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Overview of the PANDA Barrel DIRC

® Acceptance: 22-140 degree
® Momentum range: 0.5 - 3.5 GeV/c
® PID goal: 30 /K separation
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Components of the Panda Barrel DIRC

Photon detectors
and electronics

B 96 cm

Radiator bars

Focusing optics
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Components of the Panda Barrel DIRC

Photon detectors
and electronics

®  Highly polished rectangular radiator.
= Mirror.

®  Focusing optics.

Radiator bars

Focusing optics
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Components of the Panda Barrel DIRC

Photon detectors
and electronics

®  Highly polished rectangular radiator. . =
= Mirror. 4 ) | j-_'_'_'. g 0G cm

®  Focusing optics.

®  Compact expansion volume.

Radiator bars

Focusing optics
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Components of the Panda Barrel DIRC

Photon detectors
and electronics

®  Highly polished rectangular radiator. e —_

®  Focusing optics.

®  Compact expansion volume.

®  Compact multi-anode photon detectors.

Radiator bars

Focusing optics
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Components of the Panda Barrel DIRC

Photon detectors
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Components of the Panda Barrel DIRC

Photon detectors
and electronics

" Highly polished rectangular radiator. e -
= Mirror. j-jj. l 96 cm

®  Focusing optics.

®  Compact expansion volume.

®  Compact multi-anode photon detectors.

B  Fast readout electronics.
Radiator bars

. . . Focusing optics
Different options for the Expansion Volume,

Focusing, Radiator.
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Components of the Panda Barrel DIRC

Photon detectors
and electronics

®  Highly polished rectangular radiator. il o
= Mirror. > l 96 cm

®  Focusing optics.

®  Compact expansion volume.

®  Compact multi-anode photon detectors.

B  Fast readout electronics.
Radiator bars

. . . Focusing optics
Different options for the Expansion Volume,

Focusing, Radiator.

Expected performance of
30 11/K separation requires:

®  Single photon Cherenkov angle resolution: 8-10 mrad.
®  Number of detected photons for =1 track: >15.
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Simulation and Reconstruction

Event
generation

PandaRoot framework

Particle
transport

Digitization

Hit Finder

Reconstruction
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Simulation and Reconstruction

Event
generation

Particle
transport

Digitization

Hit Finder

Reconstruction

Gean3, Geant4

~ Geometry/material
MCP-PMT
Elijen EJ-550 Epotek 301-2 Front-coated
optical grease glue

l mirror \

! I

T T

Expansion volume Focusing Radiator (narrow
(Tank/Prism) (different lenses) bars/plate)
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Simulation and Reconstruction

Event
generation

Particle
transport

Digitization

Hit Finder

Reconstruction

Geometry examples

Tank/bar Prism/plate
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Simulation and Reconstruction

Event
generation ®  Charge sharing
. = 900
Particle 8 00
transport 5 600
500
400 &
300E
200F
. ) 100 £ . .
Digitization e
®  Dark counts
o B Single photon time resolution
Hit Finder .

Collection efficiency
= Quantum efficiency

Reconstruction
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Simulation and Reconstruction

Event
generation

Particle
transport

Digitization Assignment of hits to their tracks

Hit Finder

Reconstruction
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Simulation and Reconstruction

Event
generation

Particle
transport

B Geometrical reconstruction

Digitization

® Time Likelihood imaging

Hit Finder

Reconstruction
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Geometrical Reconstruction

® BABAR-like reconstruction

® | ook-Up Table creation: store direction at the 7
end of the radiators for each hit pixel

one pixel
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Geometrical Reconstruction

® BABAR-like reconstruction

® | ook-Up Table creation: store direction at the 7
end of the radiators for each hit pixel

one pixel
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are
combined with charge track direction
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are
combined with charge track direction
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are
combined with charge track direction
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are
combined with charge track direction
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are

combined with charge track direction _§_<’
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are

combined with charge track direction _§_<’
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are

combined with charge track direction E
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are

combined with charge track direction g
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are

combined with charge track direction E’
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are

combined with charge track direction 2
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are

combined with charge track direction E
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are
combined with charge track direction

one pixel
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are
combined with charge track direction

one pixel
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are
combined with charge track direction

one pixel
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are

combined with charge track direction E
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are
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Geometrical Reconstruction

®  Reconstruction: direction from LUT for hit pixels are

combined with charge track direction E
X o
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Example of reconstruction

Fused Silica

3-layer lens with high-refractive index
materials (NLAK33)

NLAK33a

a)

y [mm]
[

Spherical lens
No focusing

y [mm]

more in the next presentation
by Lee Allison
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Example of reconstruction

Fused Silica _ _ o
3-layer lens with high-refractive index
materials (NLAK33)
— \NLAK33a a) b)
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Example of reconstruction
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more in the next presentation
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Example of reconstruction

Fused Silica

3-layer lens with high-refractive index
materials (NLAK33)
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Geometrical Reconstruction

& 50 x10° Entries 4966346
Works with narrow bars @ X/ nof 5-147+04/91
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30
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10

Time Likelihood Imaging

Belle Il-like reconstruction.
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[Pdf for pixel 2330 |

ol
-
Y
b

30

25

one pixel

0.0022

0.002
0.0018
0.0016
0.0014
0.0012

0.001
0.0008
0.0006

0.0002

— pions
— kaons

ORI B B R

30 32 34 36 38
Photon arrival time [ns]

0_— 0
y T_»
X
12.11.15 Roman Dzhygadlo, PANDA Cherenkov Group 14/25



Time Likelihood Imaging

®m  Reconstruction: arrival time of each photon
from given track is compared with PDF to
calculate time-based likelihood for the photon
to originate from a given particle
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Time Likelihood Imaging

® Reconstruction: arrival time of each photon =00
from given track is compared with PDF to 0.04 — pions
calculate time-based likelihood for the photon 0035 — Kaons
to originate from a given particle 0.03
0.025;—
0.02F
0.015 -
0.01E
0.005 F-
o) = T R I
40 60 80 100 120 140

Hits per Event

= Full likelihood:
Ly = def(xi:Yi:tﬁ H) x Pny(N)
N
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Time Likelihood Imaging

® Reconstruction: arrival time of each photon =00
from given track is compared with PDF to 0.04 — pions
calculate time-based likelihood for the photon ~ 0035& K
. : : = aons
to originate from a given particle 0.03
0.025
0.025—
3 GaV/ 0.015 -
. momentum = 3 GeV/c =
Example' angle = 22° 0?,251 3
870' .g.J_.. R T B
= : "0 60 80 100 120 140
= 60 Hits per Event
L -
50F
40F = Full likelihood:
301 :
| Ly = | | pdf (xi, yi, ti; H) X Pny (N)
: N
10—
ok
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Time Likelihood Imaging

® Reconstruction: arrival time of each photon =00
from given track is compared with PDF to 0.04 = — pions
calculate time-based likelihood for the photon 0035 — Kaons
to originate from a given particle 0.03
0.025
0.025—
tum = 3 GeV/ s
. momentum = ev/C =
Example' angle = 22° 0?,251 3
CO70_ gJ_.. [ R S NN SN SR R R [T R R R
% E 0= 40 60 80 100 120 140
= 60 Hits per Event
S0F
s0F = Full likelihood:
300 :
205_ I—H — def(xi:yi:tiaH) X PNO(N)
: N
]0_—
o > Clean m/K separation at 3.5 GeV/c even

without optics
log(K) —log(m)
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Time Likelihood Imaging

40
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= 60 6
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2> Satisfies the PANDA PID requirements
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CERN beam time example

entries [#]
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LI SRy
LI SRR
CHfS RELR )

channel 308

entries [#]

400

2 Time spectra of pions and protons
are well separated

300
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25 30
LE time [ns]
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Reconstruction Methods: Summary

Geometrical reconstruction:

= works for narrow bars
= fails with wide plates
® SPR - is measured quantity

Time Likelihood Imaging:

m works for narrow bars
m works for wide plates
® no SPR
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Correction of the track direction

5 georrelated  track resolution,
photon _ )
track _ ¢ X (O-correlated)z multiple scattering, etc.
Oc \ \/N Not affected by DIRC
photons
2 ’;0 1;
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O.sin(e )
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Correction of the track direction

True from MC, 6 = 30° Calculated from LUT, 8 = 30°
e Im e I
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o 14 o
Q [ Q L
0.6 0.6
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Correction of the track direction

True from MC, 6 = 40° Calculated from LUT, 6 = 40°
B B &
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Correction of the track direction

True from MC, 6 = 50° Calculated from LUT, 8 = 50°
—_ 1 12—~ 1
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Correction of the track direction

True from MC, 6 = 60°

Calculated from LUT, 8 = 60°

- 1— - 1_
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Correction of the track direction

True from MC, 6 = 70° Calculated from LUT, 8 = 70°
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Correction of the track direction

True from MC, 6 = 80°

Calculated from LUT, 6 = 80°
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Correction of the track direction

True from MC, 6 = 90°

Calculated from LUT, 8 = 90°
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Correction of the track direction

True from MC, 6 = 100° Calculated from LUT, 8 = 100°
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Correction of the track direction

True from MC, 6 = 110° Calculated from LUT, 8 = 110°
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Correction of the track direction

True from MC, 6 = 120° Calculated from LUT, 8 = 120°
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Correction of the track direction

True from MC, 6 = 130° Calculated from LUT, 8 = 130°
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Correction of the track direction

True from MC, 6 = 140° Calculated from LUT, 8 = 140°
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Correction of the track direction
Calculated from LUT, 6 = 60°
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Time based simulations

® Start with event-based simulations.

entries, [#]
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Time based simulations

® Start with event-based simulations.
® Assigning time stamp to Barrel DIRC hits (@20 MHz):
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Time based simulations

® Start with event-based simulations.
® Assigning time stamp to Barrel DIRC hits (@20 MHz):

entries, [#]
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® Events-hits relationship after hit finder:
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40 -

103—

35 F
30 F
25F
20

15F

800
t(i]me, [ns]

12.11.15

Roman Dzhygadlo, PANDA Cherenkov Group

22/25




Time based simulations

® Start with event-based simulations.
® Assigning time stamp to Barrel DIRC hits (@20 MHz):

entries, [#]
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® Events-hits relationship after hit finder:

entries, [#]
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® Two things happens during time-based simulations:
® | ost hits due to pile-up
® Ambiguous assignment of hits to their tracks/events
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Hits separation

e
Track 1 «@o

good separation in space
m ~4 % of tracks are hit same bar box
(using DPM)
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Hits separation

Track 1 ’\@O
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m  ~4 % of tracks are hit same bar box B 909% of 2 tracks in same barbox
(using DPM) still could be separated using delta
timing.
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Pileup behavior

5 charged tracks in each event
= p=[1,3]GeV/ic ©6=[22,140]° ¢ =[O0, 180]°
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®m  ~5 % of photons are lost due to pileup
(@ 20MHz and 40 ns dead time)
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Summary and Outlook

®  Barrel DIRC has full functional simulation software

®  Two reconstruction methods are implemented

®  Different geometry options of the PANDA DIRC detector were studied
®  The base-line design satisfies PID requirements of PANDA

®  |mplemented time-based simulation

® Hits from different track are good separated in space and time

= Only 5 % of hits are lost due to pileup @ 20 MHz

®  Ongoing R&D activities:
®  chromatic corrections

®  improving reconstruction algorithms
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Summary and Outlook

®  Barrel DIRC has full functional simulation software

®  Two reconstruction methods are implemented

®  Different geometry options of the PANDA DIRC detector were studied
®  The base-line design satisfies PID requirements of PANDA

®  |mplemented time-based simulation

® Hits from different track are good separated in space and time

"= Only 5 % of hits are lost due to pileup @ 20 MHz

®  Ongoing R&D activities:
®  chromatic corrections

®  improving reconstruction algorithms

Thank you for the attention
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