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Neutrino events in SAND

% Interactions in GRAIN (~ 1 ton) useful for:

monitor of v spectrum for interactions in Ar
study of v-Ar interaction channels

control samples for ND-LAr calibration
systematics constraints from nuclear effects, ..

V

Full event reconstruction:

v Scintillation light in GRAIN (Time, E-deposit, Vertex, tracks, ...)
v' Tracks in STT (momentum, charge, PID from E-loss, ...)

v ECAL (E and Time meas., n detection, PID, bck rejection, ...)

v' Background rejection ...
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Event Reconstruction in SAND
from vu-CC
Interactionsin GRAIN

(~ no MC Info used)
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Neutrino interactions in GRAIN

From simulated v, - CC interactions in LAr target (FLUKA)
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v Main features of v interactions:

=  Multiplicity and spectrum of generated particles
= E, fraction deposited in LAr (to be measured from light yield)
= Vertex (and tracks) reconstructed in LAr (from times and imaging)

v' Outgoing particles tracked in STT and ECal, for full event reconstruction

= Properties of neutrino beam (E,, flavors, ..) and v, interactions in LAr
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v and outgoing particle spectra (v-Ar in GRAIN)
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Primary particle multiplicities (v-Ar in GRAIN)

Vertex particle multiplicity (nu_mu-CC in LAr) Vertex charged tracks (nu_mu-CC in LAr)
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* Nuclear fragments ~ 2.6/ev _ |
e Photons ~ 1.4/ev Possible dependence on the generator!
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Energy deposited in LAr target

For E, reconstruction, the fraction deposited in LAr is not negligible
... to be estimated as a calorimetric measure from scintillation light
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Track multiplicities in STT

Crossing front STT module
Most events with few tracks

Tracks with . . . .
58 V-7 hits in - in STT from interactions in LAr

frontal STT — .
E ~ 81 % with < 3 tracks

<Ntrkg> < 3 tracks ] ~ 65 % with < 2 tracks
~ 41 % with only 1 track

T
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Note: secondary tracks can appear
due to interactions/decays in STT

> Possibility to successfully reconstruct most events by applying global
track finding algorithms (as the ‘transform method’)

» For high track multiplicity events, more sophisticated methods are
being implemented in the reconstruction software framework
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Acceptance of STT for particles and events

Primary particle % of Particles % Events with
21 particle
Tracked in STT +touching ECAL i EelliESing
Muon 92 % 90 % 92 %
Proton 17 % 6 % 45 %
Charged pions 46 % 22 % 61 %

With a cut of Vertex in fiducial volume slices:

I TN I T

Charged pions 48% 52 % 56%

» Relevant fraction of primary hadrons absorbed in LAr

= A proper fiducial volume cut on vertex in GRAIN can increase the
relative acceptance, in particular for n+/n- (useful for some analyses)
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Track multiplicities vs interaction channel

0< Ntracks <3
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» Events here reconstructed by a global track finding algorithms
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Vertex reconstruction in GRAIN

Vertex "reconstructed” from hit positions with Eg,, weights

8 T T T T T T T T
5 - DxVert30 —
> - Entries 9719 [
1800 Mean -0.0061 |
F RMS 4.401 ]
1600 — %2 / ndf 1052/ 58 [
~ ~J 1 8 Constant 1897 + 285 |
1400 ;G ° c m Mean 0.00177 + 0.01928 |
B Sigma 1.793 + 0.019 |
1200 —
1000 d —
s00- Xcoord
600 —
400 -
200 —
b ! 7

0,

7 L
10 20 30

30 —20

AXVert’(C”T)
E | T T T T | T T T :
=] DzVert30 —
%2200 F Entries 9938 [
- Mean 1.347 |
2000 F RMS 5668 |
E %/ ndf 3402798 |
1800 C G ~ 1 c m Constant 1539+ 27.3 | ]
r Mean 0.7239 £ 0.0157 |
1600 E Sigma 1.006 = 0.013 |
1400 —
1200 —
1000 Z coo rd —
8001 =
600}~ =
4001 =
200 =
0 Eoov o1 I I

—=30 —20 10 20 30
AZvyertiem)

E [ T T T T | T T T T | T T T T | T T T ]
< - DyVert30 H
L1800— Entries 9779 [1
o = Mean —0.3208
r RMS 4.843 [
1600 1 2 / ndf 1955 /98 [
C ~J Constant 1799 + 30.9 []
1400~ G c m Mean  -0.01752+0.01166 H
C Sigma 1.031£0.013 []
1200 =
1000 Y coord
800|— -
600— —
a00[- —
200~ =
0 L e L 1 L L T T TR E

=30 -20 -10 0 10 20 30
AyVen(Cm)

Basic idea:

tight correlation with scintillation light
emission (~40,000 photons/MeV)

= Vertex position from light
collected by photo-sensor through
lenses or coded masks (precision ~cm)
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Track reconstruction (transform method)

Track-finding: global transform method — Vertex needed

©)

©)

Use of Vertex position (from MC hits) reconstructed in LAr

"Reconstructed” Vertex used for coordinate transformation:
X—Uu y—oVv

u=+(z-zy )/ [(z-z, )* + (y-yy )]
v=-ly-yy )/ [(z-2y > + (y-W )l | vertex: (zwyy)

Search for peaks in distribution of ¢ = arctan(v/u)

Associate digits to tracks (without MC info!) and perform a circular fit

Example:
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Vertex reconstruction from reco tracks
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py., reconstruction in STT for p, p, nt/-

> From circular fit of tracks:

ton charged pions
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v’ Effect of energy loss, multiple scattering, short tracks, ... for proton and pions

v Charge sign recognition efficiency (from circular fit curvature):

* muon: 99.8%
* proton: 98.6 %
* pions: 98.5%

Misidentification due to very short tracks badly reconstructed

14 7-8/11/2022 DUNE lItalian Meeting INFN - L300



Muon momentum reconstruction in STT

Muon pT from fit by a circle in y-z view

Linear fit in p-x view for dip-angle

Error on dip-angle A
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Reco-P, vs True-P, (muons in GRAIN tracked by STT)

From simple circle fit of tracks in STT
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Track energy loss in GRAIN: average

Track energy loss in GRAIN estimated from the reconstructed path-length
inside LAr (AL) and the measured (MC) specific energy loss (AE)

= Path-length: distance btw Vertex and track exit point from GRAIN

= Energy loss in GRAIN: difference between P

gen

(MC) and Py, (reco)

= Energy loss per unitary length, AE/AL (MeV/cm)

any particle (<3 tracks)
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Particle momentum at vertex in GRAIN

Particle momentum at vertex for each track reconstructed by adding AE, to
the measured one in STT, estimated from average Energy loss in GRAIN,
<AE/AL>:

AE; = Lpath.*<AE/AL>
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Track energy loss in GRAIN: parametrization

Track energy loss in GRAIN (AE ) estimated on the basis of the reconstructed

path-length inside (AL) from a MC based parametrization:

any particle (<3 tracks)
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Total v Energy reconstruction

= Up to 3 tracks reconstructed in both views and matched one by one
= Momentum of each track reconstructed in STT (sign can identify )

= Off-track energy clusters in ECal taken into account
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rejection in SAND:

a simple (rough) procedure
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Sources of background for SAND detector

Three possible sources of background for SAND:

1) Cosmic radiation
2) Environment radioactivity
3) Beam-related neutrino external interactions

First two negligible thanks to beam spill coincidence

The last one is the most critical

v Here some preliminary results on bck evaluation and a possible
removal procedure for evts external to GRAIN, based on:

- time information
- energy deposit in LAr
- hits detected in STT and ECAL
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Simulation of signal and bck events

Two samples of v,-CC events simulated by FLUKA code

2-:10% v -CC interactions in the LAr (signal)
1.5-10° v,-CC interactions in the Magnet Yoke + ECAL (source of bck)
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Interaction Vertexes inside GRAIN Interaction Vertexes in Magnet-Yoke and ECAL
Nev: ~125,000 in the Yoke, ~25,000 in ECAL)

7-8/11/2022 DUNE Italian Meeting 23



Summary of expected event rates in SAND

Events from muon-neutrino (CC+NC) interactions per spill (FHC)

R MagnetYoke ECAL Yoke + ECAL | GRAIN |

Total/spill 0.14

CC + (NC) 51 (18) 10 (4) 61 (22) 0.1  (0.04)
Evts in ECAL 12 (24%) 10 (100%) 22 (36%)
Evtsin GRAIN 2.2 (4,4%) 2.0 (19%) 4.2 (6,9%) 0.1

Ws from rock  ~1.7/spill in GRAIN (*)

The required rejection power of background from external events relies
on the event rates expected for GRAIN

(*) Estimated from the rate on the front ECAL surface, properly scaled to GRAIN
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Events detected by GRAIN

The recognition of external interactions
is mainly based on time measurements i

Teca : time of the first fired ECAL-cell
Teran' time of the first detected photon

> External interaction: Tecal

Teca ¢ Torarn

v" Time resolutions:
ECal o©,=54ps/  E,y @ 50 ps
GRAIN o, < 500 ps
STT o;=1ns
ECal threshold: E,ffc = 20 MeV
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Possible failures of the time criteria

> Bck 1 — Time reversal (Tecy > Teran )

Time reversal is possible due to limited
time resolution or to neutrons giving n -
delayed signals in ECal

> Bck 2 —» Tge, missing

Deposited energy in ECal cells is
below the threshold ( E,,, < E,F)
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Bck evaluation (Time criteria only)

Time cut: AT, =T, (ECAL) - T, (GRAIN)>AT, .

= Internal evts: n;y; = fraction of events surviving the cut

= External evts:

Nexra = fraction of events surviving AT, cut (— BCK)

Nexr, = fraction of events where Ty, is missing (— BCK,)

Background estimated from S/N ratio:

N

(5 > nint * MinT Mint * Mgrain

B (MexTt1+tMEexT2) * MEXT B Next - Myoke+EcaL)
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From time criterium alone

AT, distributions

Internal: v-interactions in LAr (2-10° evts)

External: evts from YOKE + ECAL

[] 5 [
(1.5-10 evts)mgz_ External

For:| AT,.>1ns

= Internal evts: 100% (n;yr = 1) 10

= External evts:

BCK_1: 42 evts/1.5-10° with e | h""l" |‘
S N T T N 1x10°

AT15t>1ns ("EXT1= 2-8'10'4) —15 -10 -5 OT 5 10 15

Tistee,-Tists,, (5)
1ns

BCK_2: 454 evts/1.5-10° with missing T;.,, (WgxT2= 3.0-103)

(S) _ 771NT ‘ MINT _ 1 X 1 tOTLS

N cc 77EXT : MEXT B 33 * 10_3 X 611 tOTlS

—
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Residual bck (after AT, cut)

> Bck 1 —» Time reversal g% e i
(Tecar > Teran ) € 200 5
Mainly coming from v-interactions in _ : ]
Yoke (and ECal) with 1st hit in LAr C dE 5
due to neutrons and e-'s near the o= E ]
GRAIN front boundary o g
.. cut on fiducial volume in GRAIN ? : B :
_o00k R R -
x F LI AR R RN R _300'.‘.\‘...|‘;:~.""],.‘f'|‘.‘.m....w..‘.l_:
% C E -300 -200 -100 0 100 200
00: . . ] VertZ (cm)
" oo ] Red dots: event vertexes
1003 . :. é
of 3 » Bck 2 > Tg, missing
100] 3 Mainly coming from v-interactions in
o - 1 the Magnet Yoke with neutrons
- - interacting in LAr
-300f . -
:\ L1 ‘ I | | 1 | | I | | I | ‘ I | | L1l | I\:

-400 -300 -200 -100 0 100 200 300
bVertZ
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Cuts to reject bck: Energy deposit in GRAIN

N Entries 6808 - Internal events
10° Mean 33.74 ]
RM! K35 =
Entries 10000 External events
Mean 1657.7
RM| Entries 117

Mean = 1778 External events with
§8.75

Entries 309 1SS
Mean  8.016 mlssmgTECa,

BMS 24.78

1 02

Internal events with
missing T,

EdepLAr > 30MeV

300
Edep-LAr (MeV)

30 MeV

<+ GRAIN energy cut: EdepLAr >30 MeV <« applied to all events!

— Internal event efficiency: 97.3%
— Bck_1 reduction: ~67% (28 evts surviving out of 42)
— Bck_2 reduction: ~4.4% (20 evts surviving out of 454)
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Cuts to reject bck: Multiplicity of STT hits

102

10

"

”T

Pl

Mean
RMS

Entries 10000
320.2
101.1

Entries 99110
Mean 31.92
RMS 89.03

Entries
Mean
RMS

309
1.411
6.183

L

«» After the cut on NhitStt:

— Internal event efficiency: 96.2%

100 150 200 250 300 350 400 450 500

NhitStt

Internal events
External events

External events with
missing T,

NhitStt > 12

>6 hits in both views as a minimal
requirement for track reconstruction

— Bck_1 reduction: ~48% (20 evts surviving out of 42)
— Bck_2 reduction: ~0.7% (3 evt surviving out of 454)
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Cuts to reject bck: topology for 1st hit in ECAL

‘Er:triés I 1§0t3|6 B Internal events (TECaI > TGRAIN)

10°E Mean 21.03 —~

- AMS 1511 1 External events (all)
L —; External events with T, > Tcran
ol w1l | 1st hitin ECAL from external events

- == 1 mainlyin the frontal ECAL modules

- s tsme|| I

ﬂﬂﬂ. e Cut:| Z-1st,c, >-170 cm

100
Zist., (cm)

(use front ECAL as a veto for 1st hit)

oo

2

% After Z-1st..,, position cut:

— Internal event efficiency: 80.5% hy . |
— Bck_1 reduction: ~21% (9 evts surviving out of 42) |
— Bck_2 reduction: ~0.7% (3 evt surviving out of 454) = = ==
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Bck from external v, -CC events: summary

> After: AT-info ® EdepLAr-cut ® NhitStt-cut ® Z-1st,.,, cut

= Internal evts: surviving 80.5% (1;yr=0.805)

= External evts: surviving 0.012% (12/1.5-10°) (ngxr=0.8-10-4)

= =165+ 44
N T

S . T’INT * MINT 0805 X 1 tOTl
C npyr - Mgxr 8.0-1075 x 611 tons

:> BCkbeam,CC ~ (6.1 + 1.7) °/0

(from events in Magnet-Yoke and ECal)
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ECAL hit topology: fine tuning

htemp
Entries 3084
Mean 4.834e-09

E Rjjnegifni? 09” 2 Distribution of (T, - Tepan)
e iwew | for the sample rejected by the
0 - hit topology cut ...

Signal events (T, > Teram)

y ||] N " 0’ Bck events with T, > Tgran

T TminCal-TFirstLAr (s)

Cut ... more event statistics needed

» Tuned cut on (T, - Teran) ON this event sample: < ~3 ns
Surviving Signal > 90 %, Bck residual fraction ~ 10

— S/N~15 = Bck~6.5%
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Possible improvements in bck rejection

v Further cuts and criteria can be identified using different variables
and methods

v Use of NN algoriths — work presented by Bing at the DUNE GM in
September, for the previous SAND layout

https://indico.fnal.gov/event/46504/contributions/224296/attach

ments/147485/188992/bkgRej STT dunecollab sep2021 v7.pdf,
based on GEANT+GENIE simulation and using:

- timing information.
- topology information in ECAL.
- teconstruction-level information.

* Overall 93% efficiency and >99% purity with NN analysis.

* Cross check with cut based analysis gives overall 85% efficiency
and >99% purity

7-8/11/2022 DUNE ltalian Meeting
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Summary

Event reconstruction in SAND

v' Main features of v events in SAND from a sample of v interactions
In GRAIN simulated with FLUKA

v" Most events contain few tracks in STT (~80% up to 3 tracks) and
can be reconstructed by global track finding algorithms.

v Single particle initial momentum reconstructed by fitting the track in
STT and including its energy loss in GRAIN (MC estimate).
For total E,, the total energy deposit in GRAIN must be estimated

Background rejection

v" Implementation of a simple bck rejection procedure based on
- time information from ECAL and GRAIN
- simple cuts on energy deposit in LAr and STT hit multiplicity

v Preliminary results give a final residual background at level of 6%
Significant improvements are possible using further variables,
complementary approaches and different methods (NN algorithms, ..)
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Reconstruction software layout for SAND

Geometry: equivalent (r
GDML files | 77 Geometry

—

e

) 4

Generator:
GENIE

Generator:

. ~t FLUKA
(internal to FLUKA)

) 4

[ Detector sim

Detector sim.

\_1_/\—/;/
K_Iﬁ\ﬁﬁ/ﬁ
\—/&—/;/

Edep-sim
) ) -
Output: Edep-sim Converter: Output: «<FLUKA»
format ROOT file FLUKA-simu format ROOT file
¥
/ =)
» Digitization
_ r : ) The development of a full
Fast Reconstruction Reconstruction reconstruction is ongoing
& * J
> Analyses
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Muons in GRAIN tracked by STT: error on angles

0, distribution of pin bending

plane (true

and

reco)

Error on 0, of uin bending plane

L I
250— htemp H 500 T ml T ——
r Entries 4592 |7 r Erires emp rerem Bl
Mean  -2.997 || C Mear 00107 | |
200; RMS 21'63; - RMS 02414 [
= htemp H 400— ¥2 / ndf 166.9/14 | |
Entries 4592 N - Constant 3157+ 86 -
r Mean ~3.054 : — N"!ean 0.004483 + 0.001781 —
150/— RMS 216114 : Sigma 0.08848 + 0.00213 :
] 300— —
100 - i ]
] 200 —
50— — L |
L : | | | | N 100— _
D ] | L1l L1l I - | I | I | [ _
-100 -80 -60 -40 -20 0 20 40 60 80
8. (vz - plane(dea) 0 _
D_I | 1 L L 1 | 1 L L 1 | 1 i
O B e | ™ -1 -0.5 0 0.5 1
[k hiemp ] (thetaz-recthetaz)/abs(thetaz)
600 Entries 4573 |
Mean 1.788 |
RMS 2.244 |
500 ¥/ ndf 142815 |
Constant 1900 £58.5 |
Mean 0.8327 £0.0572 | -
- = 0, of
Sigma 1399 £0.044 | rror on o, o1t pin space
soof- e from first 3 hit
- 1 4 d . ( o Irs IS
: o~l.4deg -
200 —
100 3
Gi‘ L . SN PRI IR T R B
0 5 10 15 20 25 30
recPsimu1st*180./3.14
/11/2022 i i (Ve
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STT: track reconstruction

« NY>4 (+ vertex) -> target fiducial volume 30 cm from the edges

Muon momentum resolution < 3.4%

from momentum in bending plane + dip angle

BSOFET +—r{ Entries 6413 WFrrrrrnwrrnTrrrrrrmTrrrrrrrﬂ“' 63 " T T .|....]....E"ﬁ“ 6413
§ Mean 1819 g I yoan 00002345 %oo Mean 1.256
200 RMS 550 - Dl p s 01008045 P AMS 5.484
Constant 3265 £ 8.4 800+ Constant w278 Constant 3104 £+ 7.4
250 Mean 1582 20.114 - an g Ie M 8879006 = 3.440.08 250
a 3.097:0 - g 0001714 £ 0,
200 = 600— 200
150 - - 1 150
] 400 —
100 3 100
- 200+ B
50 ] - 1 50
o TN PR B o
=30 =20 =10 0 10 20 3](] -8.05-0.04-0.03-0.02-0.01 0 0.01 0.02 0.03 0.04 0.05 =30 =20 =10
percentage efror on 1rp" (%

0 10 20 30
error on dip angle (radians) percentage error on 1/p (%)

[from circular fit (not Kalman fit)]

Simulation | Target Py (%) dip-angle (mrad) p (%)
FLUKA LAr meniscus 2.6 +0.1 1.67 £+ 0.09 2.53 +0.08
FLUKA STT 3.14+0.2 1.71 £ 0.04 3.1+0.2
Geant 4 STT 3.50 £+ 0.05 1.1 £ 0.1 3.43 +£0.05

Wrong sign charge: 0.8% in the full momentum range
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GDML geometry (GEANT4):
ECAL+GRAIN+STT

~ 90 STT modules:

target (CH2 or C)

radiator (plastic foils)
XX straw tube plane
YY straw tube plane

Inner vessel support rods

Calorimeter

Internal T ribs
envelope
- Lar Vessel

Vacuum and

4 superinsulation

Beam

External T ribs

Schematic ZY cross section

-

ECAL
24 barrel modules 2 endcaps

Spaghetti calorimeter approximated as 209
scintillation layers alternated with 209 lead layers

0.7 mm scintillation layer (green)
0.4 mm lead layer (gray)

41
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Equivalent FLUKA geometry

Detail of the
scintillating fib

STT

LLLLLLL

fibers

e
ey by o e A iy e o N

Pb

o o

800080 > .um

Kloecal fine structure

-

Detail of a ECAL module

=, e 3 : Implemented in FLUKA:
Detail of a STT module fibers, glue, lead
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STT: a target + tracker system

A high precision tracking system including thin (1-2% X)) targets and TR capability
* A quick remind = 3 types of modules:

7 Carbon target modules 78 Target + radiator modules 5 tracker modules: XXYYXX

32.0000 ' 37.7180
18.6600

37.3300
18.6600

18.6600

—5.0000

Replaceable by nuclear target:
C,Ca,Fe, Pb,Ar, efc.

44— Total thickness ~ 0.015X) =—————>p

* position resolution on single hit: 200 um iny e x

* time resolution on single hit: 1 ns

* density: tunable between 0.005 < p < 0.18 g/cm?

* radiation length X, ~ 2.6 m,

« tracking sampling: 0.15% X, along z - 0.36% X, along X,y
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Digitization: ECAL NIM A 482 (2002) 364-386

Time resolution

 Detailed digitization of ECAL tnsic resoluton
response takes into account: g / e

R A 1O R i)

Time Resolution

- Number of photons per o
deposed nergy SOUIEUON 3 oy - amison
propagation time along the . S ik
fibers; response Of PMT ) 50 100 150 200 250 300 350 4(;(:/5‘(;\15)00 u D

Fig. 32. Time resolution as a function of E, for ¢ radiative 2 o ’ os El(GeV)

 Distinct digitization in FLUKA
(geometry information stored Energy resolution
In different way, different

simulation details, ..), but <o S wesammn
same output i !

0.25

= Measured performances s oo o ol )/ E =480/ /FGE)

0.05

are reprOduced: ()0 SIO ](l)O I;D Z(I)O 2.%0 360 1“30 E4(;){(()I\;llée(]\;)00

(b)

Fig. 20. (Eq — E,)/E, (a) and resolution (b) vs. E, for e"e™y o2 o o8 e £ (Gov)
events. The fit gives o(E)/E = 5.7%// E(GeV).
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Digitization: STT

« STT space-resolution (0.2 mm for X and Y coordinates, 0.1 mm
for Z coordinate) simulated by means of Gaussians

* Energy threshold for STT-hits: 0.1 keV

« For any charged particle in MC-tracks (by GEANT or FLUKA),
the hits on STT planes generate the “STT-digits”, one for each
STT layer in X-Z and Y-Z views

- Digit coordinates from the average of hit coordinates

- Time-resolution on STT digits: 1 ns (Gaussian smearing)

32.0000

Will be improved soon!
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Problematic situations for transform method

| Side view (Z-Y)]
00
g

>
200

mu-
mus+

T T T
-

100

-100

-200

- | I | ‘ | I I | ‘ | I | ‘ I I | ‘ | I | ‘ | I I |
30060 200 100 0 100 200 300
Z (cm)

Side view (Z-Y)

00
5
>

200

mu-
mu+

100

-100

-200

o
L e B B

! \\Ill\\\lll\\\‘\\\Ill\\\lll\\
39%00 -200 -100 0 100 200 300

Z (cm)
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ypart:zpart {Nev<100}

t
200
>

150
100

50

-100

-150

(=3
[T T[T T T[T T T T[T T[T T[T T T[T T [TTTTT

-200

-200 -150 -100 -50 0 50 100

150 200
zpart

-50

—100|

—150

(=]
[T T [T I T T[T T T[T T T[T T T[T T T[T T T T [ TTTT T

—200

—200 -150 -100 -50 0 50 100

DUNE Italian Meeting

150 200
zpart (cm)

Many tracks, eventually
crossing each other

Superimposed tracks,
although few
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Track multiplicities In STT

The multiplicity of tracks entering STT can underestimate the
total track multiplicity in STT, due to secondary vertices by

interactions, decays, ...

Some examples:

| Side view (Z-Y) |

007
S
> L
200(-
1001
o
~100(-

~2001

Z (cm)

| Side view (Z-Y) |

007
S
> L
200}
100
o
~100(-

~2001

- _| L1 1 | 1 |- ||
30060 200 -100

0 100

1 1 | 1111
200 300
Z (cm)
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Muon acceptance by STT and ECal

Pu-angle 0, w.r.t. beam direction

BOOF—= T T LI L B L B L I IR
- hitemp 4

C Entries 10000 | ]
500 Mean 29.28 |
C o RMS 257 7

H <ez> ~29 htemp —
400 Entries 9155 | ]
— Mean 23.45 |

I= RMS 16.22 |
300:_ htemp T
H Entries 9010 |
Mean 23.25|

I RMS 16.18 |
2001 -]
100— —
G_ 1 ‘ 1 11 1 11 1 | - J. e | J_T

0 20 40 60 80 100 120 140 160 180
8:(deg)

400

350

300

250

200

150

100

50hT

DC)

Muon momentum spectrum

T T R T T T T T T TTTT IIII|IIII|I_
T T T

Ptotmu
Entries 10000
Mean 1.956
BMS 1.709
htemp
Entries 9155
Mean 2.044
RMS 1.72
htemp
Entries 9010
Mean 2.072
BRMS 1.718

~ 92 % of muons cross the STT front tracking modules

~ 90 % of muons touch ECal after STT
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Muon energy loss in GRAIN-LAr

Muon path-length in LAr

100F

L (cm)

AR R AR R AR AR RN RRA RN AAREN RARRE RERES
L_mu0 i
Entries 6995 |
ven 28| Some muons (~6%) absorbed
<L>~23 cm | near the vertex inside LAr
L ] Excluding above events:
0 10 20 30 40 50 60 70 80 9&( cn11()]0
Muon path-length in LAr Muon: dE/dL in LAr
P e R R RN LR RS RRRR RAREN RN RN A L R RN AR
r L mu b dEdL_mu B
Entries 6572 | 1000— Enties 6572 |
- Mean 25.26 | Mean 2.369 | 7
200— RMS 15.62 [+ RMS 0.7037 | |
L <L >~ 25 ] 800 — -
i ~25cm
ss0f- ¥ <AE/AL>
B 600 — —
i ~ 2.4 MeV/cm
100~ 400/~ o
50|+ 200 -
OD;TH‘10”"20"H30””40”H50‘H‘BOHHTO‘ IBO 90 1;]0 0()_H HISH 4 5 Js_‘LUJ?JJ ‘ABJ‘HS‘)HU‘I_O

AEIAL(MeVicm)
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Proton acceptance by STT and ECal

P,-angle 0, w.r.t. beam direction

C T
220 htemp =

r (o] Entries 10472 |7
2001~ <ez> ~68 Mean  68.02
180 RMS 39.93

E htemp
160 — Entries 1738

C Mean 29.71
140 RMS  16.19
120F htemp

- Entries 673
100— Mean  30.63
80: RMS 17.18

=1
180
8:(deg)

FARTIINN NI NN S NN MR

111 111 11| I L L L L
0 20 40 60 80 100 120 140 160

Proton kinetic energy spectrum

R
C Ekpro

Entries 10472

<Ek> ~200 MeV  Yeor 01750

10° | 0.2753 | =
= htemp -
C Entries 1738 | ]
» Mean 0.4625| 4
RMS 0.394
10° =
emp

Entries 673
Mean 0.606
RMS 0.3627

+ 1

I

u |||!
i

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Ekin_pro (GeV)

~ 17 % of (primary) protons cross the STT front tracking modules

~ 6 % of (primary) protons touch ECal after STT
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Proton energy spectrum (v-Ar in GRAIN)

Ekin - protons

Ekpro5
Entries 49945
Mean 0.1984
RMS 0.3734

Proton energy
spectrum

10*

10*

Mean ~ 200 MeV

All protons are considered

10°

° %\W@\W\WW '

-

|

45

Ekin (GeV) SRR R = 'E‘k";r'o‘o'S' 4
Entries 14711| 7

- Mean 0.1025
Almost half protons with very low 10° RMS 01176 |
. B r htemp .
energy immediately absorbed near Enties 8328
RMS  0.1142| 7

the vertex
(just in 1 step of the simulation) o

Excluding such protons: . .

= 1 ‘ 111 | 1111 ‘ 111 | 1111 | 111 | 1111 | 111 | | 1111 | | \:
0 005 01 015 02 025 03 035 04 045 05
Ek_pro (GeV)
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500

400

300

200

100

Proton energy loss in GRAIN-LAr

Protons: dE/dL in LAr

Proton path-length in LAr

700

600

L_pro
Entries 8328
Mean 13.52
RMS 11.64

<L, o>~ 13 cm

htemp
Entries 1600
Mean 2111
RMS 12.71

High energy protons
<lLyo>~21cm

Proton path-length in LAr

700
sooé
500/
400
sooff
200t

100

AR R RN A R RN RN R
L_pro
Entries 8328
Mean 13.52
RMS 11.64

htemp
Entries 6003
Mean 17.56
RMS 11.36

htemp
Entries 4036
Mean 22.49
RMS 10.81

htemp
Entries 2790
Mean 27.02
RMS 10.08

PRI NNE RS N

20 30 40 50 60 70 80 90 100
L (cm)

3af

=5

o

p

700 — '
600 f
500 —
400 f
300
200

100f

of

<AE/AL>
~ 8.1 MeV/cm

RARERRRERERESS
dEdL_pro

Entries 8328
Mean 8.129
RMS 5.264

From average values:

30

35 40 45 50
AEIAL(MeVicm)

w

E.,, ~ 100 MeV for protons to exit LAr

Somecutsonl,:
>5ecm:72 %
>10cm: 48 %
>15cm: 34 %

Tracks could be
reconstructed in LAr
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Acceptance for charged pions by STT and ECal

a0l

20k

P_-angle O, w.r.t. beam direction Charged pion momentum spectrum
180__L LI | LI | T T | T T | LI | LI | T T | LI | LI | T \_L_ 5 TT | T T 1T | T T 1T | T T 1T | T T 1T | T T 1T | T T 1T | T T 1T | T I.I | TT
- htemp ] 1070 - t_Ptotpuo4901 E
160— Entries  4901| — ntries -
C <Oz> ~ 46° Mean  46.05| <P1t> ~ 860 MeV/c Mean  0.8561|
140 RMS  36.95| RMS 1217
- htemp ] hiemp
120 Entries 2238 | —J 102 Entries 2238 | |
I Mean  27.05| 2 Mean 1143
100} RMS  18.45| ] RMS  1.401|73
htemp ] htemp —
80 Entries  1081| —| Entries 1081
H Mean 28.02 | 10 Mean 1.273
60| RMS  20.11] ] RMS  1.454

coa e b by PRSI PSRRI I R SEENIEEETINRERE REE AN |
0 20 40 60 80 100 120 140 160 180 0 1 2 3 4 5 6 7 8 9
6:deg) Ptot.(GeVic)

~ 46 % of (primary) pions cross the STT front tracking modules

~ 22 % of (primary) pions touch ECal after STT
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Charged pion energy loss in GRAIN-LAr

Pion energy spectrum Pion path-length in LAr Charged Pions: dE/dL in LAr
L L L L L L L L B L L 300:"”"H'\""|H"\"H\"H|H"\“"\“"\""‘: L)) L B B L B L B R R R N R R R b
Ekpio L_pio ] 8005 dEdL_pio | 7
107 E Entries 5910 | = 250 Entries 5910 F Entries 5910 ]
Mean 0.8205| 1 Mean  20.23| 700E Mean  2.604 | 7
RMS  1537] 1 RMS 1419 7 F RMS  1.029| 3
~ 200— — 600F i
"ELOM 800 MeV <L >~20 1 <AE/AL> ;
g ean ~ e ~20cm ] soof E
b3 m Tl ~2.6 MeV/cm
= . 100H é 3005 —i
g 1 200f 3
50H — C |
L i 1o E
0 '2" ',!,‘ ' ‘l';‘ ‘ 'E‘,‘ ‘ ‘1'0‘ TR E:?”,,Eﬁ'l!ﬂ;_)o % “‘1‘0' “20 30 40 50 60 70 80 N;cf(;i?c 00_‘”‘4' d?f*;;é:(;é‘a;‘cﬁ)o
From average values:
Pion path-length in LAr ~ . .
s E.., ~ 50 MeV for charged pions to exit LAr
E NL EntriesJ)IOSQWO E
250— Mean 20.23 ||
L RMS 1419 ]
J|1 Rerp_] SomecutsonlL :
F Entries 5442 T
= Mean 21.683 | 4
RMS 13.93 |
T >5cm:92 %
MT;:ES 25.72 | ]
100 RMS 13.19—_ 0
_Pemp_] >10cm: 72 % Tracks could be
50 H Mean 29.82 .
s 128 ] reconstructed in LAr
] >15cm: 55 %
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Fiducial volume cut on vertex in GRAIN-LAr

Z range of Vertex in GRAIN-LAr: from -180cm to -138cm

Cut on Vertex along beam direction: Z > Zcut

Zcut, Zcut, =-170 cm

Zcut, ~ 48 % of (primary) pions cross the STT front tracking modules

Zcut,
~ 23 % of (primary) pions touch ECal after STT

Zcut, =-158 cm
~ 52 % of (primary) pions cross the STT front tracking modules

~ 26 % of (primary) pions touch ECal after STT

Zcut; =-150 cm

~ 56 % of (primary) pions cross the STT front tracking modules

————

-170 -158 -150 Z
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~ 27 % of (primary) pions touch ECal after STT




Reconstructed vs MC tracks In STT

Ntracks >0 0 < Ntracks<3
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Vertex reconstruction from reco tracks
e Reconstruction of X coordinate

2000— i DXverTrk1 =
C Entries 7686 |
1800:— TO t al Mean -0.2594 [
r ] T — T T T
1600 AMS 5784 15 F DXverTrkQET ]
- ﬂ *= [ ndf 2274/86 - 4501— Entries 2329 |
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12001 — Sigma 1.61£0.02 [ B 1 ot s182/8 | 7
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800 i g E
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o onsmzzonce o Gl em || [ s
B ] - Mean -0.0007835 + 0.0284987 |
B ~ 3
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- 1 600|— H
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57

7-8/11/2022 DUNE ltalian Meeting INFN - L300



Vertex reconstruction from reco tracks

F T L L B
2000 DYverTrk1 ]
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Vertex reconstruction from reco tracks

F—— — ——
22001~ I DZverTrki E
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Reconstruction of Z coordinate
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v, Interactions on

Primary Particle multiplicity (H)

Hin STT

Primary charged Particle multiplicity (H)

L U I L L AL L IO BN
L NpartH ] F ] NchpartH —
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F 7 800|— —
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0 5 10 15 20 25 30 0 5 10 15 20 25
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v, Interactionson Cin STT

Primary Particle multiplicity (C) Primary charged Particle multiplicity (C)
2400 L I B L B B E L
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E Entries 13453 | - F Entries 13453 |
2000 Mean 8.037 | — 3500 :_ Mean 6.3 _: [ PosCaly:PosCatz {absiPosCaix)<169 &8 Nev<100) |
1800 f_ RMS 2.698 _f c RMS 1.747 ]
1600; é 3000? —;
1400f- E 2500; é
200k All part. - g Charged part;
3 3 2000 —
1000 ~8.0/ev A E ~ 6.3/ev E
800 - 1500 -
600 E 1000 = posCalz
400 — C ] . .
w0l E 500 = DIS interaction on C
S IR R N g ! T (~ 40% events on C)
% 5 10 15 20 25 30 % 5 10 15 20 25 30
Npart Nchpart
Primary Proton multiplicity - C target
y pctty g Primary pion multiplicity (C)
R L R R B I I I I RS
E_ 1 e _E 4000;‘-"%""I""\""I‘"'I‘"'\"“I""\""\"“E
1900 E Entries 13453 ] 4500 Z_—I Emriel\slpm?mss E
E M 1874 3 E ]
000 RMS 1106 ] C Mean — 1.629| 7
3500 — 3 3000 RMS 1.639 3
30003— —E 2500i . =
N Protons E g Charged Pions 1
L 1 2000 —
so00k. ~1.9/ev E : ~1.6/ev :
C ] 1500 — —
15001 - : B
1000 <Epr°> ~ 230 MeV 1000? <Epro> ~ 750 MeV
500; é 500} ‘I_l_‘_\—,—,—,—,—;m,
DEI 11 | 1111 | 1111 | 1111 | 1111 ‘ 1111 | Ll ‘ Y | T - |E D:\ 111 | 1111 | 111 ‘ 1111 | 1111 | 1111 ‘ I L1 :
0 1 2 3 4 5 6 7 e 1 (0 1 2 3 4 5 6 7 8 8 10
Npro Npion
61 A. Surdo et al. — DUNE lItalian Meeting INFN (\



Display of some events

| Side view (Z-Y) |
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Residual bck events: vertex distribution

V%EIY {cmé
=

-100

-200

-300

—400

® Vertex of bck_1 events

® Vertex of bck_2 event

1st hit in GRAIN
1st hit in ECAL
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Display of bck events
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