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Prediction of the resonance (1959)

Glashow, 𝑅𝑒𝑠𝑜𝑛𝑎𝑛𝑡 𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑖𝑛𝑔 𝑜 𝑓 𝑎𝑛𝑡𝑖𝑛𝑒𝑢𝑡𝑟𝑖𝑛𝑜𝑠, Phys. Rev. 118
(1960) 316.
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Experimental problems

Using the �̄�𝑒-component of cosmic rays annihilating on electrons
in matter

ν

Berezinsky and Gazizov, JETP Lett. 25 (1977) 254.

Neutrinos have to posses energies in the PeV region:

𝐸𝜈 =
𝑚2

𝑊

2𝑚𝑒

≈ 6.3 × 1015 eV = 6.3 PeV.

The corresponding neutrino �ux is relatively low in this region.



Searches in large-volume water/ice detectors (IceCube,
Baikal-GVD, KM3NeT)





The main assertion

�̄�𝑒 + 𝛾 −→ 𝑒+ +𝑊− .

This reaction proceeds through the Glashow resonance.

I.A., PLB 741 (2015) 295.



Parton distributions in QED
Kessler, Nuovo Cim. 17 (1960) 809; Baier, Fadin, Khoze, NPB 65

(1973) 381; Chen, Zerwas, PRD 12 (1975) 187.

PDFs in QED � A. Arbuzov (JINR).



The cross section for 𝑒+ + 𝑒− → 𝛾 + 𝑍0

Berends, Burgers, Neerven, PLB 177 (1986) 191.
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Here 𝐶 = 24𝜋2Γ𝑍→𝑒𝑒/𝑚3
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and 𝑥 = 𝑚2

𝑍
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𝜎𝑒𝑒→𝛾𝑍 = 𝐶 𝑥 𝑓𝑒/𝑒
(
𝑥, 𝑄2

)



Initial state radiation in 𝑒+ + 𝑒− → 𝛾 + 𝑍0

radiative tail
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The cross section for 𝑒± + 𝛾 → 𝑒± + 𝑍0

Renard, Z. Phys. C 14 (1982) 209.
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Here 𝑐 = 12𝜋2Γ𝑍→𝑒𝑒/𝑚3
𝑍
and 𝑥 = 𝑚2

𝑍
/𝑠.

𝜎𝑒𝛾→𝑒𝑍 = 𝑐 𝑥 𝑓𝑒/𝛾
(
𝑥, 𝑄2

)



A comparison of the cross sections

𝜎(𝑒+𝑒− → 𝛾𝑍) ∝ 𝑥 𝑓𝑒/𝑒
(
𝑥, 𝑄2

)
,

𝜎(𝑒±𝛾 → 𝑒±𝑍) ∝ 𝑥 𝑓𝑒/𝛾
(
𝑥, 𝑄2

)
.

The narrow resonance 𝑍0 projects the PDFs onto the cross
sections.



ISR in 𝑒+ + 𝑒− → 𝛾 + 𝑍0

The resonance is relatively narrow, Γ ≪ 𝑚𝑍 , and one may write

𝜎𝑒𝑒→𝑍 (𝑠) = 12𝜋
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The cross section for 𝜈𝑙 + 𝛾 → 𝑙− +𝑊+

Astrophysical implications were considered in PRL 80 (1998)
900 (Seckel).
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The cross sections for 𝜈𝑙 + 𝛾 → 𝑙− +𝑊+
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A comparison of the cross sections

𝜎(𝑒+𝑒− → 𝛾𝑍) ∝ 𝑥 𝑓𝑒/𝑒
(
𝑥, 𝑄2

)
,

𝜎(𝑒±𝛾 → 𝑒±𝑍) ∝ 𝑥 𝑓𝑒/𝛾
(
𝑥, 𝑄2

)
,

𝜎(�̄�𝑒𝛾 → 𝑒+𝑊−) ∝ 𝑥 𝑓𝑒/𝛾
(
𝑥, 𝑄2

)
.

If we agree that the �rst two processes behave so due to the
resonance than the third one, �̄�𝑒𝛾 → 𝑒+𝑊−, should be of similar
nature.



A simple interpretation of 𝜈𝑙 + 𝛾 → 𝑊 + 𝑙

The photon acts a source of the charged leptons:



Experimental observation

Neutrinos interacting with atomic nuclei (I.A., PLB 756 (2016)
247):

�̄�𝑒 + 𝐴
𝑍𝑁 → 𝐴

𝑍𝑁 + 𝑒+ +𝑊− .



Contributions to 𝜈 + 𝐴
𝑍𝑁 → 𝑊 + 𝑋

𝛾(𝑥) = 1
𝐴

[
𝛾coherent(𝑥) + 𝑍𝛾p el(𝑥) + 𝑍𝛾p inel(𝑥) + (𝐴 − 𝑍)𝛾n inel(𝑥)

]
,



The total cross sections
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The number of the expected events

𝑁𝑊 = 2𝜋𝑇𝑁𝑡

∑︁
𝑙=𝑒,𝜇,𝜏

∫
𝑑𝐸𝜈 𝜎𝑁𝑙 (𝐸𝜈)Φ𝜈𝑙+�̄�𝑙 (𝐸𝜈),

Φ𝜈𝑙+�̄�𝑙 = Φconventional
𝜈𝑙+�̄�𝑙 +Φ

prompt
𝜈𝑙+�̄�𝑙 +Φ

astrophysical
𝜈𝑙+�̄�𝑙 .



The number of the expected events

The number of 𝑊 bosons produced in the resonant channel per
year per 1 km3 of water (the upper hemisphere).

𝐸𝜈 5 − 50 TeV 50 − 300 TeV > 300 TeV

𝑁𝑊 5.2 2.3 0.6

I.A., PLB 756 (2016) 247.



Background (non-resonant) channels



Background (non-resonant) channels

A comparison of two cross sections:

ΣHΝe p ® e W pL

ΣHe p ® Νe W pL
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Conclusions

1. The Standard Model predicts a number of neutrino-induced
resonant 𝑠-channel reactions. A method for probing these
channels is proposed.

2. For instance it is shown that the reaction
�̄�𝑒 + 𝛾 −→ 𝑒+ +𝑊− proceeds through the Glashow
resonance. This can be probed at neutrino energies
∼ 10 − 100 TeV.

3. The proposed mechanism provides a way for testing
𝐶𝑃-symmetry and the leptonic universality of the
resonance. For example in 𝜈𝑒 + 𝛾 → 𝑒− +𝑊+,
𝜈𝜇 + 𝛾 → 𝜇− +𝑊+.

4. Detailed and independent calculations con�rm that the
contribution from the production of 𝑊 bosons at
IceCube-Gen2 can be discovered within 10 years (Zhou and
Beacom, PRD 105 (2022) 093005).
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