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Dark matter/energy in universe:

    

 

 

  

 

 

 

 

 

 

? ) tight constraint on modelswith CDM: ­ C D M h2 = 0:113§ 0:009
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Mo dels of SUSY breaking

? PostulateSUSYbreakingin hiddensector (HS)

? CommunicateSUSYbreakingfrom HS to visiblesector (VS)?

{ gravity mediation: supergravity (SUGRA)and local SUSY:minimal
messengersector: m3=2 » TeV: LSP=bino/higgsino/wino/gravitino?

{ gaugemediation(GMSB): introducemessengersector ¯elds as
intermediary betweenHS and VS: m3=2 ¿ TeV: LSP=gravitino

{ anomalymediation(AMSB): m3=2 > TeV: LSP=wino

? role of extra dimensions?compacti¯cation? sequesteredsector and AMSB;
gauginomediation;GUTs;¢¢¢

? CDM most natural in SUGRAwherem ~G » TeV
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Gravity-mediated SUSY breaking models

? m3=2 » M 2
s =M P l » 103 GeVfor M s » 1011 GeV

? theory below Q » M GU T usuallyassumedto be MSSM

? Soft SUSYbreakingboundary conditionsusuallystipulatedat Q = M GU T

? lots of possibilitiesdependingon SUSYbreaking/ GUTs/ compacti¯cation ¢¢¢
(all unknown physics)

? minimal choice: singlescalar massm0, gauginomassm1=2, trilinear term A0,
bilinear term B

? evolvecouplings/soft terms to M weak via RG evolution

? EWSB radiativelydue to large mt

? parameterspace:m0; m1=2; A0; tan ¯ ; sign(¹ )

? this is simplestchoiceand a baselinemodel, but man y other possibilities
dependingon high scalephysics
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² non-universalscalar masses

² non-universalgauginomasses

² FC soft SUSYbreakingterms

² large CP violating phases

² additional ¯elds beyond MSSM below M GU T ?

² ¢¢¢
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From ­ h2, BF (b ! s° ), ¢ a¹ , compute Â2

² calculateÂ2, plot in mSUGRAparameterspace:(HB, Balazs)

² allowed regions

{ stau co-annihilation(Ellis, Falk, Olive; Arnowitt, Dutta, Santoso)

{ HB/FP (Chan, Chattopadyay, Nath; Feng,Matchev,Moroi; HB, Brhlik)

{ A-annihilationfunnel (Drees,Nojiri; HB, Brhlik)

{ \bulk" regionat low m0, m1=2 disfavored (LEP2, b ! s° , (g ¡ 2)¹ )

{ light Higgsh corridor at low m1=2 (Arnowitt, Nath)

{ other co-annihilationse.g. eZ1~t1, etc.

² SeealsoEllis, Olive, Santosoand Spanos;Lahanas,Mavromatos,
Nanopoulos;Chattopadhyay, Corsetti, Nath; Roskowski, Ruiz de Austri, Nihei;
Bottino, Donato, Fornengo,Scopel; Drees,Djouadi, Kneur; Bednyakov,
Klapdor-Kleingrothausand Kovalenko; Accomando,Arnowitt, Dutta,
Santoso;Edsjo,Gondolo,Schelke, Ulio; Gomez,Vergados;Corsetti, Nath; ¢¢¢

H. Baer, \T eV Particle Astr ophysics Workshop, FNAL, July 2005" 6



Results of Â2 ¯t using ¿ data for a¹ :
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Results of Â2 ¯t using e+ e¡ data for a¹ :
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Direct search for relic neutralinos

? Search for eZ1 ¡ nucleon scatteringin undergroundcryogenicdetectors

{ Stage2 detectors: CDMS2,CRESST2,Edelweiss2,Zeplin2,¢¢¢

{ Stage2 reachto » 10¡ 8 pb

{ Stage3 detectors: Genius,Xenon,Zeplin4,WARP, ¢¢¢

{ Stage3 reachto » 10¡ 9 ¡ 10¡ 10 pb

{ for an overview,seee.g. HB, C. Balazs,A. Belyaevand O'Farrill;
JCAP09, 007 (2003).

? ¾SI large if

{ m~q is small

{ mixedhiggsinoDM (as in HB/FP region)
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¾SI ( eZ1p) vs: m eZ1
in mSUGRA
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Indirect detection of SUSY DM

? Indirect search for SUSYDM:

² ~Z1 ~Z1 ! b¹b; etc: in core of sun (or earth): ) º ¹ ! ¹ in º telescopes

¤ Amanda,Icecube, Antares
¤ rate ¡ A » 1

2 C tanh2(
p

CAt ¯ )
¤ C = capturerate; A = ann. rate times velocity

² ~Z1 ~Z1 ! q¹q; etc: ! ° in galacticcore or halo

² ~Z1 ~Z1 ! q¹q; etc: ! e+ in galactichalo

² ~Z1 ~Z1 ! q¹q; etc: ! ¹p in galactichalo

? To estimateindirect rates,we useDarkSUSY(Gondoloet al.) Isajet interface
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Rates for ¹ s, ° s, e+ s, ¹ps
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Search for SUSY DM at collider experiments

? FermilabTevatron: p¹p collider;
p

s = 2 TeV; 2 ¡ 10 fb¡ 1; currently running

{ HB, Krupovnickas and Tata; JHEP0307, 020 (2003).

? CERNLHC: pp collider;
p

s = 14 TeV; 100-300fb¡ 1; start-up, 2007?

{ HB, C. Balazs,A. Belyaev,Krupovnickas and Tata; JHEP0306, 054
(2003).

? linear e+ e¡ collider:
p

s = 0:5 ¡ 1 TeV; 100-300fb¡ 1;pending,2015-2020?

{ HB, A. Belyaev,Krupovnickas and Tata; JHEP0402, 007 (2004) and
JHEP0406, 061 (2004)
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Sparticle reach of all colliders with relic density
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Sparticle reach of all colliders and relic density
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Sparticle reach for direct and indirect detection of DM
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Sparticle reach for direct and indirect detection of DM
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Scalar mass non-universalit y

? Simplestcase:non-universalHiggsmasses

? Inspiredby SUSYGUTswhereHiggslie in di®. multiplets than matter

? One extra param.: m2
Á ´ m2

H u
= m2

H d

² m2
Á < 0: ) A-funnel for any tan ¯ !

² m2
Á >> m0: HB/FP for any m0 choice!

? Two parametercase

{ add m2
H u

, m2
H d

$ ¹; mA

{ can dial to A-funnel, HB/FP region

{ light ~uR , ~cR casedue to S term in RGEs

? HB, Belyaev,Mustafayev, Profumo, Tata: hep-ph/0504001
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Gaugino mass non-universalit y

? M 1 6= M 2 at GUT scale

? For M 1 » M 2 at M weak , get mixedwino DM

{ enhanceddirect/indirect detectionrates

{ spoiler modesof eZ2 decay always closeddue to small eZ2 ¡ eZ1 massgap

{ HB, Mustafayev, Park, Profumo: hep-ph/0505227

? For M 1 » ¡ M 2 case:

? Bino-winoco-annihilationscenario

² LSP is pure bino

² ­ eZ 1
h2 reducedvia bino-winoco-annihilation

² Low rates for direct/indirect DM detection

² specialphotonic collidersignatures: eZ2 ! eZ1°
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Conclusions

? WMAP etc. constraints) only specialallowed regionsof SUGRAmodels

{ bulk: almost excluded,but light sparticles

{ HB/FP: DD, ID, LHC?, ILC

{ A-funnel: ID, LHC, ILC?

{ Stau co-annihilation:LHC, ILC

? non-universalHiggsmasses:HB/FP, A-funnel, light ~uR

? non-universalgauginomasses

² mixedwino DM

² bino-winoco-annihilation

? LHC turn-on in just 2 years!

? array of direct/indirect CDM search experiments!

? moveforward on international linear e+ e¡ collider (ILC)!
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