEISS | % -
DRIFT (gas dir.) 10% \ -
Ionilzati oer:lergy . __—" 4 CDMsII, Ephonons
|\ EDELWEISS I
+timing
ot 2 _~* Picasso,
Target Phonons/heat Simple, Coupp
ZEPLIN I/I/Max, s )
XENON, WARP, 100% energy
LUX, ArDM Slowest
cryogenics
o\&
DAMA/LIBRA "
. DI 196 energy \ CRESSTI | §
DEAP, CLEAN, | no surface effects \ w
XMASS Ephonons
S. Su from Dan Akerib’ s talk at CERCA DM workshop



Direct detection experiments

B Yangyang EESMM Homestake
KIMS ‘ LUX

Kamioka
XMASS
NEWAGE

i SNOLAB

Soudan
CDMS
CoGeNT

Fermilab i
COUPP

B DEAP/CLEAN |
PICASSO

.

9

Boulby
ZEPLIN

DRIET Frejus/

Modane
EDELWEISS

Canfranc
ArDM

B Gran Sasso |
CRESST

WARP
XENON
DarkSide




Direct detection experiments

R SNOLAB
B DEAP/CLEAN §
(8 PICASSO %

Boulby
ZEPLIN
DRIFT

Frejus/

Modane
EDELWEISS

Yangyang Homestake
K/MS LUX

22+ experiments in 12 labs using different ‘rechmques:
Solid scintillator (2)
Ultra-low threshold (2)
Cryogenic bolometer (3)
Directional (3)
Superheated bubble chamber (3)
Noble Liquids - LXe (5), LAr (4)




Main challenge: backgrounds
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Direct detection in China

Dark matter experiments are located deep underground to be
shielded from cosmic ray background.

water equivalent depths of world underground labs

105-:
- 10° -
, ’ /" o, 12100m
) ) lyaL
' ; 1Korea 2450m
% qpts Canfranco70om
Usabl : 835 kil 3 Spain Kamioka |
3 Status: Reported 67 days of data, r Japan 2800m .
- 3500m
10" 3 UK 3500m LNGS
: WOm
= $12-millo n(obner;ge‘i‘ssclanlezgji:ﬁeni. 4400m SEL

Plans for a 1.5-tonne experiment in
2014 at a cost of US$12 million. Boulby

Muon Intensity, m y1

XENONI00 INO
Usable xenon: 62 kilograms
Status: Reported 225 days of data. 1 India

Italy

Baksan $ EZ?D(IJ_Om
LUX _ Russia 4800m @0m China
e e T Modane 6000m
u below ground. P! for
Jmitltsl-tfor:\?\de ei[())engw:ntnﬁw 2()2{‘;—?7. Deep Underground Lab France SNO
at a cost of $30 million. Canada

PANDAX

Usable xenon: 120 kilograms
Status: Yet to take data. Plans for
tonne-scale experiment in 2016 at
a cost of $15 million.

Nature (2013)
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Direct detection in China

CJPL site

China JinPing Deep Underground Laboratory
(CJPL)
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Direct detection in China

CJPL recent status(~4000m?)

From Q. Yue



Direct detection
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< DPAMA/Na
‘ =y, CoGeNT
X DAMA/I
\ =~ CDMS (2011)
CDMS (2810)

ZEPLIN-III
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Direct detection

\\/\//W_/X,/arXiv: 1310.8214
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Direct detection
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Direct detection: summary

@ A lot of new detection techniques have been developed
for direct dark matter detection.

@ So far, there are no convincing results for a positive
dark matter detection.

@ Light DM signals observed in several dark matter
experiments don't fit together. They are in conflict with
null result experiments.

@ Are the observed signals from unknown background? Or
standard scattering model needs to be modified?

@ Experiments with low BG and large detectors are
coming online to continue the hunting of dark matter.



Dark matter detection

Collider Searches

‘ LEP, Tevatron, LHC ‘

- ———

DM SM direct DM detection

CDMS, CoGeNT, COUPP,

CRESST, DAMA, XENON,...

DM SM

—

Indirect DM detection
AMS2, PAMELA, Fermi-LAT,...
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Dark matter detection

SM

SM

—

Indirect DM detection
AMS2, PAMELA, Fermi-LAT,...
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Indirect detection
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Indirect detection

oo m
o
\D D

AN
N— “ .
& ark Matter annihilates
in __(amplifier) to ;
"~ detector S a place some particles

recipe

which are detected by

an experiment /
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et

Dark Matter annihilates

in center of the sun to neutrinos ,

recipe 6\

a place some particles
which are detected by AMANDA, ICECUBE,
an experiment j
AMANDA-I

earth

Snow Layer

IlceCube

1500 m

A

- 2000 M

Dark matter density in

the sun, capture rate
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recipe

Dark Matter annihilates

in _galactic center to photons ,

a place some particles

which are detected by_FERMI, HESS,

an experiment
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recipe

Dark Matter annihilates

in _the halo__ to positions ,
a place some particles
which are detected by AMS, FERMI, PAMELA.
an experiment J

Dark matter density
profile in the halo



A M S AMS, PRL110, 141102 (2013)

Positron fraction

L oon e rr oon L
- o S 1 |e® increased spectrum for e*
- ° PAMELA 4 1 |e flat spectrum for e (above BG)

A Fermi

I % i | |® anti-p consistent with BG
.: jLM {

. sh 4 ‘i# oL
¥ s o o AR W ¢ ]
[ o 1 background?
I Tos : i,%%’ﬁ ]
N e D%&ogooﬁﬂw .

6.8x10°6 e+e- events - Q
G . . .
e* energy [GeV] particle physics: astrophysics:

dark matter pulsars ...
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Positron fraction

10

AMS

AMS, PRL110, 141102 (2013)

° AMS-02
o PAMELA
A Fermi

6.8x106 ete- events

® increased spectrum for e*
e flat spectrum for e- (above BG)
e anti-p consistent with BG

S.Su
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e* energy [GeV]

IIIIII
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background?

particle physics:
dark matter

astrophysics:
pulsars ...
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Positron fraction

A MS AMS, PRL110, 141102 (2013)

LI II 1 1 1 LI II 1 1 1 LI II 1 1 1
. +
- . 1 | increased spectrum for e
- ° PAMELA { |e flat spectrum for e (above BG)
Fermi
L L ne

1® AMS/PAMELA/FERMI results are consistent with being the first

@ the current set of data does not allow us to identify the origin of
the positron signal

detection of particle dark matter
® further complementary measurements are required to answer the

question of these particles’ origin

particle physics:
dark matter

L1 II 1 1 1 L1 1.1 II 1 1 1 L1 1.1 II
1 10 10°
e* energy [GeV]

astrophysics:
pulsars ...
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Dark matter detection

Collider Searches

‘ LEP, Tevatron, LHC ‘

- ———

DM SM direct DM detection

CDMS, CoGeNT, COUPP,

CRESST, DAMA, XENON,...

DM SM

—

Indirect DM detection
AMS2, PAMELA, Fermi-LAT,...
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Dark matter detection

Collider Searches

‘ LEP, Tevatron, LHC ‘

- ———
DM SM

DM SM

S.Su
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Collider study of dark matter
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Collider study of dark matter

@ How to observe DM signals?
® How to distinguish DM scenarios?
® How to determine DM properties?

S. Su 48



Can we see DM at collider?

Key:
—— Muon

mm (e.g.Pion)
S— ron (e
----mwalmdm(oo%lmm)

..... 'm . \
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Can we see DM at collider?

U ) |
Om im m

¥
5
)
5§
3

Key:

m»w (e.g.Pion)
e — ron (e
- - -munlmdm(o.g%lmm)
..... 'm .

@ DM Does not interact with detector, can not be observed directly
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Can we see DM at collider?

Key:

mw (e.q.Pion)
—— ron (e
- - o -munlmdm(o:ﬁmm)
..... 'm =

a 3 \

@ DM Does not interact with detector, can not be observed directly

dark at collider as well
S. Su 49



Momentum conservation
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Momentum conservation
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Momentum conservation
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Momentum conservation
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Missing Er
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Missing Ex

_)
Momentum conservation p — O

@@@ Hadron collider: Z pr =0 ‘ DM: Missing Er signature
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We have seen this before...

Neutrinos n' — p+e_De
2 Observed Expected
2 spectumof | €lectron
energy momentum conservation % energies N,
@ Pauli (1930), named “neutron” S
Chadwick (1932) £
® Fermi (1933, 1934), <
Neutrino”: little neutral one Energy Endpoint of
spectrum
Versuch einer Theorie der g-Strahlen. IY). _ -
Von E.Fermi in Rom. L=Gp wp’YMwn YeYuthve

Mit 3 Abbildungen. (Eingegangen am 16. Januar 1934.)

S.Su
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We have seen this before...

Neutrinos n' — p+6_De
2 Observed Expected
2 spectumof | €lectron
energy momentum conservation % energies N,
@ Pauli (1930), named “neutron” S
Chadwick (1932) E
® Fermi (1933, 1934), <
Neutrino”: little neutral one Energy Endpoint of
spectrum
Versuch einer Theorie der g-Strahlen. IY). _ -
Von E.Fermi in Rom. L=Gp wp’YMwn Ye Vv,

Mit 3 Abbildungen. (Eingegangen am 16. Januar 1934.)

Nature: too remote from reality
Fermi: switch to experimental phyics

S.Su
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the 1st "dark matter” !

Neutrino: 1st example for missing energy

Number af events/(5 GEVJ2
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10(1

EXPERIMENTAL OBSERVATION OF ISOLATED LARGE TRANSVERSE ENERGY ELECTRONS
WITH ASSOCIATED MISSING ENERGY AT /s = 540 GeV

UA! Collahoration, CERN Geneva, Switzerland

T
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the 1st "dark matter” |

Neutrino: 1st example for missing energy

EXPERIMENTAL OBSERVATION OF ISOLATED LARGE TRANSVERSE ENERGY ELECTRONS
WITH ASSOCIATED MISSING ENERGY AT /s = 540 GeV

UA! Collahoration, CERN Geneva, Switzerland
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the 1st "dark matter” |

Neutrino: 1st example for missing energy

EXPERIMENTAL OBSERVATION OF ISOLATED LARGE TRANSVERSE ENERGY ELECTRONS
WITH ASSOCIATED MISSING ENERGY AT /s = 540 GeV

UA! Collahoration, CERN Geneva, Switzerland
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the 1st "dark matter” !

Neutrino: 1st example for missing energy

EXPERIMENTAL OBSERVATION OF ISOLATED LARGE TRANSVERSE ENERGY ELECTRONS
WITH ASSOCIATED MISSING ENERGY AT /s = 540 GeV

UA! Collahoration, CERN Geneva, Switzerland

| Missing E - W Candidate | — 20 x10° I .C.M.S
£7000— :'.gf,f?;smw i | 36pb’ at\s=7TeV |
S C +#-QCD bkg — % B ]
> L . . B 1
m6000:— DO Run Il Preliminary Eg 15 __ . . g __
B o~ : Y ]
5ooo: o~ ”" Woev |
- EWK+E |
: the 1st "dark matter” | m&" -
4000_— .
- [ ] [ ] .
only that it is not cold. ;
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MET used everywhere...

&EATLAS
. EXPERIMENT

Run Number: 204026, Event Number: 33133446
Date: 2012-05-28 07:23:47 CEST
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How to observe dark matter signal?

-
@ Last particle in the cascade

decay chain of parent particle

+ i W,Z — £F jets...
Py T, .., —> Jets

@ direct (pair) production
(with jet/photon/...)

effective operator approach

9,7, Z,or W
q
Voo X
W,z,t missing particle, Fr
\
; ; Er '
X
partners: q, g, W, Z, 4, ...
a
\_ 54




How to observe dark matter signal?
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How to observe dark matter signal?

-
@ Last particle in the cascade

decay chain of parent particle

+ i W,Z — £F jets...
Py T, .., —> Jets

W 7 0

\model dependent

R“§O
Er

partners: , G, W, Z, ¢, ...

particle, Er

@ direct (pair) production
(with jet/photon/...)

effective operator approach

9,7, 4,0or W

model independent
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How to observe dark matter signal?

-
@ Last particle in the cascade

decay chain of parent particle

+ i W,Z — £F jets...
Py T, .., —> Jets

W 7 0

\model dependent

R“§O
Er

partners: , G, W, Z, ¢, ...

particle, Er

@ direct (pair) production
(with jet/photon/...)

effective operator approach

9,7, 4,0or W

model independent




Comparison with direct detection

SM_ X
effective operator appr'oach‘

1 _ _
pXFXXquq

SM
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Comparison with direct detection

SM_ X
effective operator approach‘
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Comparison with direct detection

SM
effective operator appr'oach‘

SM

Collider Searches X direct DM detection
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Comparison with direct detection

SM. X

effective operator appr'oach‘

1 _ _
Fxfququ

Collider Searches SM direct DM detection
q. 9 X X
01J p5
~ Qo ~ O(1000)
ODD b
q q
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Comparison with direct detection

SM_ X
effective operator appr'oach‘

1 _ _
prququ

SM

Collider Searches direct DM detection

q,. 9 X X

2 a2 0(1000)
ODD K

X q q

q

complementary between collider searches and DM direct detection.
S. Su 55



Direct detection versus collider reach

LUX collaboration, 2013
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Direct detection versus collider reach

LUX collaboration, 2013
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Direct detection versus collider reach

LUX collaboration, 2013
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Direct detection versus collider reach

LUX collaboration, 2013
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Direct detection versus collider reach

SuperCDMS Soudan CDMS-lite
SuperCDMS Soudan Low Threshold

XENON 10 S2 (2013)

LUX collaboration, 2013

10—39 4« COMS -1l Ge Low Threshold (2011) 1 0_3
107 110
— 10-41 s
~, 10 A 107 —
= WX g
=2 042 : R 6 =
= 107 F 11070 g
o \S(/ "_ ) N 9
043 g, HERN L E
g 1077 50 R 107 3
75} 4 AN ‘.‘ N\ T 4@ SlE»A00\er0..-- :
©» _ \E Ny e e O T 8 @
2107 NS e 108 3
5 Be N N 2= )
_ Neutrinos . " =< o= S S 010 /il ~
5 1074 L e 10 8
O “\ -“ RomeN_oomm=752600 == v Ol AL %
—_— _ S N TR DERROT == T ige O _
g 10746 R st ? S 10710 2
"""" 3 =
T AN L P L -7 |
I 47 \ R R P T )

-
light DM, few GeV
DD: low sensitivity

J 10—13

100

kCollidcar': complementary )
WIMP Mass [GeV/c?]

S.Su

1\\ 101‘0_14

O(100) GeV DM,
typical DM range




CMS, monojet + MET

—_

c.
A
N

_________

......
_______________

.................

- -
------------

|—|10-27_| T T T T T T T T T T T T T TTTTTH
N . .
€ 10~ CMS Preliminary —*— CMS 2012 Vector
= F Ve=8TevVy e+ CMS 2011 Vector
— s=8TeV
c 107 'S — — CDF 2012 -
o b JL dt=19.5 o —— XENON1002012
107 --- COUPP2012  —
O SIMPLE 2012 =
Do e CoGeNT 2011
B ool -~ CDMSII 2011 e
o 10 F ---- CDMSII 2010 -
S _— v - _._
O 108 F———75 " T T T e A
C o e 5
O jgof R (T 0@
@10 S reremaneaenee it
o e eamnmne -
> =
<
=

Spin Independe

- —_
e <
) =

—_ —|| I| I| I| || ||

M, [GeVi/c

S.Su

10 10° 1

N
e

o Bl 1t

3

—10% — T — T — T T T T
NE 1028 :l CMS Preliminary —=— CMs l2012 Axial Vector —
O, a0 F Vs=8TeV e CMS 2011 Axial Vector —
- 109 — - CDF 2012 =
o -_fL dt=19.5fb" -:== SIMPLE 2012 B
© 107 F ‘ ~-- CDMSII 2011 B
C% - il S e COUPP 2012 N
0 C S - Super-K W'W _
8 106 - " -== lceCube W*W" -
O - |
O 10738 :_ 9
cC | —
IR 1O pad — =
O _ g
S 107 =
2T -
X10"E Spin Dependent -
10-46_| Co il Co ol |

1

CMS, EXO-12-048

10 10° 10°

M [GeV/c

o

N
e

57



CMS, monojet + MET
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Collider better: small mx region, spin-dependent

monojet, monophoton, monoZ, mono-b,...
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Conclusion

® The existence of dark matter provides unambiguous evidence for new
physics beyond the SM.
®© Many new physics models naturally have a DM candidate: WIMP.

© DM direct detection.
= no convincing evidence
= light DM region: controversial.

® DM indirect detection

= neutrinos, photos, positrons
= PAMELA/FERMI/AMS: e+ signal

© DM at colliders
= model independent: monojet, mono-xxx
= model dependent searches

® Interplay between particle physics, astrophysics and cosmology
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