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OUTLINE 



 Present & future limits for LFV processes:  
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OVERVIEW OF LFV SEARCHES 

Process Experiment Limit (𝟗𝟎% 𝑪. 𝑳. ) Year 

𝜇 → 𝑒𝛾 MEGA 𝐵𝑟 < 1.2 × 10−11 2002 

𝜇 + 𝐴𝑢 → 𝑒 + 𝐴𝑢 SINDRUM II Γ𝑐𝑜𝑛𝑣/Γ𝑐𝑎𝑝𝑡 < 7.0 × 10−13 2006 

𝜇 → 3𝑒 SINDRUM 𝐵𝑟 < 1.0 × 10−12 1988 

𝜏 → 𝑒𝛾 BaBar 𝐵𝑟 < 3.3 × 10−8 2010 

𝜏 → 𝜇𝛾 BaBar 𝐵𝑟 < 6.8 × 10−8 2005 

𝜏 → 3𝑒 BELLE 𝐵𝑟 < 3.6 × 10−8 2008 

𝜇 + 𝑁 → 𝑒 + 𝑁 Mu2e Γ𝑐𝑜𝑛𝑣/Γ𝑐𝑎𝑝𝑡 < 6.0 × 10−17 2017? 

𝜇 → 𝑒𝛾 MEG 𝐵𝑟 ≲ 10−13 2011? 

𝜏 → 𝑒𝛾 Super-B 𝐵𝑟 ≲ 10−9 > 2020? 



 The EIC is a proposed high energy, high luminosity electron -

proton/ion collider 

 Is a search for 𝑒 → 𝜏  at the EIC feasible given present limits?  

 What sort of cross sections can be expected and what integrated 

luminosities are needed? 

 Would EIC limits on 𝑒 → 𝜏  be competitive with present and 

future limits from other LFV processes?  

 EIC and Super-B are roughly the same time scale, so 𝜏 → 𝑒𝛾  limits are 

important 

 Present limits on 𝜇 → 𝑒 and 𝜇 → 𝑒𝛾  are already orders of magnitude 

stronger than 𝜏 → 𝑒𝛾  limits and will continue to improve 
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QUESTIONS FOR EIC LFV SEARCH 



 Deep inelastic 𝑒 + 𝑝 → 𝜏 + 𝑋  at the EIC can be described by a 
four-fermion operator 

 Four-fermion operator arises in RPV SUSY and leptoquark 
models when integrating out massive propagators  

 Expected to give larger cross sections than other operators (tree level 
process, no loop or 𝛼  suppression) 

 

 

 

 

 

 Use leptoquarks for an initial analysis of 𝑒 → 𝜏  

 Direct comparison with limits from HERA 
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WHY LEPTOQUARKS? 



 Leptoquarks (LQs) couple leptons and quarks  

 LQs come in many different types:  

 Spin:  0 (scalar) or 1 (vector) 

 Fermion number:  𝐹 = 3𝐵 + 𝐿 = 0, 2 

 𝑆𝑈 2 𝐿  representation:  singlet, doublet, triplet  

 Chirality:  𝐿 - or 𝑅 -handed couplings 

 Buchmuller-Ruckl-Wyler (BRW) parameterization catalogs all 

possible types 

 SM gauge invariant renormalizable Lagrangian gives interactions 

between LQs and fermions 

 14  LQs in all, assuming 𝐿 -  and 𝑅 -handed couplings are 

independent 
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BRW LEPTOQUARK FRAMEWORK 



 High mass approximation: 𝑠 ≪ 𝑀𝐿𝑄
2  

 

 

 

 

 

 

 

 

 

 ZEUS and H1 experiments set limits on these ratios 𝝀𝟏𝜶𝝀𝟑𝜷/

𝑴𝑳𝑸
𝟐  (limits are also taken from various other rare process 

searches)  
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CROSS SECTION 

𝜎𝑠𝑐𝑎𝑙𝑎𝑟
𝐹=0 =

𝑠

32𝜋

𝝀𝟏𝜶𝝀𝟑𝜷

𝑴𝑳𝑸
𝟐

2

  𝑑𝑥𝑑𝑦
1

2
𝑥𝑞 𝛼 𝑥, 𝑥𝑠 +  𝑑𝑥𝑑𝑦

1 − 𝑦 2

2
𝑥𝑞𝛽 𝑥, −𝑢   

𝝀𝟏𝜶 

𝝀𝟏𝜶 

𝝀𝟑𝜷 

𝝀𝟑𝜷 



 Ratios 𝝀𝟏𝜶𝝀𝟑𝜷/𝑴𝑳𝑸
𝟐  are the quantities of interest 

 Suppose 𝑠 = 90 𝐺𝑒𝑉  and 1000 𝑓𝑏−1  integrated luminosity  

 ⇒ probe 𝑒 → 𝜏  cross sections 𝜎 ≳ 0.001 𝑓𝑏  (order 1 events) 

 𝜎 = 0.001 𝑓𝑏  corresponds to the smallest value of 𝝀𝟏𝜶𝝀𝟑𝜷/

𝑴𝑳𝑸
𝟐  to which the EIC would be sensitive in principle  

 These values are generally ∼ 1 − 2 orders of magnitude smaller than 

ZEUS/H1 limits 

 Exact decrease depends on type of LQ, quark generations (𝛼, 𝛽) 

 The EIC surpasses HERA limits because of the larger 

luminosity 

 How do potential EIC limits on 𝝀𝟏𝜶𝝀𝟑𝜷/𝑴𝑳𝑸
𝟐  compare with 

limits on those same ratios from 𝜏 → 𝑒𝛾? 
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EIC SENSITIVITY 



 𝜏 → 𝑒𝛾  decay via leptoquark loops: 

 

 

 

 

 

 

 

 These diagrams are proportional to 𝝀𝟏𝜶𝝀𝟑𝜷/𝑴𝑳𝑸
𝟐  with 𝛼 = 𝛽   

 𝜏 → 𝑒𝛾  limits are only relevant for these “quark flavor-diagonal” cases 
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LEPTOQUARK LOOPS 



 

 

 

 𝑨𝟐
𝑳,𝑹

 are the magnetic moment operator coefficients in the 

general form for the 𝜏 → 𝑒𝛾 ∗  amplitude 

 Calculate 𝑨𝟐
𝑳,𝑹

 coefficients in the limit 𝑚𝑒 , 𝑚𝜏 → 0,                  

𝑚𝑞/𝑀𝐿𝑄 ≪ 1  and extract limits on 𝝀𝟏𝜶𝝀𝟑𝜷/𝑴𝑳𝑸
𝟐  

 Actually obtain a range of possible upper bounds on 𝝀𝟏𝜶𝝀𝟑𝜷/𝑴𝑳𝑸
𝟐  

from 𝜏 → 𝑒𝛾  because of a sum over the quark generations 
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LOOP CALCULATIONS 

𝑅 𝜏 → 𝑒𝛾 ≡
Γ 𝜏 → 𝑒𝛾

Γ 𝜏 → 𝑒𝜈𝑒𝜈𝜏
=
48𝜋3𝛼𝐸𝑀

𝐺𝐹
2 𝑨𝟐

𝑳 2
+ 𝑨𝟐

𝑹 2
≤ 1.85 × 10−7 



 Dashed lines are 𝜏 → 𝑒𝛾  upper bounds 
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ALL RESULTS 

𝝀𝒊𝒋 𝑑𝑅𝑗
𝐶
𝑒𝑅𝑖𝑺 𝟎

𝑹 

𝑧 ≡

𝝀𝟏𝜶𝝀𝟑𝜷
𝑴𝑳𝑸

𝟐

𝐻𝐸𝑅𝐴 
𝑙𝑖𝑚𝑖𝑡

 



 Generally, where 𝜏 → 𝑒𝛾  limits apply: 

 With 1000 𝑓𝑏−1 , EIC can probe beyond the current 𝜏 → 𝑒𝛾  limits for 

all three generations 

 Suppose Super-B factories improve the 𝜏 → 𝑒𝛾  branching 

fraction limit by an order of magnitude: 𝐵𝑟 𝜏 → 𝑒𝛾 ~10−9  

 Limits on the ratios 𝝀𝟏𝜶𝝀𝟑𝜶/𝑴𝑳𝑸
𝟐  decrease by a factor of 10 

 The EIC is still competitive 

 Additionally the EIC has two advantages over 𝜏 → 𝑒𝛾  searches 

 𝑒 → 𝜏 can probe leptoquarks which evade 𝜏 → 𝑒𝛾  limit (𝑺 𝟏/𝟐
𝑳 ) because 

of a cancellation of electric charges in the 𝑨𝟐  coefficients at first 

order in 𝑚𝑞
2/𝑀𝐿𝑄

2  

 Like HERA, EIC could set limits on 𝝀𝟏𝜶𝝀𝟑𝜷/𝑴𝑳𝑸
𝟐  for all 𝛼, 𝛽  but 𝜏 → 𝑒𝛾  

is restricted to quark flavor-diagonal cases 𝛼 = 𝛽  
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EIC VS. 𝜏 → 𝑒𝛾  



 Feasibility of an EIC search for 𝑒 → 𝜏  in a leptoquark 

framework is worth further study 

 An initial analysis of backgrounds, cuts, and tau identification 

efficiency has been done by members of the EIC collaboration at 

Brookhaven led by Abhay Deshpande 

 Can the EIC probe LFV arising from other non -leptoquark 

models? 

 If 𝑒 → 𝜏 events are observed at the EIC, can they be used to 

discriminate between various models of LFV? 

 How can the LHC probe leptoquarks with more complicated 

flavor structure?  (current work)  
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LEPTOQUARKS AND BEYOND 



 ZEUS and H1 leptoquark limits  

 S. Chekanov et al. (ZEUS), Eur. Phys. J. C44, 463 (2005), arXiv:hep-

ex/0501070 

 A. Aktas et al. (H1), Eur. Phys. J. C52, 833 (2007), arXiv:hep-

ex/0703004 

 Rare process limits on leptoquarks 

 S. Davidson, D. C. Bailey, and B. A. Campbell, Z. Phys. C61, 613 

(1994), arXiv:hep-ph/9309310 

 Current 𝜏 → 𝑒𝛾  limit 

 B. Aubert et al. (BABAR), Phys. Rev. Lett. 104, 021802 (2010), 

arXiv:0908.2381 [hep-ex] 
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