“‘" ' of the Neutrino Tagging
~ technique at NA62

A Pl

— - Experimental prooft of principle

ooratlon b

e B E

NuFact 2025 Conference
Liverpool, UK, September 1-6, 2025

N 5 N B o
s Y Ak,
. AR R A
\ "‘-" )
S~ £
\ S
e o



Outline

* Neutrino tagging
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* Proof of principle of Neutrino tagging

* analysis strategy
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* signal and background event yields

* final result



Neutrino tagging

* Conceptintroduced in the 70-80’s

* Associate individually each neutrino interaction with its production mechanism

* Many variations of this idea were

discussed in the 80-90’s
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As it is well known, high-energy neutrino investigations are performed by using
neutrine beams from = and K decaye (m—pv, K —uv), that iz by letting the pions
and the kaons decay over a large distance (the so-called decay length).

The possibility of using tagged-neutrino beams in high-energy experiments must
have occurred to many people. In tagged-neutrino experiments it should be required
that the observed event due to the interaction of the neuntrino in the neutrino detector
would properly coincide in time with the act of neutrine ecreation (r—pv, K —pv,
K sevm,...). Of courze, in tagged-neutrino experiments the properties of neutrinoe
beams (type, direction and energy) will be much better known than in the experiments
performed 86 far: The main difficulty in designing such a facility is that the effective




Neutrino tagging

* Instrument the beam line with spectrometers
 Each neutrino can be fully & precisely characterized by its decay partners (7, ) at production
* Associate interacting neutrino at the far detector to the tagged neutrino at production

* Advantages:

* knowledge of the beam flux |deal for studies of arXiv:2503.21589

* exceptional energy resolution: og/E < 1% * cross-sections (short baseline)

* neutrino oscillations (long baseline)

EPJC2022 82 465, EPCJ 2024 84 1024
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https://arxiv.org/abs/2503.21589

Proof of princip|e with NAG62 [JINST 12 (2017) 05, P05025]
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* Fixed target Kaon experiment at CERN SPS (2015-present)
« Goal: measurement of B(K*t —» tvv) — (7.86 + 0.61) x 10~ 11 in the SM

e ~10'? kaon decays per year, mostly K* — u+vu

* Allinstrumentation available to detect the K*, u* and v, !
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http://iopscience.iop.org/1748-0221/12/05/P05025

Proof of principle with NA62 MuvI2

decay product spectrometer Had.Calorimeter Muon Veto

GigaTracKer (Shashlik)  (scintillator tiles)

beam particle spectrometer (Straw tubes)
(4D pixel tracker)
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Trigger strategy

* One charged particle in CHOD
* Energy depositin the LKr

* Two charged particles in opposite quadrants of the




Main kinematic variable:

An a |yS|S St rategy squared missing mass P Had.

#1 Shower

m%niss — (PK - M)Z

 Datasample: ~5 X 102 K* decays collected in 2022
« Blind analysis, with a signal region defined in the m2 .., d, x, plane

* Two leading background sources

* Overlaid K" — p"v,: K™ - u*v, decay with extra activity in the LKr

* Mis-reconstructed K decay

LKr

PLB 863 (2025) 139345

i

: (_ﬂ. i
Zm 7
A
.- Q_J'_
Z
-
&N
I~
ifliil—'—

[
K
{‘

IS-reco
decay

e ‘

200 NN NP ............................................ ......................................... __
0 :S:ig”:a:'§ Overlaid K*=p*v ++ ;

100 R N TR ........................................... OO, —

Mi
K

2000

oo by oy

N\

]

-10 S 0 3 , 10 0 100 200 300
M niss IGEV /e l O 60 mm dL r dLI(r Imm] 7

Mis-reco
K decay
l‘ T

#_-o-



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

* Background extrapolated from

signal side-bands with a relaxed

selection

* Expected signal yield normalised

to K™ - uty,

PLB 863 (2025) 139345
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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

Ng; =0.208 +0.013 + 0.009
* Background extrapolated from signal side-bands with a 318 stat syst
i b
relaxed selection Nogerlaid K> = 0. 030t8:8‘2}%|stat + 0. 004‘syst
* Expected signal yield normalised to K™ — u™vy,
b
ngis—reco K> = 0. 004t8882|stat + 0. OOlsyst

PLB 863 (2025) 139345
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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

N; =0.208+0.013 + 0.009
* Background extrapolated from signal side-bands with a 318 stat syst
i b
relaxed selection Nogerlaid K> = 0. O3Oi8:8‘21%|stat + 0. 004'SYSt
* Expected signal yield normalised to K™ — u™vy,
b
ngis—reco K> = 0. 004t8:ggglstat * 0. 001syst
One event observed in signal region!
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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

* One event observed in signal region

* First tagged neutrino candidate observed

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

* prob. of observing one background event: 3%

MUV3
PLB 863 (2025) 139345 XL LKr o e font less
YA CHOD front plane
Property Value
K* momentum 77.34GeV /c . vy + nucleon
ut momentum 25.26GeV/c £ - —~ hadronic shower + i~
Decay vertex position z, 161.2m 1 [
Neutrino energy E, = Ex. — E . 52.09GeV I T $ { T
Distance of the LKr signal to the Z axis 334.9mm g #- e :
LKr energy associated with the neutrino E; i, 12.54 GeV i
MUV1 energy associated with the neutrino Ey;v, 13.75GeV 3
MUV2 energy associated with the neutrino Ey;;v» 10.74 GeV -
Inelasticity y 0.69 .
Azimuthal angle between the LKr and MUV3 signals ¢ 3.28rad T T T — T
dy ke 31.4mm 238 246 Z [mi
dyuvs 567.9mm
- —0.00086 GeV?2 /c*
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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

* Neutrino tagging technique could provide an ideal setup to study v interactions (short term) and v oscillations (long term)
* NAG62 experiment has been used as a tagged neutrino experiment to demonstrate the feasibility of neutrino tagging

e Complete Kt - ,u+vﬂ decay reconstruction with all particles in the event detected

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

e Acrucial 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

MUV3
MUV1 MUV2

LKr front plane front plane
front plane


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