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A mechanism 1s pointed out to generate cosmological baryon number excess without resorting to grand unified theories The
lepton number excess ongmating from Majorana mass terms may transform into the baryon number excess through the
unsuppressed baryon number violation of electroweak processes at high temperatures

The current view ascribes the origin of cosmologi-
cal baryon excess to the microscopic baryon number
violation process in the early stage of the Universe
[1,2]. The grand unified theory (GUT) of particle -
teractions 1s regarded as the standard candidate to ac-
count for this baryon number violation: The theory
can give the correct order of magnitude for baryon to
entropy ratio. If the Universe undergoes the nflation
epoch after the baryogenesis, however, generated
baryon numbers are diluted by a huge factor. The re-
heating after the inflation 1s unlikely to raise the
temperature above the GUT energy scale. A more 1rri-
tating problem 1s that no evidences are gwven so far
experimentally for the baryon number violation,
which might cast some doubt on the GUT 1dea.

Some time ago ’t Hooft suggested that the instan-
ton-like effect violates baryon number in the Weinberg—
Salam theory through the anomaly term, although
the effect is suppressed by a large factor [3]. It has
been pointed out, however, that this effect is not sup-
pressed and can be efficient at high temperatures
above the Wemberg—Salam energy scale [4]. This ba-
ryon number violating process conserves B — L, but
1t erases rapidly the baryon asymmetry which would
have been generated at the early Universe with B — L
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conserving baryon number violation processes as in
the standard SU(5) GUT. (Baryon numbers would re-
main, 1f the baryon production takes place at low
temperatures 7 < 0(100 GeV), e.g., after reheating
[5.,6].) The process 1tself can not produce the baryon
asymmetry, since 1t 1s unlikely to suppose a particulai
mechanism leading to departures from equilibrium
[4].

In this letter, we pont out that this electroweak
baryon number violation process, 1f it is supplement-
ed by a lepton number generation at an earlier epoch,
can generate the cosmological baryon asymmetry
without resorting to the GUT scenario: The lepton
number excess 1n the earlier stage can efficiently be
transformed into the baryon number excess. It 1s
rather easy to find an agent leading to the lepton
number generation. A candidate is the decay process
mnvolving Majorana mass terms.

Let us present a specific model which gives lepton
number generation. We assume the presence of a right-
handed Majorana neutrino Ni (=1 — ) in addition
to the conventional leptons. We take the lagrangian to
be
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Fig 1 The simplest diagram giving rise to a net lepton number
production The cross denotes the Majorana mass insertion.

L= "CWS + Ni{ﬁNi{ +MIN§CNR + h.c.
+h, N o ¢ +he., (D

where Lyg 1s the standard Wemnberg—Salam lagrangian,
and ¢ the standard Higgs doublet. For simplicity we
assume three generations of flavours and the mass
hierarchy M; <M, <Mj5 In the decay of Ny,

Ngp > % +6, (2a)
SO+, (2b)

there appears a difference between the branching
ratios for (2a) and (2b), 1f CP is violated, through the
one-loop radiative correction by a Higgs particle. The
net lepton number production due to the decay of a
lightest right-handed neutrino Nllz arises from the n-
terference of the two diagrams 1n fig. 1, and 1ts mag-
nitude 1s calculated as [7]

e = (9/4m) Im (yhf I by Y IMEIMD (R )y, (3)

with
I(x)=xY2 {1+ (1+x)In[x/(1+x)]} .

If we assume fi33 to be the largest entry of the
Yukawa coupling matrix and M3 > M, (3) reduces
to

e~ (9/87) | hy 3|2 (M1/M3)8 , 4

with & the phase causing CP violation.

We apply the delayed delay mechanism [8] to ge-
nerate the baryon asymmetry in the Universe. The
out-of-equilibrium condition 1s satisfied, 1f the temp-
erature T is smaller than the mass My so that the in-
verse decay 1s blocked at the time when the decay
rate I' = (thf)“/167r 1s equal to the expansion rate of
the Unwverse a/a ~ 1.7/gT2/mp; (g = numbers of de-
grees of freedom), L.e.,
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(Cmpg= V22 < M, . (5)

To obtain numerical factors for this condition, one

has to solve the Boltzmann equation. Let us borrow the
results of ref. [9] to obtain a rough number The
lepton number to entropy ratio 1s given as

k(AL),/s ~1073 K12, ©))

with K = 3 T'/(a/a) for K > 1. The parameters in (4) and
1n the expression of I' are not directly constrained by
low-energy experiments. One may have an 1dea, how-
ever, on the mass scale M, as follows: With the pa-
rameter mn a reasonable range, one may obtain € <
10-6. Then to obtain our required number for
k(AL),/s ~ 107105 (see below), K < 30 1s necessary,
which gives M| = 2.4 X 1014 GeV(hhT)ll. If we as-
sume |hy512, |hlg|2 < lhyy|? and take (kAT )y =
Iy |2~ (1079)2, then we are led to M} 2 2 X 104
GeV. This constraint can also be expressed 1n terms
of the left-handed Majorana neutrino mass ** as
m,, ~hi (/M| <0.1 eV.If the hightest left-
handed neutrmo has a Majorana mass smaller than
this value, the required asymmetry can be generated.
Now let us discuss the generation of the baryon
asymmetry. In the presence of an mnstanton-like elec-
troweak effect the baryon asymmetry changes as [4]

AB(H)=3A(B~- L), +3AB+L)exp(—7t),  (7)

with y~ 7. At the time of the Weinberg—Salam epoch
the exponent 18 mPl/T\/gT’v 1016 and the second
term practically vanishes. Therefore we obtain

AB=—(AL),/2, (8)

which survives up to the present epoch, and should
give kABfs ~ 10710.8,

*1 Here we assumed the domnance of the diagonal matrix ele-
ment. More precisely speaking, the matrix element constraine
by our condition differs from that which appears in the observ
able neutrmo mass: The left-handed neutrino mass matrix
1sgiven by [m,], = ).:k(hT)lkhk]<¢)2/Mk [10]. The double
beta decay experiment measures the matrix element
[pl1s = (11 /My+ h34 Mo + h31 /M) @2, while eq (5)
refers to (g 12 + lhyp 12 + 1312 ))? /My and hy + hyy
in general. (Here we took the basis where the charged-
lepton mass matrix is diagonal.) Therefore, the double
beta decay experiment does not constrain directly the
parameters 1n eq (5). The tritium beta decay expermment
measures the eigenvalue of the mass matrix i m,ll (see ref.
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A primordial lepton number excess existed before
the epoch of the nght-handed neutrine mass scale
should have been washed out by the equilibrium of
process (2) and 1ts inverse process, if the Yukawa cou-
pling (hht )95 OF (hhT )33 18 large enough. The equilib-
rium condition T'yexp (—M,/T) = 1.7\/§T2/mpl (1=2
or 3) leads to a constraint similar to (5) but with the
mnequality reversed. The net baryon number destruc-
tion factor behaves as ~exp(—ak) (a ~ O(1)) [9].
For K 2 20-30, the equilibrium practically erases
the whole pre-existing lepton number excess. This
condition 1s expressed as (m,, ), > 0.1 eV for the
largest entry of the Majorana mass matrix.

In the presence of unsuppressed instanton-like
electroweak effects, the lepton number equilibrium
implies that the baryon excess which existed at this
epoch should also be washed out, even if 1t was pro-
duced m the process with B — L # 0 Namely, if there
are neutrmos with the Majorana mass heavier than
~0.1 eV both baryon and lepton numbers which
existed before this epoch are washed out irrespective
of their B — L properties.

In summary, we have the following possible scena-
r10s for the cosmological baryon number excess-

(1) At a temperature above the mass scale M
(=scale of right-handed Majorana neutrino), we started
with AB = AL =0 (The inflationary universe would
give this initial condition). Then the lepton number 1s
generated through the Majorana mass term, and 1s
transformed into the baryon number due to the un-
suppressed instanton-like electroweak effect.

(2) At the scale >M, baryon and lepton numbers
are generated by the grand unification, or alternatively
we start with a AB#0, AL # 0 Universe. The equilib-
rum of Np o+ vy, ¢+ , together with the electro-
weak process washes out both baryon and lepton
numbers. Then the lepton number 1s newly generated
by the out-of-equilibrium scenario, and 1t turns nto
the baryon number

(3) The baryon number with B — L #0 1s generated
by the grand unification (e.g., the SO(10) model
[12]). IF the scale M 1s too large to establish the
equiibrium of Ny and ¢ + v, then the initial
A(B — L) will not be erased The electroweak process
does not affect B — L, and hence the 1mtial baryon
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number remains. This case is the original GUT baryon
number generation scenario To achieve this, however,
all neutrmo mass matrix elements (Majorana mass)
should be smaller than ~0.1 eV If the double beta
experiment would observe a Majorana mass greater
than this value, this scenario fails.

In conclusion we have suggested a mechanism of
cosmological baryon number generation without re-
sorting to grand unification. In our scenario the cos-
mologtcal baryon number can be generated, cven if
proton decay does not happen at all

One of us (M.F.) would like to thank V.A. Rubakov
for discussions on baryon number nonconservation 1n
electroweak processes.
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