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Neutrino tagging method

/Context The next generation of long baseline neutrino experiments (DUNE[1], HK[2]), will collect neutrino samples more than 10 times larger than \

their predecessors (NOVA[3], T2K[4]). As a result, their measurements will start being dominated by systematic uncertainties, in particular those on
the neutrino cross-sections. Thus, to fully exploit the potential of these experiments, the cross-section measurements precision should be improved
from 5-10% down to 1%. To reach this precision, dedicated short baseline experiments with well characterized neutrino beam (<1% precision on the

\neutrino rate) are required [5]. Such precision could be obtained with the neutrino tagging technique [6]. /
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Principle of neutrino tagging: exploiting neutrino production mechanismn™ - u~ + v, [6]
* Beam line instrumented with siIicqrn pixel+detectors to measure the T and u momentum, direction and time
* Kinematic reconstruction of the m™ — p = + v, decay to estimate neutrino properties
* Association of each detected v, with tagged v, using time and spatial coincidence
Benefits
» Beam characterization (rate, energy, flavor, chirality) Accelerator [T _
. . . p—
* Energy resolution (20% for conventional experiments Decay 1%
vs. <1% for neutrino tagging ) TR pniar e I I det
Technical and technological challenges P _— Vi
Particle rate in a neutrino beam line are extremely high (e.g. DUNE: consider 7.5X 103 proton on target (120 GeV) over 10 ps).
Operating detectors in a neutrino beam line thus requires
 Dedicated beam line design operating in slow extraction [12, 13]
 High intensity pixel detectors:
- state of the art technology (as the GTK silicon pixels of NA62 experiment [7]) can sustain 2MHz/mm?
o R&D for HL-LHC experiment aims to 100MHz/mm?[8] y
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* Intense 75+GeV/cikaon beam produces neutrinos LKr and MUVs
through K™ = p + v, decay P
N * Two well separated Decay '
* 5%10' estimated K™ decays per year [11] muons in the MUV3 Region » o wall
Hodoscope EM Calorimeter
* Two spectrometers reconstruct the K and the o (scintillators) (liquid Krypton 20 ton)
* m?s = |Pc— P, |? compatible with O (ensures K — pv decay) Ve
* Neutrino detected by 20 ton of liquid krypton of the , o o dixe (e SPower
. . . * Small values of dLKrv: distance between neutrino interaction in T i N
electro-magnetic calorimeter (LKr). Probability of a 40 ke and ext ated " £ the neutrn S | M
GeV v interaction ~1071 [9] 9 r and extrapolated position of the neutrino LK y
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- Analysis strategy S
* Blind analysis: event selection is optimized 9 002 N """""" )
using data in the two signal side bands and & Ygg :
simulated signal data - -
O} Signal feomrimeeemeeezesneees + ........... _
 Expected event yields obtained from a data P Jovestaia ko 1y, !
driven analysis exploiting signal region side 1% % 1
5.5 7] S A AR bands for the background and K — v events | £ I
S )L (without neutrino interaction) for the signal 0 100 200 iy, Imm]
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Two tagged neutrino candidates detected for the first time !
Perspectives

 Datasample ~ 4 times larger : NA62 experiment will collect data until the end of 2025, this will allow to improve the accuracy of the 2022 dataset results

* Studies in collaboration with CERN Physics Beyond Collider have been initiated for a SBL using proto-DUNE and merging the neutrino [ See Poster n°423 ]
tagging and ENUBET methods [12] to measure v, and v, cross-sections and for a proof of concept for a tagged LBL v beam line [13] by M.A. Jebramcik |
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