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Motivation

The neutrino sector is a promising area to search for new

physics beyond the Standard Model.

However, one encounters serious challenges on the way to

investigate high mass �nal states

𝜈 + (𝑒, 𝑁) → 𝑋, (𝑚2
𝑋 ≳ 𝑚2

𝑊 ).

Performing experiments in the laboratory frame requires

neutrino beams of very high energies. On the other hand, one

has also to measure huge energy deposits in a detector.



The Glashow resonance

Predicted by Sheldon Glashow in 1959, but still requires

unambiguous experimental con�rmation. 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)

After over a decade of observations just a few events in the PeV

region have been detected.





Is it possible to probe the Glashow resonance without
preparing (anti)neutrino beams?

We suggest a positive answer to the question above.

Namely, the resonance could occur as

𝑒+𝑒− → 𝑊−𝜌+.



The radiative return with photons

The radiative return in QED allows us to measure the process

𝑒+𝑒− → 𝑋

at �xed cms energy
√
𝑠 for a wide range of masses of the �nal

state 𝑋 through the reaction

𝑒+𝑒− → 𝑋𝛾.

For example, the pion formfactor by KLOE Collaboration, 2005.



The radiative return with relatively light charged mesons



The radiative return with relatively light charged mesons

Due to the condition
√
𝑠 ≫ 𝑚𝜌 one can regard the meson as a

massless particle and therefore factorize the process

𝑒+𝑒− → 𝑊−𝜌+ into two subprocesses.

M𝛾 = 𝑒 [�̄�𝑒𝛾𝜎𝑢𝑒] 𝜀∗𝜎 ,

M𝜌 =
𝐺𝐹√

2
𝑉𝑢𝑑 𝑓𝜌 𝑚𝜌

[
�̄�𝑒𝛾

𝜎 (1 − 𝛾5)𝑢𝜈
]
𝜖∗𝜎 .



The cross section for 𝑒+𝑒− → 𝑊−𝜌+

𝜎𝑒𝑒→𝑊𝜌 (𝑠) =
∫

𝐹
(𝜌)
𝜈/𝑒 (𝑥, 𝑠) 𝜎𝜈𝑒→𝑊 (𝑥𝑠) d𝑥,

where

𝐹
(𝜌)
𝜈/𝑒 (𝑥, 𝑄

2) =
(
𝐺𝜌𝐺𝐹

)2

8𝜋2
1 + 𝑥2

1 − 𝑥
log

(
𝑄2

𝑚2
𝜌

)
and

𝜎𝜈𝑒→𝑊 (𝑠) =
√︁

8𝜋2𝐺𝐹𝑚
2
𝑊𝛿(𝑠 − 𝑚2

𝑊 ).



The cross section for 𝑒+𝑒− → 𝑊−𝜌+

The �nal result reads

𝜎𝑒𝑒→𝑊𝜌 (𝑠) =
𝐺2

𝜌𝐺
3
𝐹√

8𝜋2

𝑟 + 𝑟3

1 − 𝑟
log

(
𝑠

𝑚2
𝜌

)
,

where 𝑟 = 𝑚2
𝑊
/𝑠.

One can see the pole in the denominator as well as the

logarithmic enhancement typical for the radiative return.



CP conjugate of the Glashow resonance and its copy for
muons

CP conjugate: 𝜈𝑒𝑒
+ → 𝑊+.

The copy for muons: 𝜈𝜇𝜇
+ → 𝑊+.

Today, these processes are widely believed to be unobservable at

neutrino telescopes. However, at lepton colliders they seem to

become accessible to experiment study through

𝑒+𝑒− → 𝑊+𝜌−

and

𝜇+𝜇− → 𝑊+𝜌− .



Nonresonant (background) channels

In principle, the vertices 𝛾𝑊𝜌 and 𝑍𝑊𝜌 may arise in e�ective

theories like, e.g., vector meson dominance extended to weak

interactions.

However there are at least two independent reasons of

suppression of such a background: i) the 𝑠-channel exchange

leads to the 1/𝑠2 behaviour of the cross section; the couplings

𝛾𝑊𝜌 and 𝑍𝑊𝜌 are constrained by the non-observation of the

decay modes 𝑊± → 𝛾𝜌± and 𝑍 → 𝑊±𝜌∓.



Experimental observation

Future high-luminosity lepton colliders as, for example, CEPC

and FCC-ee, seem to be promising for excitation of the Glashow

resonance in laboratory conditions.

Number of 𝑒+𝑒− → 𝑊∓𝜌± and 𝑒+𝑒− → 𝑊∓𝐷∗±
𝑠 events at collider

experiments assuming integrated luminosity of 10 ab−1. Two

di�erent values of the decay constants are used for each channel.
Decay const. No. of events No. of events

Channel 𝑓𝜌,𝐷∗
𝑠
(MeV)

√
𝑠 = 91 GeV

√
𝑠 = 125 GeV

𝑒𝑒 → 𝑊𝜌 219 2.0 0.3

𝑒𝑒 → 𝑊𝜌 490 10.3 1.6

𝑒𝑒 → 𝑊𝐷∗
𝑠 240 � 2.3

𝑒𝑒 → 𝑊𝐷∗
𝑠 391 � 6.0

More than 10 events per year could be obtained. For

comparison, the current event rate at IceCube that uses the

natural (cosmic) neutrino beam is less than 1 event per year in

the PeV region.



Conclusions

1. We have suggested a meson analogue of the radiative

return. Emission of a positively charged meson from the

initial state not merely carries away a fraction of the

collision energy but converts the incident 𝑒+ into �̄�𝑒.

2. This allowed us to factorize the reaction 𝑒+𝑒− → 𝑊−𝜌+ into

two processes and thus put forward a Glashow resonance

interpretation of the underlying physics. Similar channels

with muons and other mesons have also been considered.

3. Future high-luminosity lepton colliders seem to be

promising for excitation of the Glashow resonance, its CP

conjugate and its copy for muons at cms energies of order

of 100 GeV.

4. The proposed approach is versatile and can be applied to

other reactions with massive �nal states. More details and

references are given in arXiv:2504.02820.


