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Motivation

Neutrons carry away missing energy from

(anti)neutrino interactions

SBN and DUNE will rely on generators to predict

and correct for missing energy from neutrons

Neutron tagging in liquid argon TPC can be used

to:

o Measure neutron production rates

o ldentify events with missing energy

o Statistically separate neutrino and
antineutrino interactions

We use MicroBooNE [1] to demonstrate the

\ feasibility of identifying neutrons in a LArTPC /

/

Neutron Detection

Above 100 MeV the neutron-argon inelastic cross
section doesn’t depend strongly on energy
Interaction length is approximately 70 cm
Significant fraction of neutron-argon interactions
produce secondary protons

Secondary proton spectrum peaks at low energies
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neutrino-induced protons:
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® Pandora [2] reconstructs
neutrino interactions -
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—h
o
w

Primary Particle
Proton Inelastic Proton

| ¢

—
o

Number of Candidates

BNB Beam-On Data

10‘15

produces collectionof 0, o |
“particle-flow particles™ 8 4 4 sttt e geeegens
(PFP) O 0.5

' MicroBooNE 4.13 x 10 POT

-1 -08-06-04-02 0 02 04 06 08 1

Candidate LLR PID Score

back to neutrino vertex (d)

0N — "
candidates [3] from all %180;— (C) ' MicroBooNE 4.13 x 10'° POT
PFPs (a) 21601 :
O 140 :
: S420 :
Candidates must be & F :
10cm - 200 cm from g 1008 : :
neutrino vertex (b) = 80;_ :
60F :
_ 40 :
Candidates must be = ;
20F :
>21 cm from other PFPs O = e
© 4. I 1 e ol || =
BT
. . = 0.5¢ o3 + + A ! 1L
Candidates must point 0 5 10 15 20 25 30 35 40 45 50

Candidate proximity to nearest PFP (cm)

% -
%104;.=: (b) MicroBooNE 4.13 x 10'° POT
i®) = 8
s E: s
cc103§—- "
€ E o :
© = -
5 10° B :
_Q |
= 10
1
107"
=18 . 4. T
8 qlee o i T |
go; R S e TSR SRS
0 20 40 60 80 100120 140 160 180 200 220
Candidate Distance to Reco v Vertex (cm)
$ B 1
T 20 Mi 19 :
S - MicroBooNE 4.13 x 10" POT =
S 40 :
> B .
é 30_— E I
S i -
< 20 . ﬁi
105 :
il el
= 1.9 _ T
Ry RN i e
© o
=051 HL ..... T

(d)

" " "

1 -08-06-04-02 0 02 04 06 08 1
cos(x)/

S

e

Event Selection Performance

™

—
S

True Neutron Kinetic Energy (GeV)

True Secondary Proton Kinetic Energy (GeV)

% - MicroBooNE 4.13 x 10'° POT é 251 MicroBooNE 4.13 x 10'° POT
2 o 2 ® 60% of candidates are
&_55 105_ T S 201 neutron-induced neutrons from
- 85_ = 15k the beam
E | E | ® 48% of candidates originate from
Zz o Z 10- primary neutrons
4 - o 12% are secondary neutrons
o °F e Zero efficiency below 100 MeV
o5 & = o nE— o Due to proton ID efficiency
S 1'51 % *“___ZH_‘ S B below 50 MeV
a 0.5 ++ + S 4_‘1( _________________ ® /f neutron produces a 50 MeV
b Ci?]dggteB&s:gr?cﬁg ::{4600(1%0\/15?6)2(0(2”2])20 Candld:?e Track Leng’?h (cm7)0 proton, average efﬁCienCy IS 8.3%
— Preselection —— Scores and Vertex Separation — Proximity and Direction
? 0.45— MicroBooNE Simulation gj MicroBooNE Simulation 0 75_ MicroBooNE Simulation
o 0.350 M5 T
] e e ST e S A1
0.25;- 4 0.51 . 0.5¢ e
0.2 gt 0.4F 0.4
0.15c et 0.3F - 0.3
0.1E s 1 02f Y _F++—+—%F 0.2 t e sl o +
0.05;  —= miiﬂm 0.1 - _?++++—F 0.1- :+++ﬂ*::ﬁm
VNSNS s DenaliNiass - DEE TN I & AT N S - ~ DI e S I
001 02 03 04 05 06 % 0.05 01 015 02 025 % “01 02 03 04 05

True Neutron KE (>50MeV Proton) (GeV)

0.6

/

References

~

[1]JINST 12, P02017 (2017)

[2] Eur. Phys. J. C78, 1, 82 (2018)

[3] JHEP 2021, 153, (2021)

- A ——arrer———
¢ . }
Y - Y B
i 'y v, “re
v P - LB ATv .
’
3 v

SwiSS NATIONAL SCIENCE FOUNDATION

Science

W@ Facilities Council

& Technology

IHE

ROYAL
SOCIETY

UK Research
and Innovation

The NSF Institute for
Artificial Intelligence and
Fundamental Interactions

£




