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Software for LAr-TPC Dual Phase WA=1=9§&<—Z—
Prototypes @ CERN

WA105-DEMO : Experimental validation of physics sensitivity of large LAr-dual phase-TPC

Full description of detector response

Feedback for detector design strategy

Optimize detector raw information extraction
Development of automatic physics event reconstruction

Software tools for:

Deal with issue related to surface operation
Exploit opportunities related to surface operation

WA105 - Demonstrator
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WAL05 ==
WA105 Software Task Force
French Contribution




Software for LAr-TPC based detegors o

v’ Benefits from continuous development over several R&D’s prior to WA105
» Optimization of hit level event reconstruction of dual-phase LAr-TPC

Status and ongoing activities

v Extended functionality for field non-uniformity simulation

v' Complemented with package for light production and read-out simulation

v" Interfaced to higher level reconstruction algorithms
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View 1: Event display (run 14452, event 2628)
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Double-Phase TPC events "

» Nominal gain =20 (10 each view): S/N>30 for mip
v Enough charge to be shared among two collection views
v Lower energy threshold: keV
v" Smaller pitch: < 3mm
v’ Longer drift: compensation for charge attenuation/diffusion
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Charge Signal Simulation

» Charge production:

v’ Birks’s law with k parameter tuned to reproduce the data

» Drift and charge losses:

v' Drift velocity parameterization to data, finite electron lifetime applied

» Digitization:

v" Known preamplifier response function

v" Noise
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Hit Reconstruction
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. . WA105—
Hit Reconstruction

v" Improvement of true charge deposition extraction from measured waveform
» NNLS Deconvolution in Time Domain
» Better signal/noise separation
» Separation of charge deposition down to by 2 us
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MC Hit Reconstruction for WaAt05==
3 GeV/c it* in DLAr prototype
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» Measured with cosmics on 200L double-phase TPC

WAL05

3D Track Reconstruction, 0-rays

> Efficient above 4 MeV
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. . WA105 ==
Simulation of space charge density

WA105 detector setup

» 3D Time Dependent Finite Element Analysis (COMSOL) approach
* Electrostatic+Transport of Diluted Species

» Processes lonization: 10 fC/cm @ 200 Hz/m?2 cosmics
Recombination: Ar*-e
Attachment: 0,-e
Gas->Liquid Ar* backflow: 2%

m
|




WAL05

Time evolution of the charge density

Converge to a stable solution
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Impact of space charge density

at surface operation WA05—==
Reconstruction with realistic electric field map

e Use cosmics reconstruction as calibration for monitoring:
LAr purity, field uniformity, LEM/PMT gain

20 GeV muon
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WA105 —=

Light Production and RO Simulation
-> Simulation
-> Collection Efficiency



HV powet supply
(-300KV/-600KV/-1MV)

Top insulation cap
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1.2m passive insulation

» Cathode grid:80% transparent

Ind barrier

Light Simulation

Micro TCA crates (12)
_for charge signal
HGUBRION eleclronKs

Beam input pipe
(evacuated PE)

‘\\Illlll\‘llll

-1000

-2000

-3000

-4000

11 Il

TTT T[T T[T [TTiSy
i

| O |
| O
1 O
=]

llllllllll

L,~9cm

-3000

-2000 -100

> LAr )

IIII

3000
y [mm]

WAL105

» GAr-LAr surface:
o Reflectivity: 100%
o Boundary process uses: Ref. Indeces
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PMTs detection ~ WA=

» Optical Surfaces: shaped as PMT emishpere

» Coating: WLS (functional absorption-emission spectrum)
UV photon absorbed and an OP emitted isotropically

» Cathode: G4 Sensitive Detector

—-
L T

» Optical Surfaces
v LAr-Coating
v’ Coating-Glass
v’ Glass-Cathode

Efficiency

» Detection efficiency as
a function of the incident angle :
» QE (100% in the simulation) PN Y PO FUURN PN PN FOUEN TOVOE

PMTs response

Incidence angle [deg]
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Lookup Table for WATOS ==
Light Response Simulation

Light Yield: 1 optical photon per 20
eV deposited energy

Single-photon-level simulation not
feasible
at MeV primary energy scales

Divide active volume in sub-cells:
Voxels
For each voxel:
Generate High Stat of optical
photons
and create:
- multiplicity photon map
- PMT signal form

vorel

tPMT—1 __ Z (A PTE—Y, PTL o SEC—7Y, Sec
WA — j(n] wii + n; w;; )



Secondary Scintillation nght

WAL05S==

5kV/cm
2mm

Imtrussented voluse haight heght = 6m
Reinforced concrete vessel hoight = 11 248m

5

0.3m

track

An independent Light Map is created

for the Secondary Scintillation
vorel
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» Step level simulation algorithm:

o lonization charge yield

o Quenching, attenuation...

o Light production volume in GAr:
Drift time delay
Number of ¥ per e for different
field and drift length
LEM shielding effect



Y/N (10'17 ph e’ cm? atom™ )

Secondary Scintillation Light WM9%—

Light Yield parameterization: available measurements on elctroluminescence

Proper estimation of LEM transparency (holes reflectivity)
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Light Collection Efficiency

» Collection Eff. for Primary Scintillation Light:

~6x10* large dependence on distance from RO plane

» Assumed QE: 20%
» Secondary Scintillation Light

light collection efficiency [%]

Efficiency =30% of eff. in LAr for the same distance to light RO
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WALO5 =

Full Detector Response simulation
-> Surface Operation



Simulation and Reconstruction of Cosmics

» Surface operation: large cosmics ray flux Wj%}%zé‘é
» Finalizing full simulation of both charge and light signal

» Cosmics muon tagging with the prompt light component:
-> determination of the drift coordinate. Need to integrate in a window 2xmax drift time (4ms)
Tracks frag ms

3000.
x\m\'\’\\

10002000

2000 30? 0
% o




Simulation and Reconstruction of Cosmics
WAL05 =

» Surface operation: large cosmics ray flux

» Finalizing full simulation of both charge and light signal

» Cosmics muon tagging with the prompt light component:
-> determination of the drift coordinate. Need to integrate in a window 2xmax drift time (4ms)
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WA105

Higher Level Reconstruction

» Clustering with PANDORA
> PID: LATTE

—



Clustering with PANDORA WA=

= Hit clustering performed by an early (modified) version of Pandora:

o Vertex finder altered to work in two views rather than three (drift
coordinate used to match vertex location between views).

o PANDORA designed to make few mistakes but is (was) rather
conservative => can lead to unassociated clusters at the end of
the chain:

»Clean-up algorithm to join clusters far from the vertex with
other clusters

Electron with gap +2 hadrons Electron + 2hadrons

| PANDORA
pattern rec.
joins clusters
across large

gap

==
—

Clean-up algorithm
hoovers up these
extra tracks
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Clustering with PANDORA WA=

= Hit clustering performed by an early (modified) version of Pandora:

o Vertex finder altered to work in two views rather than three (drift
coordinate used to match vertex location between views).

o PANDORA designed to make few mistakes but is (was) rather
conservative => can lead to unassociated clusters at the end of

the chain:

»Clean-up algorithm to join clusters far from the vertex with

other clusters

hMuon

hProton

Purity

hProton
Entnes 30025
Meanx 0573 10
Meany 05175
RMS x 04871
RMSy 04481

n 1
02 04 06 08

hPion

hPion
Entries 15773
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hElectron
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Cluster Quality:
Completeness
VS
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(After Truth-best-guess
-cluster matching)



WAL105

PID: LATTE Toolkit

« Performance tested on statistically independent samples to training events
* e.g. electrons separated from hadrons+muons with >95% purity (30%
efficiency)

Several PID variables =» MVA analysis
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Summary WA 105 ==

O Prior to WA105 demonstrator data taking simulation studies are in progress
properly characterize the detector response
provide key feedbacks for important component design
develop analysis strategy and evaluate the impact on the final goal physics

Development of automatic LAr event reconstruction: Topology, PID, Calorimetry
Test NC background rejection

Opportunity for hadronic shower measurements

Charged pion, proton cross section on Ar

Q Charge readout simulation and reconstruction benefits
from excellent hit level performance of the double-phase technology
» Will affect higher level event reconstruction capability
Q Developing tools to exploit surface detector operation opportunity:

monitoring of field uniformity, purity, readout gain
O Ready to develop tools for clustering, event reconstruction

and PID optimized for the two-view readout.






PANDORA validation

Look at reconstruction of individual final state particles from v, and v,
interactions (LBNO flux):

v,— 1+p (CCQE) ; v,— [+ p + n* (CCRES)

Associate particles with the cluster containing more charge from that
particle (+daughters), than from any others

Calculate:

— Completeness is the proportion of the total energy deposited by that
particle, which is contained within the cluster.

— Purity is the proportion of the cluster energy which is due to the particle.



Latte: Particle Identification

« 5 variables combined in a MVA:
— Core-to-halo charge ratio

— Concentration: sum of hit charge
divided by radial distance to princ.
axis

— Longitudinal and transverse cluster
extent

— dE/dx of cluster hits near to the
vertex

* PID trained on reconstructed clusters in simulated events (utilising the
cheat/truth underlying PID)

* Using CCQE and CC-1m* events from both v, and v,

« Separate MVA's are produced for muons, electrons, protons and pions:
signal being clusters with the correct PID, and background being all

other clusters



