Time-based Reconstruction of Hyperons
at the PANDA Experiment at FAIR

Jenny Regina

Uppsala University

Department of Physics and Astronomy

21/06-2018
Uppsala

S-EI_I da

0/26



Outline

Hyperons
The PANDA Detector
Investigations of detector signatures
e pp — /__\/\
e pp — §+E_
o pp— QTQ~
SttCellTrackFinder

°
@ Time based simulation
@ Summary
°

Future Plans

1/26



Hyperons

Baryons with at least one light quark replaced by an s or ¢ quark

Hyperon | c7 [cm] | Mass [GeV//c?] Main decay
and branching ratio

A (uds) 8.0 1.116 pr— 64%

=" (dss) 4.9 1.321 A~ 100%

Q~ (sss) 25 1.672 AK~ 68%

o Relatively long lifetime
— Can travel far before decaying

@ Provide a possibility for testing role of spin in creation of
strangeness
@ Scarce ammount of data for multi strange hyperons

— Need more data!
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PANDA at FAIR

e PANDA (anti-Proton ANnihilation at DArmstadt):
multipurpouse detector
e proton target
e creation of states with all quantum numbers possible
e hyperons created in particle-antiparticle pairs
e reconstruction of both particle and antiparticle possible

Software Trigger
e Signal and background very similar
— hardware trigger undesirable
e Interaction rate: 20 MHz
— 200 GB of data/s

e Events filtered using information from tracking, calorimetry
and PID
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PANDA Detector




Straw Tube Tracker of PANDA

Set of single channel drift tubes
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Internal radius: 15 cm

External radius: 42 cm
Length of tubes: 150 cm
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pp — AA, Previous Measurements

e PS185 at LEAR z 2
@ Ppeam=1.64 GeV

DT
<
2~
=

25

ol PP AA 164GeVie !
7 t D
:g_ 15 ++ . _
G ’ A L7
S . R
< . _
S K pPp<_ . B
...... .o.o-..-..-"""".... ~ s
0 ‘ A~ ~
-1 -0.5 0 05 1
Cos0 p

6/26



pp — AA
@ 0 = 64 ub at ppeam=1.64 GeV

@ Studies performed for ppesm=1.64 GeV, 7
GeV and 15 GeV

@ A and A neutral, need to be identified
from decay products

[

Forward peaking distribution in CM frame
A forward boosted in lab frame

o decay products from A can be tracked in
forward spectrometer

[

[

N decays close to at rest

e tracking low energy decay products from
N in target spectrometer - a challenge

@ A crucial for reconstruction of heavier
strange hyperons
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pp — ="="

® g~ 2 ub at ppeam=4 GeV

@ Studies performed for ppesm=4.6
GeV

o PANDA will be first to measure
angular distribution

@ Isotropic distribution used for
simulations

e Behaviour of =+ and =—
symmetric
e Comparison with A interesting

8/26



pp — QTQ

)

@ No experimentally measured cross
section so far

— PANDA expected to be first!

@ No good prediction for cross
section

@ Studies performed for ppeam =5
GeV and 15 GeV

@ Isotropic distribution used for
simulations

o Behaviour of QF and Q~
symmetric p
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Investigations of Detector Signatures

Motivation:
DyTER (Dynamic Track and Event Reconstruction)

e Modular and dynamic approach
o Needs to be as general as possible but work well for
hyperons

@ Usefulness of target spectrometer tracking detectors have
been investigated
e pp— AN\, pp— =t=", pp — QTQ~
e Behaviour of decay products in the detector have been
investigated
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Investigations of Detector Signatures

Number of hits in tracking detectors
Reconstructed tracks
e Need > 4 detector hits for 3D helix fit

Overlap between different detectors

Challenging tracks

e Tracks with too few hits
e Tracks with many hits

@ Number of reconstructed tracks per event
e How many reconstructible events?

Possibility of obtaining ty from barrel ToF

11/26



Investigations of Detector Signatures

Number of tracks

@ Studies performed for different detector setups

@ These studies also guides detector development

@ Similar studies have been performed for the forward

spectrometer
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SttCellTrackFinder

J. Schumann
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@ Riemann Fit - track parameters

A Tracks traverse STT
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SttCellTrackFinder for Hyperons

R-position [cm]

//\’/ t
Why? pp<]
@ Secondary track finder A\\ T
— does not assume track originate from IP
@ Hyperon event — displaced vertex p
@ Most hyperon decay vertices will occur within range of STT
@ STT good starting point for tracking
o Efficiency for hyperon events have been evaluated event based

and show promising results
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Time Based Reconstruction

evl ev2 ev3 time

Wanted data structure
STT T | 11 o R A

Data structure in Tree

Bventt | [ | (L1 [ [1I11 1
Event 2 N N N

e Event mixing at high interaction
HESR ~80% filled rates
2000 ns revolution time

1600 ns beam
400 ns gap

@ HESR: quasi continuous beam

@ Time based clustering implemented
L in SttCellTrackFinder
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Time Based Reconstruction, DPM

Right:

@ 2,000 ns time window

Left:

@ 200 ns time window
@ Event mixing
@ Tracks well separated
@ Overlap between tracks
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MVD

@ Include MVD hits in tracking

@ Use distance from projections of MVD hits in xy-plane to
Riemann track

@ Riemann track object: circular at z=0

— Target

Fmax= 150 mm

r/ mm

d =abs(d-R)

closest

+135

T 95
T 55

closest
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Hit Selection

Add best hit from each barrel layer to track

Disks not taken into account at the moment
Presently, one hit can be added to several tracks

One track can at most have 4 hits assigned to it

Introduce cut on d

Riemann Track 1  Riemann Track 2

\MVD Barrel Layer

\
QMVD Hit 2
1
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Hit Selection

o Distance, d, between MVD hits in one barrel layer and POCA
of all tracks calculated
@ Hit with smallest d is added to track

Riemann Track 1
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Hit Selection

o Distance, d, between MVD hits in one barrel layer and POCA
of all tracks calculated
@ Hit with smallest d is added to track
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Hit Selection
o Distance, d, between MVD hits in one barrel layer and POCA

of all tracks calculated
@ Hit with smallest d is added to track

Riemann Track 1  Riemann Track 2
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Summary

@ Hyperons - interesting to study spin observables

e Could help discriminate between quark-gluon and hadron
picture

@ PANDA offers unique possibilities for tracking and
reconstructing hyperons

Due to relatively long lifetimes, displaced vertices pose a
challenge for reconstructing hyperons
@ Detector signatures for hyperon events have been investigated
for different detector setups
o Developed procedure for this using the tools available
o Internal note on this under correction
@ Time clustering have been implemented in the
SttCellTrackFinder
@ Work on including MVD hits in tracking algorithm ongoing
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Future Plans

Near future, 2018-2019
@ Look into and test other tracking algorithms and track
propagators
@ Include barrel ToF hits for event building
@ Include GEM hits in tracking
@ Evaluate efficiencies at different stages of development

e Work on standardized tool for evaluating time-based efficiency
@ Plans to incorporate machine learning in tracking at PANDA

Long term plans, 2020-2021 (may be subjected to change)

@ One or both of following:
— Test tracking algorithms with PANDA forward trackers at
HADES
— Hyperon analysis with HADES data

@ Writing thesis
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Straw Tube Tracker of PANDA

Al coated (2x0.03 um)
Mylar (27 um) Foil

20 um between tubes
r=0.5cm

Au plated W/Re (20 um)
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SttCellTrackFinder

y
Calculation of plane
Points to be fitted Add z-dimension Map onto paraboloid if‘;ﬁe“ SLL?VBUE 3;‘2&;,,3“0,.
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