
  

10-4

10-3

10-2

10-2 10-1 100 101

g Z
'

MZ' [GeV]

g-2 (2σ)
CCFR

10-4

10-3

10-2

10-2 10-1 100 101

Borexino BABAR

10-13

10-12

10-11

10-10

10-9

1 2 3 4 5

10 8 6 3 0

In the CM frame
√ s = 10.58 GeV 
gZ′ = 1×10-3

| Π
(Μ

Ζ
′2 ) 

|2

Eγ [GeV] 

MZ' [GeV]

10-13

10-12

10-11

10-10

10-9

1 2 3 4 5

10 8 6 3 0

A search for a light A search for a light LLμμ−L−Lττ gauge boson at Belle-II gauge boson at Belle-II
Mar. 2 2017, HPNP 2017 @ Toyama University

Shihori Hoshino (Saitama University), T. Araki, T. Ota, J. Sato, and T. Shimomura
This work is based on arXiv: 1702.01497 [hep-ph]

New gauged U(1)New gauged U(1)Lμ–LτLμ–Lτ  modelmodel

The discrepancy between theory(SM) and experiment is 
summarized as [1] 

We need new physics beyond the SM and have searched for them.
Any significant signal has not been observed yet at high energy colliders...

We focus on models including a new “light”
 gauge boson with “feeble interactions” !

Muon Muon gg−2 discrepancy−2 discrepancy

Contribution to gμ−2
New gauge boson 
(MeV〜GeV)

New gauge 
coupling constant

The opposite charges are assigned to μ and τ leptons.  
No quantum gauge anomalies.
No CLFV couplings.

For                                                       ,     
                          
  this model can explain muon g−2 discrepancy. 

The parameter region in 
which the discrepancy 
of gμ − 2 can be 
Explained with in 2σ is 
shaded in red [3].

Z'Z' contribution to muon  contribution to muon gg−2−2
Motivation and ConstraintsMotivation and Constraints   

Neutrino trident 
production  at CCFR 

(green [5]).

We use the minimal U(1)Lμ–Lτ model.

New particle is only Z'.
No tree-level kinetic mixing between U(1)Y and U(1)Lμ−Lτ

2 parameters, gZ' and MZ' . The mixing depends on injection momentum q.

Neutrino-electron 
elastic scattering
at Borexino 
(purple [6]).
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Detectability of a light Detectability of a light LLμμ− L− Lττ gauge boson at Belle- II  gauge boson at Belle- II 

e+ e−→4μ  
at BABAR
(orange [4]).

The minimal U(1)Lμ–Lτ model is strictly constrained by 
several experiments.

In Lμ−Lτ models, we have an 
additional contribution to gμ-2.

We'd like to consider the 
detectability of Z' in 
MeV-scale mass region! 

A Lμ− Lτ  gauge boson Z' which lies on the parameter regionTarget : 
： Suitable for low energy experiments.

 ： High luminosity is necessary.

Belle -II Belle -II is expected to be suitable !!is expected to be suitable !!

 We would like to discuss the detectability of Z' through the   one photon + missingone photon + missing process at Belle-II.

SM (BG) : 

missing

Lμ−Lτ (Signal) :
The Z' is produced on 
its mass shell and 
subsequently decays 
into a pair of neutrinos.

which is multiplied by the branching ratio of 

mediated  by off-shell weak boson
The mixing 
depending on 
momentum is 
enhanced in 
low mass 
region!

Enhanced !!

• We require  

• In the region above these lines, 
Belle -II can detect the Z'. 

• We found that Belle -II will be able 
to cover some of the unconstrained 
parameter region for the muon g− 2 
discrepancy.

The range of coverage
 of the EM calorimeter.  

[2]

[7]

The cross section is given as 

In the minimal U(1)Lμ–Lτ model,
Z' can couple to electron through one-loop γ-Z' mixing.

to claim the detection of the Z'. 
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