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PANDA Barrel DIRC at FAIR
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PANDA Barrel DIRC

Radiator bars Flat mirror Detection of Internally Reflected Cherenkov Light

charged patrticle simplified drawing of one sector
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Observables:

® photon yield

Electronics ® photon hit position (6x6 mm? pixels)

® photon propagation time (~100 ps precision)

Photon detectors
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Observables

one pion one kaon
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Reconstruction Methods

Geometrical
= BABAR-like

= Uses Look-Up Tables
= Delivers Cherenkov angle per particle and Single Photon Resolution (useful for calibration)

® Does not depend on precise time measurement

Time Imaging

= Belle Il TOP-like

®  Uses Probability Density Functions

= Most optimal use of position and time information
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Geometrical Reconstruction

Look Up Table generation:
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Geometrical Reconstruction

Geant4 simulation of LUT for channel 312:
side view

Look Up Table generation:

top view
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Geometrical Reconstruction

Reconstruction:
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Geometrical Reconstruction

Reconstruction:
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Geometrical Reconstruction

number of photons: 1
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Geometrical Reconstruction

number of photons: 1
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Geometrical Reconstruction

number of photons: 2

E 30:

Reconstruction: 8 -
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Geometrical Reconstruction

number of photons: 3

E 30:

Reconstruction: g
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Geometrical Reconstruction

number of photons: 4

E 30:

Reconstruction: 8 -
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Geometrical Reconstruction

number of photons: 5

E 30:
Reconstruction: g
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Geometrical Reconstruction

number of photons: 7

E 30:
Reconstruction: 8 -
.
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Geometrical Reconstruction

number of photons: 12

E 30:

Reconstruction: 8 -
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Geometrical Reconstruction

number of photons: 20
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Reconstruction:
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Geometrical Reconstruction

number of photons: 74
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Geometrical Reconstruction

number of photons: 74
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Geometrical Reconstruction

number of photons: 74
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Geometrical Reconstruction

N
logLy = Zlog(sh(ci) + Bp(c;))+logPp(N)
=1 »

photon yield contribution

photon yield for different momenta at 20° polar angle:
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Time Imaging

N
logl), = Zlog(sh (ciyt;) + Br(cg, t;))+logPr(N) accumulated hit pattern

B

B CERN 2018 prototype test beam data

® protons/pions at 7 GeV/c (equivalent to
kaons/pions at 3.5 GeV/c ) at 20°

propagation time of Cherenkov photons:
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Time Imaging

N
logly = > log(Sh(ci, ti) + Bn(ci, ti))+logPr(N)
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Probability Density Functions

® From data

— best PID (does not need calibration)

— requires a large amount of data in whole angular and momentum acceptance
— large memory footprint

® Simulated
— full Geant4 simulation of every possible particle type direction and momentum
— requires a large amount of simulation (slow/unusable)

= Analytical

— fast

— low memory footprint

— initially developed for Belle Il TOP

— modified for PANDA Barrel DIRC to account for spherical lens focusing (PDFs using LUT)
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Analytical PDF using LUT

N
logly = Zlog<5h(017 t;) + Bn(ci,ti))+logPr(N)

i=1

m;

E Nk &(tk;, 0k;) =sum of Gaussians
k=1

Nk, ~ effective pixel size
Ok4 ~ chromatic dispersion, optical aberrations
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Analytical PDF using LUT

N
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Analytical PDF using LUT

N
logly = Zlog<5h(017 t;) + Bn(ci,ti))+logPr(N)
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Analytical PDF using LUT

Cherenkov angle
distribution
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Analytical PDF using LUT

QK

Cherenkov angle
distribution
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Analytical PDF using LUT

Cherenkov angle Qi QT
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Analytical PDF using LUT
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Analytical PDF: Example

® CERN 2018 prototype simulations (~200 ps time precision)
B protons/pions at 7 GeV/c (equivalent to kaons/pions at 3.5 GeV/c)

channel 220 channel 245
* 7= E F 0 b
z = V722773 propagation time for pion z 251~ II § 77777) propagation time for pion
o = R\ propagation time for proton & ) = i § A propagation time for proton
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PID Performance Results

® CERN 2018 prototype simulations (~200 ps time precision)
B protons/pions at 7 GeV/c (equivalent to kaons/pions at 3.5 GeV/c)

geometrical reconstruction time imaging with analytical PDF
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PID Performance Results

® CERN 2018 prototype simulations (~200 ps time precision)

B protons/pions at 7 GeV/c (equivalent to kaons/pions at 3.5 GeV/c)
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Summary

= Two reconstruction methods for the PANDA Barrel
DIRC were developed and validated with data from
prototypes in particle beam

® Geometrical approach delivers robust PID which
doesn't depend on precise time measurements

® Time Imaging provides best PID by combining
position and time measurements in optimal way

® Probability Density Functions for time imaging can be
created by modified analytical approach using LUTs
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Summary

= Two reconstruction methods for the PANDA Barrel
DIRC were developed and validated with data from
prototypes in particle beam

® Geometrical approach delivers robust PID which
doesn't depend on precise time measurements

® Time Imaging provides best PID by combining
position and time measurements in optimal way

® Probability Density Functions for time imaging can be
created by modified analytical approach using LUTs

Thank you for the attention
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