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(Incomplete) review of dark matter candidates

that are relevant for collider studies
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Qutline

® Dark matter and new physics
® WIMP: (not so) recent development
© WIMPless miracle

® superWIMP: gravitino and axino

= stable dark matter (RPC)
= metastable dark matter (RPV)
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New physics beyond SM

DM problem provide precise, unambiguous evidence for new physics

Independent motivation for new physics in particle physics
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New physics beyond SM

DM problem provide precise, unambiguous evidence for new physics

Independent motivation for new physics in particle physics

» New physics to protect electroweak scale

°* new symmefry: supersymmetry
* new space dimension: extra-dimension
* little Higgs, twin Higgs, ...
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Dark matter in new physics

‘ Dark Matter: new stable par"ricle‘

in many theories, dark matter is easier to explain than no dark matter

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

discrete symmetry

!

stability

!

good dark matter candidate
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Zoo of dark matter

mass and interaction strengths span many, many orders of magnitude

Some Dark Matter Candidate Particles

Roskowski (2004)
Baer and Tata (2007)

neutrinos WIMPs

1 Black Hole Remnant

Super WIMPs :

,[fuzzy CDM l gravitino
i i l: KK graviton
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Zoo of dark matter

mass and interaction strengths span many, many orders of magnitude

Some Dark Matter Candidate Particles
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Zoo of dark matter

mass and interaction strengths span many, many orders of magnitude

Some Dark Matter Candidate Particles

Roskowski (2004)

neutringé

" [fuzzy CDM

i

Baer and Tata (2007)

Super WIMPs :

gravitino

KK grawto

__i Black Hole Remnant

-33 . .30 27 24 21 18 15 ]2
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 appear in particle physics models
motivated independently by attempts
to solve EWSB

« relic density are determined by m,
and m

— naturally around the observed value
— no need to introduce and adjust
new energy scale

weak




Boltzmann equation
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Comoving Number Density

WIMP freeze out

dn

dt |

+ 3Hn = —(ov)(n® — ngq)

expansion

xx = Ff| | ff — xx

Increasing <o,v>
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WIMP freeze out

dn
Boltzmann equation ar + 3Hn = —(ov)(n? — ngq)
I | |

Thef'mal CQUilibr'ium X —> ff ff — XX
XX & ff

/

Increasing <o,v>

Comoving Number Density

100
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WIMP freeze out

dn + 3Hn = —(ov)(n® — ngq)

Boltzmann equation
dt | | |

expansion

Universe cools:
N=ngq~e™T

Increasing <o,v>

Comoving Number Density

100
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Boltzmann equation
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Comoving Number Density

WIMP freeze out

dn

dt |

+ 3Hn = —(ov)(n® — ngq)

expansion

xx — ff

ff — xx

E

Freeze out, n/s ~ consfj

Increasing <o,v>

10

100

x=m/T (time -)




Boltzmann equation
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Comoving Number Density

WIMP freeze out

dn

dt |

+ 3Hn = —(ov)(n® — ngq)

expansion

xx = Ff| | ff — xx

Increasing <o,v>

|

100

x=m/T (time -)




WIMP miracl

WIMP: Weak Interacting Massive Particle

* Mwime™ Myeak

Zm -2

®*Ogn ~ @& weak

weak

2.6 x 10710Gev—2

QA2

5 (04v)
o -9 —2
(0av) ~ ——0.1 ~ 107°GeV

mMveak

naturally around the observed value
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Neutralino DM and LHC connection

focus point
region

rapid annihilation

my,. b—)S‘{ funnel

co—annihilation region

Charged LSP

my,
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Neutralino DM and LHC connection

focus point
region

rapid annihilation

my,. b—)S‘{ funnel

co—annihilation region .

Charged LSP

my,
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Neutralino DM and LHC connection

CMSSM ;
focus point ]
region ]

rapid annihilation

my,. b—)S‘{ funnel

co—annihilation region .

Charged LSP

my,
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Neutralino DM and LHC connection

CMSSM ;
focus point ]
region ]

rapid annihilation
funnel

co—annihilation region .

Charged LSP

my,
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Neutralino DM and LHC connection

CMSSM ;
focus point ]
region ]

rapid annihilation
funnel

co—annihilation region .

Charged LSP

my,
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There have been
many many studies ...




Neutralino DM and LHC connection

c
Mssm There have been
many many studies ...

rapid annihilation

funnel

Talk by Bogdan Dobrescu

“LHC and WIMPs”
co—annihilation region

Charged LSP

my,
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UED: LKP dark matter

Servant, Tait (2002)
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Little Higgs with T-parity: LTP

LTP in LH models: By

M (GeV) M (GeV)
100 200 300 100 200 300
¥ 2 ] 500 1 ¥

—

mu=300 GeV mu=120 GeV

2 ; 200 2 /

1000 1500 2000 500 1000 1500 2000
f(GeV) f(GeV)

Birkedal, Noble, Perelstein, Spray (2006)
S. Su Dark Matters 11




DM in Inert Higgs Doublet Model

02=ma-ms =10 GeV

SU(2), Higgs doublet
A= H,0=S+A

couple to gauge
boson only

Deshpande, Ma,
Barbieri et. al. ,
Cirelli et. al.,
Honorez et. al.,
Gustafsson et. al.,
Majumdar et. al.,

k ,\ Dolle and Su (2007), ...
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DM in Inert Higgs Doublet Model

02=ma-ms =10 Ge;l'

S
N
N

150
Dolle, SS (2007)

200

SU(2), Higgs doublet
A= H,0=S+A

couple to gauge
boson only

Deshpande, Ma,
Barbieri et. al. ,

Cirelli et. al.,

Honorez et. al.,
Gustafsson et. al.,
Majumdar et. al.,

Dolle and Su (2007), ...
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WIMPIQSS ? Feng and Kumar (2008)

¢ (mX:QX) -~ (mweak, gweak), Oh%? ~ 0.3

* only fixes one combination of dark matter mass and coupling

could have mx # mweak as long as the relation holds
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Feng and Kumar (2008)

WIMPless miracle

SUSY with GMSB susY | <S>=M+62F March-Russel et. al,

Breaking Hooper et. al.,

McDonald et. al,
Kim et. al.,
) Krolikowski.
MSSM | Hidden

W = \0SP W =Ax®xSPx

messenger F term Fm=AF Fmx=AxF

messenger mass scale  Mn=AM Mmx=AxM

92Fm: Ngg(FmX:gg(F
1672 M, 1672 My,x 1672 M

superpartner mass m ~

right relic density !
(irrespective of its mass)

S. Su Dark Matters 14




WIMPless DM: hidden?

107° S gx S3
10 MeV < mx S 10 TeV

/ ™~

thermal relic non-relativistic unitarity bound
at freeze out

if no direct coupling to SM: interact only through gravity
impact on structure formation
no direct/indirect/collider signals

. Su Dark Matters




WIMPless DM: not hidden

Breaking

SN
=
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WIMPless DM: not hidden

SUSY
Breaking
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WIMPless DM: not hidden

SUSY
Breaking

My ~ max (Mweak, Mx)
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WIMPless DM: not hidden

SUSY
Breaking

Hidden
- |:|
! X

My ~ max (Mweak, Mx) interaction A XYf
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WIMPless DM: not hidden

SUSY
Breaking

my ~ max (Mweak, Mx) interaction A XYf

* indirect detection
XX - ff, YY

» direct detection
Xf - Xf

e collider: 4th
generation fermions
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WIMPless DM: not hidden

SUSY
Breaking

my ~ max (Mweak, Mx) interaction A XYf

* indirect detection
XX - ff, YY * light DM: mx << myeak

e direct detection * Q=nm:m|,nt
Xf = Xf = enhanced indirect detection

e collider: 4th Mweak’/mx? over WIMP signal

generation fermions
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WIMPless DM

resonance enhancement

K_CRESST

\\ CDMS (Si)

>

|
~\ '\

0.03

v

\\
\

[0.01

0.003

5

10 50 100

my (GeV)

5001000

S. Su Dark Matters

—
o
w

JIIl
—
o

[AV]

—_
o
—_

cuspiness of DM halo
o
(@)

Gamma ray: GLAST




SuperWIMP / Extremely WIMP

‘ DM interaction << Weak interaction. Possible? ‘

Q}CDM requirements >

» Stable

* Non-baryonic

* Neutral

e Cold (massive)

* Correct density

* Gravitational
interacting
(much weaker

than electroweak)  /
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Q}CDM requirements
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But the relic density argument
strongly prefers WIMP-type
mass-coupling relation.




SuperWIMP / Extremely WIMP

‘ DM interaction << Weak interaction. Possible? ‘

Q}CDM requirements

» Stable

* Non-baryonic

* Neutral

e Cold (massive)

* Correct density

~ ¢ Gravitational
interacting
(much weaker

than electroweak)

/
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But the relic density argument
strongly prefers WIMP-type
mass-coupling relation.

Q,y <1/ {ov) «m?/g




SuperWIMP / Extremely WIMP

‘ DM interaction << Weak interaction. Possible? ‘

g ) : > But the relic density argument
u
DM requirements strongly prefers WIMP-type

 Stable mass-coupling relation.
* Non-baryonic
* Neutral Q. < 1/ {ov) o« m?/g*
e Cold (massive)
* Correct density for super-weak coupling

~ * Gravitational
interacting
(much weaker e Qpm too big

than electroweak)  /

e (ov) too small

overclose the Universe

S. Su Dark Matters 18




SuperWIMP / Extremely WIMP

if the Universe is never hot

~

enough, low Tr

™

Thermal production:

plasma scattering

Non-thermal process:
WIMP decay out of equilibrium

gravitino DM G

axino DM a

spin 3/2 superpartner of graviton

spin 1/2 superpartner of axion

mass

GeV - TeV

eV - GeV

interaction | < Mp!, mp ~ 101° GeV

o fa-1, fa 2 5 X 109 GeV
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Thermal production

Gravitino Bolz, Brandenburg and buchmuller (2001)

a

g 3

2 o
%60’
§

S
S
b(@

100 GeV mes 2 T
Q’I~‘hermal ~ (0.2 g R
( G ( m3/2 > (1 TeV) (1010 GeV

* Q = upper bound on Tr

* Leptogenesis: Tr>10° GeV = ms32 > 10 GeV M3/2 ™" ~ TR Mgluino?

AXino Covi, Kim, Kim and Roszkowski (2001); Brandenburg and Steffen (2004)

2
Qghermal ~ 0.6 ( ma ) 1011 GeV TR
0.1 GeV fa 104 GeV
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Non-thermal production: WIMP decay

WIMP — superWIMP + SM particles

Increasing <o,v>

100

x=m/T (time -)

S. Su Dark Matters

Kim, Masiero, Nanopoulos (1984)

Covi, Kim, Roszkowski (1999)

Feng, Rajaraman, Takayama (2003);

Bi, Li, Zhang (2003);

Ellis, Olive, Santoso, Spanos (2003);

Wang, Yang (2004);

Feng, Su, Takayama (2004);

Buchmuller, hamaguchi, Ratz, Yanagida (2004);
Roszkowski, Ruiz de Austri, Choi (2004);

Brandeburg, Covi, hamaguchi, Roszkowski, Steffen (2005);




Non-thermal production: WIMP decay

WIMP — superWIMP + SM particles

B
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Non-thermal production: WIMP decay

WIMP — superWIMP + SM particles

__
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Non-thermal production: WIMP decay

WIMP — superWIMP + SM particles

__
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Non-thermal production: WIMP decay

WIMP — superWIMP + SM particles  SQswive = ™Foumyp

MwIMP

__
2 2
e o

Increasing <o,v>
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Non-thermal production: WIMP decay

WIMP — superWIMP + SM particles  SQswive = ™Foumyp

MwIMP

[
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Non-thermal production: WIMP decay

WIMP — superWIMP + SM particles  SQswive = ™Foumyp

MwIMP

superWIMP

, e m e
e 9°9
o ~ @ o

Increasing <o,v> % e.g. Gl“GViﬁnO LSP
= LKK graviton
axino

WIMP

* neutral
* charged

umber Density
)

—
> o

g N
o

E
-
E
E
=
E
10 E
E
E
=
E

e

10 100
x=m/T (time -)
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superWIMP DM

gravitino DM | axino DM

lifetime 104 sec - 15 years for ms2: 1 [0(0.01 sec)-O(10 h) for f:
GeV - 50 GeV 5x10° - 5x 1072 GeV

BBN constraints |severe mild

1076 g 10-6
107 & | | 10~

I § \ . -10
1078 & \ ; 10-8 Li<2.510
10-9 L \ 10-9 Excluded by °Li overproduction

NN

10-10 AN ..‘ 1075

10-12 A \ 10712 Charged NLSP
1071 D/H(low) - 10-13
10-14 £ 95%C.L. 10-14 1. 2 5.

B, =1 T, In thousand seconds
10-1% 2E,,=100GeV 10-15

L0-16 7=(6.1£0.3)x10-10 10-16 Pospelov (2005), Kohri and Takayama
-7 CMB constr‘laint (2006), Cyburt et al (2006), Jedamzik
10—17 | | | | | | | | 10—17 (2007)’

0 5
) Dark it 22
S. Su Dar Mggi’;@'x/sec)

Kohri, Kawasaki, Moroi (2004)




BBN constraints

charged NLSP (stau)

neutralino NLSP

sneutrino NLSP

EM, had BBN

EM, had BBN

Brhad < 103

T <103 ~104 sec

ms2 <1 GeV

T <102 sec
smaller mass

longer lifetime
larger ms;2

strongly constrained

strongly constrained

viable

Pospelov, Cyburt et. al., Kohri
et. al., Kaplinghat et. al.,
Kawasaki et. al., Feng et. al.,
Steffen...

Kawasaki et. al., Feng et. al.,
Steffen

Kawasaki et. al., Feng et. al.,
Steffen

* harmless NLSP: sneutrino
. di|l.l'|'e Wiﬂ‘l em'l"opy pr‘Oduction Buchmuller et. al. (2006)
* NLSP decay earlier = RPV scenario

S. Su Dark Matters
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RPC superWIMP DM with charged slepton NLSP




RPC superWIMP DM with charged slepton NLSP




RPC superWIMP DM with charged slepton NLSP

* Probes gravity in a particle
physics experiments!

* Precise test of supergravity
or Peccei-Quinn scale




RPC superWIMP DM with charged slepton NLSP

* Probes gravity in a particle

physics experiments!
* Precise test of supergravity
or Peccei-Quinn scale

@ i @ How to trap charged slepton?
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RPC superWIMP DM with charged slepton NLSP

* Probes gravity in a particle
physics experiments!

* Precise test of supergravity
or Peccei-Quinn scale

How to trap charged slepton?

Hamaguchi, kuno, Nakaya, Nojiri, (2004)
Feng and Smith, (2004)
De Roeck et. al., (2005)




Charged slepton trapping

Feng and Smith (2004)

Slepton could live for a year, so — 4 Slepton
can be trapped then moved to a
quiet environment to observe
decays

Reservoir

S. Su Dark Matters




Charged slepion trapping

Feng and Smith (2004)

Slepton could live for a year, so
can be trapped then moved to a
quiet environment to observe
decays

—
o
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=z
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a,
[aR
d
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=

* LHC: 10° slepton/yr possible, but
most are fast.
Catch 100/yr in 1 kton water 150 200 250 300

My sp

—
o
[e]
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Charged slep?on trapping

Feng and Smith (2004)

Slepton could live for a year, so
can be trapped then moved to a
quiet environment to observe
decays

* LHC: 10° slepton/yr possible, but
most are fast.
Catch 100/yr in 1 kton water

= IIC B
[ NLSP only -

—
o
=

[
o
W]

* LC: tune beam energy to produce
slow sleptons,
can catch 1000/yr in 1 kton water

Trapped NLSPs / yr
=
N

1 | 1 1 1 1 1 1 1 1 1 1 1 1 Ilil ]‘I[!(jll;l 1 1

450 475 500 525 550
E
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Microscopic determination of My, fq

eae . . Buchmuller, Hamaguchi,
RPC gravitino DM with long lived stau Ratz and Yanagida (2004)

~ ~N m§,
T T+6 Pi‘b"dy — T x [ 1=

487 mg/Q M3

. . . Brandenburg, Covi, Hamaguchi,
RPC axino DM with long lived stau Roszkowski and Steffen (2005)

2
- ~\ L 2 —1 2 _ mzy 101 GeV ( mpg )2
[(TrR — T7a) = £ (25 sec) ' Coyy (1 ) (100 Gev> ( fa 100 GeV
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Microscopic determination of My, fq

RPC gravitino DM with long lived stau

~N

T T+6

P%—body —
T A8 m§ /2 M2

RPC axino DM with long lived stau

@ .

Buchmuller, Hamaguchi,
Ratz and Yanagida (2004)

accumulation process

(1

2
Mg /o

2
m=

:

Brandenburg, Covi, Hamaguchi,
Roszkowski and Steffen (2005)

m~ 10 GeV

? mp

(TR — Ta) =~ £ (25 sec) ' Clyy (1 -

)

S. Su Dark Matters
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Microscopic determination of My, fq

RPC gravitino DM with long lived stau

~N

T T+6

2—body
F? 2
P

:48
|

Buchmuller, Hamaguchi,
Ratz and Yanagida (2004)

accumulation process

x(l

2
Mg /o

2
m=

:

kinematics

RPC axino DM with long lived stau

Brandenburg, Covi, Hamaguchi,
Roszkowski and Steffen (2005)

m~ 10 GeV

? mp

(TR — Ta) =~ £ (25 sec) ' Clyy (1 -

)

S. Su Dark Matters

) (U5 (ooer)

100 GeV 100 GeV

fa

26




Microscopic determination of My, fq

eae . . Buchmuller, Hamaguchi,
RPC gravitino DM with long lived stau Ratz and Yanagida (2004)

accumulation process

= T+6 : @ X<1m§/2>
48m(n; ) 2 m2

kinematics

. . . Brandenburg, Covi, Hamaguchi,
RPC axino DM with long lived stau Roszkowski and Steffen (2005)

2
- ~\ L 2 —1 2 _ mzy 101 GeV ( mpg )2
[(TrR — T7a) = £ (25 sec) ' Coyy (1 ) (100 Gev> ( fa 100 GeV
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Microscopic determination of My, fq

eae . . Buchmuller, Hamaguchi,
RPC gravitino DM with long lived stau Ratz and Yanagida (2004)

accumulation process
~ ~ m2 ‘
B\ e

kinematics

. . . Brandenburg, Covi, Hamaguchi,
RPC axino DM with long lived stau Roszkowski and Steffen (2005)

2
- ~\ L 2 —1 2 _ mzy 101 GeV ( mpg )2
[(TrR — T7a) = £ (25 sec) ' Coyy (1 ) (100 Gev> ( fa 100 GeV
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Microscopic determination of My, fq

eae . . Buchmuller, Hamaguchi,
RPC gravitino DM with long lived stau Ratz and Yanagida (2004)

accumulation process
~ ~ m2 ‘
B\ e

kinematics

. . . Brandenburg, Covi, Hamaguchi,
RPC axino DM with long lived stau Roszkowski and Steffen (2005)

measured at collider

4

N - ) m2 (;;) 10" GeV\* /1 (myp ) \?
['(Tr — 7a) =~ & (25 sec) 'Clyy (1 - m%> (10 eV) ( 7 ) <1oev)
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Microscopic determination of My, fq

eae . . Buchmuller, Hamaguchi,
RPC gravitino DM with long lived stau Ratz and Yanagida (2004)

accumulation process
~ ~ m2 ‘
B\ e

kinematics

. . . Brandenburg, Covi, Hamaguchi,
RPC axino DM with long lived stau Roszkowski and Steffen (2005)

small: ignored. large: from kinematics measured at collider

1011 2 2
(TR — Ta) =~ £ (25 sec) ' Clyy (1 0 Gev) ( @ )

fa 100 GeV
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Microscopic determination of My, fq

eae . . Buchmuller, Hamaguchi,
RPC gravitino DM with long lived stau Ratz and Yanagida (2004)

accumulation process
~ ~ m2 ‘
B\ e

kinematics

. . . Brandenburg, Covi, Hamaguchi,
RPC axino DM with long lived stau Roszkowski and Steffen (2005)

small: ignored. large: from kinematics measured at collider

@?R — T aV= (25 sec)” Cryy (1 (10 eV) (1011 Gw)? ( (s ) )2

fa 100 GeV

m~
p
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Microscopic determination of My, fq

eae . . Buchmuller, Hamaguchi,
RPC gravitino DM with long lived stau Ratz and Yanagida (2004)

accumulation process
~ ~ m2 ‘
B\ e

kinematics

. . . Brandenburg, Covi, Hamaguchi,
RPC axino DM with long lived stau Roszkowski and Steffen (2005)

small: ignored. large: from kinematics measured at collider

G oo (NG (22
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: [T Brandenburg, Covi, Hamaguchi,
AXan VS. GFGVITIHO Roszkowski and Steffen (2005)

axino DM gravitino DM

lifetime o fa2/Mstau Mbino? o< mp|2m3/221mstau5

0(0.01 sec)-O(10 h) for 10-8 sec - 15 years for
fa: 5x10° - 5x 1012 GeV ms2: 1 keV - 50 GeV

TR — TR+ a -+ Tr — TR+ G+

Br3body large small

angular distri different
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Brandenburg, Covi, Hamaguchi,

AX im vs. GV‘OVlﬁM Roszkowski and Steffen (2005)

cut _
T = 0.1

m=_ =100 GeV |
mz=110Gev [0 DM

lifetime | 122/Mstay®

15 years for
V -50 GeV

27,2 AN ~
MM, SIS TR+ G+
= 10" GeV

Br'3body

meg= 10 MeV

angular distri o
. 1 .

$Ut
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: [T Brandenburg, Covi, Hamaguchi,
AXan VS. GFGVITIHO Roszkowski and Steffen (2005)

axino DM gravitino DM

lifetime o fa2/Mstau Mbino? o< mp|2m3/221mstau5

0(0.01 sec)-O(10 h) for 10-8 sec - 15 years for
fa: 5x10° - 5x 1012 GeV ms2: 1 keV - 50 GeV

TR — TR+ a -+ Tr — TR+ G+

Br3body large small

angular distri different
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RPV Grﬁvrr'no DM Buchmuller, Covi, Hamaguchi, Ibarra and Yanagida (2007)

avoid BBN constraints, NLSP decay earlier
NLSP

e l/mpl

G
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RPV Gravrr'na DM Buchmuller, Covi, Hamaguchi, Ibarra and Yanagida (2007)

avoid BBN constraints, NLSP decay earlier
NLSP

o l/mpl

G
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RPV GPOV'?'”O DM Buchmuller, Covi, Hamaguchi, Ibarra and Yanagida (2007)

avoid BBN constraints, NLSP decay earlier

NLSP . C
WALzl = )\ikjlz-ejlk + )\kdejlk

1771

1/ _
® My - ~ 103 A 2( TTINLSP )‘1
G NLSP = 10-14 100 GeV
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RPV GPOV'?'”O DM Buchmuller, Covi, Hamaguchi, Ibarra and Yanagida (2007)

avoid BBN constraints, NLSP decay earlier

NLSP . C
WALzl = )\ikjlz-ejlk + )\kdejlk

1771

1/ _
® My - ~ 103 A 2( TTINLSP )‘1
G NLSP = 10-14 100 GeV

* baryogenesis constraints:

AN <1077
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RPV Gf‘avrr'no DM Buchmuller, Covi, Hamaguchi, Ibarra and Yanagida (2007)

avoid BBN constraints, NLSP decay earlier
NLSP ) .
WALzl = )\ikjlz-ejlk + )\kﬂdijlk

1/ _
® My - ~ 103 A 2( TTINLSP )‘1
G NLSP = 10-14 100 GeV

* baryogenesis constraints:

SM
AN <1077

e Gravitino lifetime
’7'3/2 ~ 10268 (

—9 B
( 3/2 > 3 >> age of the Universe: 10!7 sec
10 GeV 9

10-7

S. Su Dark Matters




RPV Gravrr'no DM Buchmuller, Covi, Hamaguchi, Ibarra and Yanagida (2007)

avoid BBN constraints, NLSP decay earlier

NLSP . C
WALzl = )\ikjliejlk —+ )\kﬂdijlk

1/ _
® My - ~ 103 A 2( TTINLSP )‘1
G NLSP = 10-14 100 GeV

* baryogenesis constraints:

SM
AN <1077

e Gravitino lifetime

A
26
T3/2 "~ 10""s (10_7

Th 100 GeV mg 2
. i Q2 2 ~ 0.2 - ( g )
Thermal production 3/2h 0.27 (1010 GeV) < _— ) [ Tev

—9 B
( 3/2 > 3 >> age of the Universe: 10!7 sec
10 GeV 9
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RPV Grqviﬁ no D M Buchmuller, Covi, Hamaguchi, Ibarra and Yanagida (2007)

avoid BBN constraints, NLSP decay earlier

NLSP . C
WALzl = )\ikjlz-ejlk —+ )\kﬂdijlk

1/ _
® My - ~ 103 A 2( TTINLSP )_1
G NLSP = 10-14 100 GeV

* baryogenesis constraints:

SM
AN <1077

e Gravitino lifetime

A
26
T3/2 "~ 10""s (10_7

Th 100 GeV mg 2
o ' Qy0h? A 0.2 ey ( g )
Thermal production 3/2 0.27 (1010 GeV) ( i ) T,

—9 B
( 3/2 > 3 >> age of the Universe: 10!7 sec
10 GeV 9

primordial nucleosynthesis, thermal leptogenesis, gravitino DM consistent
107 < X\, NV <1077
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Collider signature: RPV gravitino DM

Buchmuller, Covi, Hamaguchi, Ibarra and Yanagida (2007)

stau NLSP

T v e e e s0en (o) (c) ()
. CT~  ~~ m
R™ TV, BV 7 200GeV,) \10-7 10

baryogenesis: e < 10-°

= charged track longer than 3 mm

Signal: heavily ionizing charged track, followed by a lepton or a jet and E+

~ B _ ) 2
« T,— bt L had 1 4 m( ms ) 1( €3 ) 2 (tan 3 cos 0,
T 200GeV 10-7 10 0.1

Signal: heavily ionizing charged track, followed by two jets, one lepton and &r
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RPV vs. RPC

distinguish from RPC decay

R—-T6 % 40 cm(m3/2 )2< msx >5

1 keV 200 GeV

decay inside the detector if ms2 <10 keV

Signal: heavily ionizing charged track, followed by a lepton or jet and E+

For RPV case,

« similar branching ratio of TrR— TVy, MV«
 stau decaying into jets
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RPV gravitino DM: neutralino NLSP

neutralino NLSP Mukhopadhyaya et. al (1998)
Chun and Lee (1999)

Dreiner and Ross (1991)

« X1°= TW, bbv: jets in the events

2
2—body mX? >_3 < €3 >_2 tanﬁ
~ 20
X el (200 GeV 107 0 )

~ 4 -5 -2 —2
3—body myL ) ( mx? ) < €3 > tan ﬁ
~ 600 m
X (300 GeV,/) \200 GeV 107 10

* comparing to RPC: x1%- Yé: photon plus missing energy

3/2 mg /2 )2 ( myo >_5
~ 80 _d
X o (1 v/ \200 Cev
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Conclusion

4+ We now know the composition of the Universe

+ No known particle in the SM can be DM
= precise, unambiguous evidence for new physics
4+ New physics
= new stable particle as DM candidate
4+ many WIMP candidates
How to do precision cosmology at colliders
synergy between cosmology and particle physics

4+ WIMPless miracle: DM mass/coupling vary
4+ superWIMP: RPC or RPV? Collider studies
4+ Other dark matter scenarios? Collider connections?
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