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Accumulated muon anomalies

• Muon related-anomalies appear in several particle experiments:


• Muon anomalous magnetic moment (4.2σ)


• Lepton flavor non-universality in B meson decays (~3σ)


• Proton charge radius of muonic hydrogen spectroscopy  
(in tension w/ some H spectroscopy & e-p scattering exp.)


• …
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Pohl+ ’10, Antognini+ ’13,

See review Gao & Vanderhaegh ‘21
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How to interpret?
• Statistics/Experimental systematics/Theoretical systematics


• Or a muonic dark sector?
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Minimal model to solve (g-2)μ anomaly

• Introduce a new light scalar S  
(                                 )


• Couples to muons, not quarks


• S visibly decays to SM particles
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Minimal model to solve (g-2)μ anomaly
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Dominant decay channels
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for gμ ~ 10-4, mS ~ 100 MeV, decay length: O (10 cm) ~ O (10 m)

S
e+

e−

me-suppressed loop-suppressed

γ

γ

S μ

model A model B

<latexit sha1_base64="rCpUTjWuHB7B5kWPO6XoD8BB3dg=">AAACA3icdVBNSwMxEM3Wr1q/qt70EiyCp7LblurBg+jFi1DR1kJbSjadtqHJ7pLMimUpePGvePGgiFf/hDf/jWmtoKIPknm8N0Myz4+kMOi6705qZnZufiG9mFlaXlldy65v1EwYaw5VHspQ131mQIoAqihQQj3SwJQv4cofnIz9q2vQRoTBJQ4jaCnWC0RXcIZWame3mgg3mJxBbUQPqWpf2Ltga1PF7WzOzZfLbtHzqJt3J7CkWCztlzzqTZUcmaLSzr41OyGPFQTIJTOm4bkRthKmUXAJo0wzNhAxPmA9aFgaMAWmlUx2GNFdq3RoN9T2BEgn6veJhCljhsq3nYph3/z2xuJfXiPG7kErEUEUIwT886FuLCmGdBwI7QgNHOXQEsa1sH+lvM8042hjy9gQvjal/5NaIe+V84XzUu7oeBpHmmyTHbJHPLJPjsgpqZAq4eSW3JNH8uTcOQ/Os/Py2ZpypjOb5Aec1w/zgJZx</latexit>

MeV < mS < 2mµ



Yi-Ming Zhong (UChicago) — Dark Sector Searches via Muon Beam-Dump Experiments

Look at muon-beam dump experiments

• Muon-beam dump experiments are good place to look for dark scalars (and 
other light dark particles):


• focus on the couplings to muons


• sensitive to displaced decays


• can be integrated to other muon experiments


• We look into two searches
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NA64 setup (NA64-μ)
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Detectortarget (Pb)

0.2 m 5 m

e+

e−
γ
γ

160 GeV  
μ+ beam model A

model B~ 1016 μ+ /sec
deliver μ+ one-by-one

large missing energy of μ beam (Emiss ≳ Ebeam/3)

NA64 is a fixed-target experiment at CERN (test run of NA64-μ starts soon)
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Fermilab setup (FNAL-μ)
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Detectortarget (W)

1.5 m 3 m

e+

e−
γ

γ

3 GeV  
μ+ beam model A

model B~ 107 μ+ /sec
deliver μ+ in bunches

Tracks from displaced vertices/anomalous energy deposit
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Fermilab setup
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Detectortarget (W)

1.5 m 3 m

e+

e−
γ

γ

3 GeV  
μ+ beam model A

model B~ 107 μ+ /sec
deliver μ+ in bunches

1. Simple  

2. Compact (could go into g-2 hall)

3. Could run in parallel w/ g-2 exp.

Tracks from displaced vertices/anomalous energy deposit
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Signal
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Signal

• Energy of S changes w/ mS


• Significant amount of energy when 
mS → mμ
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Signal
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Fermilab
mS = 100 MeV

model A
model B
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FNAL-μ: displaced decaysNA64-μ: missing energy

Prompt decay Prompt decayDecay outside the detector
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Backgrounds

• Long-lived neutral particles / accidental backgrounds


• Negligible backgrounds for our search setups


• NA64-μ w/ the requirement Emiss > 50 GeV


• FNAL-μ: We estimate KL decays are negligible during one-year run


✴Rough estimations. Need specialized simulations.

15

Gninenko+ ’15  
Banerjee+ ’17



Yi-Ming Zhong (UChicago) — Dark Sector Searches via Muon Beam-Dump Experiments

Projected sensitivity to dark scalar
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NA64: 3-month (~1013 μ+)   

Fermilab: 1-year (~1014 μ+) 
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Projected sensitivity to dark scalar
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NA64: 3-month (~1013 μ+)   

Fermilab: 1-year (~1014 μ+) 
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NA64: 3-month (~1013 μ+)   

Fermilab: 1-year (~1014 μ+) 
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Summary

• Several anomalies in particle experiments point to muons. There may be a 
muonic dark sector.


• Muon beam-dump experiments can effectively probe dark scalars, w/ 
predominant muon coupling, that explain (g-2)μ anomaly


• FNAL-μ can be easily implemented at FNAL muon campus w/ modest 
modifications/additions to the existing exp. infrastructure.
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