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        The g-2 of both the electron and muon appear to differ 
from the predictions of the SM but with opposite signs. This 
is indicative of the possibility of some unusual new physics, 
since most new physics models would suggest a same-sign 
shift.  Construct a model that leads to such predictions and 
examine its corresponding predictions for the tau lepton 
whose value of g-2 is presently quite poorly known. What 
can current or planned future facilities do to improve our 
knowledge of the tau g-2 ?  

The question
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Anomalous Magnetic Moment

Leptons have an intrinsic magnetic moment defined as: 

Dirac equation predicts g = 2, but loop diagrams give a small (“anomalous”) 
correction to g 

                 

Anomalous magnetic moment : 

++
 Californian loop diagrams 



SM predictions vs measurements

Electron:      Hanneke et al. (0801.1134)

                       

Muon:                 Brookhaven g-2 exp (0401008)

                             

Tau:          

                                                             DELPHI, LEP2 (0406010)

                                         

2.4 𝝈 tension

3.6 𝝈 tension

No tension 
(yet!)



1. Opposite sign for e and 𝜇 anomalies

2. If BSM physics respects lepton flavour universality (e.g. 1402.7065):

Possible solutions

- Dominant contribution to e and 𝜇 anomalies from different BSM processes 
(new scalar: one-loop and two-loop Barr-Zee diagrams, 1808.10252)

- Lepton flavour violation (1811.10209, 1908.00008)
- BSM does not respect lepton flavour universality (scalar LQ models with 

specific couplings: 1807.11484,1810.11028, 1812.06851, 1906.01870)
-

3. Lepton flavour violation highly constrained from LEP 𝜇 → e𝛾 process. 
So we will focus on a model with lepton universality violation

Challenges in making a new model



The LFUV Z’ model

Intriguingly, lots of other anomalies have possible light Z’ solutions, e.g. 8Be 
anomaly (1905.05031), reactor anomaly (1803.08506), proton radius puzzle 
(1301.0905), cosmic neutrino spectrum (1409.4180)

Introduce new gauge U(1)’ mediated by MeV-scale Z’

Other ingredients:

➢ Different lepton 
flavours should have 
different charges 
(LFUV)

➢ If LH and RH couplings 
to Z’ are equal, 
contribution to g-2 is 
always positive. So 
need chiral couplings!

Consequence:
Higgs is charged under the 
U(1)’ to make Yukawa 
interactions invariant



The model in detail
Z’ is the gauge boson of the new symmetry U’(1). The covariant derivative of 
e.g. the lepton doublet changes to:

The lepton kinetic terms gives the interaction vertices,

New diagram contributing to g-2:

+
SM



Anomaly cancellation
➢ Gauge symmetry requires anomaly cancellation: 

U(1)’ SU(3)2 , U(1)’ SU(2)2 , U(1)’ U(1)2 , U(1)’2 U(1) , U(1)’3 and U(1)’grav2

Need to introduce new fermions to cancel these anomalies

➢ Economical case involves a vector-like quark, vector-like SU(2) 
doublet, and U(1)’-charged SM singlet

- This singlet makes U(1)’3 and U(1)’grav2 anomaly-free simultaneously

- The new fermions charged under the SM need to be heavy to avoid 
collider bounds

➢ New SU(4) gauge group confines at a scale >> v, giving dynamical 
mass to the exotic fermions



Representations

NEW



The LFUV Z’ model
● Diagram gives for the electrons

which is negative for

● And for muons, we found

Charges of the lepton flavours are related by



Results

To fit both anomalies exactly: which leads to 



Constraints on the model

Experimental constraints: 

● Various LHC searches, e.g. vector-like quarks, heavy charged leptons

● Neutrino Trident, which probes

● Will induce tiny shifts in most low-energy processes

In our model: 

➢ Z’ field has a Stueckelberg mass to avoid BBN bounds

➢ All the extra fermionic fields are made heavy to avoid collider bounds.



tau g-2 measurement on e+e- collider
Our model predicts that a𝛕 is smaller than Standard Model at the order of 10-8. 

The SM prediction is a𝛕 is 0.00117721(5), so our correction is small. 

On e+e- collider, the previous measurement is made by using ee -> 𝛕𝛕𝛄 channel 
to measure the form factor.

Generalised form:

We could improve event selection, background modeling, systematic error, etc 
in the analysis of this channel.
To have a high precision (10-5 order or more), this way (by measuring the form 
factor with the data from colliders) is probably not an easy one to go.

Maybe we need a dedicated precision experiment to achieve this goal.



An experiment for tau’s g-2? 
The current experimental bounds: 

Problem: Tau’s lifetime is too short 

Solution: use a bending crystal producing 
an intense effective magnetic field

A detectorThe polarisation vector rotates by 
an angle which is proportional to g.

arXiv:1810.06699 [hep-ph]

One would need

https://arxiv.org/abs/1810.06699


Conclusion

“This model is crazy” (Arushi)

“It’s not good. Actually, it’s good” (Felix)

“Ummm….yeh, I agree” (Peilong)

“Nature is tricksy, and I am the red triangle” (Jennifer)

“I see new fields everywhere my friend” (Elisabeth)

“Well, I like it...” (Rupert)



Backup
(More bananas!!)







 g-2 electron



Alternative Representations



Some previous solutions

New scalar: one loop plus 
Barr-Zee

LQ one-loop diagrams


