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 In the following, we describe the criteria of B asymmetry
generation

« Two representative examples will be discussed
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B violation

Total baryon number is still conserved if C or CP is
conserved.
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« C and CP violation:
iMi(X - B+Y)=A (tree)
B

)
iMy(X = B+Y) =B x Ce” (loop)

(X - B+Y)-! (X =B+Y)= /d" f|AB*|sin ¢pap sind
AB* = |AB*|e'%4B
> 1.<?/,>%+.C?/3*12%

> 0)693+/,2%3*%/..22%.J,3* - /H%/,)'3*1%9.%
* % Z)*32-3%1%4
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* Qut of equilibrium dynamics since in thermal equilibrium,
we have <B>=0

Baryon number B is odd under C, even under Pand T
' Bis odd under CPT" 60

Tr /7B

!
= Tr §%lge/TR
I 11

= Tr H/TgRe%

= 9%B%r

#HB%r

M. Plimacher 09
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( <p>=0

Vv eff

< Sphaleron

<0>=0

<0>x0 AN
o Bubble Wall =

T<T,

Strong first-order phase transition = i z 1
Tc Morrissey et al,1206.2942
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« Heavy neutrinos decay out of equilibrium into leptons and

anti-leptons unevenly (Fukugita,Yanagida '86)

o I'(N, - LH) —T'(N, = L
"TT(N, = LH)+T(N, —» L

AL # 0 — sphalerons -+ AB # 0
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Upper bound on baryogenesis scale from neutrino masses

Ann E. Nelson *>'? and S.M. Barr *°

2 Institute for Theoretical Physics, University of California, Santa Barbara, CA 93106, USA
® Department of Physics, University of California, San Diego, La Jolla, CA 92093, USA
¢ Bartol Research Institute, University of Delaware, Newark, DE 19716, USA

Received 4 June 1990

We examine the constraints on baryogenesis if anomalous weak baryon violation is in thermal equilibrium at high
temperatures. If neutrinos have Majorana _masses, there is an upper bound on the scale of baryogenesis:
T,=< 10" GeV(1 eV/m,)?, where m, is the mass of the lightest neutrino, and no baryon number is generated at temperatures
below T,.
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—pgtpg+pip =0, —pg—pag+pup =0, —pe+ pg + pep =0,
2

3Bug+pe) =0, pg+2pup = par = He = pep + g =0,

All chemical potentials vanish after AL=2 kicks in !

po+ pr =0

¥ , BEh— =B =
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> ,%23*1/,%.C9%.?,6)9.62%G-3+-%
+.*963JC9, %', +)1%G39-%
2-.692)*"%/.*I 26)*1,%3*9,6)+93.*2AC

1

Os = K(ULJ)H’CH%MZ,
Or = %(Lidcﬂéc@c)[{j%;
e Oy = (L) (Qui) Q).
(c) (d) On = %(Liy)(dec)(dec)HmHiﬁjmm

FIG. 1: Contributions to Ov33 decay generated by the oper-

ators in Eq. (2) in terms of effective vertices, point-like at the
nuclear Fermi momentum scale.

F. Deppisch, J. Harz, WCH, M. Hirsch, H. Pas, arXiv:1503.04825
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" Since we only study wash-out effects resulting from the
0! BB operators, only e-lepton asymmetry is eliminated.

" To washout other flavor asymmetries, one would need
LFV operators together with the 0! 86 operators.

" Westudy"; # ";$ %and "; # "; conversion

Oggﬁ/ — ngWEgOMVgCHFW/
2

_ 3
B _ e
Ottqg = Cotgq(L116) (g 1129) Coty = 16#29/\?@ - Cttan = A%e |
Y qq

II : Lorentz structures

F. Deppisch, J. Harz, WCH, M. Hirsch, H. Pas, arXiv:1503.04825
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3 I . '344,6,93)9,96)"%" 11 46.<%
B 5
— current _ > :'G’(’6H%" 9)*I%" 11 +)*%J1%
10100 k ?6.J,'%)9%9-,%@:!%
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F. Deppisch, J. Harz, WCH, M. Hirsch, H. P3s, arXiv:1503.04825
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" 0!Il decays only probe the electron flavor, so LFV is needed to
wash out asymmetries stored in &and * flavors

To carry out the analysis in a model-independent way, we
assume no correlation between the generation mechanism
and washout

The existence of a decoupled sector can protect asymmetries
from washout in the visible sectors (Phys. Lett. B207, 210
(1988) and 1309.4770)



SDU -+ CP3Origins

UNIVERSITY OF Cosmology & Particle Physics

J%&A42+."#5"&B -&7?+,D6A*

Given the DM relic density and ! asymmetry are of the same
order: Q. ~ 5.4 Q,, itis naturally to conjecture that the DM is
also asymmetric — only DM particles or anti-particles exist,
aka asymmetric dark matter (ADM) — whose relic density is
connected to that of baryon asymmetry.

" Two examples to connect DM and baryon asymmetries are
through the neutrino and neutron portal (hep-ph/0510079,
0901.4117, 1009.0270)

X[Q)l\,l (KH)2 3 XDl\xIdeRuR (OI’ X%MdeRuR)
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—pgtpg+pip =0, —pg—pag+pup =0, —pe+ pg + pep =0,
2

3Bug+pe) =0, pg+2pup = par = He = pep + g =0,

All chemical potentials vanish after AL=2 kicks in !

po+ pr =0

¥ , BEh— =B =
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Baryogenesis, sphalerons, and the cogeneration of dark matter

S. M. Barr
Bartol Research Institute, University of Delaware, Newark, Delaware 19716
(Received 28 May 1991)

Processes involving the electroweak anomaly can erase completely a primordial baryon and lepton
asymmetry if B—L=0. This has led to the search for plausible mechanisms for weak-scale baryo-
genesis, or for the generation of a primordial B —L asymmetry. Here it is emphasized that if another
quantum number conserved up to anomalies is present electroweak anomaly processes would not neces-
sarily erase a primordial baryon asymmetry even if B —L=0. Moreover, an asymmetry in the new
quantum number that is comparable to the baryon asymmetry is generated concomitantly due to the
electroweak anomaly. This asymmetry could be the origin of dark matter.

aB+BL+yX=0 ) B=L=-—|—Y—|x%0
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—pgt+pa + pdp =0, —pg—pg+pup =0, —pe+ pg+ pep =0
2

S-S ptpory=6=, f1g + 2Hup = pap = e = Hen + gp =0

ILL£+/’LH:O7

If particles in the dark sector are also charged under
SU(2),, then the sphalerons can transfer symmetry
between B, L and X (dark charge) ( ADM

3(Bpg+ ) +nxpx =0,

M. T. Frandsen, C. Hagedorn, WCH, E. Molinaro, H. P3s, arXiv:1801.09314
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—pgt+pa + pdp =0, —pg—pg+pup =0, —pe+ pg+ pep =0

2
3Bug+pe) =0, pg+2pup — Par = e = per + g =0,

ME_I_/'LH:Oa

If models need an extra asymmetry-transfer
interaction, then DM asymmetry will also vanish!

X[Q)M (KH)2 3 XDMdeRuR (OI‘ X%MdeRuR)

M. T. Frandsen, C. Hagedorn, WCH, E. Molinaro, H. P3s, arXiv:1801.09314
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