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Summary

 Electromagnetic shower reconstruction analysis for PDVD (Y. Kermaidic)

« Michel electron analysis -identification of stopping tracks- for PDVD (J. Quelin
Lechevranton, T. Houdy)

o Calibration at low energy
« Ar39/radiologicals reconstruction/identification for PDHD and PDVD (E. Lavaut)

e PNS (Pulse Neutron Source) analysis for CBVD and PDHD (?) (Y. Kermaidic E.
Lavaut)
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o Particle gun starting at the beam entrance ﬁsoo:— 7
« |deal case » - i .
- Dataset: 2801 4
. - 5

« 10000 electrons available 260 —

» vd-protodune:vd-protodune__full- 240 .
reconstructed_v09 88 00d00_ protodunevd reco__gen_protodunevd_ele - ;
ctron_1GeV_outl_elgev validation 20

. Goal: 200 — 2

« validate the pandora shower identification 180 — 1

« perform the calorimetry and estimate the energy reconstruction e L
performance . 20 40 60 80 100 120 140 X (cm())
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e https://github.com/DUNE/dunesw/blob/develop/fcl/protodunevd/gen/ B
gen_protodunevd_singlep.fcl 260/ >

o https://github.com/DUNE/dunesw/blob/develop/fcl/protodunevd/reco 240 4
protodunevd_reco.fcl =

220 — 3
. Using: 200l
pandora: @local::protodune_pandora - °
180 — 1
« Bug: Start at the wrong position — PR opened 160 | o o - o .
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https://metacat.fnal.gov:9443/dune_meta_prod/app/gui/dataset?namespace=vd-protodune&name=vd-protodune__full-reconstructed__v09_88_00d00__protodunevd_reco__gen_protodunevd_electron_1GeV__out1__e1gev_validation
https://metacat.fnal.gov:9443/dune_meta_prod/app/gui/dataset?namespace=vd-protodune&name=vd-protodune__full-reconstructed__v09_88_00d00__protodunevd_reco__gen_protodunevd_electron_1GeV__out1__e1gev_validation
https://metacat.fnal.gov:9443/dune_meta_prod/app/gui/dataset?namespace=vd-protodune&name=vd-protodune__full-reconstructed__v09_88_00d00__protodunevd_reco__gen_protodunevd_electron_1GeV__out1__e1gev_validation
https://github.com/DUNE/dunesw/blob/develop/fcl/protodunevd/gen/gen_protodunevd_singlep.fcl
https://github.com/DUNE/dunesw/blob/develop/fcl/protodunevd/gen/gen_protodunevd_singlep.fcl
https://github.com/DUNE/dunesw/blob/develop/fcl/protodunevd/reco/protodunevd_reco.fcl
https://github.com/DUNE/dunesw/blob/develop/fcl/protodunevd/reco/protodunevd_reco.fcl

Electromagnetic shower Pandora configuration

Upgrading the Pandora configuration: PandoraSettings Master ProtoDUNE VD.xml

to include beam entrance position and direction (a la HD config.)

. . o . vee . PDVD 1 GeV/c reconstructed electron
Testing the Pandora shower reconstruction & particle identification

= | %4 Event Display 6
S | %2 ShowerParicles3D s ™

4.3 [7 PFO/E=0/m=0.000510999/PDG=11 T .

S | %2 Clusters/PFO/E=0/m=0.000510999/PDG=11 :

Two issues to be noticed:

. . NB: Pandora event display
« Asof now, 8 times out of 10, pandora would reconstruct an electron shower as a pion.

« What's poping-up for beam matters is its direction w.r.t. to one of the
induction plane : 45 deg. vs 30 deg ) |
One of the three views has poor information - - X
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 NB: Pandora event display o
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Electromagnetic shower Pandora configuration

Upgrading the Pandora configuration: PandoraSettings Master ProtoDUNE VD.xml

to include beam entrance position and direction (a la HD config.)

. . « 4 e ege  _us PDVD 1 GeV/c reconstructed electron
Testing the Pandora shower reconstruction & particle identification

3@ Event Display 6
=4V ShowerParticles3D '""""::"‘22::5 """" o T
4.3 [7 PFO/E=0/m=0.000510999/PDG=11 AT .
23 [ Custers/PFO/E=0/m=0.000510999/PDG=11 "

Two issues to be noticed:
_ . NB: Pandora event display
« Asof now, 8 times out of 10, pandora would reconstruct an electron shower as a pion.
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« What's poping-up for beam matters is its direction w.r.t. to one of the

— 0.5 GeV/c
induction plane : 45 deg. vs 30 deg 25 1.0 GeV/e
One of the three views has poor information — 2.0 GeV/c

20

15

10

1’—l] | HHIHHH’_HJI-L’l ‘ | | | | 1-| | | X103

| | | |
100 150 200 250 300
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Energy scan working to first order when looking at the reconstructed charge
of summed wires
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Michel Electrons Cosmics PDVD data

The Legend Title

SP of all hits

 Using existing data set of cosmics in ProtoDUNE- | e

Reco tracks (sel : lenght), P 'Tw —
o’ o

VD

e Objectives:

o validate the ProtoDUNE-VD cosmics
preproduction and reconstruction (track
efficiency, track/single hit)

« builda LArsSoft module to select the T P
. . DUNE:ProtoDUNE-SP Simulation, Preliminary
decaying muon and reconstruct the Michel N N
electron energy ) ® sl TEomon

min hit peak cut
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Michel Electrons

. } i ) _ ° ° °
Recn Tracks (96 | Bnght) e ° 1 St I n Ve St I a t I O n S .
= Roxo vocks idontticd az decaying muons fcheat) g °
a Trug paaiion of mohal clectrons (chaat)
&N of s (oo randtad

« Muon well reconstructed. 1 event =1 cosmic —
50 reco tracks, 27 muons decay, 5 within the
detector

 The drift reconstruction is wrong for single hits
— transformation of (x,y,z) plan into (time, y, z)
for selecting events around muon decay

« Check plots for hits selection within muon

o decay spots.
350 » Next phases :
300, ~——— » (o to wire/time check plot
250 ' . Increase statistics by using the full
2005 preproduction
150 . .
; N  Evaluate efficiency of muon decay spot

e | selection

50— [

o= | | | | | | |

400 300 200 100 0 100 200 300 400




-

- Calibration low energy

« Low energy physics context :

e Energyrange:[ 0, ~20 MeV ]

 Solar, SuperNovae,

Diffuse SuperNova Background neutrinos
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Calibration low energy Introduction

e Needs for:
« Calibration sources:

« Natural: Ar39(FD: -107 decays/s PD : ~105decays/s), radiological, Michel-e™
o Extern: Pulse Neutron Source (PNS)

« The natural sources must be characterised as they are either a background (neutrino
analysis) or give information on the detector (purity, space charge effect ...)
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< Calibration low energy SingleHit Module

« LArSoft analysis/reconstruction module developed for 2years (github here)

o First: reconstruction of the position of hit with low charge < 500 [ADCxticks] =~ 10 [MeV]
— pandora and reco3d optimised for GeV track like events

— crossing point of a collection wire with 1 or 2 induction wire in time coincidence (2 or 3 view

coincidence)
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https://github.com/emilelavaut/protoduneana/tree/develop/protoduneana/verticaldrift/singlehit

'« Calibration low energy SingleHit Module

« LArSoft analysis/reconstruction module developed for 2years (github here)

e First:reconstruction of the position of hit with low charge < 500 [ADCxticks] =~ 10 [MeV]

c — = —
S, S,
450 450 450
400 400 — 400
350 350 —350
300 [ 300 _ {300
250 250 -5 250
100 events 200 e R 7 = 200 200
RuUN 28850 PDHD "0 5240 “ar S e 150 E
100 S S 100 100
50 '; 50 50
0 T N T A .. L Ll 0 0

achieved precision on spatial reconstruction (test on MC) =~ 0.5 cm =& wire pitch
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https://github.com/emilelavaut/protoduneana/tree/develop/protoduneana/verticaldrift/singlehit

Calibration low energy SingleHit Module

e Second:the reconstructed space-points must be isolated and localised
- isolated — important for surface detectors (cosmic contamination) : protoDUNE’s
- localised — Ar39 spread on up to 2 wires/channels

— blip-like (PNS, higher energy radiologicals ...) spreads on few wires/channels
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Calibration low energy

SingleHit Module

e Second:the reconstructed space-points must be isolated and localised

« Donut analysis »

R .> 10 cm

ext

A AT — 0.5 em

ll/lt

PNS = 4 cm

ll/lt
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Calibration low energy SingleHit Module

e Second:the reconstructed space-points must be isolated and localised

440 —
« Donut analysis » e PDHD APA 2
420 —
\ R oxt > 10 cm =
400 .
Rext 380 —
e g @
360 —
%im‘ B \
Y
A
s Isolated points
39AI’ = 0.5 cm 320 . \
| Fint -
X ~time P N S = &
aul
/ "z int =4 cm B R R R R
Z [cm]
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o First: reconstruction of the position of hit with low charge < 500 [ADCxticks] ~ 10 [MeV]
e Second:the reconstructed space-points must be isolated and localised

e Third: Clustering of this space-points (lloyd-kpp algorithm) (not going to develop here if
interested go see)

o . 100 ® - 100 1001~
s0] .« Creation of cluster . Enlargement - Merging
i ¢ g ® : i
of— ol ol 0 :_
: * : & : . E
50— ® 50 :— o -50 :— =0 ®
—100__| |||||||||||||||||||| —100__| | | | | | | ] | | | | | | | | | | | | | —100__| |||||||||||||||||||| —100_—| ||||||||||||||||||||
-100 -50 0 50 100 -100 -50 0 50 100 -100 -50 0 50 100 -100 —30 0 50 100
ylem] ylem] ylcm] ylem]

Module has been optimised (voxelisation search...) and is ready for large production



https://en.wikipedia.org/wiki/K-means_clustering

Calibration low energy PNS in ColdBox-VD

« Monoenergetic neutrons source placed on the side of the ColdBox-VD  2u 21 - 3me 1+ s mev)
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Clear identification of PNS position
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Calibration low energy PNS in ColdBox-VD

o Difference between run with and without PNS 2 2H S SHe+n+ Q2.5 MeV)

m)

Run without PNS Run with PNS Run with PN%
|

PNS position

Z(cm)

Run without PNS Run with PNS Run with PNq
|

PNS position

250

200

150

100

50

150 -100  -50 0 50 100 150 -150 -1a_ 607 0 50 100 150 -150 100 NGO 4

50 100 150
Y (cm) Y (cm) Y (cm)

Clear identification of PNS position

17



- Calibration low energy

Very similar behaviour from 1 cycle to another if in the same configuration

With PNS
~ 1000 - 10000
[ = PNS 1st cycle runs: £ - PNS 2nd cycle runs:
®© 900 run025004: 15/04/24 - 12:02 ®© 900 run025066:
< = run025036: 16/04/24 - 16:11 S = run025068: 1
g 800 run025050: 17/04/24 - 09:34 o 800L run025071:
§ 700f | 8 700
600 | 600
5001~ \ 500 —
100 oo
300 300
200/ 200
100F 100
O 1000 2000 3000 4000 5000 6000 % 7 1000 2000 3000 2000
~Energy (keV)
Without PNS

PNS in ColdBox-VD

Starting discussion with PNS team for interpretation

18/04/24 - 13:11

7/04/24 - 16:11
8/04/24 - 09:23

5000 6000
~Energy (keV)

DU



Calibration low energy First results PDHD MC

» Prod4a SCE OFF : 18926 events processed -
« Beam (1 GeV) + cosmics + Ar39 + Kr85 + Rn222
E : 200
104 ; 150 240
| :
102 — 400 ;ZO
10 250 5 20
1 PRELIMINARY
o 1 2 3 4 5 & 7 °
Energy [~MeV] 0
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Calibration low energy First results PDHD data

Run 28850 (Only cosmics) : 19530 events processed *~
o B
£ 10'EA « _ . .
e P Radiological features ?
— |
10° & 107
— '
102 E 10 _ 0 100 200 300 400 500 600
10 — ‘
: PRELIMINARY
o 1 2 3 4 5
Energy [~MeV]

0 100 200 300 400 500 800

Shape agreement with the simulation
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Conclusion

Lots of calibration activities at |JCLab (electromagnetic shower, michel electron, low
energy but also light matching in CBVD )

Module ready for large production phase and CAF-maker
First analysis at low energy on PDHD data and comparison with MC

Analysis in progress on PNS in ColdBox — perfect physic case to understand better
the module

Many tools developed to be ready when PDVD data taking starts

21
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Entries

Calibration low energy
« Run 28850 :19530 events processed
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