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• Many variations of this idea were 

discussed in the 80-90’s

Neutrino tagging
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• Concept introduced in the 70-80’s

• Associate individually each neutrino interaction with its production mechanism



Neutrino tagging

8

• Instrument the beam line with spectrometers 

• Each neutrino can be fully & precisely characterized by its decay partners 𝝅, 𝝁  at production

• Associate interacting neutrino at the far detector to the tagged neutrino at production

• Advantages:

• knowledge of the beam flux

• exceptional energy resolution: 𝝈𝑬/𝑬 < 𝟏%

Ideal for studies of

• cross-sections (short baseline)

• neutrino oscillations (long baseline)

EPJC 2022 82 465, EPCJ 2024 84 1024

arXiv:2503.21589

Talk by Francesco Terranova
Neutrino: Cross sections session 

Wednesday @ WIN25 

https://arxiv.org/abs/2503.21589


Proof of principle with NA62
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• Fixed target Kaon experiment at CERN SPS (2015-present)

• Goal: measurement of ℬ 𝐾+ → 𝜋+𝜈 ҧ𝜈  – 7.86 ± 0.61 × 10−11 in the SM

• ~1012 kaon decays per year, mostly 𝑲+ → 𝝁+𝝂𝝁

• All instrumentation available to detect the 𝑲+, 𝝁+ and 𝝂𝝁!

𝜈𝜇 spectrum 

𝑝𝐾 = 75 GeV/𝑐

[JINST 12 (2017) 05, P05025]

http://iopscience.iop.org/1748-0221/12/05/P05025


Proof of principle with NA62
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Trigger strategy

• One charged particle in CHOD

• Energy deposit in the LKr

• Two charged particles in opposite quadrants of the MUV3



Analysis strategy

• Data sample: ~5 × 1012 𝐾+ decays collected in 2022 

• Blind analysis, with a signal region defined in the 𝑚𝑚𝑖𝑠𝑠
2 , 𝑑𝐿𝐾𝑟 plane 

• Two leading background sources

• Overlaid 𝑲+ → 𝝁+𝝂𝝁: 𝐾+ → 𝜇+𝜈𝜇 decay with extra activity in the LKr

• Mis-reconstructed 𝑲+ decay
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Main kinematic variable:
squared missing mass

𝑚𝑚𝑖𝑠𝑠
2 = 𝑃𝐾  − 𝑃𝜇

2

Signal Signal

PLB 863 (2025) 139345

https://www.sciencedirect.com/journal/physics-letters-b/vol/863/suppl/C
https://www.sciencedirect.com/journal/physics-letters-b/vol/863/suppl/C


Analysis strategy
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Signal Signal

Overlaid 𝑲+ → 𝝁+𝝂𝝁Mis-reconstructed 𝑲+ decay

• Background extrapolated from 
signal side-bands with a relaxed 
selection

• Expected signal yield normalised 
to 𝐾+ → 𝜇+𝜈𝜇  

PLB 863 (2025) 139345

https://www.sciencedirect.com/journal/physics-letters-b/vol/863/suppl/C
https://www.sciencedirect.com/journal/physics-letters-b/vol/863/suppl/C


Expected signal and background events

• Background extrapolated from signal side-bands with a 
relaxed selection

• Expected signal yield normalised to 𝐾+ → 𝜇+𝜈𝜇  
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𝑵𝐬𝐢𝐠  = 𝟎. 𝟐𝟎𝟖 ± 𝟎. 𝟎𝟏𝟑𝐬𝐭𝐚𝐭 ± 𝟎. 𝟎𝟎𝟗𝐬𝐲𝐬𝐭 

𝑵𝐨𝐯𝐞𝐫𝐥𝐚𝐢𝐝 𝑲𝝁𝟐

𝒃𝒈
 = 𝟎. 𝟎𝟑𝟎−𝟎.𝟎𝟐𝟑

+𝟎.𝟎𝟒𝟏ȁ𝐬𝐭𝐚𝐭 ± 𝟎. 𝟎𝟎𝟒𝐬𝐲𝐬𝐭 

𝑵𝐦𝐢𝐬−𝐫𝐞𝐜𝐨 𝑲𝝁𝟐

𝒃𝒈
= 𝟎. 𝟎𝟎𝟒−𝟎.𝟎𝟎𝟑

+𝟎.𝟎𝟎𝟔ȁ𝐬𝐭𝐚𝐭 ± 𝟎. 𝟎𝟎𝟏𝐬𝐲𝐬𝐭 

Signal region

𝑺/𝑩 ~ 𝟔

Signal region

PLB 863 (2025) 139345

Backgrounds Signal

https://www.sciencedirect.com/journal/physics-letters-b/vol/863/suppl/C
https://www.sciencedirect.com/journal/physics-letters-b/vol/863/suppl/C


Expected signal and background events

• Background extrapolated from signal side-bands with a 
relaxed selection

• Expected signal yield normalised to 𝐾+ → 𝜇+𝜈𝜇  
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𝑵𝐬𝐢𝐠  = 𝟎. 𝟐𝟎𝟖 ± 𝟎. 𝟎𝟏𝟑𝐬𝐭𝐚𝐭 ± 𝟎. 𝟎𝟎𝟗𝐬𝐲𝐬𝐭 

𝑵𝐨𝐯𝐞𝐫𝐥𝐚𝐢𝐝 𝑲𝝁𝟐

𝒃𝒈
 = 𝟎. 𝟎𝟑𝟎−𝟎.𝟎𝟐𝟑

+𝟎.𝟎𝟒𝟏ȁ𝐬𝐭𝐚𝐭 ± 𝟎. 𝟎𝟎𝟒𝐬𝐲𝐬𝐭 

𝑵𝐦𝐢𝐬−𝐫𝐞𝐜𝐨 𝑲𝝁𝟐

𝒃𝒈
= 𝟎. 𝟎𝟎𝟒−𝟎.𝟎𝟎𝟑

+𝟎.𝟎𝟎𝟔ȁ𝐬𝐭𝐚𝐭 ± 𝟎. 𝟎𝟎𝟏𝐬𝐲𝐬𝐭 

Signal region

𝑺/𝑩 ~ 𝟔

Signal region

One event observed in signal region!

Backgrounds Signal

PLB 863 (2025) 139345

https://www.sciencedirect.com/journal/physics-letters-b/vol/863/suppl/C
https://www.sciencedirect.com/journal/physics-letters-b/vol/863/suppl/C


Results: first tagged neutrino candidate observed at NA62
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• One event observed in signal region

• First tagged neutrino candidate observed

• prob. of observing one event in signal region: 19%

• prob. of observing one background event: 3%

PLB 863 (2025) 139345

https://www.sciencedirect.com/journal/physics-letters-b/vol/863/suppl/C
https://www.sciencedirect.com/journal/physics-letters-b/vol/863/suppl/C


Summary and prospects

[PLB 863 (2025) 139345]

• Neutrino tagging technique could provide an ideal setup to study 𝜈 interactions (short term) and 𝜈 oscillations (long term)

• NA62 experiment has been used as a tagged neutrino experiment to demonstrate the feasibility of neutrino tagging

• Complete 𝐾+ → 𝜇+𝜈𝜇 decay reconstruction with all particles in the event detected

• First fully tagged neutrino candidate detected at NA62! [PLB 863 (2025) 139345]

• A crucial step towards demonstrating that neutrino tagging in feasible

• Results to be confirmed with more data: at least three times larger data set already available at NA62
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https://www.sciencedirect.com/journal/physics-letters-b/vol/863/suppl/C
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