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GRAIN design and simulation

v Detailed geometry, dimensions and structure of the active LAr
detector currently in the design phase

v Layout with temporary geometry implemented in GEANT4 code

v FLUKA: implementation of current geometry layout in progress
with a simplified detector response simulation

» provided info: particle hits (position, time, energy deposit)

Used to study some features

CC-v, interaction of v, interactions in the LAr
In GRAIN target and STT
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Neutrino interactions in GRAIN (FLUKA)

Two samples of V- CCinteractions in LAr target and in STT

' Side view (Z-Y) |
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Some features

ypart:zpart {Nev<100)}

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

v' Outgoing particles detected (and tracked) in STT and ECal

v For a few tracks, global transform method expected to work fine

A. Surdo et al. — DUNE lItalian Meeting

INFN (Ve



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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Neutrino and other particle spectra —
v-Ar in GRAIN

Interacting neutrinos

Spectrum of produced muons
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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
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Multiplicities of tracks entering STT

Track-multiplicity at 1st STT (nu_mu-CC in LAr)

Nrackst A relatively low number of charged
Mean 2817 particles escaping GRAIN and tracked
RMS 3.016

2500
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LAr "cleans up” events by absorbing low energy particles and nuclear frags

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

= Especially for high multiplicities, different and more sofisticated pattern
recognition methods (Kalman filter algorithm, ..) are necessary
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Vertex reconstruction in LAr-target

Vertex "reconstructed” from hit positions with Edep weights
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Track reconstruction (transform method)

Track-finding: global transform method — Vertex needed
o Use of Vertex position (from MC hits) reconstructed in LAr

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

u=+(z-zy )/ [(z-zy )* + (y-yy )4
v=-(y-yy )/ [(z-2y )* + (y-yw )l | vertex: (zwyv)

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

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

Example:
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Reconstructed vs ‘real’ tracks entering STT

ANtrack = Difference btw Reco and MC tracks entering STT

A Ntrack
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Track multiplicities in STT: a in-depth look

Entering STT

st Trackswith 4 . Most events with few tracks
| >3 STT hits | .

so00f in Y-z 7 ' entering STT ...

1500%_ <Ntrk¢;+>< 3 tracks_% ~ 78 % up to 3 tracks

i | ~ 65%upto 2 tracks

i ~ 38%only 1 track

Ntrack_1stSTT

Question:

Most charged particles not capable to enter STT ?
- Pions ?
- Protons ?

11
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Proton and pion spectra (v-Ar in GRAIN)

E, fraction carried out by hadrons:
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Energy loss in GRAIN: difference between P

Proton energy loss in LAr

gen

(MC) and P, (reco)

Track-length in GRAIN: distance btw Vertex and 1st Hit of track in STT

=> Energy loss per length unity in LAr, dE/dL (MeV/cm)
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* Higher signals than muons->better
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Proton spectra at generation and in STT

Proton spectrum ... T T e

T A LA L N B DR 30:— htemp_
4— .Ekprc}S ] i rl‘zdr;t:re]:s 22.51?31 §
10 Entries 49744 | 5 C RMS 13.37 ]
. Mean 0.1881| 3 - n
i ... at generation RMS 03182 - B ]
o htemp | | - <L>~22cm -
F Entries 570 | 3 B 7
C Mean 0.4594 | J B |
B RMS  0.3613] ] i ]
10°E 1 p-track entering STT -
- and reconstructed (out . :
10 of max 3 trks) - E
; ’ UULI_LH.IJ 0:I 111 | L1 11 ‘ 1111 . | L1111 | 1 Il | B ‘ I:
L 0 10 20 30 40 50 60 70 80
1 L_pro (cm)
05 75 3 25 3 Proton path-length in LAr
Ekin (GeV)
» et 4 )
e 72| 3 From energy loss rate in LAr (6MeV/cm)
= and average path-length (22 cm)
Mean 0.3879( 7
RMS 0.2012 | o

U

] Most Protons (below ~100-150 MeV) are
WP’L’M,H prevented from reaching STT

| 3
07 08 08 1
Ekin (GeV)

N R FEET NN AN N
0 01 02 03 04 05 06

14 A. Surdo et al. — DUNE ltalian Meeting INFN Ve



Emission angle for protons and muons
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Muon energy loss in LAr
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Single track events: v Energy reconstruction

(1-EtotRec/Enu) - (1 track)
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= Tracks succesfully matched in the 2 views = track in space (~75%)

= Assuming the energy deposited in LAr has been measured

= Off-track energy deposited in ECal taken into account

= Track ascribed to the muon (true in 95% of events, p in 4%, % in 1%)
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v, Interactionson Hand C in STT

Primary Particle multiplicity (STT)
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v, Interactions on

Primary Particle multiplicity (H)
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v, Interactionson Cin STT

Primary Particle multiplicity (C)

Primary charged Particle multiplicity (C)
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Conclusions e outlook

« Some features of v -CC interactions in LAr target (GRAIN) from
FLUKA simulation

» Acceptance of outgoing charged particles in STT, track finding, global
event reconstruction, ..

* Most events with low track multiplicity, so global track finding methods
could be reliable. High track multiplicity events probably need more
sophisticated track finding algorithms

« Some features of v -CC interactions in STT (H and C targets),
peculiarities and differences w.r.t. interactions in LAY

 Different interaction channels and event topologies: identification of
event categories to be reconstructed with same tools or with the
highest priority
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Backup

22
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GRAIN inside SAND

Supporting
Structure

LAr Cryostat
Design in progress ...

(— talk by G. Laurenti,
technical session)

Kloe
calorimeter

Inner Tracker
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Problematic situations for transform method
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Track multiplicities In STT

The total track multiplicity in STT can be underestimated due
to secondary vertices by interactions, decays, ...

Some examples:

| Side view (Z-Y) | | Side view (Z-Y) |
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Single track events

Difference btw Reconstructed and MC (single) track entering STT:
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v, Interactionson Hand CIn STT
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