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The neutrino
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e interacts via weak
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e is extremely light
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We observe changes in the neutrinos flavour as they travel
— oscillations
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Neutrino oscillations

Mass states Weak slales
First Second First Second Weak states:

e States under which the
neutrinos interact via

weak interaction
cosf sind v
2 sing cosh )(v;) ® Vg, VP«’ vV,
Mass states:

e States under which the
neutrinos propagate
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Neutrino oscillations

Mass states Weak slates
First Second First Second Relation:

e Each weak state is

composed of a linear

superposition of the
cosh sind v
2 sind cos )(v;) mass states

e Parametrization with

mixing angles 0, ;

e Oscillation inbetween the

mass states during

propagation (close

masses) = change in

o Time, 1 detected flavour 4



Neutrino oscillations

Mass states Weak slates
First Second First Second

2-flavour osc. prob.:
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Oscillations are driven by the
L/E ratio
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Neutrino oscillations open questions

0.8 e What are the precise values of
0.2 s the oscillation parameters? —
41 now entering an era of precision
1 measurements
0.45 A
e Are oscillations the same for v
0%8 and ¥ (driven by 6cp) — could
partly explain the
2 matter-antimatter asymetry in
0.04 .
the universe
(2) e What is hierarchy of the

neutrino masses (sign of Am3;)

— — could help understand how
‘98 2000 2005 2010 2015 2020

neutrinos acquire mass

— Necessity to improve number of events (larger detector masses) and E resolutions
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Detecting neutrinos

Neutrinos interactions with matter:

vp+n — £ + p (+ others) Dg+p — | £ 4+ n (+ others)

Reconstruction of E,, from final state

e /~ and p detected e (" only detected
E,=E, +E o E, o MATme—mi+2mE,
*E,=5 + & v — 2(mp—Ee+pe cos@e)



Detecting neutrinos with a fine grained scintillating detector

%uperFGD (T2K)

Detector design: »
e High interaction rates — large detector
with fiber readout in 3 direction

e High resolution events reconstruction —
High granularity (1 cm size cubes) +
Good electronics time resolution
(< 1ns)

i

FGD working principle: E > D L *[l
lonization by charged particles B W_ W(___ Eotosensor
\
|

— Production of scintillation

light — Light collected by 1 ‘
fibers and read out optical IJ;LI

crosstalk




How to detect neutrons with the a fine grained scintillating detector

How to leverage the high granularity to measure neutrons energy:
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How to detect neutrons with the a fine grained scintillating detector

How to leverage the high granularity to measure neutrons energy:

/ e Neutrons interact

---------------- ‘ ‘ 7 sporadically (proton
/ recoil) — isolated

/ clusters

isolated cluster e Their energy can be

~.
&

determined using the

\ / time of flight and

distance to production

vertex
L m,

=

o C(t2 e tl) " 1_— ,82
8




Neutron detection performances

KE, resolution

N L m
The neutrons kinetic energy can be B=—— E, = ——
C(t2 — tl) 1— ,82
measured
Electronics time resolution . )
oss® i Energy resolution improves when:
F= +0:50ns 0 . . .
ook ", = 0250 e spatial resolution improves (increase
I granularity)
e el TmealTeal e time resolution improves (improve the
ol ot el electronics time response)
of e, e the distance traveled by the neutron
S Sl (lever arm) gets larger (apply a

Lever arm cut [cm]

selection on the events)
The choices of the electronics and granularity impact the neutron energy resolution,

and thus neutrino energy resolution: E, = E, + E, .



Using the neut information

The momentum in the plane L neutrino U interaction on H:
beam (dp7) can be measured e H nucleus = proton at rest
600 « P,+P,=P,+P, = 0=P, +P,
‘5 o —Total P »— YD (2 R (=
E 500} —2 — 6PT = O
B H — _. :
S a00f E U interaction on C:
° H E
9] H ]
£ 300 E e C nucleus — interaction with a proton in
£ i E . . .
g 200 3 interaction with other nucleons
100i | _ 1 _ pl 1
! e P,+P,=P,+P, = P, =Py +P,
007 50 100 150 200 250 300 350 400 450 500 = 6PT 75 O
6 pT, reco [MEVJ

Allows to select 7 + H interactions that
enable a better neutrino energy

reconstruction w.r.t 7 + C (no nuclear effect) 10



Improvement on the neutrino energy resolution

Comparing the resolution on the

c 0.12
. @] RMSIe =7.8%; O, =5.49 ]
reconstructed neutrino energy: = " " ]
. Q9 0101 Rvs  =48%;0, =449 7]
e with the muon-only = 1
information: , g 0.08- -
Elp — mompomiine,  § b E
v 2(mp—E“+pM cos 9“) C_EG : - :
° Wltr the neutron information: =25 0. 04 =
cﬂa ZEH-I-En—mpWith N ]
. 0.02— —
e Neutron distance to vertex - 1
L 10cm = N u
5 - 40 MeV 0. 003 =02 -1 00 0.1 0.2
° e
PT < Ereco/Ev -1

Being able to detect the neutrons and measure their energy improves E,,
’ 11
reconstruction!



