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1.   Introduction and Motivation 



1.1  τ-decays 

•  τ lepton discovered in 1976 by M. Perl  
et al. (SLAC-LBL group) 
 

–  Mass : 

–  Lifetime :  

•  The only lepton heavy enough    
to decay into hadrons :  
lots of semileptonic decays ! 

•  Very rich phenomenology but 
–  Precise measurements needed 
–  Have the hadronic uncertainties under control 

 Tests of QCD and EW interactions 
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Including QED &
QCD corrections:

Naive prediction:

•  A lot of progress in tau physics since its discovery on all the items described 
before         important experimental efforts from  
LEP, CLEO,	B	factories:	Babar,	Belle,		
BES,	VEPP-2M,	LHCb,	neutrino	experiments,… 
 

         More to come from LHCb,	BES,		
	VEPP-2M,	Belle	II,	CMS,	ATLAS	

 
 

•  But τ physics has still potential  
“unexplored frontiers” 

 deserve future exp. & th. efforts 
 
 
 

•  In the following, some selected examples and the conference will give more! 
 

 

 
 
 

 

 

1.3  τ   lepton as a unique probe of new physics 

Experiment Number of τ  pairs 

LEP ~3x105 

CLEO ~1x107 

BaBar ~5x108 

Belle ~9x108 

Belle II ~1012 
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1.1  τ-decays 

•  τ lepton discovered in 1976 by M. Perl  
et al. at SLAC-LBL 
 

–  Mass : 

–  Lifetime : 

•  The only lepton heavy enough    
to decay into hadrons :  
lots of semileptonic decays ! 

 Very rich phenomenology  
 Test of QCD and EW interactions 

 
•  For the tests: 

–  Precise measurements needed 
–  Hadronic uncertainties under control 

  

•  Very rich phenomenology but 
–  Precise measurements needed 
–  Have the hadronic uncertainties under control 

 Tests of QCD and EW interactions 
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1.2  τ   lepton as a unique probe of new physics 

•  In the quest of New Physics, can be sensitive to 
very high scale: 

–  Kaon physics:  
 
 
–  Tau Leptons:  
 
 
 
 

•  At low energy: lots of experiments e.g., 
BaBar, Belle, BESIII, LHCb           important 
improvements on measurements and bounds 
obtained and more expected (Belle II, CEPC, FCCe) 

•  In many cases no SM background:  
e.g., LFV, EDMs 
 

•  For some modes accurate calculations of  
hadronic uncertainties essential, e.g. CPV in 
hadronic Tau decays 

 

 
 

 

The new physics flavor scale

K physics: ϵK

sdsd

Λ2
⇒ Λ ! 105 TeV

Charged leptons: µ → eγ, µ → e, etc.

µeff

Λ2
⇒ Λ ! 103 TeV

There is no exact symmetry that can forbid such
operators
All other bounds on NP, like proton decay, maybe due
to exact symmetry

Y. Grossman Charged lepton theory Lecce, May 6, 2013 p. 10
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Tau leptons very important to look for New Physics! 6 
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•  A lot of progress in tau physics since its discovery on all the items described 
before         important experimental efforts from  
LEP, CLEO,	B	factories:	Babar,	Belle,		
BES,	VEPP-2M,	LHCb,	neutrino	experiments,… 
 

         More to come from LHCb,	BES,		
	VEPP-2M,	Belle	II,	CMS,	ATLAS,	

										FCC-ee,	CEPC	

•  Much better efficiency at CEPC than Belle II 
similar when comparing LEP with B factories 

                               CEPC wonderful for τ physics  
 

•  But τ physics has still potential  
“unexplored frontiers” 

 deserve future exp. & th. efforts 
 
 

•  In the following, some selected examples 

 

 
 
 

 

 

1.2  τ   lepton as a unique probe of new physics 

Experiment Number of τ  pairs 

LEP ~3x105 

CLEO ~1x107 

BaBar ~5x108 

Belle ~9x108 

Belle II ~1012 

CEPC/ 
FCC-ee 

~1.7x1011 
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2.   Lepton Universality 



•  The leptonic decay width: 

 
 
 
 

 
 
 
 

•  Test of µ/e universality: 
 
 

 

2.1  Introduction 
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Experimental inputs: 
 

                            Rates with well-determined  
              treatment of radiative decays 

•  Branching ratios 
•  Tau lifetimes 

  Γ τ l 3( )
Inputs from theory: 
 

                   Radiative corrections  
  
δ RC

Marciano’88 

� �
2 5

2 2
R3 C( ) ( / )

192
1W

WWW Q Q
S

G* o  �F
ll

G ml f m m

3 4 2( ) 1 8 8 12 logf x x x x x x � � � �

� �exp/ 0.9761 0.0028eB BP  r

Non-BF:       0.9725 r 0.0039 

BaBar ‘10:     0.9796 r 0.0039 

150.972561 0.000004 (1632.7 0.5) 10 s
P WW

�  
r r ue
B

B

/(3721,&��'(&$<6 

W

WQW �

,e P� �

,e PQ Q

� �univ 17.814 0.023 % reB
A. Pich                                                                                            W  Physics                                                                                                  3 

WW (Belle),  mW (BesIII) 

Mogens Dam / NBI Copenhagen

Summary of Precisions & Lepton Universality
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Observable Measurement Current precision FCC-ee stat. Possible syst. Challenge

mτ [MeV]
Threshold /

inv. mass endpoint
1776.86 ± 0.12 0.005 0.12 Mass scale

ττ [fs] Flight distance 290.3 ± 0.5 fs 0.005 < 0.040
Vertex detector 

alignment

B(τ→eνν) [%] Selection of τ+τ-,
identification of final 

state

17.82 ± 0.05
0.0001

No estimate;

possibly 0.003
Efficiency, bkg, 

Particle ID
B(τ→μνν) [%] 17.39 ± 0.05

Quantity Measurement Current precision FCC-ee precision

|gμ/ge| Γτ➝μ / Γτ➝e 1.0018 ± 0.0015 
Improvement by a 
factor 10 or more

|gτ/gμ| Γτ➝e / Γμ➝e 1.0030 ± 0.0015 

289 291290
Lifetime [fs]

17.65

17.70

17.75

17.80

17.85

17.90

BF
(τ
➝e

νν
) [

%
]

Lepton universality with 
mτ = 1776.86 ± 0.12 MeV

Today (2018)

FCC-ee

≃

Lepton Universality Tests:

With the precise FCC-ee measurements of lifetime and BRs, mτ

could become the limiting measurement in the universality test
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2.2 FCC-ee prospects (similar results expected for CEPC) 
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u World average
q B(τ→eνν) = 17.82 ± 0.05 % ;    B(τ→μνν) = 17.39 ± 0.05 % 

u Dominated by ALEPH
q B(τ→eνν) = 17.837 ± 0.072 stat ± 0.036 syst %      ;     B(τ→μνν) = 17.319 ± 0.070 stat ± 0.032 syst %

u Three uncertainty contributions were dominant in the Aleph measurement
v Selection efficiency:       0.021  /  0.020 %

v Non-τ+τ- background:    0.029  / 0.020  %

v Particle ID:                          0019   /  0.021  %

q All of these are limited by statistics: size of test samples, etc.

u Prospects at FCC-ee
q Enormous statistics: 

δstat = 0.0001  %

q Systematic uncertainty is hard to (gu)estimate at this point.

v Depends intimately on the detailed performance of the detector(s)

§ At the end of the day, between LEP experiments, δsyst varied by up to a factor 3

- Lesson: Design your detector with care!

Let me put here as a placeholder a suggested factor 10 improvement wrt ALEPH:

δsyst = 0.003  %      

Tau Leptonic Branching Fractions

28/09/2018Tau2018, Amsterdam 17

M.	Dam@Tau’18 



 
 
 
 
 

•  Summary of the studies at FCC-ee (similar results expected for CEPC) 
 

 

2.2  Prospects for CEPC 
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•  Test of µ/e universality: 

 
 

•  Tested at 0.14% from Tau leptonic Brs! (0.28% in Z decays)  
•  Can be improved by a factor of 10 or more at CEPC 

 

2.3  Lepton Universality µ/e
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Can be improved by a factor of 10  
or more at CEPC 



•  Test of µ/e universality: 

 
 
 

•  Tested at 0.14% from Tau leptonic Brs! (0.28% in Z decays)  
•  What about the third family? 

2.3  Lepton Universality µ/e

13 Emilie Passemar 

K K

W W

eB

B B

W P W

W S S P

W P

W P

W Wo

o o

o o

o o

* *

* *

1.0011 0.0015

0.9962 0.0027

0.9858 0.0070

1.034 0.013

r

r

r

r

/g gW P

1.0018 0.0014

1.0021 0.0016

0.9978 0.0018

1.0010 0.0025

0.996 0.010

o

o

o

o

o

K K

K K

W W

e

e

e

e

e

B B
B B
B B
B B

B B

W P W

S P S

P

SP S

P

o o

o o

o o

o o

o o

/ eg gP

W W e

B
B B
W P P W

W

W Wo

o o

1.0029 0.0015

1.031 0.013

r

r

/ eg gW

Charged  Current  Universality 

A. Pich                                                                                            W  Physics                                                                                                  4 

K K

W W

eB

B B

W P W

W S S P

W P

W P

W Wo

o o

o o

o o

* *

* *

1.0011 0.0015

0.9962 0.0027

0.9858 0.0070

1.034 0.013

r

r

r

r

/g gW P

1.0018 0.0014

1.0021 0.0016

0.9978 0.0018

1.0010 0.0025

0.996 0.010

o

o

o

o

o

K K

K K

W W

e

e

e

e

e

B B
B B
B B
B B

B B

W P W

S P S

P

SP S

P

o o

o o

o o

o o

o o

/ eg gP

W W e

B
B B
W P P W

W

W Wo

o o

1.0029 0.0015

1.031 0.013

r

r

/ eg gW

Charged  Current  Universality 

A. Pich                                                                                            W  Physics                                                                                                  4 



•  What about the third family? 

 
 
 
 
•  Universality tested at 0.15% level and good agreement except for   

–  W decay old anomaly  
–  B decays  

 
 

2.4  Lepton Universality τ/µ
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1.0010 ± 0.0015 

Updated with HFAG’17	

0.9860 ± 0.0070 

0.9961 ± 0.0027 

1.0000 ± 0.0014 

1.0029 ± 0.0015 

Updated with HFAG’17	

See talks in this morning Flavour session 

Can be improved by a factor of 10  
or more at CEPC 



3.   Charged Lepton-Flavour Violation  



3.1  Introduction and Motivation 

•  Lepton Flavour Number is an « accidental » symmetry of the SM (mν=0) 
 

•  In the SM with massive neutrinos effective CLFV vertices are tiny  
due to GIM suppression          unobservably small rates! 
 
E.g.:  

	
	
	
	

•  Extremely clean probe of beyond SM physics 

•  In New Physics models: seazible effects 
Comparison in muonic and tauonic channels of branching ratios, 
conversion rates and spectra is model-diagnostic 
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 µ → eγ

  
Br µ → eγ( ) = 3α

32π
U µi

*

i=2,3
∑ Uei

Δm1i
2

MW
2

2

< 10−54

  e, µ µ ,τ

  Br τ → µγ( ) < 10−40⎡⎣ ⎤⎦

Petcov’77, Marciano & Sanda’77, Lee & Shrock’77… 



3.1  Introduction and Motivation 

•  In New Physics scenarios CLFV can reach observable levels in several 
channels 

 
 
 
 
 
 

•  But the sensitivity of particular modes to CLFV couplings is model 
dependent 

•  Comparison in muonic and tauonic channels of branching ratios, 
conversion rates and spectra is model-diagnostic 
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Lepton Flavor Violation in example BSM models 
� Neutrino-less tτ decays:  optimal hunting ground for non-Standard Model LFV effects

� Topologies are similar to those of tτ hadronic decays

� Current limits (down to ~ 10-8), or limits anticipated at next generation e+e- colliders, directly
confront many New Physics models

David Hitlin    1st Conference on CFLV - Lecce

3

May 8, 2013

Talk by D. Hitlin @ CLFV2013 



3.2  CLFV processes: tau decays 

•  Several processes: 
	
 

 
 

 
 
 

•  48 LFV modes studied at Belle and BaBar 

•   
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   τ → ℓγ ,  τ → ℓα ℓβℓ β ,  τ → ℓY
  P ,  S,  V ,  PP , ...



3.2  CLFV processes: tau decays 

Emilie Passemar 
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•  Several processes: 
	
 

 
 

 
 
 

•  Expected sensitivity 10-9 or better at LHCb, Belle II, HL-LHC, CEPC?  

•   
 



3.3  Prospects for radiative and leptonic tau LFV 
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•   
 

	
 

 
 

 

•  Bounds on τ  →  3µ can be rescaled compared to LEP experiments, no 
background (is it really the case?) 

 
 
 

•  For τ  → µγ situation needs to be studied because of the background    
mainly radiative events (IRS+FSR) e+e- → ττ γ  

 
 
  

Mogens Dam / NBI Copenhagen 28/09/2018Tau2018, Amsterdam
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LFV τ decays
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LFV τ decays

π-

τ+
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π-ν
Tag side

μ+

γ
Signal side

π-

τ+

τ-

π+

π-ν Tag side

μ+

Signal side
μ+
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Br ≤ 10-10   

Br ≤ 2 X 10-9   based on 1.7 x 1011 τ+τ-  events at FCC-ee,  
   

M.	Dam@Tau’18 

M.	Dam@Tau’18 



3.3  Prospects for radiative and leptonic tau LFV 
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Br ≤ 10-10   M.	Dam@Tau’18 
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τ → μγ Study – The signal
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Signal events

u Generate signal events with pythia8: e+e- → Z → τ+τ-(γ), with τ- → μ-γ

In order to de-correlate the E and m variables, 
this mass, mγμ, is in fact the measured mass
scaled by measured energy over beam energy:

mγμ = mraw x (Eγμ/Ebeam)

Smear with assumed FCC-ee detector 
resolutions:
• Muon momentum [GeV]

σ(pT)/pT = 2x10-5 x pT⊕ 1x10-3

• Photon ECAL energy [GeV]
σ(E)/E = 0.165/√E ⊕ 0.010/E ⊕ 0.011

• Photon ECAL spatial
σ(x) = σ(y) = (6/E ⊕ 2) mm

2σ contours

From this, determine FCC-ee effective
detector resolution for τ → μγ

σ(mγμ) = 26 MeV;     σ(Eγμ) =  850 MeV

Study	for	FCC-ee	by	M.	Dam@Tau’18 



3.3  Prospects for radiative and leptonic tau LFV 

 
 
 

•   
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τ → μγ Study – The background
u Background: Generate 5 x 108 events e+e- → Z → τ+τ-(γ) → (μ+νν)(μ-νν)(γ)

q 1 x 109 τ → μνν decays corresponding to
v 5.7 x 109 τ decays from 8.4 x 1010 Z decays

u Study all μ and γ combinations
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3.4  CLFV processes: tau decays 
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   τ → ℓγ ,  τ → ℓα ℓβℓ β ,  τ → ℓY
  P ,  S,  V ,  PP , ...
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•  Several processes: 
	
 

 
 

 

•  Similar sensitivity for CEPC and FCC-ee as Belle II for τ  → µγ:  
Br(τ  → µγ) ~ 2 X 10-9, better for τ  →  3µ : Br(τ  →  3µ) ~ 10-10  

•   
 



3.4  Model discriminating power of Tau processes 
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•  Summary	table:	

 
	

•  In addition to leptonic and radiative decays, hadronic decays are very 
important        sensitive to large number of operators! 

•  BSM scenarios explaining B anomalies predict sizeable τ  → µϕ  

Discriminating power: τLFV matrix
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•  Build	all	D>5	LFV	operators:	

		
Ø  Dipole:	

	
Ø  Lepton-quark	(Scalar,	Pseudo-scalar,	Vector,	Axial-vector):	

	
	

	
Ø  Lepton-gluon	(Scalar,	Pseudo-scalar):	

	

Ø  4	leptons	(Scalar,	Pseudo-scalar,	Vector,	Axial-vector):	
	
•   Each	UV	model	generates	a	specific	paQern	of	them	

	
	
	

•   
 

Effective Field Theory approach 
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L = LSM + C (5)

Λ
O (5) +

Ci
(6)

Λ 2 Oi
(6)

i
∑ + ...
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See	e.g.		
Black,	Han,	He,	Sher’02	
Brignole	&	Rossi’04	
Dassinger	et	al.’07	
Matsuzaki	&	Sanda’08	
Giffels	et	al.’08	
Crivellin,	Najjari,	Rosiek’13	
Petrov	&	Zhuridov’14	
Cirigliano,	Celis,	E.P.’14	
 
    

Leff
D ⊃ −

CD

Λ 2 mτ µσ
µν PL,RτFµν

   
Leff

S ⊃ −
CS ,V

Λ 2 mτ mqGFµ  ΓPL,Rτ  qΓq

   
Leff

G ⊃ −
CG

Λ 2 mτGFµPL,Rτ  Gµν
a Ga

µν

    
Leff

 4ℓ ⊃ −
CS ,V

4ℓ

Λ 2 µ  ΓPL,Rτ  µ  ΓPL,Rµ

 Γ ≡ 1 ,γ µ



4.   LFC processes: CPV in tau decays 



4.1  Introduction 

•  CP violation measured in K and B decays          in agreement with SM 
 

•  Not enough CP violation to explain asymmetry matter/anti-matter�

•  Look elsewhere: 
–  Neutrinos 
–  Charged leptons  
–  Electric dipole moments  

 

•  Aim: pin down new sources of CPV in the lepton sector and discriminating 
between NP scenarios 

 

•  Study of tau decays:  
–  CPV in tau pair production (e+e- → τ+τ-)          EDM 
–  CPV in hadronic tau decays 

•  SM source:         K-Kbar mixing           NP source: In the vertex 
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4.2  EDM of the Tau 
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•  Probe to test new sources of CP violation 

 
 
 

•  CPV in tau pair production  
(e+e- → τ+τ-)          EDM 

•  Very challenging  
measurement for τ�

•  Measured using spin  
correlations of decay product 
of taus 

•  Help of polarized beams? 

d
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�

dx dy d cos ✓

=

↵ M

5
⌧ G

2
F y

p
x

2 � 4r

2

2⇡(4⇡)

6
G0(x, y, cos ✓, r)

M. Passera   TAU2012   Nagoya   Sep 18 2012

 The tau g-2 via its radiative leptonic decays: a proposal

Tau radiative leptonic decays at LO:

Add the contribution  of  the effective 
coupling and the QED corrections: 

Measure d3Γ precisely and get  ãτ !                        

G0 ! G0 + ã⌧Ga +
↵

⇡
GRC

x =
2El

M⌧
, y =

2E�

M⌧
, r =

ml

M⌧

14

�(⌧� ! e� ⌫̄e ⌫⌧ �)
�

total

����
E�>10MeV

= 1.823% vs 1.75(18)%

�(⌧� ! µ� ⌫̄µ ⌫⌧ �)
�

total

����
E�>10MeV

= 0.364% vs 0.361(38)%
CLEO 2000

Kinoshita & Sirlin PRL2(1959)177; Kuno & Okada, RMP73(2001)151
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EDMs as probes of new physics
1. Essentially free of SM “background” (CKM) *1

*1 Observation would signal new physics or a tiny QCD  θ-term (< 10-10).                     
Multiple measurements can disentangle the two effects 

EDMs and T(CP) violation                      
in the LHC era

P and T violation:  

d ∝ J
→ →

EDMs and T(CP) violation                      
in the LHC era

P and T violation:  

d ∝ J
→ →

No SM background 

Emilie Passemar 

From V. Cirigliano 
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↵

⇡
GRC

x =
2El

M⌧
, y =

2E�

M⌧
, r =

ml

M⌧

14

�(⌧� ! e� ⌫̄e ⌫⌧ �)
�

total

����
E�>10MeV

= 1.823% vs 1.75(18)%

�(⌧� ! µ� ⌫̄µ ⌫⌧ �)
�

total

����
E�>10MeV

= 0.364% vs 0.361(38)%
CLEO 2000

Kinoshita & Sirlin PRL2(1959)177; Kuno & Okada, RMP73(2001)151

4.2  EDM of the Tau 
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•  The squared spin density matrix for e+(p) e-(-p) → γ* → τ+(k,S+) τ-(-k,S-) 

 
 
 

•  Study of spin momentum correlations:  

  

 

�

•  Polarized beams will help since the decay products of only one tau could 
be studied   Bernabeu, Gonzalez-Sprinberg, Vidal’04,’07 

 
 

•  Radiative decay possibility  
Eidelmana, Epifanov, Fael, Mercolli, Passera’16 
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unpolarized electron beam, one could access the imaginary part of the form factor by measuring
the polarization of the normal to the scattering plane of a single ⌧ , while the real part requires
to measure the correlations between the decay products of both ⌧ . Using polarized beams o↵ers
the possibility to study the polarization of only one ⌧ , the real part being in this case determined
by studying the transverse and longitudinal polarizations of a single ⌧ .

A study has already been done for a future flavour factory showing that with 1010 ⌧+⌧�

pairs the estimated sensitivity is of order 10�6 [15].

0.0.2 Electric Dipole Moment of the ⌧

Since CP violation has been discovered in the 1960s, there has been experimental e↵orts to
try to measure the electric dipole moments (EDMs) of leptons, neutron, atoms and molecules.
As EDMs violate both parity and time reversal symmetries, their values yield a mostly model-
independent measure (assuming CPT symmetry is valid) of CP-violation in nature. Therefore,
values for these EDMs place strong constraints upon the scale of CP-violation that extensions of
the SM may allow. New sources of CP violation is one essential ingredient to lead to a successful
electroweak baryogenesis to account for the baryon asymmetry of the universe. Hence EDMs are
very interesting quantities to study since if they are observed, that would be a clear indication
of the existence of new sources of CP violation [17], the SM prediction being at an unobservable
rate. Indeed, a fundamental EDM in the SM can only be generated at three loop level [20].

While strong experimental limits have been placed on the electron [18] and muon [19] EDMs
giving stringent constraints on ND [17, 21], the measurement of the tau EDM su↵ers the same
di�culty as the measurement of its anomalous magnetic moment: the tau lifetime is too short!
The best current limit comes from the Belle collaboration that has searched for CP violating
e↵ects in the process e+e� ! �⇤ ! ⌧+⌧� using triple momentum and spin correlations of the
decay products.

Indeed the matrix element for the process e+e� ! �⇤ ! ⌧+⌧� is given by the following sum:

M2 = M2
SM +Re(d⌧ )M2

Re + Im(d⌧ )M2
Im + |d⌧ |2M2

d2 , (2)

withM2
SM the SM contribution,M2

d2 the squared EDM contribution and Re(d⌧ )M2
Re, Im(d⌧ )M2

Im
the interference between them with Re(d⌧ ) the real part of the ⌧ EDM and Im(d⌧ ), the imag-
inary part. These interference terms contain the following combinations of spin-momentum
correlations:

M2
Re / (S+ ⇥ S�) · k̂, (S+ ⇥ S�) · p̂, (3)

M2
Im / (S+ � S�) · k̂, (S+ � S�) · p̂,

where S± is a ⌧± spin vector, and k̂ and p̂ are the unit vectors of the ⌧� and e� momenta in
the center of mass of the system respectively. These terms are CP-odd since they change sign
under a CP-transformation. Using this method the following limit at 95% confidence level is
obtained [23]:

�0.22 < Re (d⌧ ) < 0.45 (10�16e · cm) , � 0.25 < Im (d⌧ ) < 0.08 (10�16e · cm) (4)

The limit on the real part of d⌧ comes from a CP-odd and T-odd observable, while for con-
straining the imaginary part of d⌧ a CP-odd and T-even observable is used. Having a polarized
beam will allow in the same way as for a⌧ to set limits on these observables using only the decay
products of a single polarized ⌧ .
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•  The squared spin density matrix for e+(p) e-(-p) → γ* → τ+(k,S+) τ-(-k,S-) 

 
 
 

•  Study of spin momentum correlations:  
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•  Polarized beams will help since the decay products of only one tau could 
be studied   Bernabeu, Gonzalez-Sprinberg, Vidal’04,’07 

 
 

•  Radiative decay possibility  
Eidelmana, Epifanov, Fael, Mercolli, Passera’16 

4.2  EDM of the Tau 
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unpolarized electron beam, one could access the imaginary part of the form factor by measuring
the polarization of the normal to the scattering plane of a single ⌧ , while the real part requires
to measure the correlations between the decay products of both ⌧ . Using polarized beams o↵ers
the possibility to study the polarization of only one ⌧ , the real part being in this case determined
by studying the transverse and longitudinal polarizations of a single ⌧ .

A study has already been done for a future flavour factory showing that with 1010 ⌧+⌧�

pairs the estimated sensitivity is of order 10�6 [15].

0.0.2 Electric Dipole Moment of the ⌧

Since CP violation has been discovered in the 1960s, there has been experimental e↵orts to
try to measure the electric dipole moments (EDMs) of leptons, neutron, atoms and molecules.
As EDMs violate both parity and time reversal symmetries, their values yield a mostly model-
independent measure (assuming CPT symmetry is valid) of CP-violation in nature. Therefore,
values for these EDMs place strong constraints upon the scale of CP-violation that extensions of
the SM may allow. New sources of CP violation is one essential ingredient to lead to a successful
electroweak baryogenesis to account for the baryon asymmetry of the universe. Hence EDMs are
very interesting quantities to study since if they are observed, that would be a clear indication
of the existence of new sources of CP violation [17], the SM prediction being at an unobservable
rate. Indeed, a fundamental EDM in the SM can only be generated at three loop level [20].

While strong experimental limits have been placed on the electron [18] and muon [19] EDMs
giving stringent constraints on ND [17, 21], the measurement of the tau EDM su↵ers the same
di�culty as the measurement of its anomalous magnetic moment: the tau lifetime is too short!
The best current limit comes from the Belle collaboration that has searched for CP violating
e↵ects in the process e+e� ! �⇤ ! ⌧+⌧� using triple momentum and spin correlations of the
decay products.

Indeed the matrix element for the process e+e� ! �⇤ ! ⌧+⌧� is given by the following sum:

M2 = M2
SM +Re(d⌧ )M2

Re + Im(d⌧ )M2
Im + |d⌧ |2M2

d2 , (2)

withM2
SM the SM contribution,M2

d2 the squared EDM contribution and Re(d⌧ )M2
Re, Im(d⌧ )M2

Im
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Belle’02 

Prospects for CEPC? 



 
 
 

•    

 
 
 

•  Experimental measurement : 

•  CP violation in the tau decays should be of opposite sign compared to the 
one in D decays in the SM 
 
 

BaBar measurement: Rate asymmetry 
BaBar measures the CP rate asymmetry in the decay    
 
 
Observable 
Selection 

   one Ks, one charged track not identified as Kaon 
    up to 3 T0’s, tag-side is e or Q��

Observed level asymmetry 
 
 
 
 
 
Correction 1 

The asymmetry arises from the different K0 and anti-K0 nuclear cross section 
The asymmetry is corrected by –(0.07 +/- 0.01) % 
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0 0( 0 )SK WW S S Qr ro t

Tag-mode N(T+Ks) N(T-Ks) Aobs 

e-tag 99,222  ev. 99,842     ev. (-0.32+/-0.23)% 

Q�tag 70,233  ev. 70,369     ev. (-0.05+/-0.27)% 

0 0

0 0

( ) ( )
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Cp
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K K
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4.3   τ → Kπντ CP violating asymmetry
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AQ =

Γ τ + →π +KS
0ντ( ) − Γ τ − → π −KS

0ντ( )
Γ τ + →π +KS

0ντ( ) + Γ τ − → π −KS
0ντ( )

00 0
SK p K q K= +

00 0
LK p K q K= −

   KL KS = p
2
− q

2
! 2Re ε K( )

2 2= -p q ( )0.36 0.01 %≈ ±
Bigi & Sanda’05 
in the SM 

Grossman & Nir’11 

  
AQ exp = -0.36 ± 0.23stat ± 0.11syst( )%  2.8σ from the SM! 

BaBar’11 

Grossman & Nir’11 

  
AD =

Γ D+ →π +KS
0( ) − Γ D− → π −KS

0( )
Γ D+ →π +KS

0( ) + Γ D− → π −KS
0( )  = -0.54 ± 0.14( )% Belle, Babar,  

CLEO, FOCUS 
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4.3  τ → Kπντ CP violating asymmetry
 

•  New physics? Charged Higgs, WL-WR mixings, leptoquarks, tensor 
interactions (Devi, Dhargyal, Sinha’14, Cirigliano, Crivellin, Hoferichter’17)?    								

	
	
	
	
•  Need to investigate how large can be the prediction in realistic new physics 

models: it looks like a tensor interaction can explain the effect  
but in conflict with bounds from neutron EDM and DD mixing           	

	
 
                 light BSM physics?  
 
•  Anomaly should be confirmed :  

 
 

Bigi’Tau12 

Very difficult to explain!  
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Cirigliano, Crivellin, Hoferichter’17 

Prospects for CEPC? 



  
Kπ  sγ µu 0 = pK − pπ( )µ +

ΔKπ

s
pK + pπ( )µ

⎡

⎣
⎢

⎤

⎦
⎥  f+ (s) −

ΔKπ

s
pK + pπ( )µ  f0(s)

4.3  τ → Kπντ CP violating asymmetry
	

•  In this measurement, need to know hadronic part          form factors 
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vector scalar with 
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  s = Q2 = ( pK + pπ )2

  ΔKπ = MK
2 − Mπ

2( ) See talk by S. Gonzalez-Solis 



4.3  τ → Kπντ angular CP violating asymmetry
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•  Measurement of the angular CP asymmetry from Belle:  

–                                : kinematic factors 

–  Angles:  
in Kπ rest frame 

•  β: angle between kaon and e+e- CMS frame 
•  Ψ: angle between τ and CMS frame 
 

in τ rest frame 
•  θ: angle between τ direction in CMS and  

direction of Kπ system (dependence with Ψ) 

 
 
  
 

 
 

CP violating term 
S-P interference    A(Q2 ),  B(Q2 ),  C(Q2 )

   

dΓ τ - → Kπ −ντ( )
d Q2 d cosθ  d cosβ

= A(Q2 ) − B(Q2 ) 3cos2ψ −1( ) 3cos2 β −1( )⎡⎣ ⎤⎦ f+ (s)
2

                                     + mτ
2 !f0(s)

2
−C(Q2 )cosψ cosβ Re f+ (s) !f0

*(s)( )
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dΓ τ - → Kπ −ντ( )
d Q2 d cosθ  d cosβ

= A(Q2 ) − B(Q2 ) 3cos2ψ −1( ) 3cos2 β −1( )⎡⎣ ⎤⎦ f+ (s)
2

                                     + mτ
2 !f0(s)

2
−C(Q2 )cosψ cosβ Re f+ (s) !f0

*(s)( )

4.3  τ → Kπντ angular CP violating asymmetry
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•  Measurement of the angular CP asymmetry from Belle:  

–                                  : kinematic factors 

 
 
  
 

 
 

CP violating term 
S-P interference    A(Q2 ),  B(Q2 ),  C(Q2 )

+

   
!f0(s) = f0(s) + η 2

mτ
2 fH (s) with 0( ) ( )H

u s

sf s f s
m m

=
−

Khün & Mirkes’05 

Charged Higgs contribution 
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( ) ( ) ( ) 0K  s u 0 =  ( )  ( )K K
K K Kp p p p f s p p f s

s s
π π

µ π π πµ µ µ
π γ +

Δ Δ⎡ ⎤− + + − +⎢ ⎥⎣ ⎦

4.3  τ → Kπντ CP violating asymmetry
	

•  In this measurement, need to know hadronic part            form factors 
 
	
	
	
	
	
	
	
	
	
	

	
	

	
•  Up to now know from decay spectrum but difficult to disentangle scalar and 

vector form factor         consider the FB asymmetry instead  

•  Formula: can disentangle scalar and vector FF easily 
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vector scalar with 

( ) ( )
( ) ( )FB

cos -cos
cos -cos

d d
A

d d
θ θ
θ θ

Γ − Γ
=

Γ + Γ
Beldjoudi & Truong’94 
Moussallam, B2TIP 
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Never done before: 
Feasible at CEPC? 

K0 

K0 K0 

K0 

K K 

K 

K0 
K 

  s = Q2 = ( pK + pπ )2

 
cos δ1

1/2 − δ 0
1/2( )



Belle (Conti.) 

Result 
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3 2(1.8 2.1 1.4) 10 1.0CPA x at W Q GeV� r r  |

Phys. Rev. Lett.  
107,131801 (2011) 

4.3  τ → Kπντ CP violating asymmetry

•  Measurement of the direct contribution of NP in the angular CP violating 
asymmetry done by CLEO and Belle 
						Belle does not see any asymmetry at the 0.2 - 0.3% level  
 
 
 
 
 
 
 
 
 
 
 

•  Problem with this measurement?            It would be great to have other 
experimental measurements from Belle II or CEPC 
	
 

Belle’11	
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3. Three hadron system 
References: 
 
 
e.g: 

 
Possible Jp states for 0-+0-+0-  system 

      0-,  1+,  1-   
4 Hadronic Form Factors 

Axial Vector   F1(Q2,s1,s2): K*f,  F2(Q2,s1,s2); h K           B1,B2  
Vector           F3(Q2,s1,s2)                           B3 

Pseudo-Scalar  F4(Q2,s1,s2)                         B4 
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 K. Kiers,K.Little,A. Datta, D. London et al., 
Phys. Rev. D78, 113008 (2008). 
Tau2012 proceeding by K. Kiers 
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4.4  Three body CP asymmetries 
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•  Ex:	τ → Kππντ 
 
 
 
 
 
•  A variety of CPV observables can be studied :  

τ → Kππντ, τ → πππντ rate, angular asymmetries,  
triple products,….     
 

Same principle as in charm, see Bevan’15 
 
Difficulty : Treatement of the hadronic part 
Hadronic final state interactions have to be taken into account! 
          Disentangle weak and strong phases 

	
•  More form factors, more asymmetries to build but same principles as for 2 

bodies 
 

 
 
 
 
 

e.g., Choi, Hagiwara and 
Tanabashi’98 
Kiers, Little, Datta,  
London et al.,’08 
Mileo, Kiers and, Szynkman’14 
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5.   Conclusion and outlook 
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Conclusion and outlook 

•  CEPC would be a fantastic machine for studying tau physics  

•  In the tau Working Group we select several topics to study in priority where 
CEPC would have a great impact: 
Ø  Lepton Universality and tau leptonic BRs 
 

Ø  LFV bounds: τ  →  3µ and τ  → µγ  

Ø  CPV in the tau sector: There is a hint of new dynamics in CPV 
asymmetries in the tau sector  
BaBar result does not agree with SM expectation but needs to be 
confirmed           A lot of new measurements possible (ACP, AFB, etc.) to 
shed light on CP violation  

 

Ø  EDM, g-2 of the tau also very interesting to study but difficult 
 
 

•  Several interesting topics I did not address: study of hadronic τ decays  
Ø  Inclusive for αS, |Vus| and ms 
Ø  Exclusive for form factors extraction, |Vus|, resonances etc.. 
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Conclusion and outlook 

•  CEPC would be a fantastic machine for studying tau physics  

•  In the tau Working Group we select several topics to study in priority where 
CEPC would have a great impact: 
Ø  Lepton Universality and tau leptonic BRs 
 

Ø  LFV bounds: τ  →  3µ and τ  → µγ  
 

Ø  CPV in the tau sector: There is a hint of new dynamics in CPV 
asymmetries in the tau sector  
BaBar result does not agree with SM expectation but needs to be 
confirmed           A lot of new measurements possible (ACP, AFB, etc.) to 
shed light on CP violation  

 

Ø  EDM, g-2 of the tau also very interesting to study but difficult 
 
 

•  At present the only study that exists come from FCC-ee simulations  
        we are hoping to work on sensitivity studies on all these topics within       

              the next months 

Emilie Passemar 41 


