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Outline

• Proton charge radius discrepancy

• A model with gauged RH muon number

• Implications of the model



CODATA

• Fit a large number of H and D atomic 
transitions to determine

• Find

P. J. Mohr et al., Rev. Mod. Phys. 80, 633 (2008)

rp = 0.8769(68) fm

R! , rp, rd



e-p Scattering

• Fit e-p scattering cross sections and extract 
charge radius: rp = 0 .879(8) fm

J. C. Bernauer et al., PRL 105, 242001 (2010)



Muonic Hydrogen
R. Pohl et al., Nature 466, 213 (2010)
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Data Summary

• H & D Spectroscopy:

• e-p Scattering:

• Muonic H:

• e-p measurements agree with each other

•       discrepancy (5.1 for spectroscopy and 
4.6 for scattering) with muonic H

rp = 0.8769(68) fm

rp = 0 .879(8) fm

rp = 0 .84184(67) fm



New Forces

• Consider additional potential between 
leptons and protons given by exchange of 
particle V with spin s. Leads to:

See also Barger et al., arXiv:1011.3519; 
Tucker-Smith and Yavin, arXiv:1011.4922
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New Forces (cont’d)

• The pattern of charge radii disfavors a 
simple attractive or repulsive proton-lepton 
force:

• (Old) neutron scattering experiments 
constrain couplings of MeV-scale particles 
to neutrons:

• Neutrinos can’t couple to a new force 
carrier this strongly:

(rp)
H
ep ∼ (rp)

scatt.
ep > (rp)

µH
µp ⇒ ge � gµ

gn ∼< g! ,p / 10⇒ s = 1

g! � gµ



Gauged

• Suggests a possible resolution

• Gauge     so that couplings to electrons and 
neutrinos are unimportant

• Couple to charge by kinetic mixing with 
the photon so that one couples to protons 
and not neutrons

µR

µR



Gauged      (cont’d)µR

L = !
1

4
V 2

!" + |D! φ|2 + µ̄RiD/µR !
κ

2
V!" F !" ! Lm

The Lagrangian is

Dµ = ! µ + igRQRVµ + ieQEMAµ

Lm = øLµ RHSM
φ

Λ
+ h .c. → vvR

2Λ
øµµ �! � ≡ vR/

√
2

mV = gRvR

mS =
√

" vR



Gauged      (cont’d)µR

Leads to a new muon-
proton interaction through 
this diagram. Its strength is 
characterized by η !
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• This model is anomalous 
(canceling anomalies by gauging 
quarks as well causes flavor 
issues)

• Maintain gauge invariance but 
sacrifice renormalizability

• EFT valid up to some scale
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Constraints
• g-2 requires fine cancellation between V 

and S

• Muonic Mg and Si set a lower limit

• Fixed target limits on kinetic mixing 
modulo decay channels

• Can find wide range of parameters

mV !> MeV



Parity Violation in
µ Nuc. → µ Nuc.

Cross sections for LH and RH scattering on 
nuclei are different



Parity Violation in
µ Nuc. → µ Nuc.
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2S-2P Mixing in muonic 
He

• Could possibly be probed in muonic He 
Lamb shift experiment

• M1 matrix element much smaller than E1. 
Look for single photon 2S to 1S decay:
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Muonic He Lamb shift

• This model gives the same shift in the 
charge radius of muonic He vs. standard He

• Await their results...
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Conclusions

• Proton charge radius extraced from 
muonic H appears to be in conflict with 
that from e-p systems

• Difficult to explain with new physics

• Gauging RH muon # could offer a solution

• This leads to new PV observables that can 
be probed with existing facilities


