
Manifestation of the electric dipole 
moment in the decays of τ leptons 

produced in 𝑒+𝑒− annihilation

Obraztsov Ivan, BINP, Novosibirsk, Russia

Prof. Milstein Alexander, BINP, Novosibirsk, Russia



Introduction

One of the ways to search for New Physics is 

precision measurement of the τ lepton electric dipole moment

The manifestation of the τ lepton electric dipole moment can be sought

in the process of τ+τ− pair production in 𝑒+𝑒− annihilation

2



Electric dipole moment

here b = 𝐹3
τ 𝑘2 is the electric dipole formfactor, 𝑀 is the τ lepton mass,

𝐹3
τ 0 = 𝑑τ

2𝑀

𝑒
, 𝑑τ is the τ lepton electric dipole moment

Estimation within the SM gives 𝐹3
τ(0) ≈ 10−23 ≪ 1

The sensitivity of modern experiments does not allow measuring 𝐹3
τ 0

with an accuracy of 10−23

Registration of a non-zero value of 𝐹3
τ(0) in the experiment 

will confirm the existence of New Physics
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Γµ = −𝑖𝑒 γµ +
σμν𝑘ν
2𝑀

𝑏γ5 ,



𝑒+𝑒− → τ+τ− cross section
with a longitudinally polarized electron beam

𝑠 ≪ 𝑚𝑍

after summation on τ+ polarizations

𝑑σ0
𝑑Ω𝒒

∝ 𝐴 + 𝐼𝑚(𝑏) 𝐵1
(𝜻 ∙ 𝜦) 𝒒 ∙ 𝜦

𝐸
−
(𝜻 ∙ 𝒒)

𝐸2
𝑀 +

𝒒 ∙ 𝜦 2

(𝐸 +𝑀)
+ 𝑅𝑒(𝑏) 𝐵2

𝒒 × 𝜦 ∙ 𝜻

𝑀

𝜻 is the τ− polarization vector, 𝒒 is the τ− momentum, 𝐸 = 𝑠/2, 𝜦 = λ 𝒆𝑧,                           

λ is the electron helicity, 𝒆𝑧 vector is directed along the momentum of an electron

One needs to measure the polarization of τ−

This can be done by studying the various τ decay channels 4



𝑒+𝑒− → τ+π−ντ and    𝑒+𝑒− → τ−π+തντ

𝑑𝐴π =
𝑑σπ

− 𝒌 − 𝑑σπ
+ −𝒌

2σ0
∝ 𝐼𝑚 𝑏 𝑑𝒌

𝑑σπ
∓ are 𝑒+𝑒− → τ±π∓ντ cross sections, ±𝒌 are π∓ momenta

To observe R𝑒 𝑏 one has an additional vector
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𝑒+𝑒− → τ+ρ−ντ and 𝑒+𝑒− → τ−ρ+തντ
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𝑑𝐴ρ =
𝑑σρ

−
𝒑, 𝒇 − 𝑑σρ

+
−𝒑,−𝒇

2σ0
∝ 𝐶1

ρ
𝑅𝑒 𝑏 + 𝐶2

ρ
𝐼𝑚 𝑏 𝑑𝒑

𝑑σρ
∓

are 𝑒+𝑒− → τ±ρ∓ντ cross sections, ±𝒑 and ±𝒇 are ρ∓ momenta and polarization vectors

𝐶1
ρ
∝ 𝜦 × 𝒇 ∙ 𝒑 , 𝜦 = λ 𝒆𝑧,

λ is the 𝑒− helicity, 𝒆𝑧 vector is directed along the 𝑒−momentum
𝑓µ can be find from the main decay mode ρ∓ → π∓π0

𝑓µ = 𝑘1
µ
− 𝑘2

µ
,         𝑝µ = 𝑘1

µ
+ 𝑘2

µ



𝑒+𝑒− → τ+𝑒−ντതν𝑒 and 𝑒+𝑒− → τ−𝑒+തντν𝑒

𝑑𝐴𝑒 =
𝑑σ𝑒

−
𝒌 − 𝑑σ𝑒

+
−𝒌

2σ0
∝ 𝐶1

𝑒𝑅𝑒 𝑏 + 𝐶2
𝑒𝐼𝑚 𝑏 𝑑Ω𝒒𝑑𝒌

𝑑σ𝑒
∓ are 𝑒+𝑒− → τ±e∓ντνe cross sections, ±𝒌 are e∓ momenta

𝐶1
𝑒 ∝ 𝜦 × 𝒒 ∙ 𝒌 , 𝜦 = λ 𝒆𝑧,

λ is the 𝑒− helicity, 𝒆𝑧 vector is directed along the 𝑒−momentum

After integration 𝑑𝐴𝑒 by the angles of 𝒒 vector 𝑑𝐴𝑒 ∝ 𝐼𝑚 𝑏 𝑑𝒌
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𝑆 =
𝐵𝑒𝐼𝑚(𝑏)

𝑀

𝑘𝑚𝑎𝑥 =
𝐸 + 𝑞

2

𝐸 = 1.5𝑀

𝐸 = 2𝑀

𝐸 = 2.5𝑀

8Asymmetry 𝑑𝐴𝑒/𝑑𝑘 in units of S

𝑒+𝑒− → τ+𝑒−ντതν𝑒 and 𝑒+𝑒− → τ−𝑒+തντν𝑒



𝑒+𝑒− → π+π−ντതντ
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𝑑𝐴ππ =
𝑑σππ 𝒌𝟏, 𝒌𝟐 − 𝑑σππ −𝒌𝟐, −𝒌𝟏

2σ0
∝ 𝐷1

π𝑅𝑒 𝑏 + 𝐷2
π𝐼𝑚 𝑏 𝑑𝒌𝟏𝑑𝒌𝟐

𝑑σππ is the 𝑒+𝑒− → π+π−ντതντ cross section,

𝒌𝟏,𝟐 are π−,+ momenta

After integration 𝑑𝐴ππ by modules of 𝒌𝟏,𝟐 vectors

𝑑𝐴ππ
𝑑Ω1𝑑Ω2

∝ 𝐺1 𝑥
𝜦 ∙ 𝒏𝟏

2 − 𝜦 ∙ 𝒏𝟐
2

1 − 𝑥2
𝐼𝑚 𝑏 + 𝐺2 𝑥

𝜦 ∙ 𝒏𝟏 − 𝜦 ∙ 𝒏𝟐 𝒏𝟏 × 𝒏𝟐 ∙ 𝜦

2(1 − 𝑥)(1 − 𝑥2)
𝑅𝑒 𝑏

𝑥 = 𝒏𝟏 ∙ 𝒏𝟐 , 𝒏𝟏,𝟐 = 𝒌𝟏,𝟐/𝑘1,2



𝑒+𝑒− → π+π−ντതντ
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𝐸 = 1.5𝑀

𝐸 = 2𝑀

𝐸 = 2.5𝑀

𝐸 = 1.5𝑀

𝐸 = 2𝑀

𝐸 = 2.5𝑀

Functions 𝐺1 𝑥 and 𝐺2 𝑥 , 𝑥 = 𝒏𝟏 ∙ 𝒏𝟐



𝑒+𝑒− → 𝑒+𝑒−ντതντν𝑒തν𝑒

11

𝑑𝐴𝑒𝑒 =
𝑑σ𝑒𝑒 𝒌𝟏, 𝒌𝟐 − 𝑑σ𝑒𝑒 −𝒌𝟐, −𝒌𝟏

2σ0
∝ 𝐷1

𝑒𝑅𝑒 𝑏 + 𝐷2
𝑒𝐼𝑚 𝑏 𝑑𝒌𝟏𝑑𝒌𝟐

𝑑σ𝑒𝑒 is the 𝑒+𝑒− → e+e−ντതντνeതνe cross section,

𝒌𝟏,𝟐 are e−,+ momenta

After integration 𝑑𝐴𝑒𝑒 by modules of 𝒌𝟏,𝟐 vectors

𝑑𝐴𝑒𝑒
𝑑Ω1𝑑Ω2

∝ −
𝐺1 𝑥

3

𝜦 ∙ 𝒏𝟏
2 − 𝜦 ∙ 𝒏𝟐

2

1 − 𝑥2
𝐼𝑚 𝑏 +

𝐺2 𝑥

9

𝜦 ∙ 𝒏𝟏 − 𝜦 ∙ 𝒏𝟐 𝒏𝟏 × 𝒏𝟐 ∙ 𝜦

2(1 − 𝑥)(1 − 𝑥2)
𝑅𝑒 𝑏

𝑥 = 𝒏𝟏 ∙ 𝒏𝟐 , 𝒏𝟏,𝟐 = 𝒌𝟏,𝟐/𝑘1,2



Conclusion
• We obtain analytic formulas for CP-odd parts of cross sections at 𝑠 ≪ 𝑚𝑍 for 

the following processes 𝑒+𝑒− → τ+π−ντ, 𝑒+𝑒− → τ−π+തντ, 𝑒+𝑒− → τ+ρ−ντ,
𝑒+𝑒− → τ−ρ+തντ, 𝑒+𝑒− → τ+𝑒−ντതν𝑒 and 𝑒+𝑒− → τ−𝑒+തντν𝑒 with longitudinally 
polarized electron and unpolarized positron beams

• We obtain analytic formulas for CP-odd parts of cross sections at 𝑠 ≪ 𝑚𝑍 for 
the following processes 𝑒+𝑒− → π+π−ντതντ, 𝑒+𝑒− → 𝑒+𝑒−ντതντν𝑒തν𝑒, 𝑒+𝑒− →
µ+µ−ντതντνµതνµ, 𝑒+𝑒− → µ+𝑒−ντതντνµതν𝑒 and 𝑒+𝑒− → 𝑒+µ−ντതντν𝑒തνµ with
unpolarized electron and positron beams

• It is shown that measuring of 𝐼𝑚 𝑏 can be done without polarization and for
measuring of 𝑅𝑒 𝑏 polarization is not necessary, but simplifies the experiment
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