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Neutrino masses
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e Neutrinos do have masses,
unlike the SM prediction
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e Most of neutrino data can be
fit into 3-neutrino paradigm
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Anomalous magnetic moment
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e A 4.20 discrepancy in muon g — 2 measurements has been observed
— signal for a new physics

e A more intriguing is the electron g — 2 determination from fine-structure constant
— two inferred values go in opposite directions

e Incorporating a new physics is very challenging
— only Berkeley result considered



The origin of neutrino masses

e In the SM neutrinos are massless because

e no right-handed neutrinos
e no scalar other than Higgs doublet
e no nonrenormalizable terms

e To induce neutrino masses, at least one of the above requirements must

be present



Seesaw mechanism

Adding an N°

L ~Y,LHN® + MgN°N®

Minkowski (1977); Yanagida (1979)
Gell-Mann, Ramond, Slansky (1980)
Mohapatra, Senjanovi¢ (1980)
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Seesaw mechanism

Adding a scalar triplet

L~ f,LLA + uHHA*

Mohapatra & Senjanovic (1980)
Schechter & Valle (1980)
Lazarides, Shafi, & Wetterich (1981)
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e Integrating out the heavy states induces effective operator
L'H'L*H'e; e
Leg = Loy + ——— 0K
A
e To get m, ~ 0.1 eV, A~ 10* GeV
— very unlikely to be probed in near future



AL = 2 operators

O = L'L’H'H'eyey

Oy = L'L’LFe°H'e;jen

Os = {L'L'Qd°H'eijer, L'L'Q"d°H'eieji}
O, = {L'I’QuucH" e, L'LQrucH e}
Os = L'I’Q"d°H'H™H;ejiexm

O = LiLiju_CHlHkﬁiEjz

O7 = L'QeQrH H' H eitejm

Os = L'ecucd H e

Oy = L'L’LFeL'e®€jen

Babu & Leung (2001)

de Gouvea & Jenkins (2008)

Angel & Volkas (2012)

Bonnet, Hirsch, Ota, Winter (2013)



Operator O,

e Let’s consider operator Oy

iriTk l 0
L'L’L¥e‘H €ij €kl = l/LuLeLeCH

<H>

e Connecting the e, and e legs, neutrino masses arise at one—loop level

e Because of loop and chirality suppressions the physical scale could be near
TeVv

o Realized in the Zee model



The Zee model

e A singly-charged scalar n* (1,1, +1) is introduced
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nT needs to interact with Higgs to break lepton number

— Two Higgs doublets are required
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The Zee model

e A singly-charged scalar n* (1,1, +1) is introduced

LD fasLaLon®™ + pHiHan~
nT needs to interact with Higgs to break lepton number
— Two Higgs doublets are required

Zee (1980)
e The rest is like the 2HDM
Ly DyLe“Hy + Y LeHs + h.c.

e The phenomenology of this model has been widely studied in literature

Smirnov & Tanimoto (1997); He (2004); Fukuyama et al. (2010); Babu & JJ (2014);
Herrero-Garcia et al. (2017); Nomura & Yagyu (2019); Barman, Dcruz & Thapa (2022);

Primulando, JJ & Uttayarat (2022)



Neutrino mass
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Notes
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e Work in the so-called Higgs basis

G =
Hi= 1 inyice |3 He=| niia
V2 V2

e We work in the basis where y is diagonal: y = Mg\/i/v.

e The antisymmetric coupling matrix f can be made real

e Y remains complex




A minimal Zee model

M, =k (MY + Y MfT) |

e In order to explain neutrino oscillation data Y cannot be diagonal
— incompatible with solar+KamLAND data

e We need at least 3 complex Yy to account for neutrino oscillation data (3
mixing angles, 1 CP phase, and R = Am?2,,;/AmZ,,,)

0 T s 0o 7 0
f=fur |- O 11; Y=Y,[5 0 O
-s =1 0 0 0 1

r:fe,u/ff;l.‘r; Szfeﬂ'/f,uf; ,F:}/E}L/YTT; gZYpe/YTT

e Introducing off-diagonal couplings may induce LFVs
— can be avoided in particular texture of Y
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The anomalous magnetic moment
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e (g—2).,, arises at one loop

e The contribution induced by singly-charged scalar ™ is always negative
— it simply is ignored by assuming an heavy n* and/or small f;;

e No need to worry about n-induced LFV

e To simultaneously explain both (g — 2)e,., a sizable mass splitting among
scalars is needed
— useful to explain current CDF TW-mass result
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CDF W-—mass result

e Recent CDF measurement on W mass can also be explained within this
model

2 2 « 1 2 1728%/‘/

mw = 80.4242 £+ 0.0087 GeV, mw|sm = 80.357 & 0.006 GeV

T= ; F(m? 2 F(m? 2 F(m2 m2
T 1672a0? (M4, my) + F(myq,my) — F(my, my)
x Ty T
F(z,y) = Ty oo w2
7w o

e A significant shift in W mass can be achieved if scalar masses considerably
split
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A minimal flavor texture

e We consider the following texture

0 Y O
Y=|v. 0o o
0 0 Y.,

e No tree-level or radiative LFV induced, except 1 — e + 2v
— constrain from Michel decay parameter must be considered

e The neutrino mass matrix

_muw 0 myw  mry
Me 2mex  2meur
. Y mr
- 0 1 2L
M, = o 2 2meux
muw mry Y M. 0

2Mmex 2meuxr  2x B 2Meux
x = fen/fur, Y= fer/fur, w=Yen/Ype, u=Yyue/Yrr, and
mo = 2me fur Yrrk
e Well known two-zero texture — admitting both neutrino mass orderings
023 < 7 /4 for 10 and 623 > /4 for NO. dcp ~ 270°
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Input

feu/fw' fET/fM Yeu/Yue ‘ Yue/YTT _
4.809 22.787 | 9.283e x 1073e10-0799 | 27084 x 10%e~0-9956

Output

sin® a3 | sin 613 | sin?610 | J R

0.5979 | 0.022 0.304 —0.03265 | 0.03167

The central values of da,,. can be easily found by solving the Y.
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Other possible textures

e Turning on Y-, Y,,Y;, can also be considered. It induces LFV such as
7 — puy. Not able to get good muon g — 2 because of LFV constraints

e Similarly, other texture Yee, Y-, Y-, cannot fit neutrino data. It gives
zeros in (2,3) and (1,1) entries, not compatible with solar mass splittings

e Other textures may also be interesting to study, albeit facing LFV
constraints
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Conclusion

e We have introduced a minimal Zee model that can explain simultaneously
neutrino masses, AMM of uon and electron, dan CDF W mass

e The minimal example shown admits both normal and inverted orderings of
neutrino masses

e The NO scenario prefers 023 in second octant, while NO prefers in first
octant

o Central values of both AMM can be obtained within this model

e More textures need to be studied deeply to reveal this kind of scenario

Thank You
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