6AW AAAAAAAA SMI - STEFAN MEYER INSTITUTE
ACADEMY OF

SSSSSSSS

Particle Identification
with the

Barrel TOF

Dominik Steinschaden

WWW:OEAW.AC.AT/SMI




6AW AUSTRIAN SMI - STEFAN MEYER INSTITUTE
ACADEMY OF

SCIENCES

Content

Introduction to the Barrel TOF
— Motivation
— Requirements

— Design

Specifications and PandaRoot implementation
Relative Time - of — Flight based PID
Standard Time of Flight PID

Open issues

PID Computing Workshop, 2/35

WWW:OEAW.AC.AT/SMI Dominik Steinschaden, 3.5.2018




as
AUSTRIAN
ACADEMY OF
SCIENCES
i aiam i s anm admmd i  |
Solenoid .|
Barrel TOF

Beampipe

Barrel DIRC

WWW:OEAW.AC.AT/SMI

Introduction

Targetsystem
Straw Tube Tracker

GEM Detectors

|Aiil|w

l|| T 1 —
|'| 1 l

ﬂf 1"_

£ Endcap Disc DIRC
- Muon Detection
EM Calorimeter

PID Computing Workshop,
Dominik Steinschaden, 3.5.2018

Forward Tracking System

N

SMI - STEFAN MEYER INSTITUTE

Shashlyk Calorimeter

Muon Range System

-qu nnu//{

“ ‘_ | , o

TOF Wall

Y

Forw arJ RICH
Dipole

3/35




|
6AW AUSTRIAN SMI - STEFAN MEYER INSTITUTE
ACADEMY OF

SCIENCES

Barrel TOF

« Barrel-shaped
scintillator tile hodoscope

e Timing counter for
charged particles
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Motivation and Requirements
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(a) preshower
event

(b) non-preshower
event

PIRE == SciTil EMC
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separation power

1.4
transverse momentum [GeV/c]
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Design
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Barrel TOF

* Barrel-shaped scintillator tile
hodoscope

PCB-Card Scintillator SiPM

— 16 super-modules
- 48 signal railboards
- 1920 scintillator modules

- 3840 signal channels | 89.5 mm |
- 15360 SiPMs

A detector module consists of a scintillator tile
(blue), read out by 4 SiPMs (red) on both sides.
The PCB cards (yellow) connect the SIPM and the
signal railboards.
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Time and Position Resolution

Erlangen 2017
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Implementation of the Barrel TOF
in PandaRoot

* Fully implemented

— Current design
* Scintillator, SiPM, PCB boards

— Time resolution : 6 =75 ps

- Event and time based
* Pileup
* Event mixing
— Access to
* Time
* Position
* Errors

* Charge deposit

PID Computing Workshop, 16/35

WWW:OEAW.AC.AT/SMI Dominik Steinschaden, 3.5.2018




éAW AUSTRIAN SMI - STEFAN MEYER INSTITUTE
ACADEMY OF

SCIENCES

Geometrical Acceptance and Efficiency
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Tile hit rate in B-TOF
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Relative TOF based PID
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Open issues Particle multiplicity in Tof counters

digiParticleMulti

* Proper event sorting needed? 2 Entries 100000
o : : : : Mean 4.314
—- Ignore outliers g SOOI SO & BMS __ _ 3.463

* ALICE Collaboration

* Multiple reconstructed and matched tracks

needed

- Combined TOF counters!

- Special treatment of secondaries?

* TO window would improve failure rate

* Only implemented in PandaRoot locally

i
5 20
Hits in Tof counters per event

— Only using Barrel TOF at the moment

- Low Efficiency!

* Unbiased by previous T0O determination
* Get p.d.f and TO in one step
* Get a probability for a TO !
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Time-of-Flight based PID
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A normalized Gaussian is created at the expected
time-of-flight for the mass assumption of a proton
(blue). The probability density is evaluated at the
measured time-of-flight in the Barrel TOF (green).
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Time-of-Flight Resolution

Evaluation of the TOF system Simulation Settings

* Including momentum, path length and time

[ ]
resolution Box generator

- Comparison of calculated time-of-flight and * Only inner barrel detectors activated
measured time in the Barrel TOF

- MVD, STT, GEM, DIRC, BTOF

* Evaluated for various parameters
— Very clean events!
- Momentum, transverse momentum, track length,

particle species, hit position . . . * MVDSTTGEM tracker

* Only tracks with a MC True
Matching of the Track and the BTOF

signal were considered
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Time-of-Flight Resolution
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time of flight resolution
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* Implemented in PandaRoot 10
- PID Stage
- TOF resolution functions

— Normalized p.d.f

0.4 0.6 0.8 1 1.2 1.4
transverse momentum [GeV/c]
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* Implemented in PandaRoot = Pibstage
* Add new task

- TOF I‘eSOIU.tIOIl funCtIOIlS - PndPidSciTAssociatorTask *assSciT= new PndPidSciTAssociatorTask();
- fRun->AddTask(assSciT);

for every particle

hypothesis
PidAlgoSciT.GetProtonPidProb()
. - . htemp
- Normalized p.d.f 2200]_ : Enffes 8869
2000/ RMS 0.3588
1800 ;
1600 ;
1400 —
1200 —
1000——
800/
600 ;—
400 ;—
200[—
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PidAlgoSciT.GetProtonPidProb()
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Open Issues

* Pattern matching
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Stats for the TOF track matching

> statsTOFPID
40001~ 8 Entries 15623
* DPM generator = 3 Mean 0
& 3500 — . Std Dev 0
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Stats for the TOF track matching
- statsTOFPID
= Entries 15264
4500 - Mean 0
= Std Dev 0
* DPM generator 4000 —
3500 —
- 6GeV/c - 2
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Open Issues

* Pattern matching
* TO determination

* Secondary treatment

— Track creation times

- Path length

PID Computing Workshop,
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