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1. Supergravity modelswith R 3. The relic density of these
parity invariance gives rise to neutralinosisgiven by:
a stable dark matter candidate:
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g1 N
‘{. MSUGRA: 4 Parameters+1 Sign ‘{

my, Common gaugino (spin=1/2) mass (GeV)
my Common scalar (spin=0) mass (GeV)

tanf  Ratioof 2v.ev.'s
(2 Higgsdoublets; H, & H)
sign(/7) Sign of Higgs mixing parameter m(GeV)
our nominal choice a7 0
A, Trilinear (qgh) coupling (GeV)
our nominal choice A;=0




R
CLEODb sg
1.9 104<Br<45 104
LEP Higgs Mass
Muiges > 114 GeV/c?

L EP/Tevatron SUSY Mass
Bounds

Relic Density Bounds

0.094 < We, h2< 0.129

[WMAP, Balloon Experiments such
as BoomeranG, Maxima, DASI etc.,,
Supernovae data, Radio Galaxy
measur ements]

Experimental Constraints

and Technical |ssues

b sg

Large tanp
[Degrassi et al. , Carenaet al. |

NLO correction

Higgs M ass

Two loop corrections [Haber et
al. , Carena et al., Heinemeyer et
al. ]

Relic Density

Inclusion of coannihilation £;-g,°
effects In relic density
calculations [Elliset al. , Arnowitt

etal., Gomezetal. ]

Note: We do not assume Y ukawa unification or proton decay as
these depend on unknown physics beyond M.
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CDM Allowed Region

m,y vS. My, (tanf = 50, A= 0)
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CDM Allowed Region and

Kinematical Reach for #,;*t; & £.,°¢,°

WMAP (blue) VS Previous Estimate (red)
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SUSY Mass Spectrain mSUGRA

e.g., my=200, m,,,=400, tan =30, a0, A,=0
Mg ~3Mg + ~3Mg o ~6Mg o
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SUSY Particles



SUSY Signature at
500-GeV Linear Collider (L C500)

L arge tanp scenario:

gt > 250 GeV/c?

t; = Next-to-LSP

250 GeV | - = s—— === = - -

No g,*¢,- [300 + 300
GeV/c?] production!

t,*t,;" [200+200 GeV/c?
and

2,°7,° [300+150 GeV/c?]

tt+ Emssfinal state
Same final state In
¢,tg, production/decay,
BUT ¥4



| mportance of
Active Mask at LC

tt + E™S final state] EMC(GeV) [1° < ¢e) <5.87
BUT, both £ jets could  ¢ge")>30, g(e)>3°
be very soft for small
DM (between 7, and ¢.) |
in £;*t;” production.

He")>3°, ge”)<3

s (e'e- etett) ~27300 fb l
for g(£)>15°and P (£)>
3 GeV/c ae+)<3o’ ae—)<3o
Forward e‘e tagging 100 GeV

Active mask l



100 GeV

l




Monte Carlo

Event Generator plus Beam Bremsstruhlung
SUSY: ISAJET v7.69
ater }%’720}%10 @'Zi@:+ jélo t t+ Emiss
eter @'?i+i::'[- t i+ Emiss
SM : WPHACT v2.02pol
(all 4 fermion final states (SM4f) and ggprocess with et/e polarization)
ete  nnatt, np ft, natt; eett, eeqq (ggprocess)

Ref: E. Accomando and A. Ballestrero, Comput. Phys. Commun. 99, 270 (1997)
E. Accomando, A. Ballestrero, and E. Maina, Comput. Phys. Commun. 150, 166 (2003)

Tau Decay: TAUOLA v2.6
Detector Simulation & Event Analysis:.

Package LCD Root v3.5

FAST MC using LD Mar01 detector parameterization, Jet Finder, %



Optimization of

Event Selection Cuts

.z, at Pol =+0.9(LH)

£.f, at Pol =—0.9(RH)

Ny >2(E;>3GeV; JADE Y>0.0025)

Ny >2(E>3GeV; JADE Y>0.0025)

t. 1D (N, =1, 3; g=+1)

t. 1D (N, =1, 3; g=+1)

-q cosg <0.7

cosg, <0.65

Missing P; > 5 GeV/c

Missing P; > 5 GeV/c

+0.8 < cos{(j,, P,;o) <0.7

+0.6 < cos{(j,, P,;s) < 0.6

Acoplanarity > 40°

Acoplanarity > 40°

No EM clustersin 5.8° < §< 25.8°
with &> 2 Gev

No EM clustersin 5.8°< §< 25.8°
with E > 2 GeV

No electronsin > 25.8°
with P >1.5GeV/c

No electronsin > 25.8°
with P >1.5GeV/c

Beam mask: 2°(1°) - 5.8°
No EM clusterswith E > 100 GeV

Beam mask: 2°(1°) - 5.8°
No EM clusterswith E > 100 GeV

Note: cos(25.8°)=0.9, cos(5.8°)=0.995




Noyery @ 500 fb!

|SAJET 7.69
m, = 203 ~ 220
m,,, = 360
A,=0

tanf = 40

[
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Validation of Templates

| Mt [EM(j 1), EMS)]

High Stat. “ Data” High Stat. “ Data” High Stat. “ Data”

SM + SUSY SM + SUSY SM + SUSY
(M, =205, DM =476 GeV)  (m,=210,DM =953 GeV)  (m, =220, DM = 18.98 GeV)

Fitted with Fitted with Fitted with
Templates Templates Templates
(m, = 205) (m, = 210) (m, = 220)







o° Test Procedures

Prepar e 2500 fb*! experimental® data including gg and
t,f; eventsat a specific mSUGRA point (e.g., m, = 210).

Fit the data with the M, template for SM and various
templatesfor gg and #;f; (m, = 202 ~ 220).

Find thetemplatethat_g\\}esmnum ;gz\

Idata @CJMC)XF Imc '_ Cive = normalization factor
- (free parameters)

2 _ E ive
£ = _ data
i

N.da@ = number of eventsin i-th bin; j,,c = SM, gg or t,¢;; F, = shapefrom MC




e°Test
I “ Experimental Data” (500 fb*l)

m, = 210
(DM = 9.53 GeV)

- R ’ ’
) .
----------------

Fitted with
Templates
(M, = 211)

Fitted with
Templates
(m, = 210)

Small g? value suggests the data samplelikely contains
Am,y = 210° SUSY events.




Finding g2 (minimum)

ﬁ "# PN #

“ Experimental Data” (500 fb*?) 9.5%10,, ,GeV

m, = 210 (DM = 9.53 GeV)
m,, = 360

Compared to
Templates (high statistics samples)

m, = 203 - 220
m,,, = 360 -

<|—E%$ o %

Data m, = 210
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With 500 fb, it (m, = 205) is _ —
hard to distinguish from 204 Data My = 215 Data My = 220
and 206.




Fitted with
Templates
(my = 204)

Fitted with
Templates
(m, = 205)

2g events make the mass Fitted with

deter mination very difficult. Templates
(m, = 206)

Data m, = 205




Finding g2 (minimum)

[

“Experimental Data” (500 fb*?)
m, = 205 (DM = 4.76 GeV)
m,,, = 360

Compared to

Templates (high statistics samples)
m, = 203 - 220
m,,, = 360

"# S #

Data m, = 205

$P %

0



500-GeV LC Performance

"# S #
(500 fb*?) DM (2500 fb*! experiment®)
Mg (@M ) N EF

205 (4.76 GeV) 122 Not determined | 4.74*%97 , ,GeV
210 (9.53 GeV) 787 9.5%11 , ,GeV 9.5%10,, ,GeV
213(12.37GeV)| 1027 12514, ,GeV | 1251, ,GeV
215 (14.27 GeV) 1138 1451, ,GeV | 14511, ,GeV
220 (18.98 GeV) 1283 19.0%?,, ,GeV 19.0*?,, ,GeV




L C Program Reguirements

500-GeV L C Machine;
= 500+ fb*l
Both LH and RH beams
Detector
1° active mask

Good central calorimeter + tracking systemsfor
low P+ 'S

e'et eeeeand/or eeamas calibration



Conclusion

[ 1] We Iinvestigated the cosmologically allowed mMSUGRA
parameter space using other possible experimental constraints,
e.g., collider bounds, rare decay bounds.

Only ,°Z,° and Z;T; production are kinematically allowed at
500-GeV and 800-GeV L Cs.

[2]We considered various points (BM = 5-20 GeV) in the
parameter space at m,,, = 360.

Importance of 2active mask® to detect forward
electron/positron to suppress ggevents especially for the small
DM cases.

1° mask will be effective at 500-GeV LC.



Conclusion (Cont’d)

[4]Beam polarization for e
LH polarization to enhance the g,°2,° production.

RH polarization to reducethe SM (mntt) events and to study
the £,£; production. In this channel, we have the maximum
reach for my,, in the allowed region.

[S]We proposed to use M(j,,j,,E™S) to extract the contributions

from ¢,°2.0, £;f;, and SM events. Our preiminary result shows

that it is possible to measur e the difference between g,° and £,
masses at a level of 10% in a SUSY model.

[6] The parameter space needs to be probed in details for 800-
GeV LC.



