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We propose a novel baryogenesis scenario where the baryon asymmetry originates directly from a
hierarchy between two fundamental mass scales: the electroweak scale v and the Planck scale Mp, in the

formof Yp ~ ,/ ML,, This relation straightforwardly gives the observed baryon yield today Yz, which can be

a hint for underlying fundamental physics. We provide an example of baryogenesis models that yield this
relation. Our model is based on the neutrino-portal Affleck-Dine mechanism, which generates the
asymmetry of the Affleck-Dine sector during the radiation-dominated era and subsequently transfers it to
the baryon number before the electroweak phase transition. The observed baryon asymmetry is then a
natural outcome of this scenario. The model is testable as it predicts the existence of a Majoron with a keV
mass and an electroweak scale decay constant. The impact of the relic Majoron on the effective number of
neutrinos (AN.y) can be measured through near-future cosmic microwave background observations.
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I. INTRODUCTION

The observed baryon asymmetry [1] is often parame-
trized with

Y ="E = (0.82-0.92) x 1017, (1)
N

where 71 is the net baryon number density and s is the
entropy density. This value is significantly larger than the
baryon asymmetry naturally anticipated in the Standard
Model (SM), requiring new physics beyond the SM.
However, if the baryon asymmetry arises from new physics,
it is essential to realize the observed baryon asymmetry with
the model parameters of the new physics. Previous works
have typically relied on small couplings or large washout
effects to yield the observed baryon asymmetry [2—4].
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In this article, we propose a scenario of baryogenesis
where the baryon asymmetry results directly from a scale
hierarchy between the two important mass scales in
phenomenology: the electroweak scale v = 246 GeV and
the reduced Planck mass Mp = 2.4 x 10'8 GeV, in the

form of
v
Yz = 00.01), /|— ~ 10710, 2
»=00001), /17 o

A relation between an observable and a scale hierarchy
may not be a simple coincidence but a hint for underlying
fundamental physics. As a known example, the number of
hydrogen atoms in the Sun Ny is given by the scale
hierarchy between the Planck mass Mp and the mass of
hydrogen my: Ny o ~ Mo /my ~ (Mp/my)>. This relation
is not accidental but results from a balance between the
gravitational and degenerate pressure known as the
Chandrasekhar limit. If the number of atoms were much
larger than this number, the Sun would have been unstable
from gravitational collapse, falling into a black hole. Thus,
a typical long-lived star such as the Sun has a similar mass
to this limit. In this manner, we regard the coincidence that
the baryon asymmetry is expressed with the two well-
known scales as a hint for new physics and give an example
of working models for this scenario.

Published by the American Physical Society
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We utilize the Affleck-Dine (AD) mechanism [5,6],
where the asymmetry is generated from the dynamics of
a B — L charged complex scalar field ¢. ¢ naturally has an
electroweak scale mass, m,; = O(100 GeV), if the scalar
potential of ¢ is governed by the same mechanism that
ensures the stability of the Higgs boson mass against
quantum corrections. In contrast to previous works on
AD baryogenesis [7], we explore the generation of B — L
asymmetry during the radiation-dominated era and its
subsequent transfer to the SM sector through neutrino-
portal interactions. Therefore in our scenario, there is no
dependence on the reheating temperature.

A simple model realizing our scenario is constructed by
employing supersymmetry (SUSY) [8—10]. Because SUSY
ensures the cancellation of all orders of quadratic diver-
gences in perturbation theory, the scalar potential can be
well-organized without concern for various quantum cor-
rections from unknown UV physics. The supersymmetric
Lagrangian can be systematically derived from the super-
potential and Kéhler potential using the framework of
superspace and superfields [1 1]." The relevant interactions
of the model in terms of superpotential are given by

fan? e 0

W =y, fhN + %/INquZ
where £ is the SM lepton doublet, £ is the Higgs field, N is
a right-handed (RH) neutrino with B—L =1, and ¢ is a
SM singlet scalar field with B — L = —2. y, is the neutrino
Yukawa coupling that gives neutrino masses m, through the
seesaw mechanism [12-16], while 1y and « are O(1)
coefficients. A global U(1),_, symmetry is preserved at
the renormalizable level, allowing only the seesaw oper-
ators, but is explicitly broken by Planck-scale suppressed
operators as generally expected due to quantum gravity
effects [17-19]. We highlight how SUSY breaking can
provide a well-organized scalar potential in the presence of
explicit U(1),z_; breaking terms and show how the two
fundamental mass scales are combined to determine the
baryon asymmetry. Moreover, we establish an interesting
connection between the observable dark radiation and the
baryon asymmetry with certain implications of the electro-
weak scale, emerging as a generic prediction.

II. SUMMARY OF COSMOLOGICAL HISTORY

Initially, the SM plasma dominates the energy density of
the Universe, while the abundances of the novel particles ¢
and N are negligible. When the temperature drops to
Tap ~ /myMp, the AD mechanism becomes active,

generating the asymmetry of ¢. The temperature continues

'Spontaneous SUSY breaking in a hidden sector generates soft
SUSY breaking terms, resulting in the superpartners of the SM
particles being heavier than the electroweak scale.

to decrease, leading to the thermalization of the AD sector
(¢ and N) with the SM plasma at the temperature 7' via the
neutrino Yukawa interactions. Once thermalized, the asym-
metry is transmitted to the lepton sector through the
neutrino portal, and the baryon asymmetry is induced
via the weak sphaleron process and frozen after the
electroweak phase transition. After the B — L phase tran-
sition happens, all novel particles decay to the Majoron J,
the pseudo-Nambu-Goldstone boson associated with the
spontaneous U(1),_, breaking. The Majoron, along with
its decay products, contributes to the effective number of
neutrinos (AN ), providing a phenomenological signal for
the model.

III. ASYMMETRY GENERATION

With the field decomposition of ¢ = \/Lzrq;e’yd’, the net
charge density of the scalar field ¢ becomes

iy = i(¢"p — ¢ ) = 0y, (4)

which can be interpreted as a rotating scalar field carrying
angular momentum in the field space. In the early Universe,
a nonzero charge density can arise from the “kick” along
the 6, direction induced by the B — L breaking potential
term for a large value of ry,. In addition to the super-
symmetric contribution given by [0W/d¢|?, the scalar
potential incorporates soft SUSY breaking terms [20-24],

AV o = my |$I* (amy W(¢) + Hoc.), (5)

where the model-dependent constant « naturally assumes a
value of O(0.1-1). Coupled to the SM fermions y,, through
the higher dimensional operator arising from the Kihler
potential,

B>
AL = Kq M—l//aly Dyl//a’ (6)

the field ¢ acquires an additional mass. During the
radiation-dominated era, the above interaction generates
an effective mass squared of ¢ proportional to H? =
Pt/ (BM3%) = 729, T*/(90M3%). Here H is the Hubble
expansion rate, and g, = O(100) is relativistic degrees
of freedom. The overall coefficient of this Hubble term xy
is typically the order of unity [25]. Including all these
contributions, the potential terms governing the evolution
of ¢ in the early Universe are given by

Kam¢

V= (my,—kuH?)|¢|* - (¢4+¢*4)+ |¢

1 Kam,, K
=—(m} —xyH*)r} — ricosdf, +——r8, (7)
g TH ¢ SMp ¢ ¢ SM% ¢
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in the field basis where « is real. The terms involving other
scalar fields are irrelevant because they are fixed at the
origin at high temperatures. Here we take mé > 0 and

kg > 0. It is worth noting that SUSY protects the quadratic
term from quantum corrections above the SUSY breaking
scale by making the contributions from fermionic and
bosonic loops cancel each other. Additionally, SUSY
ensures that the B — L breaking quartic term is highly
suppressed by a factor of my/Mp. A suppressed m,;/Mp
ensures that the scalar potential, as described by Eq. (7),
remains flat enough, allowing us to implement the Affleck-
Dine baryogenesis.

At high temperatures where H > m,, the minimum of
the potential is predominantly determined by the Hubble-
induced mass term. Having a mass similar to H, the radial
field r,(x) resides at

dicg\ i
o= (54 Vit ()
On the other hand, the angular field (r;)6,(x) has an
effective mass smaller than H, resulting in its position in the
field space being nearly frozen at an arbitrary value. As
the Universe expands and H decreases, the sign of
the quadratic term inverts, and the scalar potential is lifted
subsequently. Due to the rapid lifting compared to the
Hubble time, there is an increase solely in the potential
energy, with a negligible change in the radial field value. As
the quadratic term approaches zero, the quartic potential
term imparts a mass of O(H) to the angular field. Then, for
a typical value of 6;,, an initial misalignment angle of 6,
the angular field starts to roll toward the minimum.
However, with the diminishing radial field value due to
rolling, the potential barrier height along the radial direc-
tion also decreases, allowing the traversal of the angular
field across the barriers. The radial and angular motions can
be described through rotation within the two-dimensional
complex field space, characterized by a specific angular
momentum.
The equation of motion for Y = 71,/s is given by

dy, 1av
dt N SGQ(/)’

©)

where the rhs of Eq. (9) serves as the origin of the net ¢
charge density. Its impact is maximized just after the lifting
of the scalar potential at temperature T'zp ~ /myMp and
gives 6’{/, ~amy at ry ~ /myMp. After the onset of scalar
field rotation, the B — L breaking effect gets suppressed,
freezing Y.

The value of Y;(7) can be obtained by integrating the
equation of motion of n, in Eq. (9) over ¢ with the potential
Eq. (7) and the initial condition Y 4(#;,) = 0 in the radiation-
dominated era:

119V
Y (t) =— dr, 10
w=- [ (10)

() () [

For the generation of asymmetry, the relevant dynamics
arises when H (1) = 5. ~ m,, so we define 7, with H(z,) =
my and rewrite Eq. (11) with a dimensionless time variable
i=t/t,,

- 1/4
V0 =Yt =H,) = é<ﬂ> <a’%’sm4em>

g,
\/7/[ t/’%/2

) sin40,,(7)
r}sin 46,

Here, r, = (r,) inEq. (8) with H = my, 7;, = t;,/t,, and
7,(7) and 0,(7) are ry(7t.) and 6,(it,), respectively.

One can perform a numerical calculation for the inte-
gration part, but we can start with analytic calculations with
several approximations. The radial and angular fields show
different characteristics before and after the rolling of the
fields. For 7 < 1, the angular field is frozen, and the radial
field follows Eq. (8), which gives r,(r) o t71/2, so we get
74(7) sin46,,(T)/ (r4 sin 46;,) ~ 2. On the other hand, for
7> 1, the real and imaginary parts of the complex scalar
field ¢ are oscillating as the independent harmonic oscil-

lators with the angular frequency m. At the same time, the
-3/2 & ~3/4

WA ARy (12)

average value of r,() decreases as a , therefore

ry() o 173/% cos m,t. The initial eccentricity is close to the
unity so 6,(t) remains 6;, near the maximum of the
oscillations. Thus we get 7 ()s1n464,(t) /(r}sindo,,) ~
7(cos (f—1))* for 7> 1. Then the final Y, at 1 - oo
can be separated and analyzed as

1 /904 1]
Yyr——| = ocK—Hs1n49lrl m¢/ ——di
6 \ 79, K Mp\ Jo 272
o (cos (F—1))*
v ) )

1 /90 \ 4/ ky my,
~ L K Gnd6,, ) [t (1 4 0.48),
6 <”29*> (a K sin ) MP( " )

200 \1/4
4o, (7) . (13)
K 9« (TAD> MP

~ —0.1la

where the integration range of is simplified to (0, o)

because the initial and final time values are far from 7 = 1.
The numerical value of Y is obtained from the follow-

ing process. From the Eq. (7), the equation of ¢(¢) is
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FIG. 1. The ky dependence of §1¢(3) defined by Eq. (16) in radiation dominated era. The black dashed line is the analytic
approximation given by Eq. (13) that shows a good agreement with the actual value from the solution of ¢(¢) to Eq. (14) with a small

deviation around 7 = 1. This is true for other values of k.

i ' 2 2 kamg o 3K o o
¢+3H¢+(m¢—KHH )¢—M—P¢ +M_%3¢ ¢==0.
(14)
Then, we can evaluate Eq. (11) with
r;‘J sin40, = =2i(¢* — ™) (15)

for the numerical solution of Y;(¢). Figure 1 shows analytic
and numerical evolutions of

(16)

5o (7) = d (- 7,(7) zﬁ 74.(7) sin 40, (7)
¢ dini\YV,(i=1)) " 2 risind6,

The black dashed line represents the analytic approxima-
tion given by Eq. (13) and colored real lines are numerical
values with the solution of ¢(¢). Here, we note that the
quadratic potential of r,(7) changes its sign at 7 = g,
where iy H? (tg;,) = my,. Depending on the size of ky, Zg;
is different from 7,, but we confirm that 7., rather than 7,
is the time when the behavior of Y, changes significantly,
as shown in Fig. 1. We also display the final analytical and
numerical results for Y in Fig. 2, which shows how well
the parameter dependence of Y, in the analytical expres-
sion agrees with the numerical results.

The quantity Y, remains conserved throughout the
rotational evolution of the scalar field. Following the decay
of ¢, the net ¢ number efficiently transfers to the actual
baryon number in the visible sector. For an electroweak
scale mg, a typical value of 6;;,, and the naturally expected
range of model parameters a, ky, k = O(0.1-1), Y, attains

O(10719), which agrees with the experimentally observed
Y. We have checked that Eq. (13) is consistent with the
numerical calculations for interesting parameter ranges,
and the summarized results are depicted in Fig. 2.

In Eq. (13), we see how the Sakharov conditions [26] are
fulfilled. The B — L violating effect is encoded in a, the
coefficient of the ¢* potential. The C and CP violations
arise from the initial deviation of 6, from the potential
minimum. The asymmetry is quickly generated as T
crosses T'op and becomes frozen after ¢ starts to oscillate,
thereby satisfying the out-of-equilibrium condition. These
are the same as how the Sakharov conditions are satisfied in
the conventional AD mechanism, however, Eq. (13) also
shows a difference. In our scenario, the asymmetry does not
depend on the reheating temperature since the AD mecha-
nism happens during the radiation-dominated era.

IV. ASYMMETRY TRANSFER

The thermalization of ¢ with the SM thermal bath and
the subsequent transfer of asymmetry to the SM sector take
place via the neutrino portal. From Eq. (3), the relevant
interactions are given by

_ 1
AL = Nigho,N — <y/hN + 5 ANNN + Hc> (17)

Through the Yukawa coupling y,, the RH neutrinos are
produced from the SM thermal bath. The production of N
becomes cosmologically important when Uy (T ) = H(Ty),
where

Ty ~4 x 1073y2T (18)
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FIG.2. Analytic and numerical results for |Y,,|. The fiducial parameters are shown at the bottom of the plot, and the colored lines and
bands show the case where one of the parameters is varied. We show analytic results in Eq. (13) for 6;, = 7/8 (dashed line) and
0i, = /40 (dotted line), and numerical results (bands) for €;, values between them. 6;, = 7/8 corresponds to the maximum Y, while
0, = 7/40 is the minimum within 10% tuning. Note that the observed asymmetry value is shown in the green band and the labels of the

horizontal axis for different colors are shown below the plot.

is the production rate of N from the SM plasma [27-29].
The neutrino Yukawa coupling can be written as y, =
/mym,/v for the RH neutrino mass my in the vacuum.
Thus, Ty is given by [30]

(19)

TN~5mN<§:m">.

0.05 eV

If Ty > T op, then the population of N leads to the thermal
potential of ¢ as ~A3,T?|¢|* that spoils the Affleck-Dine
mechanism. However, we can easily control the thermal
effect by taking arelatively small neutrino Yukawa coupling.
For my < /my;Mp ~ 10'° GeV, we can safely ignore the
direct effect of the amount of N on the scalar potential of ¢.
The indirect thermal effect exists when Ay|¢| = T. From the
renormalization group running of couplings, the mass of RH
neutrinos affects the value of y, (7T') at one-loop level, which
leads to a logarithmic correction to the scalar potential [31]
as AV(¢) = 0(0.01)y23T*InAy|¢|/T. For the scalar
dynamics, it becomes insignificant when y,Ay < 107°. It
falls within the parameter regime of interest to us.

During the thermalization of N and ¢, we can neglect the
slight change of the entropy density s from new degrees of
freedom in the thermal bath. Before the onset of asymmetry
generation, the radial component of ¢ is positioned at the
potential minimum given by Eq. (8). During this phase, the
energy density of ¢ is dominated by the homogeneous
kinetic energy and is given by p, ~ H 3Mp. Thus, it is
negligible in comparison to the radiation energy density,
Praa ~ H*M%. After the asymmetry generation, p,, scales as

a~* shortly during free rolling and as a~> after it starts to
oscillate near the origin. Although p decreases slower than
Prad < a4, py remains negligible compared to py,q until
they get thermalized.

As the temperature becomes lower than 7', ¢ and N are
all thermalized with the SM bath through the Ay@pNN term,
and asymmetry of ¢ is distributed to the SM lepton sector.
The baryon asymmetry is also generated through the weak
sphaleron process when the neutrino-portal interaction
is in equilibrium before the electroweak phase transition
(Tew =~ 159 GeV), more precisely before the freeze-out of
the sphaleron process (T, ~ 132 GeV) [32]. This trans-
lates to the lower bound on the RH neutrino mass as
my 2 26 GeV. The bound on my = Ay{¢p)r_, in the
simplest model of neutrino implies that the neutrino mass
is Majorana type, i.e., the B — L number should be
spontaneously broken in the vacuum. The spontaneous
breaking of U(1)g_, in the early Universe should not lead
to a washout of the existing asymmetry.

After all AD sector particles decay, the asymmetry of the
AD sector is evenly distributed to leptons and baryons due
to the sphaleron process. Because ¢ carries B — L charge
—2, the final baryon asymmetry will have the same
magnitude and opposite sign as the initial ¢p asymmetry
Eq. (13), ie., Yp = =Y.

V. MAJORON PHENOMENOLOGY

The model has two SM singlet scalar fields: ¢ and N,
where N is the superpartner of N. The scalar dynamics at
high temperatures is mostly dominated by ¢, while N plays
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an important role at low temperatures. From Eq. (3), one
finds the potential for N at low energy scales to be

alymy
= (g + m3)|IN]? + <NT¢¢N2 +H.c.)
2~ anmy -

LIN*+ O 2N, 20
IR+ 0 (5 (20)
with m3 = O(m3) < 0.2 Here, the last term is interactions
suppressed by Mp and is not relevant for scalar dynamics.
At high temperatures T > T ap, N is trapped at the origin
because of a large positive mass contribution from
%|p|* ~HMp. After the Y, generation, ¢ rolls to the
origin with the behavior of |¢|> o« a=3. Because of the
negative mass squared of N, |N| gradually develops a
nonzero expectation value as A% |¢|* becomes smaller than
2 . Thereafter, the asymmetry of ¢ smoothly transfers to

that of N =
B — L number, and the net density of the AD sector

TrNe‘HN The dynamics of N conserves the

fip_r|ap = =20y + iy = =2r50, + iy = 36, (21)
is decreasing as a~> until the explicit breaking effect
becomes important. The U(1),_; spontaneous breaking

scale f; = | /4rj + ry is gradually dominated by ry. The

associated Nambu-Goldstone boson, Majoron, corresponds
to J(x) = f,0,(x), and the B — L asymmetry is carried by
the kinetic energy of J [38,39].

The explicit breaking term of the scalar potential
provides a damping effect. First of all, it gives a scalar
potential for the Majoron as V; ~ m3f% cos(J/f;), where

~ fo [ Mp = 0(0.1-1 keV). (22)

We note that §, remains much larger than 7, when the AD
sector is thermalized with the SM sector, which makes the
damping effect negligible so the total B — L number is
nearly conserved. For Ty, ST < Ty, the thermal potential
for ry and ry could lead to the trap of the scalar fields at the
origin (f;) = 0 depending on the size of their thermal mass
of O(AyT). After the sphaleoron process freezes out, Y is
entirely frozen.

Eventually, U(1),_, is spontaneously broken with the
vacuum expectation values

*We assume that the SM singlet scalars acquire soft SUSY
breaking terms of comparable magnitudes, approximately at the
electroweak scale, i.e., my ~ mg ~ v. One may consider gauge
mediation [33-35] or mirage mediation [36,37] to make colored
sparticles much heavier than » as required by experimental
constraints. This also allows a wide range of the gravitino mass.

(o)) ~“T”f and (23)
(N ~ £y~ (24)

assuming |my| ~my and a < 1.

The Majoron emerges after the B — L symmetry is
spontaneously broken. Its mass in our scenario is
0(0.1-1) keV, which is much smaller than all B—L
charged particles except the active neutrinos. The efficient
way to write the relevant Lagrangian for Majoron cosmol-
ogy is to take a field basis of heavy particles ®; (except the
active neutrinos v) as

®; > D; eXP(W@ﬂJ)v (25)

where qg, is the B — L charge of ®;. Then, only the
Majoron and active neutrinos are transformed as

U(l)g

After integrating out these massive fields, the relevant
effective Lagrangian for the Majoron becomes

—L: 91—)91+C, I/i—)e_icl/i. (26)

1 1 )
'Ceff - Efg(aﬂej)z - <§ (mb)ijebejl/il/j + HC)

am . .

e (K 4 e

+ 3 (rgry)e 2 kg (ryry) e 4

+ ks(ry)e*® + H.c.) (27)

1 i(m,);;

:5(0”1) —EmJJ2 J( 7 yvj—f—Hc) ,
(28)

where r, = V2|¢|, ry = V2|N|, the Majoron decay con-
stant f; = \/Z, 25 (|®;]*) = \/4(1’35) + (r%), and the

canonically normalized Majoron J(x) = f,;6,(x). There
are several contributions to the Majoron mass from the
explicit B — L breaking terms in the superpotential sup-
pressed by 1/Mp. Although the correct form of the
Majoron mass is quite complicated and includes many
parameters, we can easily identify its order of magnitude
as % ~ (am /M) f3

The Majorons are copiously produced around the B — L
phase transition and their density easily becomes an equi-
librium value [40]. Its abundance is frozen at T; ~ 0.1my,
where my is the right-handed neutrino mass and 7', is the
freeze-out temperature of the Majoron [41]. Then relativistic
Majoron contribution to AN today is given by

AN 4 (1 gus(To)\*? (29)
7\ 4 gs(Ty))

055038-6



DYNAMICAL GENERATION OF THE BARYON ASYMMETRY ...

PHYS. REV. D 110, 055038 (2024)

Since the Majoron mass is much smaller than m,, the initial
Majorons are relativistic. If the Majoron becomes non-
relativistic before it decays away, then an additional factor
Fnr should be included as matter redshifts slower than
radiation,

F - / d3 my
R (2”)3 2Y (p/TJ,dccay) -1

p
, 30
// 2777 exp p/TJ decay) -1 ( )

_30¢(3) <9*S(T0)>—1/3 m,

”4 g*S(Td)

, (31)
Tdecay

where T'j gecay a0d T gecqy are the temperatures of the Majoron
and the photon, respectively, at which the Majoron decays.
The rate of Majoron decay to neutrinos I'; is [42]

= 167rf2 2 m (32)

Tiecay® 141 €V

my; \Y2 /100 GeV Sm2 \ /2
X<1keV> ( 7 ><(0.05eV)2> - (33)

assuming the decay happens in the radiation-dominated
era. For more precise calculations, we need to include the
time dilation effect for the lifetime of the Majoron as
I';m;/E; = H. However this effect on AN is negligible
because AN, does not depend on 7',y if Majorons decay
while relativistic. The final contribution to AN ¢ from the
Majoron decays after BBN is given by

4 (1 gus(T)\
(i) Mool

AN =

0029( 100 )4/3 . Fp<l

Ges(Ta)

~

~ 12 .
my \1/2(_f (0.05ev)? 100
0.23(1ké\’) / (1ooéev)( Z;? ) (g*S(Td>) . Far>1

By using I'; = H, we get (35)
—11
107 ¢ ]
Excluded by Planck Lo
ANg > 0.3 0
! 20 410
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FIG. 3.

Constraints (shaded region) and future sensitivities (dashed and dot-dashed lines) in the m; —

4,(f) plane. The brown region

is excluded by Planck [45], and the orange region is excluded from ANg > 0.3 [1]. The constraint Ty > T, (purple region) gives the
upper bound on f;, while the perturbativity condition for 1y (gray region) gives the lower bound. The allowed parameter space (white

region) is near f; = O(100 GeV) and m; =

O(0.1-1 keV), which are predicted values by the model. The dashed and dot-dashed lines

are future sensitivities for AN > 0.1 and AN ¢ > 0.06, respectively. AN, indicates the contribution from the thermal production,
while AN denotes the contribution from the relic Majoron. Note all the allowed parameter space can be probed with the sensitivity

AN < 0.06.
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If £, is excessively large, then the Majoron decays much
later than when it becomes nonrelativistic. Since the energy
density of nonrelativistic particles redshifts slower than
radiation, it contributes more to N after decay, as shown
in Eq. (34). The N bound, AN < 0.3 (20) from [1],
constrains f; not to significantly exceed the electro-
weak scale.

In Fig. 3, we show the constrained parameter space along
with future ANy sensitivities in the plane of m; and
A, (f7), where 1, ~0.05¢eV/f; is the Majoron-neutrino
coupling. We have used O(1) model parameters to get m;
and f; from the model parameters as shown in the plot, so
note it can be modified by O(1) for different parameter
choices. A more complete study of the full set of model
parameters will be performed in future work. The orange
region and lines come from the AN contribution from the
relic Majoron, while the brown region and line are from the
late-time production from J <> vv. We require Ty > T,
otherwise no baryon asymmetry is generated since the
thermalization of N happens after the weak sphaleron
process ceases. my < f; is imposed because the RH
neutrino mass my = Ay(|¢|) needs to be smaller than
the Majoron decay constant f; > (|¢|) with 1y < O(1).
The allowed parameter space nearly points f; =
O(100 GeV) and m; = O(0.1-1 keV), which can be well
predicted by our scenario. The future cosmic microwave
background (CMB) observations for AN from Simons
Observatory [43] or CMB-S4 [44] can probe all the allowed
parameter space.

VI. DISCUSSION

The neutrino-portal Affleck-Dine mechanism yields the
observed small baryon asymmetry in the Universe as a
direct consequence of a hierarchy between two mass
parameters inherent in the scenario, my, and Mp. Both
parameters are linked to the symmetry-breaking scales and
provide an organizing principle of the scalar potential. Mp
emerges as a cutoff scale in higher-dimensional operators
that break global symmetries due to the quantum gravity
effects. On the other hand, m, represents the soft SUSY
breaking scale, which is the energy scale beyond which the
potential of a scalar field remains shielded against UV-
sensitive quantum corrections. This naturally prompts the
exploration of the correlation between m,, and the electro-
weak scale v.

An interesting relation between m, and v arises in
phenomenological observables as well. As shown in
Fig. 3, the phenomenologically allowed values for the
Majoron decay constant f;, hence also for m, are close to
the electroweak scale. This result is independent of the
theoretical motivation for linking my to v. Our scenario
establishes a fundamental correlation between the electro-
weak scale and the origin of asymmetry in the Universe.

In contrast to conventional high-scale baryogenesis
models, which typically do not predict any observable
for new physics, our model has distinct low-energy
observable implications in cosmology, yet asymmetry is
still generated at a high scale, T,p~ 10'° GeV. The
presence of a light Majoron with a keV mass is well
predicted in the model, and the consequential effects on
Nir can be measured in the near future.

The reheating temperature needs to be higher than 7 5p
for the AD mechanism to work, but it cannot be signifi-
cantly higher for two reasons. First, a higher reheating
temperature leads to a larger baryon isocurvature pertur-
bation induced by a light field. During inflation with the
Hubble rate H;, the angular field has a perturbation as

b¢p ~ H;/2r, leading to 6¢/ () ~ 0.1\/H;/Mp. From the
bound on isocurvature perturbation [46], 5¢/(¢p) < 107.
This gives an upper bound on the reheating temperature 7'
as Tg <10°Mp ~ 103 GeV. Second, the scalar field ¢
undergoes negative damping at temperatures above T pp if
it is displaced from the fixed point [6,47]. The AD
mechanism occurring shortly after reheating successfully
exhibits all the previously discussed properties without
these issues.

Our minimal scenario with SUSY has another phenom-
enological observable, which is that the lightest neutrino
is almost massless, Mg ~ (my/Mp) 3 m,. This can
explain the smallness of the neutrino mass sum derived
from the recent DESI data analysis [48]. The more detailed
connection to the spectrum of superpartners of the SM
particles is also an important question, and it requires a
more dedicated study of the SUSY-breaking mediation
mechanism that will be revealed from the future observa-
tion of SUSY particles [49,50]. We leave this aspect to
future works because all other aspects presented in this
work yield consistent results as long as the same scalar
potentials are employed. Here, SUSY only serves as a tool
for organizing the scalar potentials.
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