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Muon g-2 and gauged U(I)LM_LT symmetry

Muon g-2 anomaly can be explained by an additional neutral gauge
boson Z’in gauged U(l)Lﬂ_LT model
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It is non-trivial if seesaw mechanism work under such a symmetry
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Seesaw mechanism in gauged U(l)LM_LT model

Introducing U(l)Lﬂ_LT breaking scalar(s), the model can reproduce

ObserVEd neu'trinO OSCi”atiOnS [Harigaya, lgari, Nojiri, Takeuchi, Tobe (13)] [Asai, Hamaguchi, Nagata (17)]
[Asai, Hamaguchi, Nagata, Tseng, Tsumura (18)]

Lagrangian for neutrino sector;

Scalars (Charge);

P, =~ LN, - %Naﬁﬂ — hyo NN, — o NN, o ( 0)
| Ty o o; (+1)
—Ehﬂ”azNﬂNﬂ — Eh”a;NTNT (a = e, p,7) o, (+2)
Dirac Yukawa, Majorana mass,
(M,, 0 0 > (M, h,,(01) h{0y)
4, =diag(d, 4,4) M, =0 0 M, US(%%Lo_fL h,(01) h,(0,) M,
\O M, O ) C \he’L'(Gl) M, h*m'<0-2>)

v mass matrix from seesaw: m, = — (®)*[4, M; ' A]]

T _od 3
Upmns My, Upyng = My = diag(m;, m,, ms)
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Leptogenesis in gauged U(I)Lﬂ_LT model

It is natural to wonder if leptogenesis can work under the U(I)Lﬂ_LT in
which neutrino masses and muon g-2 can be explained

In this work, we clarity

1) Which scale of Majorana mass parameters of RHv's M., M,
are allowed from observed neutrino oscillations
( Mee heﬂ<61> hef<o-l>\
A2 ﬂeﬂﬂ A,
he,u<o-l> h,u,u<62> M,ur _ q) 2U di1—1 UT
el 2 PR (@) Uppins [my] PMNS
her( 01 > & hn( GZ) . . .
Ak Ak 2 —> Possible dynamics of leptogenesis

2) If the U(I)Lﬂ_LT symmetry is preserved or broken in early universe

For mass basis of RHZ’s, Yukawa couplings and masses in the

exact and broken phases of U(l)Lﬂ_LT are completely different
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1) Mass scale of right-handed neutrinos

M,, and M, are restricted from parameters of active neutrinos

( Mee heﬂ<61> her<61>\
A2 Aoy Aehy
he,u<o-l> h,u,u<62> M,uT . @ 2U di—1 UT
w 7 il (D) Uppins [m)] PMNS
hedor) My heloy) Lfrom oscillation parameters
2 .
| At Ak Ny and Majorana phases

Non-zero entries give conditions for theoretical parameters

) All non-zero; (M, M, = hyh, (0 > ‘M, ~ M, $10°GeV
Mg = hy b (0,) M,, > 10°GeV & M,, < 10> GeV

(6190 | 1 = 100 GeV

i) LHS(1,2),(2,2)=0; - —
14 6
(Normal M, ~ 2, ef<01><5 X 10 GeV) < 10°GeV (5 x 10 GeV)

ordering: NO) M M

ee ee
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2) Symmetry breaking of U(l)Lﬂ_LT in early universe

Sign of A4, is important to decide the phase of U(I)Lﬂ_LT in early universe

Potential; V(o,®) = —pi2|o]® — 120T® + A |o|* + Ag (BT®)° + Daoo|* (D)
Uy Haps Ags Agp) > 0

Thermal and finite density effects m2(T);

V(o) = (—puZ +m2(T)|e|* + A, | 6|

| > 0; Symmetric
< 0; Broken

a) T< T, =6x10*GeV(g,/1073)* b) T > Ty m3(T) = Y Cynx(pxo™")

X
A, A g2 4
2 _ | Zo do zZ 2 A.87
meﬁ«(T) — ( 6 + 24 + 2 + ) T e.qg. mesz(T)llla ~ C 4]TZ MPT
Ao > 0 - Symmetric at T > (6) = 6(10) GeV
> <

Aoy, < 0 & dominant; Broken at T > Tgw & (o)(T) =~ \//lq,o_//laT
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Leptogenesis in symmetric phase of U(I)LM_LT
Due to the flavor charge, any leptogenesis cannot work in the
symmetric phase of U(I)LM_LT

Decaying leptogenesis rukugita, Yanagida (s6)]

a b / /10[ «
/7
N N /
/ < |V
N Ly N7 __. @

(N — L®) —T(N — L®)
(N > L®) + (N » L®)

Yy, = €Yy, Asymmetric parameter ¢ =

e o Im[[4,["] or Im[|4,|"|2,]"]=0

OSCi”ating |ept099n95i5 [Akhmedov, Rubakov, Smirnov (‘98)] [Asaka, Shaposhnikov (‘05)]

RHZ’s cannot oscillate because they are states with different

charges under U(l)Lﬂ_LT
6/10



Leptogenesis in broken phase of U(I)Lﬂ_LT

In broken phase of U(I)Lﬂ_LT in early universe from the negative Ay,
physical mass and couplings of RH.'s are 7-dependent

M,,  hy (o )T) h{o)(T) i M(T) = Q(T) M, Q'(T)
My = h€//t<61>(T) h,,t,,t<(72>(T) M, — = diag(M(T), M,(T), M(T))

[A,)ai(T) = 2, Q*(T)

[E]IJ(T) — Q(T) haﬁ Q*(T)

[Kumekawa, Moroi, Yanagida (‘94)]

Non-therma| IeptogeneSISJ [Asaka, Hamaguchi, Kawasaki, Yanagida ('99)]

Inflaton ¢ decay — thermal plasma with SM particles & RHv's

v v
Cosmic temperature; T It M; > T,
Decay @ T'= T}

Ig
Yp_; = Z 2Br(¢p — 2N;)Br(N; —» L®) ¢,—
I

m,
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Setup of numerical analysis

We evaluate leptogenesis numerically with the following parameter set
6
M, (M,, ~ M, ~ 10° GeV)

(NO) m; = 0.06 eV, Am?2, =742 x 107" eV? . Am?

sol atm

Benchmark, Caseii) for M

ee’

— 2510 x 1072 eV? .
sin? 01 = 0.304 ,  sin?f;3 = 0.02246 . sin® fa3 =~ 0.565

0~ 268° , 1 ~355°, my > 177° (0y,) = 100GeV

, Center
—> h,,~0,h,,~0
For A 1 —: 20
or ~ 1, .
H __ . CPphases
~J . ; 6
p Mee o (5 O°1l) X 10°GeV [Esteban, Gonzalez-Garcia,
M ~ (_1 4+ Oll) X 107 GeV Maltoni, Schwetz, Zhou (20)]
Ut

Aer Ay < A, and  h, < h,, ~ O(1)

At high temperature T = T = 10° GeV, for (o, ,)(Tg) = 10° GeV,

(M (Tr), My(Ty), M5(Ty)) =~ (5 x 106,107, 107) GeV
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Results

Large enough lepton asymmetry can be generated by non-thermal
leptogenesis in broken phase of U(I)L”_LT

: , AR
NI — LCY@’ (i) ’ NI
(NO) NI ¥ | N 5
Eﬂ\ ! | Ny Ny - - -

: J
26 0T é ‘o TN
Yobs ~ 10—10 NM . E ()
B \\_,' \\\ 0\\1.___
()

N, e~+6%x107"7

N, e~—6x107° e~—3x%x107°

N; e~+6x1078 e~ —7x%107°

Observed baryon asymmetry of the universe can be explained
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Summary

We show that non-thermal leptogenesis in gauged U(I)Lﬂ_LT model can

work, and thus neutrino oscillation, baryon asymmetry of the universe,
and muon g-2 can be explained at the same time

In near future, this scenario will be proved with

i) NA64 experiment will prove Z’
ii) CMB constraint on -~ m;;

mlightest — 006 GV _> Zmi — 02 €V <«—> Zml‘ < 024 €V
. . [Planck Collaboration (18)]
iii) Mg in neutrioless double beta decay:;

Mg ~ 6] meV «— Mg < 36 - 156 meV [KamLAND-Zen Collaboration (22)]
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Global fit of neutrino oscillation parameters

NuFIT 5.1 (2021)

Normal Ordering (best fit)

Inverted Ordering (Ax* = 2.6)

bfp +1o 30 range bfp +1o 30 range
B} sin? 019 0.30415:015 0.269 — 0.343 0.30415°013 0.269 — 0.343
3 | 612/ 33.44*0-77 31.27 — 35.86 33.4510-77 31.27 — 35.87
]
& sin? 623 0.57315655 0.405 — 0.620 0.57810657 0.410 — 0.623
@ 023 /° 49.2119 39.5 — 52.0 495719 39.8 — 52.1
g
= | sin® 63 0.0222019:50068 (),02034 — 0.02430 | 0.0223875-90962  0.02053 — 0.02434
= 613/° 8571013 8.20 — 8.97 8.6070 13 8.24 — 8.98
=
2 | dcp/° 194752 105 — 405 287127 192 — 361
E Am3
ﬁ 7.421021 6.82 — 8.04 7.421021 6.82 — 8.04
Am%e +0.028 +0.028
m +2.515"7 5 58 +2.431 — +2.599 —2.4987 059 —2.584 — —2.413
Normal Ordering (best fit) Inverted Ordering (Ax? = 7.0)
bfp 1o 30 range bfp 1o 30 range
sin? 012 0.30479-9:2 0.269 — 0.343 0.30415:5%5 0.269 — 0.343
g | 01/ 33.4510-77 31.27 — 35.87 33.451078 31.27 — 35.87
o
2 | sin® s 0.45019-012 0.408 — 0.603 0.57070 055 0.410 — 0.613
[«F]
S | 023/° 421158 39.7 — 50.9 49.0195 39.8 — 51.6
o
% sin” 013 0.0224673-00962 0.02060 — 0.02435 | 0.022417000972  0.02055 — 0.02457
x 015 /° 8.6210-12 8.25 — 8.98 8.611015 8.24 — 9.02
= | dcp/° 230136 144 — 350 278122 194 — 345
2
Amgl +0.21 +0.21
Am%e +0.027 +0.026
T 5o | T2O0I00 2430 — 42593 | —24907555  —2.574 — —2.410

[Esteban, Gonzalez-Garcia,
Maltoni, Schwetz, Zhou (20);
NUFIT 5.1 (2021), www.nu-fit.org]
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