A cosmological sandwiched window
for seesaw with primordial
majoron abundance

Bingrong Yu (Cornell)
KIAS Workshop @ Jeju
Nov 13, 2023

Based on arXiv: 2310.13492
in collaboration with Shao-Ping Li



From CMB measurements on N.g, the

[ J
M alin resu It lepton-number breaking scale (seesaw scale)

will be restricted into a ‘“sandwiched window”.

freeze-out
(from primordial majoron abundance)

sandwiched window
Vi, from cosmology

freeze-in
(from neutrino inverse decay)



Outline

O Framework
O Calculation of N g
O Sandwiched window from cosmology

O Conclusion



Framework

S=(f+p+if)/V2
(S) = f/V2

e Singlet majoron model:
.~ 1—
L=—0Y, ®NR — §N}C{YNNRS + h.c.

Global U(1)y, symmetry: L(¢y) = L(Ng) = +1, L(®) =0, and L(S) = —2

e Majorana neutrino mass after U(1), spontaneous breaking: Mg = Yy f/v/2

f = lepton-number breaking scale = seesaw scale [for Yy ~ O(1)]
seesaw relation: m, ~ Y?2v?/f
e Goldstone of U(1)y spontaneous breaking (majoron): my =0

my # 0 when U(1)y is broken explicitly

Majoron interacts with active neutrinos via (suppressed) flavor mixing



Majoron cosmology

o f>10' GeV, stable = majoron DM

e f <10° GeV, decays before Toq ~ 1 eV

relevant region in this work:

1eV<ST; <01 MeV & fell,10°] GeV

e
O,
Y

i.e., majoron decays after neutrino decoupling

and before matter-radiation equality

majoron contributions to AN.g:

decaying temperature T'; defined by:
7‘}1 =T;~T;.,9, =2H(Ty)
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e freeze-in: accumulated by 2v — J, then decays back to
neutrinos J — 2v. Smaller f = larger ANcg

e freeze-out: primordial majoron abundance inherited from When two contributions coexist:
thermal equilibrium, then decays to neutrinos J — 2v.
For nonrelativistic decay, larger f = larger A Neg

f will be constrained from both
directions = sandwiched window



Relativistic majoron decay

e The yield of majoron remains unchanged after freeze-out (at T%,): Planck : ANeg < 0.285
Yn B ng 45C(3) BBN -I— Yp —|— D . ANeff < 0347
Jfo = = o 4. (T
ssM |p=r,  2m9s(Tto) SO : AN.g < 0.1
o o CMB-S4 : ANg < 0.06

e Relativistic majoron contribution to Ne.g at BBN epoch:
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A 4/3 0.50F ]
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ANy only depends on the freeze-out temperature Tk,

Tt, > 64 MeV (BBN)
Ti, > 104 MeV (Planck)
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Nonrelativistic majoron decay

Boltzmann equations: 1058

: Post;edualit-y decay
dYt}L o FJY}L dYVp o mJFJY}L 104, —
dr  HT '’ ar (B f
SM > 1000~
O E
Initial condition: —  100fF

n n 45¢(3)
YJ,ini - YJ,fo -

= 10
27'('495 (Tfo)

Relativistic decay. 3
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~ 0.815 (—gS’TJ) (@)
T=T; Js,fo Ty

larger f (hence smaller T;) and larger mj lead to larger ANog  f < 300 GeV for Ty, = 64 MeV

Contribution of NR decay to AN.g:

myY 7. s
J—2 J L Jfo°SM
AN.g = PI—2v o

SM = SM
pl/ T:Teq pl/

intuitively, pS™ ~ a™*, py ~a”?, 50 ANeg ~ ps/piM ~ a f <2 TeV for Tr, > 100 GeV
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Freeze-in contribution

e Majoron abundance accumulated from neutrino inverse decay 2v — J

collision term:

dY s n o -
) e A initial condition: Y7 =0 Tym3
dT ssmHT Covsy ™~ 1673 /2 E m; K1(my/T),)

=1

e Majoron decay J — 2v contributes to A Neg

M 1/2
~ 0.139 ( ev> <Gev>
T=T, myJ f

smaller f (hence larger coupling) and smaller m s lead to larger A Neg

e Upper bound for ANeg from freeze-in: AN.g < O(0.1)
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Future CMB experiments:

Sandwiched window O A=
CMB-S4 : AN.g < 0.06
Ti,/MeV | 64 104 | 192 | 397 | > O(10°) — —
Vi | 0018|0015 | 0007 | 0005 | 0003 | 9x107* | 3x 107
ANEBN 10347 | 0.285 | 0.100 | 0.060 | 0.027 0.008 0.003
! ANqg = ANEP + ANE
SO SO
500
e freeze-out (FO) contribution:
100E
= = larger f and mj; = larger AN.g
= - o freeze-in (FI) contribution:
smaller f and mj; = larger AN.g
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Conclusion

e Current/future precision comsology is able to probe the lepton-number
breaking scale and the mechanism for neutrino mass generation (comple-
mentary to collider searches).

e The primordial majoron abundance is important to constrain the lepton-
number breaking scale f. In particular, for my; € [107% 1] MeV and
f €[1,10°] GeV (i.e., low-scale seesaw scenario), it will be pushed into a
“sandwiched window” by cosmology.

e Such a sandwiched window is a general phenomenon for any new light

particle coupled to neutrinos/photons with abundances from both the UV
and IR sources.
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Thank you!

Q&A
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