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The origin of matter

— Neutralinoes as dark matter
— Electrowenk baryogenesis

— The supersymmetric origin of matter
C.Balazs, M.Carens, A. Menow, B.E.Morrissey, C.E.M.wWagner
PRDF#L 075002 (F 05)
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Matter

Jo,

— E balance a 'la FrRW: Yo O+ QA+ po=zH2/2r6,, Hy=F1E4RM/S/Mpe

the cosmic puzzle

® SN, WMAP,SDSS: (), ~0.25 QOpa~0.75 Oy~ 1.0
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Matter

— E balance a 'la FrRW: % =y + QA+ po=3H2/275G,, Hy=F1E4RM/s/Mpe

0.0

CLOSED

~ : KA O / 1= ‘eahealletal. 1999

QA
® SNe, WMAP,SDSS: (), =0.27+0.04 O\ =0.72+0.04 )y = 1.02+0.02
® direct, lndependent, precise, consistent observations — robust result
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Dark matter

— Matter content: ), =, + ), + ), + OQppy with £, ), < 0.015
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® BBRNECMB, cosmic concordance: by = 0.044 £0.004= Q= 0.22F£0.04
® Stable, wow-bargowto, nown-relativistic matter — new ph 53603
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Cold darlke matter

— qalactic structure requires cold dark matter

® CDM clumps ‘(CLYSJC, attracting matter Later  cfep.uchicago.edw/lss/filaments.ntm
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® SDSS galaxy clustering
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Cold dark matter? (An astromomer's view)

Lumlinous matter Darke, matter
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Cold darke meatter = neutralino

— Z, properties
® ctpuble L most models
® neutral, nown - bargowic
® /iss ~ BEW scale

— Z, adwmixture
® /ass eloenstate
Zz = W11 é'/'“/zz /;LZ * Nyz VT/g

® Bino: O, small -
(s large
® Higgsino : o4 large -
Qs swmall
® \Wino: Ouvery large =
Qil JCLVL@
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Cold darke meatter = neutralino

— Z, properties
® ctpuble L most models
® neutral, nown - ba%ow’w
® /iss ~ BEW scale

— Z, adwmixture
® /ass eloenstate
21 = W11 é+“/1£ /:7’%’ + Nys VT/s

® Bino: O, small -
(> large
® Higgsino : o4 large -
> small
® \Wino: Ouvery large =
Qii JCLVL&
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Awntl-matter - What's the matter with tt?
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Awntl matter

— Matter content: ), =€, + ), + €, + 0y, with (), (), < 0.015
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Matter-antl-matter as Y mme‘crg
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Awntl-matter: Electroweakk baryogenests tn the MSSM

— Posstble if
1. anomalous B (V)
2. enough €p &
u, M; and [or A: has =
(relative) complex phases & 140
3. BW phase transition o
strongly 1% orolery — LEP Excluded

120

160

m = 2 TeV

conStraLnts on stop sector

m;i < Wy, V%EQ = 1Tev,
0.2< |Xf | /més < 05/ 10?33 105 110 115

constraints on Higgs sector m,, (GeV)
my, S 120 GeV

carena, Seco, Ruiros, Wagner 2002
® scenario is strongly constrained by LEP 2:
114.4 qev < my,

® Dpes EWBRG survive the striingent WMAP Limits?
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The origin of matter

— Top - dowwn approach
® pick o model — show \/’LabaL’LLL’cg
® wotivated by aesthetics
® cxample : mSuGra

mSugra with tanf} = 48, Ay=0,h<0

— Bottom - up appmacla

® start from data — narvow theory
® vuotivated by experimental data

® ¢X0 mpte : MSSM

2000 I +% NoREWSB % Tachyons
6 x Z ol LSP Input parameters:
LEP % LEP? tanP =7, m, = 1000 GeV, Arg(p) = 0
14 M,=M,gY¢’, Arg(M,)=Arg(M,)=0, M,=1 TeV
GENIUS  CDMSIT CDMS Myy=0GeV,my;= 1STeV, X = 0.7 TeV
12 My My, My 3 = 1TV
My, My, = 10TV
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@ - My p My My o = 10TeV
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W Q500129 [ Qh <0095
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100 150 200 250 300 350 400 450 500
iy (GeV) Wl (GeV)
Ballizs 2004 BalAzs, Carenn, Menon, Morrissey, Wagner 2004
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The supersymmetric origin of matter

— Can the baryon asymwmeetry § right amount of neutraline dark wmatter

be stmultaneously generated in the MSSM? pavidson et al., Boghm et al. 1999

Input parameters:

tan = 7, m, = 1000 GeV, Arg(u) = 1.571
M,=M,g5/g7, Arg(M,)=Arg(M,)=0, M,=1 TeV
My = 0 GeV, my; = 1.5TeV, Xlr =0.7TeV

140

120 My o My My, = 1TeV
Myg o My 5 = 10 TeV
’%‘ Moy My My, =10 TeV
%100 Legend:
S e omy, > my, V74 my, <103.5GeV
Bl Or>0129 | | QK <0.095

80 K.~
e B 0.095< QW <0.129

G, = 3E-08 3E-09 3E-10pb
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60 / s : :
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BalAzs, Carena, Menon, Morrissey, Wagner 2004
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The supersymmetric origin of matter

— £-Z,; coannthilation lowers the neutralino relic density

to agree with WMA®P where my ~ mz

TR Input parameters:

tan = 7, m, = 1000 GeV, Arg(u) = 1.571
M,=M,g5/g7, Arg(M,)=Arg(M,)=0, M,=1 TeV
My = 0 GeV, my; = 1.5TeV, Xlr =07TeV

140

120 Mo My My, = 1TeV
My o My 5= 10 TeV
%‘ Moy My My, = 10TV
%100 Legend:
S e om, > my, /4 my, <103.5GeV
Bl 0r>0129 | | QKW <0.095

80 K%
i B 0.095< QW <0.129

G, = 3E-08 3E-09 3E-10pb

m, =120 100 80 GeV
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BalAzs, Carena, Menon, Morrissey, Wagner 2004
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The supersymmetric origin of matter

— Annihilation via the 4° (4°) vesonance Lowers the neutralino relic dews’utﬁ

to agree with WMAP where Rz My (4°)

TTETCTE Input parameters:

tanP = 7, m, = 1000 GeV, Arg(u) = 1.571
M,=M,g5/g;, Arg(M,)=Arg(M,)=0, M ;=1 TeV
My = 0 GeV, my; = 1.5TeV, XF =0.7TeV
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Collider met’uoat’wws - AYres' talke

Arg(w) = 12

~ ~ ) 250
— Ity > cZ; dominant

considerable part of 225
para. space observable

, 200
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Dlrect CPM detection e)qserimewts

— Future nicleon-WIMP detection experiments will probe constderable pavt of all
reglons (tncluding F -Z. connnihilation)
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Electron electric dﬁpote MOVALent

— ¢~ EDM is the most sensitive probe of the model:

® EWRG requires complex phases —« complex phases generate EDM

® EWBG requires: 2x10*fecm 5 | d, |

o Experlmewtat LLnaLt:
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o full parameter spoce probed Lf £~ EDM Limits ’qu:m\/e bg factor ~10-100

® ¢xcept Lf: acetdental cancellations, s> 1 TeV, or WMSSM ...
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Summa YM

— Cold darlke matter seems to be out there and
neutralinos are excellent candidates for it
— Baryogenesis explains the baryon asymmetry based on the
electrowenle phase transition tn the MSSM
® simultaneous electrowenk baryogenesis and neutralino cold darie matter
ls viable in the MSSM = all matter might just originate from SUSY!
— Does wmatter have a supersyvmmmetric origin?
® ¢ EDM measurements are the most sensitive probes of this modlel
e Tevatron has a good chance to find the light stop, but even the
® Lavoe Huadron Collider will wot cover the full para. space
® (nternational Linear Collider covers most of the parameter vegion
® divect dark matter searches can flnd the neutraline tn this scenario

e complementary collider § dark wmatter seavches together will uncover...
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S YM

— Cold darkk matter seems to be out there and
neutralinos ave excellent candidates for it
— Baryogenesis explains the baryon asymmetry basead on the
electroweake phase transition tn the MSSM
® simultanceous electrowenk baryogenests and newtralino cola darik matter
is viable in the MSSM = all matter might just originate from SUSY!
— Does matter have a supersymmetric orging
® ¢ EDM measurements are the wmost semsitive probes of this model
® Tevatrowm has a good chawnce to find the light stop, but even the
® Laroe Hadron Collider will ot cover the full para. space
® (nternational Linenr Collider covers most of the parameter reglon
® direct dark matter searches can flnd the neutralino tn this scenario
e complementary collider § dark wmatter seavehes together will uncover...

the origin of matter
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