Electrowenk baryogenesis tn the MSSM

o e e =

C. Balazs, Argonne National Laboratory EWBG in the MSSM Snowmass, August 18, 2005 1/15



Electrowenk baryogenesis tn the MSSM

— The basies of EWBG ln the MSSM
— Wheve do light stops (charginos) come from?

— Cownstraints from d,-, Qepm, colliders ...
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Baryon content of the Universe

— WMAP: ) = LB = (61+0.4) x 10720
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® g (s conslstent with zero (owtg seoovwlarg production Ls kinown)

® no experimental (or theory) tndication of large amounts of antl-matter
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Genesls

— Baryo- or leptogenesis
® preexisting asymmetry -« inflation = dynamic mechanism
® genesis: dynamical generation of asymmetry from symm. initial cond.s
® yvelies on thermodg n. phase transition (sg mmetric — asy mmetric phase)
® has to satlsty the sakharov conditions
O. nttially: matter-antimatter symmnetric phase
1. B is efficlent before a thermodynamic phase transition
2. &~ § &b nteractions allow to generate asymmetry
3. —F presenves asym.: at phase transition Universe falls out equiltbrivm,
and new vacuum B consern/ing
— Baryo- or leptogenesis tn the SM
® only &P distinguishes matter ana anti-matter in the SM
® 1ot enough 8- ln the SM to accownt for baryon asymmetry

Gavela et al '94; Huet,Sather '94
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BArY0gEnesLs

— Sakharov conditions for the MSSM in the early Universe
1. B (classical) B+L breaks anomalously
transitions between tnequivalent SU(2) . gauge vacun Lead to &
2. €~ § &P new complex phases can arise when SUSY Ls softly broken
3. expansion of Unlverse — departure from equilibrivm
15 order phase transition — even larger departure
— Electroweak baryogenesis
® concrete vechanisim to generate baryon asymmetry
® consistent with particle physics and cosmology (twflation)
® utilizes existing phase transition: EWSE
® connected to weak scale — testable at Tevatron, LHC and 1ILC
e alternatives: GUT scale baryogenesis, Leptogenests, ete.
— Off the wall

® 1°° order BwW phase transition proceeds by nucleating bubbles
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T he Electroweak Phase Transition

e [ he order parameter for the transition is the local
expectation value of the Higgs boson field, (¢).

() = 0= SU(2); x U(1)y is unbroken.
(@) # 0=SU2)L x U(1)y — U(1)em.

e (¢) is the minimum of the effective potential at temperature T
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Bubble Nucleation

e First order phase transition:

= degenerate minima at temperature 7T..
e The Universe starts in the (¢) = 0 phase.
e For T' < T¢, the (¢) %= 0 phase is favoured, but is blocked the potential.
e By tunnelling, small regions pass to the (¢) # 0 phase.
e This nucleates bubbles of (¢) # 0 phase.

e Bubbles expand until they fill all of space.



Off the wall wechanism (siuplified)
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Strongly 15 order PT - light stop (§ higgs)

— Generation of n = Vvt—f requires a strongly 1°° order EW phase transition
e strongly 1°° order BWPT © Llarge order parameter: ¢/ 7o 2 1
® type § strength of BWPT & minimum of finite T effective potential
Vet B,T) = (— 2 +aT2)¢? — YT+ 4 ¢* +...
® Vo ls minimal (for @, u — o) if
G/ Te ~ y/A
— coefficlent of cuble term (y) determines order of phase transition
® v generated b@ Loops n (MS)SM
bosonic loops = v ~ g* (SM)
scalar loops =y ~ Yy (MSSM)
tree level cubic = ¥ ~ Ay (WMSSM)
® in MSSM light scalars induce strongly 15 order W phase transition
e light, 2% generation, right handed scalar involeed = Light & ~ te

® t, ~ ¢, > 1 TeV needed to evaoe EW precision
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Enough &P - light Wy, small u

— &P n the chargino sector
® SM: CKM ‘PMHS& Ls not enough fDY EWBG  qavela et al '94; Huet,Sather '94
® MSSM: additional sources of P from u term § soft SSB parameters
® charginos generate the largest -8 contribution
— Enough P if
Mo, I S 500 GeV § Arg(My 1) 2 0.1 carena,Seco, RUiros, Wagner 2002
- light 17/,
— Mintmal setup: Arg(u) = 0.1 § Arg(My) = 0
© &P only n gaugino sector
e baryon asymmetry 1 = 7B~ Sin(Arg (1))
— Experbmental constraints
® strongest limits from e EDPM: d,- ~ Sin(Arg (1))

® less severe Limits from b = sy
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Electron electric O{Lpote moment constralint

— ¢ EDM Ls one of the most sensitive probes of BWBRG
® EWEBG requires complex phases -« complex phases generate EDM
® EWBG requires Arg (i) 2 0.1 = 2 x10 Feom < |d, |

o cxperbmental Limit: |d, | < 1.6 x107 ¢ cm
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o Minbmal wodel probed Uf d~ Limits bimprove b@ 10-100 (next few gjears)

® Escapt ¢ EDM: speciﬁc phase arrangements, mq> 1 TeV, non-min. models
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EWBGMSSM: MSSM constrained by BEWBG

— BW phase transition
strongly 15 order —
constraints on stop sector 160

mg, < My, me. = 1Tev,

0.3<|X:| [/ mgz <05, %

constraint on h° ? m_= 2 Tev
e aey - LEP Excluded
— EBnough &P - 120
constratnts on charginos
Mo, LS 500 GeV,
Arg(Ma 1) 2 0.1 %00 108 110 115

, m, (GeV
Carvena, Seco, RULYos, Wagney 2002 H ( )

— EDM Lnits - heavy 1 < § 2" generation scalars
— Scendrio s strongly constratned by LEPR: 114 GeVv < iy

® Does EWBG survive the stringent astro (collider § LowE) constratnts?
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The supersymmetric origin of matter

— £-Z,; coannlhilation lowers the neutralino rellc density

to agree with WMAP where m; ~ mz

Input parameters:

tanp = 7. m, = 1000 GeV, Arg(n) = 1.571
M.=M g/e,. Arg(M,)=Arg(M,)=0, M =1 TeV
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Collider tmplications — Caroline's § Ayres' talk

— &, > ¢ Z; dominant
considerable part of
para. space observable

at Tevatron depending on L

I/\/L;E'1 < 1.25 le
(Huggs (ESONANCE OF
£ - Z,, coannihilation)

diffieult at Tevatron
— LHC : simllay situation

— LC e)qsected to cover
essentilally all regions
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Summa YM

— Unlverse carries baryon-asymmetry
— Baryogenesis: dynamic mechanism to explain the baryon-asymmetry
1 SM anomalies lead to &~
2 MSSM contains enough -
3 EW phase transition enhances departure from equilibrivm
— Electrowenk baryogenesis
® 'off the wall" mechanism satisfies sakharov conditions
® crough €8 & Light charginos, small
e strongly 1% order phase transition < Light stop, (lightest) Higgs
— Experbmental constraints
® LEP2 Higgs constraint Leaves only a small window tn the MSSM
® ¢ EDM is one of the strongest constraint on Arg(u) < 'stop split SUSY”
® neutralino rvelic abundance narrows the parameter space to 'strips’

— BWEBG In the MSSM will be discovered/excluded by the (LC
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