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DM with heavy sleptonsDM with heavy sleptons

•• 1st phase on 1st phase on coco--annihilationannihilation regime which led to regime which led to 
challenging analyseschallenging analyses hephep--ph/0406010ph/0406010 and and 
evaluations of the evaluations of the forward regionforward region (x(x--angle effect, angle effect, 
veto eff.) presented at LCWS04veto eff.) presented at LCWS04

•• 22ndnd phase assumes phase assumes heavy sleptonsheavy sleptons motivated motivated 
by flavor constraintsby flavor constraints: Focus, AMSB, SpS : Focus, AMSB, SpS 

•• 6 SUSY scenarios are defined on this basis and 6 SUSY scenarios are defined on this basis and 
on on experimental indicationsexperimental indications
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Goals of this StudyGoals of this Study
•• Working points chosen to illustrate the ILC potentialWorking points chosen to illustrate the ILC potential
•• Can one maintain the 2% on DM even if the full gaugino Can one maintain the 2% on DM even if the full gaugino 

spectrum is not observed (spectrum is not observed (µµ or M2 not directly accessible) ?or M2 not directly accessible) ?
•• How sensitive is ILC toHow sensitive is ILC to a heavy sleptona heavy slepton (sneutrino) ?(sneutrino) ?
•• Theoretical inputs: based on 3 Theoretical inputs: based on 3 ‘‘FrenchFrench’’ codescodes

Susygen, Suspect, MicromegasSusygen, Suspect, Micromegas
•• Experimental inputs:Experimental inputs:

σ(χχσ(χχ’’))<< WW, Wev,<< WW, Wev,χχ++χχ−−

--> > χχχχ’’ selection through Zselection through Z-->bbar, ultimate >bbar, ultimate purity/efficiencypurity/efficiency
neededneeded
--> ~10> ~1066 χχ++χχ−− requires ultimate precision on requires ultimate precision on ee--PolPol (WW or e+  (WW or e+  
pol ?) and on luminosity and low pol ?) and on luminosity and low WW contaminationWW contamination (A(AFBFB))
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Theoretical MotivationsTheoretical Motivations

Accommodate large CPV phasesAccommodate large CPV phases

•• Focus PointFocus Point within mSUGRA  within mSUGRA  J. FengJ. Feng
-- large mlarge m00 ~10 TeV~10 TeV
-- gaugino spectrum partially accessible  gaugino spectrum partially accessible  

--> polarization allows to measure indirectly the missing part > polarization allows to measure indirectly the missing part 
~1 TeV for gauginos, ~1 TeV for gauginos, 
~ few TeV for sneutrinos! ~ few TeV for sneutrinos! 

•• Split SUSY Split SUSY N. ArkaniN. Arkani--Hamed et al.Hamed et al. mm00=10=1066 TeV mh=160 GeV TeV mh=160 GeV 
•• hh--annihilation annihilation mLSP~mh/2mLSP~mh/2

critical on SUSY  parameters 0.1 GeVcritical on SUSY  parameters 0.1 GeV--> 10% on DM> 10% on DM
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Experimental motivationExperimental motivation

•• EGRET excess of EGRET excess of γ γ interpreted within mSUGRAinterpreted within mSUGRA
--> all gaugino accessible, m> all gaugino accessible, m00 =1.4 TeV=1.4 TeV
HA accessible HA accessible --> tan> tanββ =51 can be measured =51 can be measured 

•• LEP h(98)Z+H(114)Z LEP h(98)Z+H(114)Z ‘‘seenseen’’ at LEP at LEP M. DreesM. Drees
--> 2> 2ndnd chargino not accessible     chargino not accessible     

•• Degenerate scenario mDegenerate scenario mχχ++ ~m~mχχ0 0 ‘‘Chargino CountingChargino Counting’’
ISR technique valid in several scenarios (AMSB)ISR technique valid in several scenarios (AMSB)
LSP pure wino or Higgsino (work presented on LSP pure wino or Higgsino (work presented on 
Monday by Z. Zhang)Monday by Z. Zhang)
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Extraction ofExtraction of SUSY parametersSUSY parameters

gaugino masses 
chargino σL,R + AFB (mixing)      
s dependence (sneutrino mass) 

Higgs sector (tanβ)

M1, M2, M1, M2, µµ, m0, tan, m0, tanββ
e.g. EGRET with all gaugino+Higgses    e.g. EGRET with all gaugino+Higgses    
--> What about other cases? > What about other cases? 
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FocusFocus

•• M2 large, 2M2 large, 2ndnd chargino missing, only hZchargino missing, only hZ
•• φφL,RL,R from from σσRR and charge asymmetry and charge asymmetry 
•• M1 from M1 from χχ11 , , µµ from from χχ22

•• φφL,RL,R + + µµ --> M2 to 5%  and tan> M2 to 5%  and tanββ>3>3
•• φφL,RL,R + + σσLL --> m> m00> 3 TeV  90% CL> 3 TeV  90% CL
•• DM known to 2% DM known to 2% 
--> Small impact of M2 and tan> Small impact of M2 and tanββ errors     errors     
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hh--annihilationannihilation

•• 22ndnd chargino known, only hchargino known, only h
•• AFB~cosAFB~cosφφLL−−coscosφφR   R   + chargino masses:+ chargino masses:

tantanββ=5=5±±0.8 0.8 --> DM to 40% > DM to 40% 
•• challenging precision requestedchallenging precision requested

χχχχ-->h very sensitive to mixing parameters>h very sensitive to mixing parameters
•• LSP mass also critical LSP mass also critical ±±100 MeV  10% on DM100 MeV  10% on DM
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Experimental aspectsExperimental aspects

•• How to measure AHow to measure AFBFB with with χχ++χχ−−

WW contamination with 100% AWW contamination with 100% AFBFB

--> Detailed study needed beyond fast > Detailed study needed beyond fast simsim
•• LSP mass from LSP mass from χχ±±→→W*W*χ χ (not neutralinos)(not neutralinos)

mmχχ±±−−mmχχ fromfrom W hadronic decays (pW hadronic decays (p--flow) flow) 
•• BB--tagging aspects for neutralinos alsotagging aspects for neutralinos also

requires detailed studiesrequires detailed studies
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Detailed resultsDetailed results
(preliminary!)(preliminary!)
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Sensitivity of the chargino channel to the  Sensitivity of the chargino channel to the  
sneutrino exchangesneutrino exchange

•• To distinguish between the scenarios we need a To distinguish between the scenarios we need a 
high sensitivity on mhigh sensitivity on m00

•• LHC can only give a limit on squarks not on LHC can only give a limit on squarks not on 
sneutrinossneutrinos

•• DM often requires a gaugino componentDM often requires a gaugino component
--> Sneutrino exchange will interfere with this> Sneutrino exchange will interfere with this
componentcomponent

•• This component can be seen through energy This component can be seen through energy 
dependence and/or polarization effectsdependence and/or polarization effects
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Mass limits on sneutrinosMass limits on sneutrinos
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ConclusionsConclusions
•• Ultimate ( P, Ultimate ( P, L, L, background)background) ILC accuracy needed ILC accuracy needed 

to cover the various scenarios presented to cover the various scenarios presented 
•• χχ++χχ−− give indirect access to large masses give indirect access to large masses 
-->  ~10 TeV sneutrinos >  ~10 TeV sneutrinos 
-->   >   µµ, M, M2 2 ~ 1 TeV~ 1 TeV
•• DM hDM h--annihilation very sensitive to LSP mass andannihilation very sensitive to LSP mass and

to mixing parameters (to mixing parameters (µµ, tan, tanββ ))
•• Detector properties crucial: pDetector properties crucial: p--flow, bflow, b--taggingtagging
•• Good hope to control, in most cases, the SUSY Good hope to control, in most cases, the SUSY 

parameters at the right precisionparameters at the right precision
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