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Summary

SUSY and Cosmology
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[Ref. V. Khotilovich et al., 
Phys Lett. B 618 (2005) 182]
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SUSY and CosmologySUSY and Cosmology

SUSY is an interesting class of 
models to provide a weakly 
interacting massive neutral particle 
(M ~ 100 GeV).
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http://www.statue.com/itemdesc.asp?CartId=&ic=FAP3869&cc=RODIN&tpc=
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Anatomy of Anatomy of σσCDMCDM
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Co-annihilation ProcessCo-annihilation Process

Griest, Seckel ’91

An accidental near degeneracy occurs naturally for light stau in mSUGRA.
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GeV 15~5∆ =M

Co-annihilation RegionCo-annihilation Region

Dark Matter Allowed RegionDark Matter Allowed Region
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CDM Allowed Region CDM Allowed Region 
mm00 vs. vs. mm1/2 1/2 ((tantanββ = 40, = 40, AA00= 0, = 0, µµ > 0)> 0)
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Can we measure ∆M at colliders?
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CDM Allowed Region (LC Version)CDM Allowed Region (LC Version)
mm00 vs. vs. mm1/2 1/2 ((tantanββ = 40, = 40, AA00= 0)= 0)

GeV 250~ =em
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360

m 1/2 m 0 M(τ1) M(χ 1
0) M(χ 2

0) ∆M(true) =

(GeV) (GeV) (GeV/c 2) (GeV/c 2) (GeV/c 2) M(τ1)-M(χ 1
0)

360 203 145.14 142.47 274.21 2.67
360 204 146.29 142.47 274.17 3.82
360 205 147.24 142.48 274.18 4.76
360 206 148.20 142.48 274.18 5.72
360 207 149.16 142.49 274.19 6.67
360 208 150.12 142.50 274.21 7.62
360 209 151.08 142.50 274.22 8.58
360 210 152.04 142.51 274.22 9.53
360 211 153.00 142.51 274.23 10.49
360 212 153.95 142.52 274.25 11.43
360 213 154.90 142.53 274.26 12.37
360 214 155.86 142.53 274.26 13.33
360 215 156.81 142.54 274.27 14.27
360 216 157.76 142.54 274.28 15.22
360 217 158.70 142.55 274.29 16.15
360 218 159.65 142.56 274.30 17.09
360 219 160.59 142.56 274.31 18.03
360 220 161.55 142.57 274.33 18.98

mSUGRA
A 0 = 0, µ  > 0, tanβ  = 40

Small ∆M

ISAJET v7.69
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4-fermion WW, ZZ, Zνν production
e.g.,

Two-photon (γγ) process

SM Backgrounds at LCSM Backgrounds at LC

Lower energy τ’sLower energy τ’s

We need to detect e– and e+ going very close 
to the beam direction (down to 2o or 1o).

RH beamsRH beams

e–

e+

Suppressed by RH polarized electron beams
N4f(500 fb–1) ≈ 10k @ 90% RH

−+−+−+−+ →→ eeeeee ττγγ  

ντντ −+−+−+ →→  WWee

N2γ(500 fb–1)  ≈ 13M events!

Stau-pair production

Neutralino-pair production

SUSY Signals at LCSUSY Signals at LC
0
1

0
1 χχττ ~~−+

0
1

0
1 χχττ ~~−+

e–

e+

GeV  1550
11

~MMM ~~ =−≡
χτ∆

E(τ ) is small 
because ∆M is

small.

E(τ ) is small 
because ∆M is

small.
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MM((jj11,,jj22,,EEmissmiss))

“Experimental Data” (500 fb–1)
m0 = 210 (∆M = 9.53 GeV)

Note: 1o mask deduces SM2γ and enables  us 
to probe smaller ∆M.

Choose an effective mass of j1, 
j2 and Emiss, M(j1,j2,Emiss), as a 
discriminator.
Prepare three templates of 
the distribution of the 
effective mass for χ1

0χ2
0, τ1τ1 

and SM.
Fit a MC sample of 500 fb–1

with the three templates to 
extract each contribution.
χ2 to find the best SUSY 
template.

~~ ~~ ~~~~

2o Mask2o Mask

SM2γ

τ1τ1
~ ~

χ1χ2
~ ~

SM4f
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500 500 GeVGeV ILCILC PerformancePerformance

(500 fb–1) ∆M(“500 fb–1 experiment”)
Nτ1τ1

122
787
1027
1138

m0 (∆M) 2o Mask 1o Mask
4.74+0.97

–1.03 GeV
9.5+1.0

–1.0 GeV
12.5+1.1

–1.4 GeV
14.5+1.1

–1.4 GeV

205 (4.76 GeV) Not determined
210 (9.53 GeV) 9.5+1.1

–1.0 GeV
213 (12.37 GeV) 12.5+1.4

–1.4 GeV
215 (14.27 GeV) 14.5+1.1

–1.4 GeV

~ ~
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11oo MaskMask
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Looking Back at a SlideLooking Back at a Slide

Tracks, π0

PFA

BeamCal
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SummarySummary

[1] Stau-Neutralino co-annihilation region is one of the cold dark 
matter allowed parameter space. The signals should be one of 
the benchmark physics processes. 

[2] The SUSY mass reaches are maximized via the τ1τ1 and χ1
0χ2

0

production at 500 GeV. The detector should be designed to 
detect Emiss + two low-energyτ’s events.

[3] The importance of 1o “active mask” to detect very forward 
electron/positron to suppress γγ events especially for small ∆M.

[4] δ(∆M)/∆M ~ 10% with
Shape analysis using M(j1,j2,Emiss) 
1o active beam mask for 500 GeV ILC.
500 fb–1 with RH polarization for e–

[5] 0.5o for 800 GeV?

~~ ~~~~ ~~
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