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Quarks +Leptons

+ Higgs gluons

+ QM

Standard Model (SM)

QFT

gauge symmetries

and breakingparticle content += special relativity +


One of the highest intellectual achievements 
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Standard Model

special relativity
 particle content gauge symmetries

and breaking

QFT
Quarks +Leptons

+ Higgs

electron anomalous magnetic moment

QM

gluons

One of the highest intellectual achievements 

PRD 97, 036001 (2018)

PRA 83, 052122 (2011)

in classical EM 
by Dirac Eq.
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What does accuracy mean ?

 

Say, each measurement per second 

years to completeYou need to live for

and ONLY 1 measurement mistake is allowed!!this task,
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Not only that
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However, SM is not the end of the story; it is incomplete.

We might need some

revolutionary ideas

the main playground for

the traditional

theoretical particle phys.

 

QFT Quarks +Leptons

+ Higgs

SM=QM+SR + gauge symmetries

    and breaking

Quantum Gravity? 
Dark Energy ?

Non-perturbative
confinement 
proton mass

Models 
Lattice

Neutrino mass? 
Antimatter? CPV? 
Flavor pattern?

+particle content

Why 3 generations?

 Dark Matter?



Daya Bay, RENO: 
measurement of 
the last mixing 
angle of n (q13)

……2012200220012000199819871968196219561930

Pauli: 
conceptual birth 
of n to solve the 
b decay problem

Reines & Cowan:
discovery of n
(from reactor)

Lederman et al.: 
discovery of 
muon neutrinos 

Koshiba et al.: 
observation of 
Supernova 
neutrinos

McDonald et al. 
(SNO):  
discovery of 
solar n osc. (q12)

Davis: 
observation 
of solar n

KamLAND: 
confirmation of 
solar n osc. using 
reactor n (q12)

1988

2002
2015

2002

2

Milestones of n History

2015

DONUT: 
discovery of 
tau neutrinos 

Kajita et al. 
(Super-K):  
discovery of 
atmos. n osc. (q23)

1995
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Latest nu-data fit  (Oct. 2021)
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We have kept seeing many

ambulances passing by.
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We have kept seeing many

ambulances passing by.

Some wrecked  
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We have kept seeing many

ambulances passing by.

 Some wrecked

Some keep going
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Global fit:(after Moriond 2021)
Altmannshofer and Stangl , 2103. 13370

Geng, Grinstein et al, 2103,12738

theoretically clean modes only
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Quantum correction

by Dimension-Analysis

Magnetic moment

and it is a pseudo-vector

namelyDirac Eq.

in classical EM

(tree level)

by EM
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another normalization

in terms of
chirality flip

extremely sensitive to

1812.04130
recoil velocity of

in matter-wave interferometerrecoil frequency of

Nature588,61
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CERN COURIER

Lattice

Dispersion
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The present PDG value:

Cabbibo Angle anomaly
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By statistics, 1 single anomaly might just be the fluctuation.

But, several/many anomalies is more likely the sign of

systematics(New phys).

violation of the 
lepton universality
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What can it be?

① b->s l l : NP connects both lepton/quark sectors 
② Neutrino Majorana mass: Lepton# violation 
③ CKM leakage : mixing between new fermion and the 
                               down ( or  up)  sector. 
④ AMM: implies possible heavy fermion in the loop 
                   and the new DOFs must be charged. 
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Leptoǎark

LA triplettdoublet

x vector b

XJLQ
doublet

singlet

① b->s l l : NP connects both lepton/quark sectors 
② Neutrino Majorana mass: Lepton# violation 
③ CKM leakage : mixing between new fermion and the 
                               down ( or  up)  sector. 
④ AMM: implies possible heavy fermion in the loop 
                   and the new DOFs must be charged. 

A straightforward solution:
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LQ if LQ
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VF

hiswt.bz bH
MPh22TeVATLASJ器 1.5EVCMS

0，5 116TeV My 10TeV
as ref point

K

4 color states are employed in the model:

LQ mass >

Assuming 2-body decays:

Two possible scalar cubic interactions:

(see PDG)
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CKM

Ullb

4X4

an unpleasant
3X4 matrix
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Assuming

In addition, new Dirac masses are allowed

down-type quark mass matrix becomes

the most general Yukawa is:

It can be diagonalized by 4X4 biunitary rotation, and the CC int becomes 
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3 extra mixmgs
between

Gyri

And Leakage
one 16

Mathematical trick: consider an auxiliary 4x4 unitary matrix

For simplicity, assume NO extra CPV

Finally, a delightful expression for
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dt Sb

note only a.nl
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17using charged lepton/down quark as indices

From PDG:

and

we have

Other predictions of CKM triangles :

In the mass basis, have diff LH rotation.
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In this model

Consider a general coupling:

The 1-loop result is finite and exact:

the mixing angle between
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A general coupling
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NOTE: The diagrams also induce the FCNC

A simple arrangement to avoid that,

Plays many roles in the model.
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The box diagram function:
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And we adopt the best fit values from 
Altmannshofer&  Stangl 2103.13370
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A Recap

To accommodate the anomalies,

Need to check the exp. constraints

The minimal set of to address
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Overview
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Low energy [qqll] effective operators

universality better than

Carpentier& Davidson, EPJC70,1071

NO electron counterpart!!
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In the interaction basis

In SM

Then, in the mass basis,

In our parameterization, the FCNC couplings

For that particular 

To avoid Tree-level FCNC mediated by



3/6. Constraints

A colorful framework to accommodate the observed anomalies nowadays.





















































































NC mt AFB

gf 01423

gih o 077

requiresÒǜickm
Qt0

negligible ŌAǏB ZǗ i i.it

189品 I20405 1入所
2
Not helpful to AS

27

Long standing LEP puzzle:

Only is viable to satisfy all Exp. limits

How about loop?

Wait for future Z-pole exp. (FCC-ee, ILC, CEPC….)

In MS and on-shell renormalization
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more parameters are neededFor

only NH is allowed

best fit (w. SK atm) NuFit
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Numerical Results:

global L#.Note that

The neutrino mass pattern

b→ sll  anomalies

can be accommodated by the following viable model parameters:

the Cabibbo angle,
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stringently set the parameter space boundaries.

at tree-level
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 Very diff. from the simple assumptions implemented 

in searching for LQ, b’.

For the benchmark point,
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We need a very special flavor pattern

In 4D QFT, the Higgs Yukawa after SSB

In 5D, with extra-dimension 

Integrating out the 5-th dim.
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One toy model : split fermion (Arkani-Hamed, 9903417）

Gaussian with universalAll

The effective

, cluster
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Moreover, it gives small parameters outside MinS,

One example SF configuration

which is able to reproduce every parameter within ～50%
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In addition to the hierarchical Yukawa, the nearly conserved L#， or

can be easily arranged in this 5D model.

Recall that,

have different orbiting parties 
(such that nearly orthogonal to each other)

D&T

have the same … D&S

orbifold

Overlapping 

e.g.   T:  (+,-),     D, S: (-,+) on the 



6/6. Conclusion

Neutrino mass, b ! sll , 4aµ, 4aCs[Rb]e , and CKM anomalies

can be accommodated in SM+ 3 scalar leptoquarks

(3, 3,�1/3), (3, 2, 1/6), (3, 1, 2/3) +vector b0 with U(1)B .

Viable benchmark point with minimal set of real parameters.

Solid prediction: normal hierarchy with M⌫
ee . 3⇥ 10

�4
eV.

Nontrivial leptoquark/b0 decay branching ratios.

Nearly conserved global Lepton number

Split fermion is one possible origin of the flavor pattern
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