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Introduction

Aim of the work: full event reconstruction in
SAND with sandreco

- GENIE + EDepSim
- Latest detector geometry

- Digitized events (in sandreco)

- Neutrino interaction vertex
- Primary identification: tracks and particles

- Neutrino energy reconstruction
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Introduction

* Starting point: analysis performed for gobal event reconstruction in SAND
https://agenda.infn.it/event/32953/contributions/184143/attachments/98921/137065/SAND Ev_Reco_Surdo.pdf

- Based on FLUKA as v interaction generator

- A previous geometry, different from the latest one
* Neutrino interactions in GRAIN or STT

* Results:
- Primaries classification (number, type, energy, ...)
- Energy reconstruction (from tracked particles, ECAL clusters, scintillation in GRAIN)
- Others

* Ongoing work: reconstruction in sandreco

— Characterization of events using MC information — I part

- Prelimary study of event reconstruction without MC information — II part
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https://agenda.infn.it/event/32953/contributions/184143/attachments/98921/137065/SAND_Ev_Reco_Surdo.pdf

MonteCarlo Production

* Geometry: SAND opt3_STT1.gdml (https://web.infn.it/nu_at_fnal/wp-
content/uploads/2023/11/recap info_geo.pdf )

GRAIN has realistic dimensions (902 mm thickness) and also the clearances are reasonable

* Interactions: GEO VOLUMES= "STTtracker” , "GRAIN LAr Iv" and "sand inner volume"
interactions in STT, GRAIN, Inner volume (STT+GRAIN)

* Type of event: OVERLAY="no"

single event (alternative: "yes”-> beam spill)

* Particle:
-  MODE="neutrino"” (alternative: "antineutrino'")

- NU FLAVORS="14,-14" (D5, D)
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First part: Characterization of interactions in SAND
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Characterization of interactions in SAND: tracks

Interactions in GRAIN
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Interactions in STT
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Energy of charged particles and energy estimated from tracks

Interactions in GRAIN
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Interactions in STT

EvisCh = Ep + Emesons+- + Ekin,protons&baryons+-

EvisCh is the part of neutrino energy carried by
charged particles (that could be reconstructed if
every charged particle can generate a visible track)

EnurecTrk/EvisCh is the fraction of EvisCh

estimated from reconstructed tracks

A fraction of the neutrino energy is lost because of:
- Absorption of low energy particles in LAr
- Tracks not reconstructed on the STT borders
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Characterization of interactions in SAND: reconstructed energy

Interactions in GRAIN
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Second part: full event reconstruction

Motivation:
So far we used MC information for reconstruction in sandreco —» benchmark results representing the ideal case

More realistic scenario: no MC truth but only output of the digitization

Method:

Interaction vertex estimation based on STT-hit topology (STEP 0)

Track finding (Global transform method)

Linear or circle fits to the tracks (to be integrated with the Kalman filter)
Vertex reconstruction from crossing the 2 most rigid tracks (STEP 1)

Possible procedure iteration

Matching of tracks in the two views — track in 3D space

Momentum evaluation

Combine with information from GRAIN and ECAL

L ) UNIVERSITA L
9 F. Alemanno | Reconstruction in SAND ) DELSALENTO W
e —

[N C e ——y



° Eots00= T ]

Vertex reconstruction (step 0) ]
—2000:— —:

Interactions in the STT ek '—- E
Digitized events ot i
A primary vertex finding algorithm is applied, _m:_ . B
based on simple topological criteria (preliminary) sl ]
I N I T I W I NI B e

23800 24000 24200 24400 24600 24800 25000 25200 25400 25600 25800

Digit spread profile on STT planes (x-z, y-z views) vs z coordinate £om
E-1000F = g 500 e

Vertex in the point of minimum spread >, - ERES e E
_12002_ —i _1500; i‘l- _I:E=::= ............. _f

. _1apoE- = - '|:;:"""- el =

The red point represents e ] ~20001 e, . NI
-1400 - - .., ! .

the reconstructed vertex, ek E N Mrertpgane E
: : c = -3000 3 ' =
superimposed with the true vertex 16007 @ 3 - | =
C LITT - il ' i

. o { = -3500F . .

(good reconstruction) = - - -
-1800— 3 -4000— 3

— ‘235‘0(; = I24(|]00I = I245|C|(}i = I25(|)0C; = IZES‘OCL — = e e b by v e b by | =

Z (mm) 23000 23500 24000 24500 25000 Zl'z(?l‘?r%?

10 F. Alemanno | Reconstruction in SAND




Some examples of not good reconstruction
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Vertex reconstruction - STEP O (vertex in STT)
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Vertex reconstruction - STEP O (vertex in STT)
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The bad reconstructed events have
the maximum error on the z axis

- At least one more iteration is needed (improvement from
previous studies with FLUKA)
- Investigation on the event topology to improve the reconstruction
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Conclusion and future plans

Characterization of interactions in GRAIN and STT in sandreco using MC information

Estimation of the neutrino energy that can be reconstructed by using the tracks in the STT

Vertex reconstruction in sandreco without MC information

Only for the case of neutrino interactions in the STT

Next steps:
1) Further investigation on the bad reconstructed events to improve the reconstruction already at the step 0

2) Continue with the track reconstruction
3) Iterative method for vertex reconstruction in STT

4) Implement the vertex and track reconstruction in GRAIN and in the ECAL, using an iterative method
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Backup
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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>u y-ov

VE-ly-y ) A U2z P WL vertex: (zyy,)

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

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

Example:
[Side view (Z-)| phi {Nev==8}
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Primaries

»,-CC interactions

DV, V., CC and NC
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Primaries

»,-CC interactions
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