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Outline

1 Detector Concept

2 Detector Performance

3 DESY Testbeam 2016

Motivation: Deeper Discussion about TDR results of
chapter 5
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P̄ANDA Spectrometer
FAIR

Antiprotons p̄ from HESR
High luminosity mode:

L = 2 · 1032 cm−2s−1

Average interaction rate:

Ṅ = 2 · 107 s−1

PANDA
pp̄ collisions with hydrogen
target
Created particles with
forward boost in z-direction
Excellent PID necessary to
fullfill physics program goals
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Detector Concept

Particle Identification
Two Cherenkov PID detectors in
target spectrometer: Barrel & Disc
DIRC
Large area of kaon phase space
covered with both detectors

Disc DIRC
Only 2 cm thickness in z-direction
Radiator disk consisting of 4 independent
fused silica quadrants
98 multi channel plates photomultipliers
(MCP-PMT)
218 focusing elemts
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Detector Overview

Opening angle of Cherenkov Cone:

θC = arccos
( 1

n(λ)β

)
with β = p/(m2

0 + p2).

Number of photons per track length
according to Frank-Tamm-Formula:

dN
dx = 2παz2

∫ λ2

λ1

( 1
λ2 −

1
n2(λ)β2λ2

)
dλ

≈ 1000 Photons/Event for π±

with 4 GeV/c momentum
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Geometrical Model for Reconstruction
Taking particle position ~x and momentum ~p from tracking:

particle

φrel

αFEL

Radiator Disk

FEL

Particle

θc ϕ

tanϕ′ = tanϕ
tanαFEL

ϕ′

θc = arccos(sin θp cosφrel cosϕ+ cos θp sinϕ)

Mustafa Schmidt Particle Identification with Disc DIRC 5 / 21



6/21

Backward Reconstruction Algorithm

Input Parameters
xp , yp , θp , φp , tp

Hit Pattern
nFEL, z, t

Mass Hypotheses
mπ , mK , mp

Cherenkov Angle
θc

Time Cut (truncated mean)
θ′

c

Photon Propagation
sph , tph

Removed Unphysical Angles
θ′′

c

Hypothesis Cut
θ′′′

c ; |θ′′
c − θc,theo | < θcthresh

Average Cherenkov Angle
θ̄c = 1

N

∑
θ′′′

c

Theoretical Cherenkov Angle
θc,theo
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Cherenkov Angle Resolution
Hit pattern with new geometry:
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Foward Reconstruction Algorithm
More calculation steps → offline reconstruction

Input Parameters
xp , yp , θp , φp , (tp)

Mass Hypotheses
mπ , mK , mp

Detected Hit Pattern
nFEL, z, t

Theoretical Hitpattern
nFEL,theo , ztheo

Photon Propagation
sph , tph

Spatial Cut
|z − ztheo | < zthresh

Time Cut (truncated mean)
|t − ttheo | < tthresh

Likelihood Value

Pseudo likelihood function for accepted hits:

lnL =
N∑

i=0
(lnG(zi |zpred ,i ;σz) + lnG(ti |tpred ,i ;σt)) (1)
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Monte-Carlo Parameters
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Inserted parameters in PandaRoot:
Mirror reflectivity of focusing
elements
MCP detection efficiency (Two
photo cathodes)
Transmission coefficiencies of
epoxy, optical grease, fused
silica and filter

Detector resolution::

σ2
θ =

σ2
ph
N + σ2

track

σph containing chromatic
error
Using longpass filter with
minimum wavelength
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Algorithm Comparisons

Comparison between
backward and forward
algorithm
1000 events with π+ and
K +

Momentum: 4 GeV/c
Theta: 12◦

Phi: 45◦

Calculation of separation
power:

nσ = µK − µπ
1
2 (σK + σπ)

Both results almost
identical
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Performance Studies

Separation power blue/green photo cathode:
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Photon hits blue/green photo cathode:
N

um
be

r o
f H

its

0

5

10

15

20

25

30

Photon Hits

Polar Angle [deg]
10 12 14 16 18 20 22

Az
im

ut
h 

An
gl

e 
[d

eg
]

0

10

20

30

40

50

60

70

80

90

Mean: 21.1583

Photon Hits

N
um

be
r o

f H
its

0

5

10

15

20

25

30

Photon Hits

Polar Angle [deg]
10 12 14 16 18 20 22

Az
im

ut
h 

An
gl

e 
[d

eg
]

0

10

20

30

40

50

60

70

80

90

Mean: 21.1583

Photon Hits

Mustafa Schmidt Particle Identification with Disc DIRC 11 / 21



12/21

Performance Studies

Detector Resolution blue/green photo cathode:
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Reconstruction Efficiency blue/green photo cathode:
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Separation Power
Separation Power for different momenta as function of polar angle:
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Important Results:
Small difference between photo cathodes
Worse resolution for larger polar angles
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Testbeam Setup

DESY testbeam setup for T24/1 hall:

TOFPET: Free running readout device with 50 ps time resolution
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Radiator Setup

Testbeam radiator: Fused silica plate (50 cm× 50 cm fused silica
plate with 1 nm surface roughness)
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Testbeam Fotos
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Measured Hitpattern
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Testbeam Results
Estimating charge sharing from cluster size (≈ 30%):
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Single photon resolution and photon yield:
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Event Combination

Cherenkov Angle [rad]
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Single Photon Resolution

Combining each event from
every position to one new
event
Making a coarse time cut
according to photon
propagation time
Reduction of background
with truncated mean of pixel
hits
Obtained resolutions:
σθ = 7.75 mrad
σθ̄ = 2.52 mrad
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Result Extrapolation
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e)

radiator particle filter #FEL single photon resolution
prototype e - 1 6.06 mrad
prototype π - 1 5.95 mrad
PANDA π - 1 4.80 mrad
PANDA π LP 1 3.45 mrad
PANDA π LP 24 1.80 mrad
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Thank you very much for
your attention!
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