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Today'’s Topic

1. Introduction:
The Majoron model is a minimal extension of the seesaw model.
global U(1)B—L 1
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3. Results: Viable parameters and Leptogenesis

4. Summary and Conclusion
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1. Introduction: Beyond Standard Model

- The Standard Model explains almost all particle physics.
- Many unsolved mysteries
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1. Introduction: Type-1 Seesaw (neutrino mass)

Type-l Seesaw Lagrangian N;: Right-handed neutrinos (RHNS)
o~ 1 —c [Minkowski, '77]
LD —yailoa HN; — §M1Nl N; + h.c. [vanagida, 79]

[Gell-Mann, Ramond, Slansky, '79]

- Seesaw mechanism N
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1. Introduction: Type-I Seesaw (Leptogenesis)

Type-I Seesaw Lagrangian N;: Right-handed neutrinos (RHNS)

o 1 ~
LD — YaiLlaHN; — §M1N10Nl + h.c.

ROPN OToo
Breaks B— L &0 Nellics

- Seesaw mechanism
- Leptogenesis

[Fukugita, Yanagida '86]

Leptogenesis

N decays produce lepton asymmetry.

[ N—LH # N—LH sphaleron process, -\ 4
T = 200 GeV
AL#0

preserve B — L
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1. Introduction: Majoron Model

Minimal extension of Type-I Seesaw Lagrangian

. 1 _
Seesaw LD — [yaiLaHNi + §MiNfNi

+ h.c.]

SSB can be the origin of the RHN mass

L 1
Global UMp_; L£> — [yaiLaHNi -+ igiUNicNi

Spontaneous U(1)p_r, breaking

agif

1 .

V2

Majoron J: (p)NG boson

ag

[Chikashige, Mohapatra, Peccei, '81]

[Gelmini, Roncadelli, '81]

+ h.c.] ~ V(o)

o: a complex scalar with B — L charge +2

Vo)
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2. Majoron DM production: Minimal Majoron Model

2 RHNs (Minimality)

L 1
LD — |Yaila HN; + ggiaNfNi +he| —=V(o) (i=1,2)

We assume Tx < f: U(1)p_r, is always broken.

_ : _9if
a—ﬁ(f—kp—i-ZJ), MZ_\@

Global U(1)g_r. may be explicitly broken (e.g. quantum gravity)
— Majoron has mass, but we keep agnostic about its origin.
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Majoron DM ]

7/19




2. Majoron DM production: Freeze-in

- H,Lisinthermal, N is produced via N «<+ HL
- Majoron is produced via N

(M NN — JJ
N; J N; J
g .-
o2
::>§ o gt :::IP%
N’L J Nz g\\\ J
(2) HL —- NJ

(NH - JL,NL — JH)

oo g lyl?
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2. Majoron DM production: Freeze-in h Kb, 1K and T

- H,Lisinthermal, N is produced via N «<+ HL

- Majoron is produced via N
(M, = Mo = M, Tgr = 10M for simplicity)

(M NN — JJ
N J N, For a large g, .
2 - (1) NN — JJ dominates.
>‘ o X g4 N;
\\ 10—4
. i
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i .. —— NH-JL
1078 — NL-JH
2 2 S? ::;;NJ
o x gyl 10-0 L . |
10 10 10
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g=10"2 M = 10® GeV 9/19
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2. Majoron DM production: Freeze-in h Kb, 1K and T

- H,Lisinthermal, N is produced via N «<+ HL

- Majoron is produced via N
(M, = Mo = M, Tgr = 10M for simplicity)
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2. Majoron DM production: Misalignment

- Majoron field starts coherent oscillation when H ~ m.
- Majoron energy density is p°¢ ~ (1/2)m? f26?
- 0; is expected to be of O(1) without fine-tuning.

2
(mis); 2 2 / my 1/2
QU2 o .12 63 ( > (o)

4 x 1010 GeV 10 keV
AV(O)
\\‘\-/'/>
0, 0=JIf

f;: initial misalignment angle during inflation
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3. Results: Viable parameter space gk W)

DM abundance (2" + QfV)n2 ~ 0.12
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3. Results: Viable parameter space e

DM abundance (2" + QfV)n2 ~ 0.12

1014
%\ Constraints [AKita, Niibo ‘23]
) - Gray: J — vv (tree)
410121 .
= - Dot: Cosmic Ray
glom (J — U, qq, 1-loop)
3 (J — v, 2-loop)
§ . -Zeze” Only for Freeze-in,
8 "7 107 102 - Warm DM: my = O(1) keV

Majoron mass m (GeV)

13/19



3. Results: Viable parameter space

DM abundance (2" + Q{fY)n2 ~ 0.12

— 1014
E Only for Misalignment,
- - Isocurvature:
?_‘, 1012} 13
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+
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[ge] e
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O 108
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- my S O(10) MeV is consistent with current constraints.
- Freeze-in dominated region is reduced with a larger RHN mass.
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3. Results: Consistency with Leptogenesis 0 AP DI

KA, KH, HK and TY

- Leptogenesis model points: M; = 102, 10", 2.7 x 10'° GeV
- My = Tr = 10M; and Casas-lbarra parameters are adjusted.
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3. Results: Consistency with Leptogenesis el

KA, KH, HK and TY

- Leptogenesis model points: M; = 102, 10", 2.7 x 10'° GeV
- My = Tr = 10M; and Casas-lbarra parameters are adjusted.

02~ 012 QFYR2~0.12  For Freeze-in constraints,
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3. Results: Consistency with Leptogenesis 0 AP DI

KA, KH, HK and TY

- Leptogenesis model points: M; = 102, 10", 2.7 x 10'° GeV
- My = Tr = 10M; and Casas-lbarra parameters are adjusted.
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3. Results: Consistency with Leptogenesis 0 AP DI

KA, KH, HK and TY

- Leptogenesis model points: M; = 102, 10", 2.7 x 10'° GeV
- My = Tr = 10M; and Casas-lbarra parameters are adjusted.

QF,”“”/F ~0.12 SZF,FI)hQ ~ (.12 For Freeze-in constraints,

/_\1015
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4. Summary and Conclusion

- We considered Majoron DM in its minimal setup.

- Production : Freeze-in and Misalignment

- my S O(10) MeV is consistent with current constraints.
- JUNO and HK can probe our model.

- Leptogenesis favors misalignment production for Majoron
DM with m; < ©(100) eV.

19/19



Backup Slide



0_ — 0 01 case arXiv: 260512946 [hep-ph]
i o

KA, KH, HK and TY

misalignment

T
<
¥
10 14 —

1071
B

F1o7
+

J1070

10 12 ] 1< 10720

— 10715,

3 :
Y

21071
Q

e 310710
;
10104 . d

- ¥ 1072

T 10716

L

1018
. ¥

108 i J1072
-7 +
10 3

-2
0 1073 102 107! 100
my (GeV)

10!




Constraints from ' 2946 [hep-ph]
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Casas-lbarra parametarization and LG model parameters

In the Normal Ordering case,
mp = 1U/m, RV M

R:<O CcoS 2 sz),ze(c

0 —sinz cosz

Leptogenesis parameters are

« My =102 GeV, My = 10M7,a = 1.6,b = 7/4
- My = 10" GeV, My = 10M1,a = 1.9,b = 71/8
- My =2.7x10"° GeV, My = 10M;,a = 2.8,b = 0.28

- Majorana phase a = 0 for all cases



Majoron decay to photons (expression of K’)

K_trKZNfoQf< )+ZK,,h( >

f=q,l

() =~ (los(1— 20+ 2¢/xla — D))" -

- my S Aqep: light quark should be replaced by hadron contribution.
- For simplicity, we keep only the lepton loops for m; < 1 GeV



Isocurvature

From Planck observation,

e inf__ < 0.038

STOAS202\ T H?
inf - 8m3A, f207

ﬁiso — <1 +

This gives upper bound on Hijy,

04
Hoe<iax10 (1 ) (%
P LA (1012 GeV> <o.1> Gev

QO h? 1/2 my \—1/4
=610 <0.12> (1 eV) GeV.

For instantaneous reheating,

90 1/4 m _1/8
o - < 12 J
TR = < 2g*> Hmepl = 6 x 10 (71 eV) GeV.



UV model

An exact discrete gauge symmetry Zy C U(1)g_y,
(N = 5, 7, 1]., ].3) [Fujisawa, Liang, Matsumoto, Uwabo-Niibo, Yanagida "26]

approximate global U(1)g_y, (as an accidental symmetry)
_ 1 _ _
L D iN;@N; + |0,0)? — V(o) — 590 NENi + Yai Lo HN; + h.c.

_l’_

Planck-suppressed operators (it gives the Majoron mass)
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