CLAPP

Laboratoire d’Annecy de Physique des Particules

erformances of the ProtoDUNE Dual
Phase experiment

Pablo Kunzé
Supervised by Laura Zambelli & Dominique Duchesneau

20 octobre 2021

w UNIVERSITE
SAVOIE
MONT BLANC



Introduction CLAPP

Neutrinos oscillation
CP symmetry breaking ?

-
(N
b

TR L L L L

L |
2/16 Pablo Kunzé | Performances of the ProtoDUNE Dual Phase experiment m



Introduction UAPP

Neutrinos oscillation
CP symmetry breaking ?

075 Current osc. parameters used, 8, = 0
06  Normal hierarchy assumed VAmL,
DosE —invacuum

TodE  —inmater

10¢
L/E [km/GeV]

L |
2/16 Pablo Kunzé | Performances of the ProtoDUNE Dual Phase experiment m



Introduction LAPP

Neutrinos oscillation

CP symmetry breaking ?
Y MELTY Dreaxing DUNE
07F  Current osc. parameters used, 8., = 0
06 Normal hierarchy assumed 1/A m,
’;-05— — in vacuum

Toaf  —inmaer

10*
L/E [kn/GeV]

ProtoDUNE

— R AE
2/16 Pablo Kunzé | Performances of the ProtoDUNE Dual Phase experiment _A_K\ —



Introduction LAPP
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Neutrinos oscillation LAPP

Standard model : 3 neutrinos

electron muon tau
neutrino neutrino neutrino

Neutrinos oscillations :

A neutrino flavor has a probability
to change along its path

— Neutrinos have a mass!

1.5x10"12 v/s from the sun

e
>

We know 6 and Am? at a few %

Current osc. parameters used, SCP =0

e
23

. . rmal hierar assume 2
DUNE wants to precisely determine : 0.6 Nommal hierarchy assumed VA mig
’;»0_5 — in vacuum
— mass hierarchy (50 in 3 years) Tode  —inmaer
Z
A~ 0.3]

— Breaking of CP symmetry in v (0cp =0
excluded at 50 with 50% of values after 10
years)
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DUNE Experiment cLAPP

Principle : After a large distance, mesurement of P(v, — v,), P(¥, — ¥,),
P(v, — ve) and P(7, — Ue)

Sanford Underground
Research Facility

Fermilab

Source : Pure beam of v, or i, created at an accelerator
E, ~ GeV
Detector : 1300 km from the source and at 1480 m deep
4 Liquid Argon module of 60x12x12m3 or 10kt each
Time Projection Chamber (TPC)
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ProtoDUNE Dual Phase Liquid Argon TPC  LAPP

Dual Phase CRP from bottom of the detector
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Goal performances of ProtoDUNE DP < LAPP

ProtoDUNE DP has to show :
» Drift field of 500V /cm over 6 m
» Optimal gain : ~ 20
» Time stability

» Purity of 100 ppt of O, eq (7 =3 ms
e~ lifetime)

Optimal field conditions :

- Extraction : 2kV/cm

- Amplification : 30kV/cm Effective gain 20
- Induction : 2.5kV/cm
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Collected charge in ProtoDUNE DP < LAPP

ProtoDUNE DP 6x6x6m> 300t detecting cosmic rays.
Data taken on several days in September, October, November 2019 et January 2020.

New data taking planned Autumn 2021.

(d d
Observable : T?‘Col]ected - '

[Collected chargd [Effective gainl |Recombination ||Charge deposed| |Effect of impurities
factor by muons on charges
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Track reconstruction and selection < LAPP

Event display example

—
(10000 points in 4 ms)

= Collected charge [ADC]

Bositi .
(3.125 m r;/ %:)ﬂgnnel)

Tracks reconstruction :
> Noise filtering
» Hit finding
» Associate 2D tracks to 3D tracks
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Track reconstruction and selection < LAPP

CRP 0 - View 0 _ 150

=
(10000 ;I)rgmts in 4 ms)

Collected charge [ADC]

iti
(3.12 m nyac>ﬂz§mnel)

We want cosmic g (% =6.12fC/cm by
view) and good quality tracks :

» Late tracks and entering by the anode
(upper part of the detector)

» Selection on number of hits in the
track, track’s length, track’s zenithal

angle " a
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Cosmic analysis : Liquid Argon purity  LAPP

In a first time, we want to find the purity or the electron lifetime in the liquid Argon
with %kollected =G- R(Edrift) : %kreatede_t/ﬁr .

» Electrons are captured by impurities drifting in the liquid Argon according to
e /T with t the drift time and 7 electron lifetime (p[ppt] ~ =2.)

7[ms]

» By fitting the distribution of %’collected versus the drift time, we find the electron
lifetime.
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Liquid Argon purity for a run in October 2019 cLAPP

= LEM 1
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Liquid Argon purity for a run in October 2019 < LAPP

CRP 0 View 0
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On average 7 = 725.36 + 48.58 ps
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Comparison with purity monitors < UAPP
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Lifetime found with the analysis in good agreement with values from purity monitor.
Electron lifetime reach value better than expected.
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Cosmic analysis : Effective gain < LAPP

Now that we know the electron lifetime, we have access to the effective gain :

d@ Q
E’collected =G- R(Edrift) : E’createde

—t/T

» Correct the %‘collected with the e~ lifetime.
» By fitting the distribution of %lconectedetﬁ with a Laudau ® Gaussian Fit, we
find the € \py.

» The effective gain is given by %h\,{PV/R%kreated
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%|MPV for a run in October cLAPP
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On average %‘1\413\/ = 21.97 + 3.15fC/cm, effective gain of ~ 3.6.
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Gain vs amplification field < LAPP

Runs taken in January 2020

6 January 2020

GaiNefectif

:
4]

25 26 27 28 29 30 31
LEM amplification field [kV/cm]

Clear increase of gain with the amplification field.
» ¥
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Gain decreasing over time < UAPP

Runs taken in September, October, November 2019 and January 2020
Effective gain vs LEM amplification field for 3 LEMs

—=— January 2020 LEM 1
~—=— January 2020 LEM 2
~+— January 2020 LEM 3
41 —— November 2019 LEM 1
—=— November 2019 LEM 2
—+— November 2019 LEM 3
—=— October 2019 LEM 1

53] —— October 2019 LEM 2

£ | —+— October 2019 LEM 3

£ | —— September 2019 LEM 1
o e

September 2019 LEM 2
—+— September 2019 LEM 3

N

27 28 29 30 31
LEM amplification field [kV/cm]

Decrease of gain at same condition with time — Charging-up effect
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15/16 Pablo Kunzé | Performances of the ProtoDUNE Dual Phase experimen1m




Gain decreasing over time < UAPP

Decrease of the effective gain over a few hours
Run taken 18th of September with same conditions (Extraction : 2kV /cm,
Amplification : 29 kV /cm, Collection : 2.5kV /cm)

» Decrease of gain over time

» Might be due to charging up
and space charge effect

» Have to be studied further

.o e
R

B ' * " rime rom cathode swiched on 1 ¢ : LI |
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Summary and perspectives cCAPP

» Really high level of purity reach (~3.5ms) and seen by the analysis with cosmics
muons

> Nice exponential increase of gain with the amplification field

P> Expected decrease of the gain with time

> New data acquisition this autumn to test the new power supply of the cathode
— Analysis of the noise, the purity, the gain

» Detailed study of the gain and :
— Charging-up effect
— Space Charge Effect
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Thanks CLAPP

Thank you for your attention.
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Backup < LAPP

Back-up
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Sélection des traces : traces en retard < LAPP

La prise de données se faisant en
déclenchement aléatoire, pour étre
slir du temps de dérive des
électrons :

Time A

Trace arrivée apres le

début de l'acquisition

» Traces en retard
» Traces rentrant du dessus du

Trace arrivée avant le

début de I'acquisition détecteu r
I’M LATE!

L
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Sélection des traces : traces en retard < LAPP

Time A

Trace arrivée apres le POUI’ étre sur d u tem pS de dérive
début de 'acquisition des électrons .

» Traces en retard
Trace arrivée apres le

début de Tacquisition » Traces rentrant du dessus du
ramenée a t=0 déteCteU r

» On décale ces traces de sorte
qu'elles démarrent a t=0
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Detailled selections LAPP

» Number of hits in each view > 15

» Only late tracks, entering at the anode
(to be sure of the track’s depth for
purity analysis), and with distance
between starting point and side of the

o . .
active volume > 30cm » 10% of total tracks passing selections

» Track starting point at more than 3cm
from LEMs borders

» All length > 20cm
> 95° < 0 < 178°

L |
16/16 Pablo Kunzé | Performances of the ProtoDUNE Dual Phase experimemm




Drift field LAPP

In order to work properly, the drift field of a TPC has to be uniform and for
ProtoDUNE DP at 500V /cm :

Alimentation
500 Vicm cathode
Champ de
-

Cathode

| #

|
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Drift field CLAPP

But, short in the cathode's power supply :

Anode

Alimentation
cathode

Champ de
dérive

Cathode

Making the analysis more complex and does not allow to fully caracterize the

technology. -
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Definition of maximal depth < LAPP

With a COMSOL simulation with the short, we obtained the drift field.

For the analysis, we choose to only consider an area where the field varies by little. To
do so, the recombination factor (depending on the drift field) does not vary of more
than 2% :

1
1
|
0.6- ;
_____ eczz-
« 0.5 :
LEM 1
1
0.47 Depthimax 72.89 cm
0 1000 2000
Depth [mm]
W in_a maximal h in h point of th r.
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Drift field parametrization < LAPP

Mean drift field from COMSOL simulation — Parametrization of the field depending
on the (X,Y) position with a 2D fit and only to the maximal depth

Drift field averaged to the maximal depth defined.

€ mean (vicm]

295,
285 253 201 268477 85 43, 0 42 64 136 168 710 252
X tmm
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Drift field parametrization < LAPP

Mean drift field from COMSOL simulation — Parametrization of the field depending
on the (X,Y) position with a 2D fit and only to the maximal depth

Mean field Fit result with Squircle
E(x,y) = ((ax)" ay)lo)l/4 +b

5
2
210
™
126
o
_a
£
. 43
2
2

50
X (mm)
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Drift field parametrization < LAPP

Mean drift field from COMSOL simulation — Parametrization of the field depending
on the (X,Y) position with a 2D fit and only to the maximal depth

Mean field Fit result Relative error (-5% to 5%)

350 350 6
€ mean (vicm] € fit viem) B and fitin
300 300 4
250 250 2
200 200 o
150 R 150 R -2
100 k 100 k -
295 E
2 3 0 4

¥ fmm)
¥ mm)
¥ tmm)

295,
205 253 211 169 127 85 430 42 84 136 168 210 252 2 295253 201 269077 85 43, 0 42 64 126 168 710 252 295

50 50 -6
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Drift field parametrization < LAPP

We are interested by % During the tracks reconstruction, for each hits found :

» Correction of the charge dQ affected by the recombination factor depending on
the drift field

..........

» Compute the ds (ds = y/dx2 + dy?2 + dz2) by correcting the dz with the e~
velocity according to the drift field.
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Lardon conventions LAPP

/\/\/\ Jura
bear roof access
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dQ/ds vs extraction < UAPP
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