
The 16th International Workshop on 

Tau Lepton Physics (TAU2021)

Searching For Lepton Flavor Violating Interactions

At Future Electron-positron Colliders

arXiv:2107.00545

1

Presented by:

Reza Jafari∗

In Collaboration with:

S. M. Etesami, M. Mohammadi Najafabadi , S. Tizchang

School of  Particles and Accelerators, IPM

1 Oct. 2021
* jafari@ipm.ir

https://arxiv.org/abs/2107.00545
mailto:jafari@ipm.ir


MOTIVATION & INTRODUCTION

 In the SM neutrinos are massless  LFV interactions are forbidden.

 Neutrino oscillations have been observed Neutrinos are massive.

 This leads to LFV.  But … 

 An increase of several orders of magnitude is predicted in some SM extensions. [arXiv:0406039]
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Any detection of LFV signal → Clear evidence for BSM  

[arXiv:1912.09862]

 So far, no cLFV has been observed and there are 

several strong constraints from various experiments.

 The Belle II prospect at 90% CL with 50 𝒂𝒃−𝟏 :
arXiv:1808.10567

https://arxiv.org/abs/hep-ph/0406039
https://arxiv.org/abs/1912.09862
https://arxiv.org/abs/1808.10567


THEORETICAL FRAMEWORK

 The effective Lagrangian and the relevant operators:[arXiv:9909265]
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Scalar type

Vector type

Four Fermi contact interactions (eee𝝉) Six chirality conserving operators

If the new degrees of freedom contributing to LFV are heavy enough, the LFV

couplings could be reasonably parameterized via the effective contact interactions.

https://arxiv.org/abs/hep-ph/9909265


DATA SIMULATION
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 The theoretical cross section of 𝒆−𝒆+ → 𝒆±𝝉∓ : 
[arXiv: 0611222]

 ISR effects are considered using the MGISR plugin
[arXiv:1705.04486]

[arXiv:1804.00125]

https://arxiv.org/abs/0611222
https://arxiv.org/abs/1705.04486
https://arxiv.org/abs/1804.00125


ANALYSIS STRATEGY

Event selection:

 RelIso < 0.15; The ratio of the sum of 𝑷𝑻 of charged particle tracks inside a cone of size 0.5 

around the electron track to 𝑷𝑻 of the electron.
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 𝑷𝑻 > 𝟐𝟎 GeV for tau

 𝑷𝑻 > 𝟏𝟎 GeV for electron (positron)

 |𝜼| ≤ 𝟐. 𝟓 for all objects

 ∆𝑹 > 𝟎. 𝟓 GeV for all objects

 Exactly 1 tau-tagged jet (Hadronic decay)

 Exactly 1 electron (positron)

 Opposite sign leptons

 Four FCC-ee benchmarks

C.M. Energy 

(GeV)
365 240 162.5 157.5

Integrated luminosity

(𝐚𝐛−𝟏) 
1.5 5 5 5



ANALYSIS STRATEGY

 To enhance the sensitivity, we apply additional cuts  on (for 𝒔 =240 GeV):
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 In order to achieve better sensitivity, the results from four energy benchmarks are combined.

 Comparison to the Belle-ll experiment with  50 𝒂𝒃−𝟏 data [arXiv:1808.10567]

 5% uncertainty on both signal efficiency and on background expectation at 365 GeV:

RESULTS & DISCUSSION

7 [× 𝟏𝟎−𝟗 (𝐆𝐞𝐕−𝟐) ]

https://arxiv.org/abs/1808.10567


THANKS FOR YOUR ATTENTION!
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Other favorite interactions

Leptons and quarks 

𝑒𝑒𝑞𝑞′

Electrons and Higgs-Z

𝑒𝑒𝐻𝑍

BACKUP

 LFV among 1st and 2nd generations: tightly constrained by experimental constraints arising 

from:

However,

 Constraints on LFVs between 𝑒 and 𝜏, and μ and 𝜏 are much looser  eeeτ couplings

 In addition to the 𝑒𝑒𝑒𝜏 four-Fermi contact interactions
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𝜇→3𝑒 at SINDRUM experiment Muon transition to 𝑒𝛾 𝑒−𝜇 conversion

Nucl. Phys. B 299 (1988) arXiv:1605.05081 Eur. Phys. J. C 47, 337-346 (2006)

arXiv: 1602.01698 , 2101.05286 , …

https://www.sciencedirect.com/science/article/abs/pii/0550321388904622
https://arxiv.org/abs/1605.05081
https://link.springer.com/article/10.1140/epjc/s2006-02582-x
https://arxiv.org/abs/1602.01698
https://arxiv.org/abs/2101.05286


 Background processes:

BACKUP
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BACKUP
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BACKUP

 LFV 𝑒𝑒𝑒𝜏 contact interactions previous studies:

The LFV contact operators probed: [arXiv1410.1485]

 Via 𝒆−𝒆+ → 𝒆±𝝉∓process at 𝒔 = 250, 500, 1000, 3000 GeV.

 Considering two main background sources, 𝜏𝜏 and 𝑒𝜏𝜐𝜐.

Similar study at 𝒔 = 250, 500, 1000 GeV: [arXiv1803.10475]

 The effects of polarization beams.

 Detector response 

 The main source of backgrounds of 𝑒𝜏𝜐𝜐.
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Four FCC-ee benchmarks ISR effect

other main backgrounds
statistical data 

combination

 In this study:

https://arxiv.org/abs/1410.1485
https://arxiv.org/abs/1803.10475


BACKUP

 ISR effects are considered using the MGISR plugin (MadGraph5 version: 2.6.6)
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ee 𝜏𝜏 cross section [fb]

Without ISR

[arXiv:1705.04486]

[arXiv:1804.00125]

https://arxiv.org/abs/1705.04486
https://arxiv.org/abs/1804.00125


BACKUP
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BACKUP
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BACKUP
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BACKUP
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 For electrons with 𝑷𝑻 > 𝟏𝟎GeV and |𝜼| ≤ 𝟐. 𝟓, the identification efficiency in the ILD card is 

95%.

 The efficiency in the ILD simulation card is 40% and the tau misidentification rate is assumed 

to be equal 0.1%.

 considering the τ tagging efficiency, a jet is considered potentially as a τ candidate if a 

generated τ exists within a bellow distance from the jet axis.



BACKUP
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 It is notable that the Meτ distribution has different behaviours for c V LL and c V LR which 

arises from the fact that for LL coupling

for RL coupling



BACKUP

 The optimized lower cuts on the energy of electron are obtained to be 78.6, 81.0, 119.7 and 

182.0 GeV for center-of-mass energy of 157.5, 162.5, 240 and 365 GeV, respectively.
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119.7 GeV



BACKUP

About the 𝑒𝑒→𝑗𝑗 background:

 This process contributes to the backgrounds. But …

 The jet fake probability is expected to be 0.1%. 

 The rate of this background is assessed to be less than 5% of the total background 

contributions after event selection criteria.
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BACKUP
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BACKUP

 In order to achieve better sensitivity, the results from four energy benchmarks are combined.

 Comparison to the Belle-ll experiment with  50 𝒂𝒃−𝟏 data [arXiv:1808.10567]

 Comparison to a study at 𝒔 = 𝟏 TeV with beam polarization:  𝑷 𝒆− = 𝟎. 𝟖, 𝑷 𝒆+ = −𝟎. 𝟑
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[arXiv:1803.10475]

https://arxiv.org/abs/1808.10567
https://arxiv.org/abs/1803.10475


BACKUP

Limit setting method 

 The CLs technique is exploited to find upper limits on the signal cross section

 The RooStats package is used to perform the numerical evaluation of the CLs.

 CLs technique:  we define log-likelihood functions 𝑳𝑩𝒌𝒈 and  𝑳𝑺𝒊𝒈𝒏𝒂𝒍+𝑩𝒌𝒈 for the background 

hypothesis, and for the signal+background hypothesis as the multiplication of Poissonian

likelihood functions. 

 The p-value for hypothesis of signal+background and for the background hypothesis are 

determined using the log-likelihood ratio:

 The signal cross section is constrained using 

which is corresponding to 95% CL and 𝐐𝟎 is the expected value of test statistics Q.23



BACKUP
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 Other info:

 There are a variety of theories that give rise to LFV. For instance, additional fermions present in the type III 

seesaw model or in the low-scale seesaw models give rise to large LFV effects

 production rate of the four-fermion interactions grows linearly with the squared center-of-mass energy s, 

and diverge when s → ∞. However, one should note that we are working in a non-renormalizable formalism 

and these operators provide an acceptable description of physics at high energy up to an energy scale Λ. 


