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Leptogenesis during an era of early SU(2) confinement

India Bhalla-Ladd®,"*" Izzy Ginnett®,"" and Tim M. P. Tait®"*

1Departmem of Physics and Astronomy, University of California, Irvine, California 92697, USA
2Department of Logic & Philosophy of Science, University of California, Irvine, California 92697, USA

® (Received 8 April 2025; accepted 5 September 2025; published 6 October 2025)

We explore leptogenesis during a cosmological epoch during which the electroweak SU(2), force is
confined. During weak confinement, there is only one conserved nonanomalous global charge, r, which is a
linear combination of lepton-number, baryon-number, and hypercharge. The inclusion of heavy Majorana
neutrinos leads to an r-charge and CP-violating interaction with a composite scalar, @, and composite
fermions, W, allowing for the generation of an r-charge asymmetry, which translates into a baryon
asymmetry post SU(2), deconfinement. Determining the resulting baryon asymmetry as a function of the
model parameters, we find that the predicted baryon-asymmetry can match observations for a wide swath
of parameter space: a weak confinement scale Ay ~ 10''-10'* GeV, the sum of the Standard Model
Yukawa couplings Y Y, Y5, ~ 1072 = 10°, mg/my ~0—0.5, and a ® — ¥ — ¥ coupling |g| ~ 1 with
complex phase 6, ~ z/4. While leptogenesis under the assumption of a standard cosmology relies on the
complex phase of the neutrino Yukawa couplings, the asymmetry generated in this novel background
cosmology primarily depends on a strong phase from SU(2); confinement, 6,, and favors negligible

CP-violation in the right-handed neutrino decays.

DOI: 10.1103/nmpt-fwz6

I. INTRODUCTION

The observed baryon asymmetry of the Universe remains
an unsolved mystery tying together cosmology and particle
physics. There are two widely accepted ways to deduce
this asymmetry from observation: using primordial light
element abundances produced via big bang nucleosynthesis
(BBN) and by measuring anisotropies in the cosmic
microwave background (CMB) [1]. When comparing with
theoretical calculations, it is convenient to convert these
observationally deduced baryon asymmetries to

ngp —npg

(1.1)

Yap =

where np is the baryon number density, nj is the antibaryon
number density, and s is the entropy density. Modern
results for the baryon asymmetry using BBN [2] and the
CMB [3] after being converted to Y, show
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YEBN — (8,63 +0.21) x 10711,

YSMB — (8.71 4 0.06) x 1071, (1.2)

where the uncertainties are quoted at a 68% CL This
demonstrates a remarkable agreement between these two
independent methods of quantifying the baryon asymmetry
of the Universe.

Famously, Sakharov determined that there are three
conditions that must be satisfied in order to generate a
baryon asymmetry from an initially symmetric Universe:
(1) B-violation, (2) C and CP-violation, and (3) a departure
from thermal equilibrium [4]. Although all of Sakharov’s
conditions can be present within the Standard Model (SM),
the parameters of the SM do not allow it to reproduce the
observed Y,p, and thus models of “baryogenesis” require
the addition of physics beyond the SM.

A popular class of solutions realizes baryogenesis via
leptogenesis, in which an asymmetry is initially produced
in lepton number, and is converted into a baryon asym-
metry via the electroweak sphalerons [5]. Typically,
Majorana SU(2), -singlet neutrinos Ny are added to the
SM, interacting with the active SU(2), doublet neutrinos
through Yukawa interactions,

- 1 — _
lNRﬂaNR/i _EMR/}NLR/;NR/; - eab/lﬁaNRﬂszh + H.c.

(1.3)
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where % = (v,. @) is the SU(2), -doublet lepton of flavor
a, H” = (H*,H") is the SU(2),-doublet Higgs, and
labels the N and flavor. The same ingredients amend the
SM to allow for nonzero neutrino masses via the seesaw
mechanism. The physical mass eigenstates are linear
combinations of N and #, which mix via the Dirac masses
mp = Av induced when the Higgs acquires a vacuum
expectation value ». Assuming that M is much greater
than mp, and being cavalier with flavor indices, the
physical neutrino masses are

myp

_MR+\/M%+4m%NM
= 5 ~ Mg,
MR—\/M%+4m%)Nm_2D

2 My

(1.4)

m; =

Provided the parameters My and 4y, are chosen appropri-
ately, m; can be made to match realistic neutrino masses. In
particular, the tiny experimentally observed mass splittings
favor large M, which can allow for order one 44,. Both the
M and 4 are complex parameters, and for three generations
generically predict CP-violation in the neutrino sector.
Provided that the Ny decay out-of-equilibrium, all three
Sakharov conditions are satisfied, and will produce a lepton
asymmetry that is then converted into a baryon asymmetry
by the electroweak sphalerons, successfully producing the
observed baryon asymmetry of Eq. (1.2) for heavy masses.
Constraints on the parameter space were explored in
Ref. [6] by numerically solving the density matrix equa-
tions for the standard leptogenesis scenario, including
flavor effects. Their analysis favors My ~ 10° GeV for
fine-tuning A <10, well outside of the direct reach of
current experiments. Many compelling variants of standard
leptogenesis have been explored, such as Dirac lepto-
genesis, which works in the limit of Mz — 0 [7], and
relies on additional new physics (such as massive scalar
particles [8]) to store lepton number in the right-handed
neutrinos.

The expectations for the parameters which would allow
the see-saw theory of neutrino masses to successfully
realize leptogenesis are strongly dependent on the extrapo-
lation of the conditions in the early Universe from much
more recent observations of its state. As a result, there is a
huge uncertainty in those expectations, and a novel cosmo-
logical history could retain consistency with observation
while favoring dramatically altered see-saw parameters to
explain leptogenesis. We explore one such cosmology, the
“weak confined standard model” (WCSM), in which there
is an early period where the weak force is stronger than
it is today, strong enough that it confines the SM quark,
lepton, and Higgs doublets into SU(2)-neutral composite
“hadrons.” This can be realized via a scalar field ¢
interacting with the SU(2) gauge fields

L= —% @ - %)Tr[WﬂbW’“’} —Vv(g)., (1.5

where g is the SU(2), gauge coupling and W** is the
SU(2), field strength tensor. A nonzero vacuum expect-
ation value (vev) for the scalar field induces an effective
SU(2) coupling,

(1.6)

For (¢p) ~ %, Jeir > ¢ and the weak force becomes stronger.

The potential for ¢ can be engineered such that (¢) allows
for a large g. in the early universe, but transitions to a
small value before electroweak symmetry breaking [9,10].
As a result, SU(2), can be confined at early times with a
confinement scale denoted by Ay, whose value is con-
trolled by the dynamics of the ¢ field in Eq. (1.5). In order
to match on to cosmological measurements, SU(2), must
deconfine later on when (¢) shifts to a different value, at
which point the cosmology becomes more standard. Such a
period of early SU(2), confinement has been shown to
result in modifications of, e.g., freeze-out of electroweakly
charged dark matter [11].

The effective field theory (EFT) describing the
composite bound states and their interactions was analyzed
in Ref. [12], based on the approximate SU(2N) chiral
flavor symmetry, which lattice results [13] suggest is
spontaneously broken to Sp(2N ;). This symmetry breaking
pattern results in 65 pseudo-Nambu-Goldstone bosons
(pNGBs) I1, whose tiny masses arise from the explicit
breaking of the chiral symmetry by the SM gauge
and Yukawa interactions, a spectrum of 12 composite
fermions ¥ with masses ~Ay, and a scalar ® whose mass
is also ~Ay. During weak confinement, baryon- and
lepton-number are not conserved quantities. The only
conserved nonanomalous global symmetry is U(1),,
defined as [12]

B
E—2Y+Z<3—Li> = 2Y+B-L.

As r contains both baryon- and lepton-number, generating
an asymmetry in it will ultimately lead to a baryon
asymmetry. However, this requires physics beyond the
WCSM itself, which is provided by the right-handed
neutrinos N.

We work with the standard see-saw theory of neutrino
masses (with three singlet neutrinos), encapsulated by the
Lagrangian of Eq. (1.3), and examine the requirements for
successful leptogenesis if the Universe undergoes a period
of early weak confinement. The Majorana masses provide
violation of U(1),, which after deconfinement maps onto
violation of lepton-number. The Yukawa interactions Ag,

(1.7)
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include a CP-violating phase, and the massive states
resulting from the weak confinement can decay out-of-
equilibrium. We find that a sufficient baryon asymmetry
can be generated, but for very different parameters than
those necessary in a standard cosmology.

Our article is organized as follows. In Sec. II, we review
the WCSM with the addition of three generations of
Majorana SU(2), -singlet neutrinos, focusing particularly
on the ingredients salient for leptogenesis. In Sec. III, we
discuss how this setup generates a baryon-asymmetry,
including a discussion of the Boltzmann equations gov-
erning the production of Y5 in Sec. III A, washout effects
in Sec. III B, and a computation of the rate of CP-violation
in Sec. I C. Finally, we conclude and discuss further
possible work in Sec. IV.

II. EFT FOR SU(2) CONFINED THEORY

We follow the notation of Berger ef al. [12], collecting
the constituent particles of the WCSM into multiplets

Y = {fl? Qf’ ('I]G7 q1137 }’
¢ ={eH,—H"},

E={E,UR UG U DR DY, D}, ...} (2.1)
where y; for i = 1,2, ...,4N contains the SU(2); doublet
fermions, ¢, for a = 1, 2 packages both the SU(2), Higgs
doublet and its conjugate (for convenience), and & =
1,2,...,7N; contains the SU(2), singlet fermions. From
here on, per the SM we take N, = 3 generations.

A. Vacuum and states

During weak confinement, the spectrum of particles
includes 65 composite pNGB scalars built out of two
fermions (II;; ~ yey;), 12 Higgs-fermion composite fer-
mions (¥, ~y;p,), and a composite scalar particle
(®~>, p.0h ~H H), as well as the 21 fundamental
right-handed SM fermions ¢&.

The pNGB’s II are packaged in the field,

\/7*\’/}7} Exp {Zzlen} T (2.2)

where X7, are the 2N]% — Ny —1 broken generators of

SU(2N;). The matrix X, = (Z) satisfies Z(%, =1 con-
sistent with the SU(2N;) — Sp(2N,) chiral symmetry
breaking pattern. A convenient choice of basis is

X =Exp {i

B 0 1 0 0
-1 0 0 0
To = A . A=
0 0 0 1
A
0 0 -1 0

The vacuum during weak confinement spontaneously
breaks

SU(3), x U(1)y — SU(2), x U(1), (2.3)
such that the QCD triplet multiplets split into a doublet plus

a singlet. The SU(3), and U(1), generators can be written
in the y basis as

L = diag(0, 49,0, 14,0, 1)

1111 1111 1111
Y:diag< ——————————————— ) (2.4)

where 14, a =1, ..., 8, are the 3 x 3 Gell-Mann matrices.
The generators of SU(2), are the usual Pauli matrices,
while the generator of U(1) o 1s a combination of hyper-

charge and the 43 generator of SU(3),

1
Q=—L%-Y

V3

1 1 1 1 1 1
=di 77_750?Oﬂ7?_77070’77_77070 . 2.5
lag<2 27 T T > (23)

The weak confined vacuum preserves a single exact
global U(1), symmetry defined in Eq. (1.7),
r = —2Y 4+ B — L. The pions have r = 0, and the r-charges
of the remaining particles (as well as their representations
under SU(2). x U(1),) are summarized in Table I. An
asymmetry in r in the confined phase maps on to asym-
metries in B, L, and/or Y in the deconfined phase.

The SM QCD and hypercharge interactions and Yukawa
couplings explicitly break the SU(12) chiral symmetry,
resulting in masses for most of the IT’s that are mp << Ay,
and in subleading corrections to the O(Ay, ) masses of the

TABLE 1. Table indicating the quantum numbers of the
composite Dirac fermions (¥), composite scalar (®), their
fundamental constituents, and the quantum numbers of the
SU(2), singlet fermions.

SU(2), U(l), u(l), Constituents
PO 1 0 -1 £,
P 1 0 +1 59>
wi 1 1 +1 20
Py 1 -1 -1 qsP1
L2 2 1/2 +1 ap®2
¥ 2 -1/2 -1 4p®i
@ 1 0 0 Pupi
E; 1 -1 -1
Us; 1 +1 +1
Up; 2 1/2 +1
Dy 1 0 -1
Dp,; 2 -1/2 -1
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Y’s and ® composites. The Yukawa interactions further
mix the ¥ Dirac fermions with the fundamental & singlets.

B. Interactions

In the limit where the SM QCD, hypercharge, and
Yukawa couplings are neglected, the EFT contains inter-
actions among the composites dictated by the chiral
symmetry [12]

12 2
E[R D - yOAW Z Z ab\sz leb] + H.c.
i,j=la

(OAW>IZi PV, ST, 0] + He. (2.6)
ia jb .

i,j=lab=1

where y, and y; are O(1) complex dimensionless coef-
ficients encapsulating the strong dynamics. The V¥ particles
pair up into Dirac states with common mass my = yoAyy.
The Yukawa interactions of Eq. (1.3) manifest in the
confined phase in two significant ways. First, they intro-
duce mixing between the ¥? fermions and the Majorana
N’s, in analogy with the £ — ¥ mixing mentioned above.
Second, they result in couplings between Yo N, and @

| +H.c. (2.7)

-G Z FipN a1, ®
ap=1

where C; is an O(1) complex parameter. One can under-
stand this term in the EFT heuristically as arising from the
Yukawa interaction dressed up with a bystander SM Higgs,
see Fig. 1.

III. BARYON ASYMMETRY

During SU(2) confinement, the N fields interact with the
massive P9 and @ fields. We assume that the strong
dynamics produces masses such that mg 2 my = yoAy,
and thus it makes sense to consider ® decaying into one
flavor of WY and one N (or one ¥} and one N), through
the Yukawa interaction, Eq. (2.7). At the loop level,
CP-violating phases can bias the decay in favor of either

FIG. 1. Schematic representation showing the underlying
neutrino N-£-¢ Yukawa interaction dressed by a bystander
SU(2), Higgs doublet during weak confinement, resulting in a
N-Y¥-@ interaction.

PO or WY, resulting in production of a net r-charge in the P9
sector.

A. Boltzmann equations

We construct a set of Boltzmann equations which
encapsulate the dynamics leading to the evolution of the
number densities of the relevant species in the plasma
during weak confinement. We work with the scaled number
densities per comoving volume [14]

(3.1)

where n; = [d®p;f is the particle number density of
species i, and s = a—’?g*ﬂ is the entropy density of the
universe. During weak confinement, the light degrees of
freedom are composed of the pions, the SU(2) x U(1),
gauge bosons, and the SU(2) singlet fermions, leading
to g, ~ 110.

The coupled Boltzmann equations governing the evolu-
tion of Y and Y, = Yy = (Yy — Yy) take the form [1]

dYe
2 — _D|(Yp-Y 2
dZ 1( (o] <1))7 (3 )
dY s, e
dZA =—eD, (Yo = Ygl) = W Yy, (3.3)

where z = mg /T, and W, and D, represent washout and
decay terms respectively, given by

Wi =10, 5, 35)

where K is defined below in Sec. Il B, ,(z) are the
nth order modified Bessel functions of the second kind,
and H(mg) is the Hubble scale evaluated at temper-
ature T = mg.

The parameter e tracks the asymmetry in the @ decays
producing ¥ and . For a particular flavor combination,
this can be written

}/((I) - N(I‘Pﬂ)

- 7/(¢) - N{z\?ﬂ)

3.6
Y tot ( )

€a/)’ =

Summing over all flavors leads to a net asymmetry in the ©
decays of e =370 ;| €qp-

In Eq. (3.6), y(i — f) is the thermally averaged decay
width, defined in the notation of Ref. [1] as
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qu/mq) = 1/2, 0= 7r/4

10"

1013

10°

10=°
Z Yaﬁya*ﬂ

m\p/mq): 1/5, 9:71'/4

FIG. 2. Washout strength K in the plane of the Yukawa coupling 3 | ,,ﬁ|2 and confinement scale Ay, for two values of my /mg and
0, as indicated. Regions above the dotted line, K; = 1, are in the weak washout regime.

E;/T

357 3—
R
(27)*2E; (27)2E;

x (22)*6W (pi = pp)l A = P (3.7)

where A(i — f) is the decay amplitude, and y, is the
thermally averaged decay width of @ summed over all
channels.

B. Washout

The total decay width of the @ is the sum of decays into
PY¥ and WN. At leading order,

(@ - W,%,) Ne (lgPPmg = (9+g")°m) [, _4m3
T Ag Mg m3’

Y 2 2 _ .2)\2

F(@ N Naqjﬂ) _ | aﬂ| (md) 3m‘11) ,

167 mg,

T =) [(®—N¥) + > [(®—V¥,P,)
ap a

(3.8)

where g = y(Ay/f is the W-¥-® coupling for any ¥,
cf. Eq. (2.6), N, is the number of SU(2). colors of ¥, and
Yop = Cidap is the strength of the ®-N,-¥]; interaction
from Eq. (2.7). Note that the decays into ¥¥ include three
flavors each of W)W, W7, as well as both color states
of WJ¥; (12 channels total), and are only active pro-
vided mg > my/2.

Following the standard leptogenesis discussion, the
strength of the washout is parametrized in terms of the
quantity K,

__ T Ky (z)
' sH(me) Ky ()

“ g \Ter @Yo =)
g @ 2mg /55

(3.9)

Weak washout, for which the asymmetry generated in the ®
decays is expected to persist, is obtained for K; < 1. In
Fig. 2 we plot K; in the plane of the complex Yukawa
coupling Y |Y,4|* and the confinement scale Ay, for two
choices of the ratio my/mg and 6 is the phase1 of the
coupling g. The dotted line indicates K; = 1, and weak
washout is obtained for parameters above that line.

C. CP asymmetry

The flavor-dependent asymmetry €,; vanishes at tree
level, receiving its first nonzero contribution from the
interference between the one-loop and tree level decay
diagrams, shown in Fig. 3. There are two types of one-loop
corrections, proportional to ¥? and Y¢? [Fig. 3(d)], respec-
tively. Since the expectation from naive dimensional
analysis is that g~ Ay /f > Y, we focus on the latter
type here.

The thermal averaging factors are common to numerator
and denominator, allowing us to rewrite Eq. (3.6) in terms
of zero temperature quantities,

_ [(® - N,¥) —T(® - N, V)
l—‘tot ,

(3.10)

where to leading nonzero order the numerator should be
evaluated at one loop, whereas the denominator can be

'In the basis where all of the other complex parameters have
been chosen to be real.
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(a) (®)

\J v ) U
N | N ! v |
o--- K ®---- o ®---- K
ql\ |
| \\/) \\/) |
N N N N
(d)

(©)

FIG. 3. Feynman diagrams for the decay ® — WN, including the tree level diagram (a), higher order corrections induced by the

Yukawa interactions [(b) and (c)], and from the ®-¥-¥ vertex (d).

approximated at tree level. Summing over flavors, the total
CP asymmetry factor is

1 K*Y .Y, Im[g?](1 — K>
e=o e [gl( 2) ~ ()
”YaﬁYZﬂ\/m+24(|g| — 4k*(Relg]) )

where k = Z—: and we have assumed all of the My are

negligible compared to mg,, as is motivated below. Notably,
one can obtain a nonzero € driven purely by a ‘“‘strong
phase,” Im[g?] # 0, which effectively decouples the CP
violation responsible for leptogenesis from CP-violation in
the neutrino sector. This requires my < mg /2, in order for
the one-loop correction to realize an absorptive part.

D. Evolution of the plasma

The CP violation in the @ decays produces an asym-
metry between (one or more flavors of) ‘I’? and its
antiparticle, $9¢, which can be characterized as an asym-
metry in r-charge. Rapid interactions between the ¥’s

and the pions will distribute the initial asymmetry in ‘P?(C)
across the various flavors of Wi and W5 as well
Eventually, the Universe cools sufficiently that the ¥’s
become nonrelativistic and the heavier W5 and Wi decay
back into the W) states plus pions (which do not carry
r-charge). For simplicity, we assume that the period of
SU(2) confinement persists long enough to reach this
configuration (roughly 7 ~ my ~ kAy).

One way to understand the generation of the Ar
asymmetry is by assigning a putative r-charge of —1 to
the N fields. The @ decay into NV thus can be understood
as storing r-charge in the N sector, which is weakly
coupled, and does not reequilibrate. This assignment is
imprecise, because their Majorana masses imply that N
states can oscillate, effectively flipping the sign of the
r-charge carried by N. However, for My < H(mg)
(obtained for Ay, > My), the oscillation time is Hubble-
frozen until long after the ®’s have decayed, and one can
engineer deconfinement to take place before N oscillations
can wash out the Ar stored in the W particles.

If weak confinement were to last long enough, the
mixing between the ¥! and the SM right-handed fermions
(induced by the SM Yukawa interactions) could allow for

FIG. 4. Feynman diagram indicating schematically how ¥
decays into 3 singlets, £. The ® symbol denotes an insertion
of the mixing of a ¥ into a &.

decays into three right-handed quarks (shown in Fig. 4),
which are effectively massless during this epoch. The
mixing angle between a ¥ and one of the & is [12]

Cidy Ay
0, ~ 220 2

, 3.12
I yodn 4z ( )

where 4, is the quark Yukawa interaction for the corre-
sponding flavor of W. The 3-body decay is thus maximized
for a bottom-flavored ! decaying into a right-handed
bottom quark and a pair of right-handed top quarks

2 4
Fmax (lP - 555) = % (mlp>4m\ll.

T 192(27)% \mg (3.13)

In Fig. 5, we plot the ratio of the resulting decay into
singlet quarks divided by the Hubble scale. We find that the

Aw (GeV)

10"

TV — ££8)/H (ma)

101

1071

0%

0.2 03
my/ma

FIG. 5. The ratio of the decay width ['(¥ — &£&) to the Hubble
Scale H(myg) in the plane of Ay and my/mg. The dotted line
indicates T'/H = 1.).
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Baryon asymmetry, 6 = /4

10—11

0.1 0.2

m\p/m@

107°
------ Yap from CMB
1077
107°

10—11

YaB

1071

10715

10717

101

10—21
0.3 0.4

FIG. 6. Resulting baryon asymmetry Y 5z in the plane of my/mq, and 3 |Y|?. For this plot, |g| = 1 and the complex phase of g, 0, is
equal to z/4. The observed baryon asymmetry is indicated by the dotted line.

temperatures at which the decay width is comparable to the
Hubble scale are 7-11 orders of magnitude smaller than
mg ~ Ay itself, indicating that weak confinement would
have to persist for a very long time for these decays to be
relevant. Thus, we proceed by assuming that deconfine-
ment occurs before these decays occur, and that all of the

(c)

r-charge asymmetry will reside in the ‘I‘(l) states at the

time of deconfinement.

E. Deconfinement

Assuming mg, is slightly smaller than Ay, its number
density at the time of decay will be very close to its
equilibrium density in the confined plasma

45

Y = 2K (7). 3.14
® =g c 2(2)Ji g (3.14)

The asymmetry in Ar produced by its decay can thus be
written
Yar 2 eYg. (3.15)

As discussed above, for much of the parameter space this
asymmetry will end up as an asymmetry in the lightest

flavor of ‘P(l)(c). Because of efficient annihilation into pions,
for temperatures below my, the asymmetric population of

\I‘?(C) is likely to dominate over any tiny remnant symmetric
population (though this detail does not impact the final
baryon asymmetry). This situation persists until the
weak SU(2), coupling is restored to its observed zero-
temperature value, resulting in deconfinement.

From Table I, the valence parton content of ¥? and P is
YO~ {¢¢,}, and W9 ~ {gs¢, }. Thus, deconfinement will
l.aurgely2 transfer the asymmetry in Ar either entirely into an
asymmetry in AB or AL. Either way, this represents an
asymmetry in B — L, which cannot be erased by the weak
sphalerons, which remain active until the electroweak
phase transition.

Since M must be < Ay, in order to prevent washing out
the Ar asymmetry after the @ decays, one concern could be
that after deconfinement the N decays themselves could
contribute to the B — L asymmetry, potentially washing it
out. However, the asymmetry in the N decays arises purely
in the Yukawa sector (see, e.g., [1] for a review), which is
distinct from the strong phase in the coupling g which we
have invoked to generate the Ar from ® decays. Thus, this
scenario is much less reliant on the presence of cosmo-
logically relevant CP-violation in the lepton sector than
leptogenesis during a standard cosmological history.

Putting everything together, the final lepton symmetry is
equal and opposite to the final baryon asymmetry, which is
given by the equilibrium conditions distributing B — L in
the SM plasma [15]

Yar(o0) = =Yg (3.16)
28 28
Ypp(o0) = 79 YA(B—L)(OO) = %YAr (3.17)

2Any asymmetry in hypercharge will quickly transfer into B
and/or L, since U(1), is restored.
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In Fig. 6, we plot the resulting baryon asymmetry in
the plane of the Yukawa couplings > |Y|*> versus the
ratio of masses, my/mg, for 8 = z/4. The dotted line
indicates parameters matching the observed baryon asym-
metry, Eq. (1.2). Provided that Ay, is large enough so as to
be in the weak washout regime (see Fig. 2), the asymmetry
is not very sensitive to its precise value. For Yukawa
couplings resulting in the observed baryon asymmetry
(102 =1, depending on my/mg), this corresponds to
Ay = 10" GeV to 10 GeV. In the absence of fine-
tuning, these Yukawas lead to light active neutrino masses
similar to the observed mass differences for Mz ~
10'° GeV to 10'* GeV.

IV. CONCLUSION

We examine a rather standard model of leptogenesis
including a set of three singlet right-handed neutrinos with
Majorana masses, but taking place in the backdrop of an
unusual cosmology in which the coupling of the SM
SU(2), interaction is promoted to a dynamical quantity,
briefly becoming so strong as to result in confinement
during a very early epoch before the electroweak phase
transition. As a result, the mechanism by which a baryon
asymmetry can be generated is completely different,
relying on decays of a heavy composite scalar state into
right-handed neutrinos and composites containing quarks
and leptons. In particular, we reproduce the observed
baryon-asymmetry for the region of parameter space with:
Ay ~ 101210 GeV, Y Y, Y5 ~ 1072 = 10°, me/my ~
0-0.5, [g|~1, and 6, ~ z/4. The CP-violation is pro-
vided by a strong phase in the EFT describing the inter-
actions of the composites, rather than in the neutrino
Yukawa couplings. Indeed, in order to not wash out the
asymmetry generated during this process, it may be favor-
able to have minimal CP-violation in the Yukawas relevant
during the subsequent right-handed neutrino decays.

Our results depend on our assumptions concerning
the parameters of the low energy EFT describing the

interactions among the composite particles. While the
parameters we adopt are motivated by naive dimensional
analysis, it would be far preferable to have more solid
estimates of their sizes from, e.g., lattice simulations. Our
work thus highlights the need for reliable nonperturbative
calculations as inputs to understanding physics beyond the
Standard Model.

More broadly, our work demonstrates the fact that the
inference of model parameters based on cosmic observa-
tions can be subject to large dependence on the assumption
of a standard cosmological history. This dependence leads
to haziness obscuring our understanding of where the most
interesting regions of parameter space lie, which propagates
into the high priority regions for experimental searches.
For example, measurements of CP-violation in neutrino
oscillations are often held up as informing the viability
of leptogenesis models. Our work relies on a strong CP
phase from SU(2), confinement, and finds that in such
a cosmology it may be advantageous to have negligible
CP-violation in the right-handed neutrino decays.
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