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Fig. 1. ALICE schematic layout [2].
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The ALICE TPC

* 18 Sectors, two sides. Anodes on either end, cathode in the
middle.

 Quter radius: 2.58 meters, inner radius 0.788 meters (1.7
meters active).
OUTER FIELD

* Length: 5.19 meters oute T
e Gas 1 Atm Ne (+CO2+Nz2) |

 B=0.5Tesla

* Alice will upgrade the
readout chambers

_ READOUT WIRE
| CHAMBERS

for HL-LHC. CENTRALHV .
ELECTRODE lcl:‘lANgEER FIELD
* Pad readout: total
557,568 channels
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Side View of the ALICE TPC
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ALICE TPC Readout Plane
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Fig. 9. Cross-section through a readout chamber showing the pad plane, the wire
planes and the cover electrode.

Inner readout chamber
geometry

Pad size

Pad rows

For one sector Total pads

(1/18 of one side): e
Pad size
Pad rows

Total pads

Trapezoidal, 848 <r < 1321 mm active area

4x75mm? (re xr)
63
5504

Trapezoidal, 1346 <r < 2466 mm active area
6x10and 6 x 15mm? (re x r)

64 + 32 = 96 (small and large pads)
5952 + 4032 = 9984 (small and large pads)
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ALICE Software Performance: Tracking
Efficiencies in prand n

using "beam-off" ALICE reco. Thanks to Ruben Shahoyan of ALICE for help!

arxiv:1507.07577 (high-mult cosmic-ray paper) 50-degree cut wrt zenith: |n|<1
QA plots https://twiki.cern.ch/twiki/bin/view/Main/QA.ChargedTracks don't go out past |7|=1
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ALICE Software is optimized for pp and heavy-ion events. Isotropic efficiency
and low-Pr reco not optimized
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https://twiki.cern.ch/twiki/bin/view/Main/QA:ChargedTracks

We Need our Own Software

» ALICE software is great
- GEANT4 (and GEANT3!)
- Calibrated with data, used for physics
- Includes lots of subtle effects
- Efficient, compact
 But it doesn't do what we need
- We need 10 bar Ar (c.f. 1 bar mostly Ne)

- Hole in the middle needs to be filled
- We need to reconstruct low-momentum tracks

- We need to reconstruct tracks pointing in arbitrary directions, starting anywhere in the
chamber

- We need to integrate it with the LAr Pixel detector, the ECAL, 3DST, and muon
catchers.
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Ways Forwards

1.  Fork ALICE software and develop it as our own

Great starting point

- Terminology and techniques differ from FD (and ND) (e.g. doesn't use art). It's just based on ROOT
- May find some things targeted at ALICE physics baked in very deep in the code.

- More tricky to use different framework from the Pixel LArDetector

- |/O structure mixed in with calculation

2. Modify LArSoft

- PixLAr ran into computer resource issues. LArSoft likes to save raw::RawDigits for example

- LArSoft's G4 interface is hard to modify away from the rectangular prism (Difficult to add the CPA frames to the
ProtoDUNE geometry for example as they cut small notches in the active volume)

- Data products aren't appropriate. Tracks e.g. are helices and not just arbitrary hit collections.
- Need a fully-simulated ECAL
3. Build Our Own

STT did this — HISOFT (T. Alion et al). Repo: dunefgt

Lots of work

Reco algs would have to be all our own anyway, even in options 1 and 2

Brian Rebel already went down this path: GArSoft!
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ALICE TPC GDML ——

units are cm

Running ALICE code leaves a geometry

rootfile ("geometry.root")
in the working directory.

Using TGeoManager's tools, a GDML
file can be exported: hpgtpc vl.gdml

| checked for overlaps and found a
few (maybe an artifact of the GDML
creation), and removed the offending
pieces.

| put in a rotation of 90° so that x points
along the drift direction and z points
approximately along the beam. y still
points up.

| changed the gas to 10 Bar of 90% Ar and
10% Methane (by weight | think).
Called "TPCGas"
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CERN-OPEN-2000-183

From the ALICE TPC TDR

— (—I Zooming in on the edge
——————cisi——= 13 ; ; : ; ; ; ;,
Are these all
= | real channels?
=3 “ Some are
. awfully thin!

[11]]]

gH83
* | suspect these are just being blocked
by the 12 mm cover electrode.
* There's a 3 mm gap between sectors
(assume constant width). | defined channels
i all the way to the edge (going to have some
83 extras).

*  Partially obscured channels may collect less charge.

Figure 4.12: Pad layout of e ALICE TPC readout chambers, Distances from the beam axis are in mm
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A First Attempt at a Channel Grid

292140x 2 =

584280 channels
(c.f. 557568 in 200
ALICE, or about 4.6

extra per pad row)

y (Cm)

100
18 sectors

63 pad rows on
the inner chambers,

64 pad rows in
the inner outer
chambers

-100

32 pad rows inthe —200

outer outer
chambers
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A Simplified Geometry

* The cylinder inside the inner field cage wasn't easy to add in a
way that preserved uniform gas volume

* Inner field cage won't be

needed for the
HPGTPC ND

e | found the GDML manual

and made some tubes
by hand.

» Added a 30-cm thick ECAL
made out of 10 g/lcm®

Pb-C-H mixture

« ECAL stops particles
(otherwise they loop)
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Filling the Hole

e Rectangular array of pixels
in a disk

y (cm)
|

200—
* Pixel size: 6mm x 6mm -

c.f. 4 mm x 7.5mm for inner -

pad rows. 100~

e Central disk has 62060 pads 0—
per detector side. N

 Total channels per side is —1001—
now 354200. About 18% N
of channels are in the disk. 555"

I I I

I I
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Software Improvements

GArSoft came with a raw::RawDigit data product similar to the LArSoft one

| added zero suppression, a feature used by ALICE. | (mostly) copied the
LArSoft ZS algorithm (J. Insler)

Adjusted the electrons to ADC conversion factor (what is the gas gain?) and
the drift velocity. Still unknown. 0.2 cm/us assumed for now.

For now, the noise is turned off, so the gas gain just needs to be big enough
for hits to pass the zero-suppression threshold.

Added a magnetic field of 0.4 Tesla (interface already in nutools, but
uniform magnetic field only)

Upgraded to art v2_22 02 and nutools v2_23 02, so we can shoot
monoenergetic neutrinos at the detector.

Tested GENIE interface
Stepsize limit of 2mm as a fcl parameter (already in GArSoft)
Resurrected the 3D event display and added an ALICE wire frame

Fix bugs
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My First Event in the new 3d Event Display

e 1 GeV Muon

* MC Truth being shown here
* Original ALICE geometry with no ECAL — muon just loops and loops
* Oddly connected lines between track

segments.
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A Second Try

* New geometry with ECAL

« GENIE veCC event
e MC Truth

* Particle species colored
differently.

red:electrons

purple: protons
gray: neutrons

blue: muons

16 June 6, 2018 Tom Junk | HPGTPC Simulations 2= Fermilab



Another v.CC Event

Gray neutrons
more visible here

One of the neutrons scatters
in the GAr.
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Adding Raw Digits in Green

And also Gray for

the 2D projection
on the readout planes

Uses the channel geomety,
raw::RawDigit simulation,

and a drift model.

| had to cheat the event
time however.

A 10 us beam spill window
width causes visible
displacements

in raw digits.

Visible when overlaying MC Truth,
but also visible for cathode-crossing tracks
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Event Data Size (with root compression)

19

One event: 18 MB rootfile (default compression)

Breakdown of contents

MCParticles: 10 MB
EnergyDeposits: 4 MB
RawDigits: 1.7 MB

Associations between EnergyDeposits and RawDigits: 1 MB

All other stuff ~1 MB
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To Do

» Parameterize vu:in as a function of pressure, temperature, and voltage

» Check/update parameterization of diffusion

» Wite hit-finder, cluster finder.

« Evaluate/update track data product

« Evaluate tracking algorithms. Many available from colliders and other magnetized gaseous trackers.
» dE/dx-based PID studies

« Add hits and tracks to the event display.

» Model projective pads and partially obscured pads

* Put in pressure vessel, more realistic ECAL, magnet yoke and coils
* Add photon detectors

* Run MC and characterize performance

» Add ECAL readout

* Integrate with ArgonCube software
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Extras

21
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Figure 6 Left: Space point resolution of the TPC. This value depends on the drift length (due to diffusion) and on the inclination angle (as
shown in the inlay). The data sample analyzed was collected with a cosmic trigger in the year 2009 and shows a space point resolution of 400
to 800 um for tracks that are crossing the pad rows almost perpendicularly as high-px tracks do. Right: Transverse momentum resolution in the
central rapidity region (bl < 0.8) for TPC tracks combined with hits in the ALICE Inner Tracking System (ITS). The current status yiclds a

resolution of o(py)/py = 20% at p, = 100GeV/e.

C. Lippmann, Physics Procedia 37 (2012) 434-441
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A Sample of Non-Central Muons

Neutrino events will occur throughout the detector
We also want to detect low-momentum particles

We are testing ALICE's software's ability beyond its standard
envelope.

| generated 5000 events, each with one u
« Starting radius is uniformly distributed between 50 cm and 150 cm.

* The pr distribution is uniform between
10 MeV and 2 GeV.

* 1 is uniform on [-3,3]
* (position and Pmomentum are uniform on [0,27] and independent

« z of particle origin is uniformly distributed from -100 cm to +100 cm
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276 reconstructed muons in an air shower

ALICE

ALICE software is more efficient fo
tracks that point near the beam pipe

arXiv:1507.07577v3
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