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outline
• Huge increase in fluxes of tau’s=>monitor tau closely 
• Rather serious several anomalies => NP esp 3rd family 

=> also BSM-CP 
• Charge current: tau is the central character
• A very interesting special case: tau => nu  Ks pi+
• Lattice can calculate rather precisely 
• Moreover, Babar claimed [BSM]CP
• Most models for anomalies imply LFV in tau and in B-

decays 
• Look for BSM-CP via edm-like effects
• Summary & outlook
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PHYSICS IS AN EXPTAL SCIENCE
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Testing SM in the era of Belle-II
• I. A new thousand pound gorilla is in our midst: 
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New physics discovery 
potential is no less than when 

we moved 
From Tevatron to LHC!!!
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ADVENTURES @ THE IF
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Contrarian/Complementary view
• flavor physics is actually hanging by perhaps the weakest 

link i.e. a single CP-phase endowed by the 3g –SM.

• In many ways this is a contrarian (or complementary) 
point of view, in sharp contrast to the overwhelming 
majority  following the naturalness lamp post via Higgs 
radiative stability.

• In this context it is useful to stress
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Recapitulate the “IF”: score card
• Beta decay => Gf => W….
• Huge suppression of KL => mu mu; miniscule ΔmK=> 

charm 
• KL =>2 pi but very rarely; mostly to 3pi =>CP violation 

=> 3 families
• Largish Bd –mixing => large top mass
• etc…….
• => extremely unwise to put all eggs in HEF
• Complementary info from IF can be a crucial guide

for pointing to new thresholds as well as provide 
important clues to the nature of the signals there from
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Anomalies galore!
• RD(*)
• RK(*)

• g -2…BNL =>FNAL expt...
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Hirose [BELLE]@EW 
MORIOND Mar. 2017

Belle deviations  quite mild9/25/2018
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MUON MAY NOT BE JUST A HEAVY 
ELECTRON: KILE, KOBACH AND AS
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ILLUSTRATIVE EXAMPLES OF BSMS
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IF LQ’S BECOME A REALITY EVEN 
THOUGH PATI-SALAM 1ST BROUGHT 
THEM IN FOR UNIFICATION ….RPV IS 
BETTER WAY TO GO9/25/2018 tau2018@AMS; soni-HET-BNL 23



ANOMALY: POSSIBLY A HINT FOR 
(NATURAL) SUSY-WITH RPV
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• ASSUMING the anomaly is REAL & HERE TO STAY [BIG ASSUMPTION due 
to caveats mentioned]

• Anomaly involves simple tree-level semi-leptonic decays
• Also b => tau   (3rd family)
• Speculate: May be related to Higgs naturalness
• Seek minimal solution: perhaps 3rd family super-partners(a lot) lighter 

than other 2 gens > proton decay concerns may not be relevant=> RPV 
[“natural” SUSY ]

• RPV natural setting for LUV …can accommodate g-2 and eps’ if needs be 
• Collider signals tend to get a lot harder than (usual-RPC) SUSY
• RPV makes leptoquarks natural [and respectable] & also LFV
• Moreover, RPV should be viewed as an umbrella i.e. under appropriate 

limits other models are incorporated
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For addressing RK(*) in RPV, see e.g. Das et al , 1705.09188 

g-2 with RPV has a long history, see, e.g.Kim, Kyae and Lee, PLB 2001 
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RPV3 allows
RD=(.254-.371)

RD*=(.220-.320)
Contrast Fuentes-

Martin:

HFAG  dec2016
RD=.403+-
.040+-.024 
RD*=.310+-
.015+-.008

LHCb 06/06/17
RD* 0.305

Ensured that all RPV3 couplings 
stay perturbative up to GUT

all constraints……RPV(blue) region obtained by scanning with 
sbottom mass 680-1000Gev, 0<λ333<2;|λ323|<0.1;|λ313|<0.3 

….
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Possible sightings of new physics

• An extremely important consequence of NP 
is that it is highly unlikely (i.e. unnatural) that 
it will not be accompanied by  new CP-odd 
phase[s]….

• This possibility we will explore a bit further
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II. tau => Ks pi^- nu on and off the 
lattice

• Motivation ……
• tau plays a central role in indications of LUV 

from semi-leptonic charge current RD(*) 
anomaly

• If these indications of new physics become a 
reality, then naturalness arguments strongly 
suggest the new physics will entail also a new

CP-odd phase.
tau => Ks pi^+ nu is an excellent final state for 

experimental study and a good candidate for BSM 
phase  or not
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Can test for BSM via CP-conserving observables 

• Select a FS where [CP conserving observables] like 
rate or differential distributions can be calculated 
precisely…

• Usually use of lattice to calculates mass /rates, I find 
boring and stay away as they are not my primary 
interest…[i can look up PDG]

• But a good example is tau => Ks pi^+ nu total or 
partial rate, or Ks pi invariant mass distribution; in the 
SM this can be calculated PRECISELY using lattice [and 
to some extent off the lattice methodology]
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tau=> Ks pi nu
• Moreover, Babar seems to have ~3 sigma indication of BSM 

CP in this channel.

• On the lattice the rate calculation can be normalized to tau=>K nu 
….another strikingly simple lattice calculation, in part a path for 
high precision.

• Yet another way to normalize would be via Kl3 form-factors, e.g. 
f+(0)…very precise lattice studies nowadays available, see RBC-
UKQCD, FermiL/MILC, ETWM……claimed accuracy O(1/2%)

• Perhaps use both…
• Main objective of such normalization(s)…minimize discretization 

and other errors

• Both modes, tau =>K nu and K0 pi nu  have relative high [~1/2 to 
~1%] Br
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Strong [i.e. CP-conserving] FS 
interaction phases

• We can calculate these phases on the lattice
for K, pi scattering see RBC-UKQCD [exploratory for K-pi; 
see T.Janowski et al, Lattice 2014]
and also now for pi pi

However, for an approximate result flavor SU(3) can also 
be used to relate them to pi pi scattering phases from 
Kl4 and from pi N => N pi pi following Colangelo et 
al…..get K pi phases upto SU(3) corrections
• T.W. talk at Lattice 2018 shows pi pi I=0 phases in 

good agreement with Colangelo
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Possible NP in tau=> Ks pi nu
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WIP ON AND OFF THE LATTICE ON 
THIS CLASS OF STUDY
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Meantime can use continuum 
methods for estimates

• See e.g.
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Lepton flavor violation tests
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BSM explanations for current anomalies
• Implications of pheno. operator analysis, see e.g. 

Mandal et al; Pich et al …..
• LQ’s: see e.g. Fajfer et al; Bauer& Neubert; Greljo et al
• RPV: see e.g. ADS’; Mahajan et al ….
• Practically all BSMs predict enhanced LFV in tau as 

well as in B (and possibly also in D) decays…
• Esp. Interesting modes: B=>K(*) mu tau, Bs=>mu 

tau….;tau =>mu gamma, 3 mu, mu phi, mu hh…..
• In many cases predicted rates not too far from 

current bounds but this is not a reliable prediction as
new [un-constrained] couplings occur, nevertheless 

exptal searches are timely and well motivated
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τ Lepton Flavor Violation

47

Belle II will push many limits below 10-9 ;
LHCb,  CMS and ATLAS have very limited capabilities.

Example of the decay 
topology

LHC high pt: The modes τμγ and τμ h+ h-
provide important constraints on Hμτ

Note vertical log-scale (50 ab-1 assumed 
for Belle II; 3 fb-1 result for LHCb
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Opportunities in tau

• Improving determination of magnetic and 
electric diploe moments.

• Key point : Borrow ideas determination for 
the top quark….i.e an “elementary fermion”

tau2018@AMS; soni-HET-BNL 489/25/2018



tau2018@AMS; soni-HET-BNL 499/25/2018

C also W. Bernreuther et al, PLB 1997



Because of heightened interests in LQ’s

• Note that 

• Electric dipole moments of leptons can scale in 
LQ models:

• d_tau ~ mt^2 m_tau
• So may be many^2 orders of magnitude larger 

than d_e
• Which is exptally bounded by < few times 10^-27 

ecm
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LHC POSSIBILITIES
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Simplest is using Z => tau tau
Diificult due to backgounds but since tau’s are boosted a lot may be 

possible
via searches of displaced vertices
See Sarah Demurs et al [ATLAS]
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Many possible decay channels

• Allows you to construct many observables

• So both TN-even [e.g. energy asymmetry]  as 
well as TN-odd [Triple Correlation 
Asymmetries]….are possible

• These studies are at large CM energy
• Need to connect to s=>0 for conventional 

[magnetic, electric] dipole moments 
interpretations…….
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# of tau’s vs Br & Asymm
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THE POWER OF EXPTAL DATA
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CONSTRAINTS: TIGHTENING EXPT’S
NOOSE AGAINST SPECIFIC MODELS
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The wealth and power of the 
experimental data

• Our version of RPV3 ability considerably 
clipped over the past 2 decades

• And potentially may face trouble
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constraints
• Direct searches via   =

Indirect constraints considered due B=>т ν; π т ν; 
π(K) ν ν….

Also BC =>тν….

To a/c (within 1σ) of expt for RD(*) needs largish λ’333 ~1 – 2  range
with quite heavy sbottoms but such large couplings develop landau 
pole below GUT scale.We require couplings stay perturbative below

GUT so with λ’333 < ~1 ,  

TAKE HOME: This version of RPV is actually (surprisingly)  well 
constrained

With improved measurements RD(*) in RPV3 may be difficult
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RPV3 allows
RD=(.254-.371)

RD*=(.220-.320)
Contrast Fuentes-

Martin:

HFAG  dec2016
RD=.403+-
.040+-.024 
RD*=.310+-
.015+-.008

LHCb 06/06/17
RD* 0.305

Ensured that all RPV3 couplings 
stay perturbative up to GUT

all constraints……RPV(blue) region obtained by scanning with 
sbottom mass 680-1000Gev, 0<λ333<2;|λ323|<0.1;|λ313|<0.3 

….
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Summary + Outlook
• Although over 3 sigma anomalies in each class of sl cc, fcnc and in g-2 ; DO NOT THINK as 

yet THESE PROVIDE COMPELLING EVIDENCE FOR LUV
• In each case have reservations….A plausible resolution may well be few exptal

results suffer from few sigma fluctuations and also possibly underestimated 
theory errors….

• Need improvements in theory and even more so  in expt.  For example for RD(*) 
possibility of appreciable systematic difference between tau => l nu nu and tau 
=> hadrons + nu must be resolved..This requires more data

• Belle-II, Lhcb-Run II [upgrade] and new Fermilab g-2 expt[X2BNL already!] are all 
very timely for clarifications on these anomalies.

• In particular. Belle-II, huge new gorilla for searching NP esp via intensive tau 
studies

• For e.g. tau => K0 pi+- nu precise rate via on and off the lattice seems a very 
interesting target to search for BSM; also via CP-violating observables

• Current anomalies esp. motivate LFV searches in tau decays to mu gamma, 3 mu, 
mu phi , mu + hh….;B=>K mu tau…;Bs=>phi mu tau, mu tau…

• tau pair production and decays to multitude of states can be used for CP violation 
(and conserving) studies via intrinsic tau-dm…may get bounds <10^-20 ecm

• Very good chance that in the next ~5 years, via IF machines, LHCb, Belle-
II, STCF along with precise computations …major advances in our  
understandings of Particle Physics will be made
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XTRA
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items

• Physics is an exptal science
• Iijima + LHCb + STCF
• BelleII + LHCb, RUN I + II + III…and upgrades+ STCF
• Adventures with IF
• Signs of BSM: pros + cons 
• No-go theorem(s)……… and their nullification(s)
• 3 illustrtative topis
• A) tau => nu + Ks + pi+-
• B) tau + LFV: tau => 3 mu, mu + gamma, mu+ ee; B=>K 

mu tau……..
• C) seeking signs of (E,M) dipole moments
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