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Points to make

• tau is playing an important role in flavor anomalies, Circa 2021
• 3 of the  key anomalies are over 3-sigma each; just the 2 updates of 2021, added in 

quad are over 5 sigma=> chances for LUV (non-universal) BSM are consequently high
• If so, then naturalness arguments strongly suggest BSM-CP-odd phase(s)
• tau decays are self-analyzers of its spin; also possibility of multibody FSs make tau a 

powerful probe for CP-odd effects
• Moreover, most new physics models invoked to account for LUV involve LFV in 

decays of tau
• Therefore very relevant to all this  is upcoming Belle-II (also LHC expts) with 

significant increase in available tau’s to study in unprecedented details, its decays 
including its polarization

• tau mass offers a great opportunity for lattice methods to provide precise tests (say) 
for rates for production and decay and thereby test SM and BSMs
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If current hints of LUV survive the test of time 

• Under such a watershed departure from the past, we 
believe, it is very likely that nature is also trying to address 
some long-standing, persistent issue(s) with the SM. One 
such basic concern with the SM is the fact that it is 
exceedingly fine-tuned, i.e. unnatural due to radiative 
instability of the Higgs which primarily originates from the 
heaviness of the top quark, a member of the third 
generation.
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Generalization of YM=> RPV LUV arise rather 
naturally

•Note also that, as a necessary generalization of 
the Yang-Mills theory [42], all the interactions 
allowed by the enlarged internal [Bose-Fermi] 
symmetry readily remove the accidental flavor 
symmetry of the SM and lead naturally to 
LFUV.
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LFV of tau are a general 
consequence of these BSMs,
Specifically for RPV3:
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If current hints survive and do require new physics

• BNL 1964 Fitch-Cronin expt demonstrated CP is NOT a symmetry of nature
• Therefore, it follows that, naturalness arguments strongly suggest BSMs should 

entail new CP-odd phase(s)
• Spin analyzing capability and possibility of multibody FSs in  tau decays makes 

it extremely  powerful probe for searching new BSM-phase(s)
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A very popular class of BSMs to address these 
anomalies involve lepto-quark interactions

• LQ interactions for tau –edm may well involve top-quark resulting in 
enhanced tau-edm

• Also in RPV3 lepton edms have potential for appreciable enhancements; 
see, e.g. R. Godbole, 2007.
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Facilitating precision lattice studies: tau mass ~1.8 GeV is 
not that large [contrast with B mesons]
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Lattice methods can be used for precise 
predictions  for tau
• Some possible examples:
• g-2

• edm

• Decay amplitudes
• Dir CP asymmetries [if needs be scattering phases may be used from Chpt

though lattice methods at least for some cases have become doable; see 
e.g. RBC-UKQCD 2103.15131, pi pi (I=0 & 2) at physical masses]
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Power of tau spin for searching BSM phase

• See, Atwood + AS PRD, 1992
• Actually the analysis there is for top quark production and decay
• But applies equally well to tau with appropriate (obvious) changes
• The main point is many observables to monitor magnetic and 

electric dipole moments can be constructed from the final states
• In fact the paper proves a simple theorem [see section III]  for 

constructing “optimal” observable among those
• Nowadays, the construction in that paper is commonly used for 

“machine learning”; See e.g. Ref 27 in J. Brehmer et al, arXiv: 
1907.10621 [More in backup]
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Summary

• Current hints from muon g-2 and from B-anomalies indicate non-
universal flavor BSM physics

• If these hints survive the test of time some type of LQ interactions 
or RPV may well be the underlying BSM

• tau-physics likely to be extremely informative about the underlying 
BSM

• Increased luminosities at Belle-II and LHC-experiments should be
very valuable for tau studies

• tau mass of ~1.8 GeV means precision studies with  lattice fermions 
that are very much continuum-like (so Chpt is continuum like as 
well)=>extrapolations are a lot cleaner [as no unphysical dof are 
entailed]  
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XTRA’S
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