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(g — 2), anomaly
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m First measurement of the Fermilab Muon g-2 Experiment is compatible with the
Brookhaven experiment. Combined 4.20 discrepancy with the Muon g-2 Theory
Initiative. Aoyama et 2l [2006.04822]

m HVP is the dominant error of the SM prediction. Lattice results (BMWc) in
potential disagreement with the data-driven calculations (R-ratio) used in SM
prediction.
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Strong constraints from LFV

The lepton mass hierarchy gives generic expectations to the lepton Yukawa:

Ye YeYu /YeYr

Lepr D _yéj fiH@%{, yé] ~ Yu VYuYr
Flavor basis —— Y
Assume a NP explanation of (g — 2),, with best fit C,,,: e.g. Calibbi et al. [2104.03296]
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<2-10°
Mass basis —

Anders Eller Thomsen (Bern U.) A common origin of anomalies PANIC '21


https://arxiv.org/abs/2104.03296
https://arxiv.org/abs/2103.13401

Strong constraints from LFV

The lepton mass hierarchy gives generic expectations to the lepton Yukawa:
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Radiative models of the muon mass: e.g. Baker, Cox, Volkas [2103.13401]
o 0 1
vt = 0 4 Y 4
off (1)
cor = 0 4+ ¢ 4.

Anders Eller Thomsen (Bern U.) A common origin of anomalies PANIC '21


https://arxiv.org/abs/2104.03296
https://arxiv.org/abs/2103.13401

Strong constraints from LFV

The lepton mass hierarchy gives generic expectations to the lepton Yukawa:

Ye YeYu /YeYr

Lepr DO —y¢ fiH@%{, ye ~ Yu VYuYr
Flavor basis —— Y
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Radiative models of the muon mass: e.g. Baker, Cox, Volkas [2103.13401]
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Hints to a combined explanation

Low-energy effective theory for the anomalies:

CL VL HL K SL KL
b e 1 b
(3 TeV)2 1672 (10 TeV)2 (40 TeV)2

Anders Eller Thomsen (Bern U.) A common origin of anomalies PANIC '21



Hints to a combined explanatio

Low-energy effective theory for the anomalies:

br, L Je ~ b, ML
CL VL HL K SL KL

1 e 1 1
(3TeV)? 1672 (10 TeV)? (40 TeV)?
3 — 24303y 2) — 2 3024202

m 2"d generation coupling suppressed by ~ 0.1. Related to CKM flavor
structure of the SM?

m All three anomalies point to a common scale Ayp ~ few TeV
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A vector leptoquark?

Pati-Salam-like vector LQ for combined b anomaly explanation:
e.g. Di Luzio, Greljo, Nardecchia [1708.08450]; Greljo, Stefanek [1802.04274];
Crivellin, Greub, Saturino [1807.02068]; Di Luzio et al. [1808.00942];

by, TL bL, ML

SU2)LxU(3
U, (2)LxU(3)e U,

CL VL SL HL

Realized in flavor non-universal 4321 models with vector-like fermions:

SU(3).
' SU(3), x SU(2 U(1
SU(4) x SU(3) x SU(2)L, x U(1)x =22 (3)e x SU(2)L x U(1)y
' ! {2, U1}

Uy

Anders Eller Thomsen (Bern U.) A common origin of anomalies PANIC '21


https://arxiv.org/abs/1708.08450
https://arxiv.org/abs/1802.04274
https://arxiv.org/abs/1807.02068
https://arxiv.org/abs/1808.00942

U, problems in (g — 2),

With a right-handed lepton current, we could have

Mixing of SM and
vector-like fermions

U Y
: R
L o (22 () (3

My, 0.2/ \0.05

'H
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U, problems in (g — 2),

With a right-handed lepton current, we could have

Mixing of SM and
vector-like fermions

U 7 \
W g1-2TeV I 5
~ exp __ ,th 4— ﬁ 2
. un ~ ya(ag %)< My, > (0.2) (0.05>
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Tuning is required, and LFV might be an unavoidable problem:

-1
5y,u =YHaSiSy ~ 10yZMa Cu'r ~ Cpupsy,
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U, problems in (g — 2),

With a right-handed lepton current, we could have

Mixing of SM and
vector-like fermions

U Y
: SR
fﬂﬂ,“x{ .~ (A2TVY (2 (e

pu My, 0.2/ \0.05

‘H

Tuning is required, and LFV might be an unavoidable problem:

-1
5y,u =YHaSiSy ~ 10yZMa Cu-r ~ Cpupsy,

A model of all three anomalies with partial explanation of the mass hierarchy

Y
:O’ Incorporate radiative lepton masses in a 4321 model:
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A new universal 4321 model

| Fields | SU() SUB) SU@L U()x | Z2 | Flavor |

qi 1 3 2 /s + 3,

uh 1 3 1 2/3 4 3.

di 1 3 1 -1/3 - 34

4 1 1 2 -1/ + 3,

& ek 1 1 1 -1 - 3,
N i

0(‘09:\/&,? XL,R 4 1 2 O + 3X

™

o H 1 1 2 1/ i 1

o 4 1 1 1/ + 1

Q3 4 3 1 -6 | + 1

. Qs 15 1 1 0 + 1

\Qe“:z L. 4 1 2 1 . 1

P Iy 4 3 2 1/3 - 1




A new universal 4321 model

| Fields | SU@) SU(B) SU@L U(l)x | Z2 | Flavor |
qi 1 3 2 /s + 3,
uh 1 3 1 2/3 4 3.
di 1 3 1 -1/3 - 34
0 1 1 2 |+
P ek 1 1 1 -1 -
0&;;@&: PO VN 4 1 2 0 4 3, LO?@%
oh 4 1 1 1/ 4+ 1 ©
Qs 4 3 1 s |+ 1
. Qs 15 1 1 0 + 1
\g“:z I, 4 1 2 1 . 1
Qoi;«z; { Iy 4 3 2 1/3 — 1
&

Forbids tree-level down-type \/

masses (softly broken)
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Radiative muon mass

Lepton-flavored spurions 1, = (3¢, 3,) and 7. = (3, 3¢) are identified:

Low D =000 Xk — 19X Heely + heee,  ne~n)
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Radiative muon mass

Lepton-flavored spurions 1, = (3¢, 3,) and 7. = (3, 3¢) are identified:
Lo D =0/ G 0xh —ndXiTleely, + hoe,  me~nf

Approximate Z5 symmetry forbids lepton-Higgs coupling and ensures alignment of
the Yukawa contributions

Za-violatin
trilienar ¢ g\_ J H <Q1> <Q‘1> IEI
SRS N 1 AP
Y = ; NI+ : Y +o o~ o)
¢ — e e

X X

Lepton—-Higgs Yukawas are suppressed: 4. ;) ~ y;/100
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Radiative muon mass

Lepton-flavored spurions 1, = (3¢, 3,) and 7. = (3, 3¢) are identified:

Loy D —nzjaﬂlx{% ”*LH eR + h.c. Ne ~ 77;r

Approximate Z5 symmetry forbids lepton-Higgs coupling and ensures alignment of
the Yukawa contributions

Za-violatin
trilienar ¢ /X H <Q1> <Q‘1> IEI
ye' = . NI F '11 o~ e
0 —= e , ; M

X X
Lepton—-Higgs Yukawas are suppressed: 4. ;) ~ y;/100

Approximate prediction of compositeness of the leptons from lepton masses:

i 2
) B m
ML tfs mr
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Lepton dipole

m Size of the dipole fits well with Aa,, given the radiative lepton Yukawa.

m LFV stems from the colored components of x = (W @, L):

. H s H
LL S 11—"1

Rl & o
é ! L \ e E —"T=— e
e e neW! W

Diagonal —/ \K LQ “CKM" matrix,

near-maximal 2-3 rotation

® A GIM mechanism in the flavor-violating loops further suppresses LFV at the
order of magnitude level.

m Likely in Belle-1l discovery range for 7 — py (preliminary).
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A unified model

This extension lends itself well to embedding in a larger symmetry,
e.g. Fuentes-Marin, Stangl [2004.11376]

SU(4) x SU(3)" x SU(2)1, x U(1)x C SU(4) x SU(4)" x SU(2)1, x SU(2)R,

with field content

| Fields | SU(4) SU(4) SU@2)L SU@)g |
i 1 4 2 1
Pl 1 4 1 2
Xin | 4 1 2 1
H 1 1 2 2
Q 4 1 1 1
Q5 15 1 1 1
11 4 4 2 2
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Conclusions and outlook

mb— sll,b— crv, and (g — 2), anomalies all point to the scale of a
few TeV, once accounting for a CKM-like flavor structure.

m The b-anomalies are explained nicely with the vector LQ of 4321
models.

m The (g —2), can be incorporated and LFV suppressed when structure
is added to realize radiative lepton masses — new class of 4321
models.

m This structure can also accounts for the SM mass hierarchies,
Yr(v) ~ Yt/100.
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Thank you for listening
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