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Motivation

Δaμ = 268(63)(43) × 10−11
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X contribution to !(g − 2)μ
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similar for a scalar
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‘Heavy’ : !mX ≫ mμ
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 ruled out by LHC
�gX ∼ 1, mX ∼ 330 GeV



‘Light’: !mX ≤ 2mμ

gX ∼ 5 × 10−4, mX ∼ 10 MeVBall park:



Light, flavor universal X: 
Beam dump !e+e− → γX(e+e−)

Sarah Andreas, Carsten Niebuhr, and Andreas Ringwald, 1209.6083

kinetic mixing 
�gX = eχ



Light, flavor universal case: 
BarBar !e+e− → γX(X → μ+μ−)

BarBar 1406.2980

γ

X( → μμ̄)
�gX = eϵ



No interesting parameter for !  
anomaly exists for light, flavor universal X

(g − 2)μ



No interesting parameter for !  
anomaly exists for flavor universal X

(g − 2)μ

μ − philic

e.g. �U(1)Lμ
, U(1)Lμ−Bi

, U(1)Lμ−Lτ



!Lμ
• Lepton numbers (� ) are accidental symmetries of 

the SM. 


• Anomalous


• WZW contribution: 

�

induce � , �  …


• highly constrained

Le, Lμ, Lτ

gXϵμνρσXμ(g′ �2Bν∂ρBσ + g2Wa
ν ∂ρWa

σ +
g2

3
ϵabcWa

ν Wb
ρWc

σ)

Z → Xγ B → KX, B → πX



!Lμ − Bi=1,2,3

• Anomaly free


• Has additional hadronic interactions


• highly constrained



!Lμ − Lτ
• The differences �  are anomaly 

free in the SM. 


• Economical extension of the SM: 
�  does not need any exotic 
fermion.


• �  explains �  : our X-boson!

(Li − Lj), i ≠ j

GSM × U(1)Li−Lj

Lμ − Lτ (g − 2)μ



Model Lagrangian
Only two free parameters 
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(possible) 
Extension with dark sector

ℒ = ℒminimal +
Nχ

∑
i=1

[χ̄i(iγμ∂μ − mχi
)χi − gD( χ̄iγμ χi)Xμ]

χi : dark sector fermions
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:enhanced decay width



Known constraints

Jho, Kwon, SCP, Tseng 1904.13053

need to probe light  X region

gX ∼ 5 × 10−4, mX ∼ 10 MeVBall park:



Belle-II( ! ) = 50 Belle 
:an ideal place to look for a light-X

50ab−1

i) ϵ(pμ± > 0.6GeV/c) = 0.9 at KLM( � , �  ) detectorKL μ

ii) 1 − ϵγ = 10−6 Low intrinsic probability of missing the photon detection inside the ECL crystals


+KLM detectability (end cap region) 

Excellent muon detector

Excellent  photon detector for background  
rejection

Excellent muon tracker (Central Drift Chamber)



X-boson at Belle II
!e+e− → μ+μ−X( → νν̄)

MadGraph5 aMC@NLO, FeynRules



SM background: !μ+μ− + MET

: soft �  not detectedγ



MET cut

signal

background

MadGraph5 aMC@NLO 



Missing mass cut
signal

background

MadGraph5 aMC@NLO 



Cutting background

photon to beam pipe



Signal



Signal/background

iii) ϵ(pμ± > 0.6GeV/c) = 0.9 at KLM( � , �  ) detectorKL μ



Sensitivity limit: 
 !S/ S + B = 3

1 − ϵγ = 10−6

1 − ϵγ = 10−5

missing  
� -detection  
rate@ Belle2 
γ



For heavier X ( ! )mX > 2mμ



Sensitivity bound: !  
with & without dark matter

S/ S + B = 3

Br(X → inv) = 1



Summary
• The gauged �  can explain �  anomaly 

with �  and � .


• Belle-2 with 50/ab will completely cover the 
preferred range in �  channel


• Possible extension with dark matter can be also 
interesting


• Stay tuned!

Lμ − Lτ (g − 2)μ
gX ∼ 10−4 mX ∼ 10 MeV

μ+μ− + MET



Back up



!Z − μμ̄
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Br(Z → e−e+) = 3.3632 ± 0.0042 % ,
Br(Z → μ−μ+) = 3.3662 ± 0.0066 %

PDG



Neutrino trident 
(! )νN → νNμ+μ−

XX

σCCFR/σSM = 0.82 ± 0.28

CCFR colla., PRL 1991

Eμ = 160 GeV



NA62

1902.07715


