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� Introduction of GMSBmodel

� Searchfor Neutralino(by MaratGataullin)

� Searchfor Stau(by Lei Xia)

� Scanover ParameterSpaceof minimal GMSB

� ScanResults

� Conclusion
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Intr oduction of GMSB model
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� Minimal GMSBModel
 AssumeR-parityis conserved.
 Gravitino
��

is thelightestSUSYparticle(LSP).
 NLSPcandecayinto its SM partneranda gravitino.

– A)
��� ��� � ��

– B)
�� � � � ��

– C)
���� � � �� ����� ��� �"!

� Four BenchmarkScenarios
[ seePhys. Rev., D56(1997)P1761-1777]

1. NeutralinoNLSP(A):# $%'& (*) # $+ (-, # +
2. StauNLSP(B):# $+ ( ) . /1032 # $% & ( � # $46587 , # +
3. Sleptonco-NLSP(B andC):# $465 ) . /90:2 # $% & ( # $+ (<; # + 7
4. Neutralino-Stauco-NLSP(A andB):= # $+ (-, # $% & ( = ) # +?> # $% & (@) # $4 5
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Intr oduction of GMSB model
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� Parametersof theminimal GMSB

1. Theuniversal massscaleof SUSYparticle: A
2. Ratioof two Higgsvacuumexpectationvalues:BDCFE3G
3. Thecommonmessenger massscale: . HJILKMK
4. Thenumberof messengerpairs: N O
5. Thehiggsinomassparameter: P /RQS0 �T�"!
6. Thegravitino mass:# $U

# $U � VW X . Y[Z]\_^a`
� bdc Xfe g � W VhjiFilk �nm !_o �nmqpfr'o

� DecayLengthof NLSP

s3t�unv Y � wdcxw g hyi8z|{ � H~}S������ ��� U IL�f�R�6� ! z Og � H ��o���� {�� � ��� � IL�f�R� � ! o g � �}S�����H �}S����� , h r #
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Search for Neutralino
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� SignalProcess:
�l��� z � � � � � � � � � �� � ��

� Crosssectionlimit at 95 % C.L..

- [seeL3 Note2644and2707]
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Search for Stau
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� SignalProcess:(seeLei’s talk in Hungary, 2001)� ; � , � �� �� � � �� � ��
� EventTopologies

DecayLength EventSignature
Invisible ) 1 mm Acoplanar leptons+ � H-��KMK
Short [1 mm - 5 cm] non-zero DCA
Medium [5 cm - 50cm] largeimpactparameter
Long � 50cm heavy chargedparticles

� DataSamples-   h wFw?w ; b iFi?i ¡ ¢¤£<¥§¦©¨fª¬« , h
  W P � h wnb?� �fm ¡ ¥®�¦¯¨ ª°« , h
  W P � h w?±n� �fm ¡ ¨²¢³¦L´ ª°« , h
  W P �µb i?i � �fm ¡ ¨²¢³¦¯¶ ª°« , h
  W P �µb i b?� �fm ¡ ·<�¦¸¥ ª°« , h
  W P �µb i�¹ � �fm ¡ ¥|¢³¦¯· ª°« , h
  W P �µb i ±n� �fm ¡ ´º¨�¥§¦¼» ª¬« , h
  W P �µb i?½ � �fm ¡ ¨�¦¼» ª¬« , h
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StauSelectionEfficiency
L
�

3L
�

3L3L3L3L
�

3L
�

3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L
�

3L3L3L3L3L3L
�

3L
�

3L
�

3L
	

3L3L 3L 3L3L3L3L3L3L 3L 3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L 3L3L3L 3L3L3L 3L 3L3L3L3L3

0.02
¾ 0.04
¾ 0.06
¾ 0.08
¾ 0.1

¾
60

80

100
0
¾10

20
¿30

40
À

0
¾5Á
10

15

20

25
¿30

35

40
À

Decay length (cm)
Stau mass (GeV)

E
ff
ic

ie
n

cy
(%

)

Â

1
2

3
4

5
Á

60

80

100
0
¾10

20
¿30

40
À

0
¾5Á
10

15

20
¿25

30

35

40

Decay length (cm)
Stau mass (GeV)

E
ff
ic

ie
n

cy
(%

)

10
20

30
40
À 50

Á
60

80

100
0
¾10

20

30

40
À50
Á

0
¾
10

20
¿
30

40
À
50
Á

Decay length (cm)
Stau mass (GeV)

E
ff
ic

ie
n

cy
(%

)

100
200

300
400
À 500

Á
60

80

100
0
¾10

20

30

40

50
Á

0
¾
10

20
¿
30

40
À
50
Á

Decay length (cm)
Stau mass (GeV)

E
ff
ic

ie
n

cy
(%

)

� SignalEfficiency(interpolated)dependson Stau
massanddecaylength.
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SelectionResults
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W P Invisible Short Medium Long Long(dE/dx)
(GeV) N Ã � N HJ� ! N Ã � N H~� ! N Ã � N HJ� ! N Ã � N H~� ! N Ã � N HJ� !
192 10(13.2) 0(2.14) 0(0.35) 6(1.78) 0(0.1)

196 41(34.0) 10(5.9) 1(0.9) 7(5.3) 0(0.04)

200 31(31.1) 4(5.2) 1(0.72) 3(4.5) 1(0.26)

202 14(14.4) 3(2.85) 1(0.42) 2(2.17) 1(0.06)

204 32(26.0) 5(5.3) 1(0.81) 8(5.2) 0(0.19)

206 40(41.7) 11(8.3) 3(1.31) 10(8.2) 0(0.06)

208 3(2.73) 0(0.61) 0(0.09) 0(0.48) 0(0.02)

ALL 171(163.1) 33(30.3) 7(4.6) 36(27.7) 2(0.73)

� Dataagreewith SM backgroundsthoughthere
hassmallexcessin Data.
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Scanof minimal GMSB model
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� Parametersof theminimal GMSB

1. Theuniversal massscaleof SUSYparticle:hjiÅk �fm Æ A Æ hjiFiÅk �fm
, 46pointswith 2 TeV step.

2. Ratioof two Higgsvacuumexpectationvalues:h cÈÇ Æ B�CÉE3G Æ ¹Êi
, 15points

1.5,2, 3, 4, 5, 6, 7, 8, 10,15,20,25,30,35,40

3. Thecommonmessenger massscale:hjiÅk �fm Æ . H§ILKMK Æ hyi?i?i?iËk �nm
, 16points

uniform in logarithmicscale.

4. Thenumberof messengerpairs:N O � h �Ìbd� X � ¹ �@Ç
5. Thehiggsinomassparameter:P /LQ[0 �T�"! ) i

or P /RQS0 �T��! � i
6. Thegravitino mass:i c iÍh �nm Æ # $U Æ hjiÏÎ �fm

, 31points
uniform in logarithmicscale.� More than 3.4 million points are scannedin

minimal GMSBparameterspace.
 scanprogrambasedon ISAJETandMSMLIB package
- see[http://www.cern.ch/paige/]

- see[http://alephwww.cern.ch/ganis/MSMLIB/msmlib.html]
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CrossSectionsof SUSYprocesses
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GMSB parameters, N5=1, Sign(mu) < 0
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� Crosssectionsdependon SUSY particle mass
andcenterof massenergy.
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ConfidenceLevel Calculation
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� Binnedlikelihoodtechnique:

Ö � P ; × !³�
t²ØÚÙÍÛ
��Ü �ÏÝ

� N �Ã \�Þ�\ � N �Kß�xà ; N �á `_à Ã !
� LikelihoodRatiotest-statistic:â � Ö � P ; × !Ö � × !� MC experimentsarebasedon Poisson statistics.

Statistical Method: -2ln(Q)

Lik elihoodRatio test-statistic:

Each bin (i) in the final variable is tr eated
asa Poissoncounting experiment:

In the high statisticslimit:

-20 -10 0 10

-2 ln(Q)
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Exclusion Limit at 95% C.L.
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õ Lower limits for all 4 NLSPscenarios.

Minimal GMSB Numberof Messenger Pairs(N5)
Parameters 1 2 3 4 5

ö
(TeV) 52 28 20 18 16

÷ ø§ùLúMú
(TeV) 63 40 25 25 25

û üý (eV) 1 0.25 0.16 0.10 0.06

û üþaÿ � (GeV) 77.03 74.38 77.63 85.94 95.71

û ü� � (GeV) 73.89 73.97 73.88 74.02 74.27

û üù � (GeV) 95.66 75.75 75.65 75.95 75.95

û ü� � (GeV) 95.66 75.75 75.65 75.95 75.95
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Exclusion Limit at 95% C.L.
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Exclusion Limit at 95% C.L.
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Exclusion Limit at 95% C.L.
L
ì

3L
í

3L3L3L3L
î

3L
ï

3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L
ð

3L3L3L3L
ñ

3L
ò

3L
ó

3L
ô

3L3L 3L 3L3L3L3L3L3L 3L 3L3L3L3L3L3L3L3L3L3L3L3L3L3L3L 3L3L3L 3L3L3L 3L 3L3L3L3L3

GMSB All NLSP Scenarios

0
�

25

50

75
�

100

0
�

10 20 30 40
tanβ

U
ni

ve
rs

al
 m

as
s 

sc
al

e 
(T

eV
)

10 2

10 3

0
�

10 20 30 40
tanβ

M
es

se
ng

er
 m

as
s 

sc
al

e 
(T

eV
)

10
-2

10
-1

1

10

10 2

0
�

10 20 30 40
tanβ

G
ra

vi
tin

o 
m

as
s 

(e
V

)

0
�

50

100

0
�

10 20 30 40
tanβ

N
eu

tr
al

in
o 

m
as

s 
(G

eV
)

HaijunYang minimal GMSB Interpretation 14



Exclusion Limit at 95% C.L.
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Exclusion Limit at 95% C.L.
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Exclusion Limit at 95% C.L.
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Exclusion Limit at 95% C.L.
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GMSB All NLSP Scenarios
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Conclusions
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õ More than 450 �	��

�

datacollectedin the year
1999& 2000areusedin this analysis.

å Lower limits at 95%C.L.

Minimal GMSB NLSPBenchmarkScenarios
Parameters ��� � � � � � & ��� ��� � & � � ALL

ö
(TeV) 38 16 16 22 16

÷ øJùLúMú
(TeV) 100 25 25 40 25

û üý (eV) 0.4 0.06 0.06 0.16 0.06

û üþ ÿ � (GeV) 98.10 77.03 77.07 74.38 74.38

û ü� � (GeV) 102.51 73.88 75.14 74.66 73.88

û üù � (GeV) 105.11 77.11 75.65 77.25 75.65

û ü� � (GeV) 105.11 77.11 75.65 77.25 75.65
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