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+ B is a global symmetry of SM classically

¢+ Nonperturbative weak interaction effects

lead to B violation ‘t Hooft (1976)
Oetf = ¢ (miw) e H (e QgLQ )
s AB=AL =373
=g: ppn — etTeTU b
Rate « e_i_; 2
~ 10165 ;

¢+ Relevant for baryon asymmetry s
Kuzmin, Rubakov, Shaposhnikov (1985)



* Sphaleron interaction rate:

Csph ~ a7, T ~ 107°T

In equilibrium for T ~ (10? — 10%?) GeV

Can help generate (or erase) baryon
asymmetry

n= 2" ~g8x10-11 (BBN, WMAP)
S



Popular B geneation mechanisms

e GUT scale baryogenesis
X —ql,qq
X: colored GUT scale Higgs or gauge boson
Asymmetry washed out by sphalerons

e Electroweak baryogenesis
Phase transition is too weak (or Higgs mass too low)
Plausible in MSSM

e Leptogenesis
Heavy vp decays: vp — L+ H, vp — L+ H
Requires My > 3 x 10° GeV (Davidson-Ibarra)
In supersymmetry, gravitino production requires
Trg <3 x 10" GeV
Conflict



Baryogeneis occurs after sphalerons decouple
T < 200 GeV

New particle with mass ~ 100 GeV decays
violating B

New particle may be boson (S) or fermion (N)

S or N must couple to B violating current



AB =1 couplings (e.g. QQQL) must decouple
before T ~ 10> GeV (proton decay)

AB = 2 couplings can be in equilibrium
until '~ 10> GeV (n — n) oscillations

AB = 3 or higher will be in conflict with
nucleosynthesis

Focus on AB = 2 processes
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S acquires vacuum expectation value
and breaks Baryon number

S, decays to 6 quarks as well as
INto 6 antiquarks

S, — 6qg, S, — 6q

Leads to baryon asymmetry



L = —IXdid- f2 LY ufu§ + 22 (ufds + uds
A A
+ SSX + TSXZ% + hee

X, Y, Z are colored scalars

Part of Higgs sector of Pati-Salam
symmetry SU(4). x SU(2), x SU(2)rg

Baryon number is broken once (S) # O

S, — 6q, S, — 0q
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P =205 My =1 TeV, Mg = 100 GeV
— 7(S,;) ~ 1072 sec



CP Asymmetry




o axImTr[¢g" M, Vg'V*M;] _3
‘8= " Tr(g'g) ~ 10

~ 1y
"B = €B7y,

r

T,;: Temperature when S, begins to decay

To have Ty/Mg ~ 1072, and T; > 200 MeV,
Ms = 100 — 300 GeV

Neutron-antineutron transition rate is predicted
T(n —m) ~ (102 — 10%1) sec

Colored scalars with mass ~ 1 TeV
accessible to LHC
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L= XNNufX + N XdidS + NN + Mx XX

Violates baryon number via Majorana mass of N

When supersymmetry is assumed,

P~

N is naturally dark matter candidate

n — n oscillation occurs with a lifetime
of (10° — 1011) sec
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T(n —m) ~ (102 — 10*1) sec



New mechanism for baryon asymmetry generation

has been proposed

Does not rely on sphalerons

Colored scalars at TeV scale should be accessible to LHC

In supersymmetric version, baryogenesis and

dark matter may be unified

Predicts observable n — n oscillations with
7(n — 1) ~ (102 — 10'1) sec



