PANDA Barrel TOF
TDR (Internal) Review
What’s next”?

Ken Suzuki, Stefan-Meyer-Institut, OAW

08.03.2017, GSI



Table of contents

Technical Design Report for the:
PANDA Barrel Time-of-Flight

( ihilati at Dar )

Strong Interaction Studies with Antiprotons

PANDA Collaboration

=

-
y7///4 17/ iad
/L .

VL

ix
Contents
Preface vii 452  Control of Bias Voltage Supply to
SIPMs vt 29
1 Executive Summary 1 453  Control of Threshold for Timing
Determination . . . .. ... ... 30
2 The PANDA Experiment 5 4.6  Monitoring and Calibration . . . . . 31
2.1  The PANDA Experiment . . . . ... 5 47 Cooling................. 32
2.1.1  The Scientific Program . . . . . . 5 48 Mechanics . ... ... .. 32
212  High-Energy Storage Ring 5
213 Targets 5 5 Performance Simulation 35
1. BOtS « e
214  Luminosity Considerations . . .. 6 -1 Software Framework. .. ... 35
92  The PANDA Detector . . . 6 511  Implementation of Barrel TOF . . 35
221 Target Spectrometer . . . . . . . ¢ 92 Bfficency................ 36
222  Forward Spectrometer . . . . . . . 7 521  Geometrical Efficiency . ..... 36
293  The Particle Identification System 8 22 Timebased Simulation of Single
; Tile Efficiency . . . ... ... .. 37
224 Data Acquisition . . . .. .. ... 8 R .
523  Combined Efficiency . . . . . . . . 39
225  Infrastructure . .. ........ 8 N .
5.3  Online Ty calculation . . . ... ... 39
3 Capabilities and Requirements 11 5.3.1 Evaluation of Typical Time-of-flight 40
31 Desired Capabilities . . . . . ... .. 11 532  Suppressing Slow Particles . ... 41
3.1 Particle Identification . . . . . . . 1 533 To Algorithms . . 41
312 Software Trigger . . . . . . . . .. 12 534 Particle Multiplicity 42
303 Event Sorting - ..ot ... 12 535  Expected To Resolution. . . . . . 42
3.1.4  Pattern Matching / Track Seeding 13 94  Event Sorting ... 42
315  EMC preshower detection . 13 541 Introduction ... ......... 42
32  Derived Requircments . . . 1 542 43
391  Time Resolution . « -« .+ .. .. 14 543  Event Determination Algorithm . 45
399  Position Resolution . . . . . . . . 15 544 Performance of the Algorithm . . 45
323  Mechanical Requirements . . . . . 16 00 Relative Time-of Flight . .. .. 16
394  Radiation Issues . . . . . ... .. 16 5.5.1  Relative Time-of-Flight Algorithm 47
5.5.2 Ty Determination . . 48
4 Design 21 5.5.3  Algorithm Enhancements . . . . . 48
4.1 Overall Design . . .. ... ...... 21 554  Relative Time-of-Flight Based PID 49
4.2 Scintillator Tile Module. . . . . . . . 22 56 TOF Based Particle Identification . . 49
4.3 Super-module . ... ......... 25 561  Time-of-Flight Resolution . ... 50
4.4 Front-End Readout Electronics 26 5.6.2  TOF Separation Power . .. ... 51
4.4. Data Rate Estimate . . . . . ... 28
45  Detector Control System . . . . . . . 99 6 Performance Evaluation of Prototypes 53
451  TOFPET ASIC Evaluation Kit 6.1 SingleTile . .............. 53
Software . .. 29 6.1.1  Laboratory Tests . ........ 53

x
6.1.2  Tests at Various Particle Beams . 61
6.2 66
6.3 67
6.3.1  Signal Attenuation . ....... 67
6.3.2 Signal Crosstalk . . .. ...... 67
6.4 Radiation Hardn 68

6.4.1  Expected Radiation Dose in PANDA 68

6.4.2  Radiation Damage Caused by Dif.
ferent Particle Speci

6.4.3  Annecaling

ing Radiation Measurements

6.4.5  Existing Radiation Measurements

of the Scintillator .12
6.4.6 Conclusion and Open Issues . .. 72
6.4.7  Opportunities for a Dedicated
Measurement . . . . .. ... ... 73
7 Project Management k44
7.1 Responsibilities . ... ........ 77
72 Schedule .. ........... ... 77
7.3 Production Logistics . .. ... ... 77
74 Cost ... 78
75 Safety. ... ... .. ... ... 78
8 Acknowledgements 81




TDR Status

- 2016.12 Submission to the collaboration
- tdr-barrel-tof_v1.1_20161202.pdf
- 2016.1 First Review Meeting
- Review Committee
- C. Schwarz (chair), J. Pochodzalla
- S. Ritt (PSI), K. Kilian (Julich), K. Hildenbrand (GSI)
- tdr-barrel-tof_v1.2_20170113.pdf
- 2016.2 Second Review Meeting
- tdr-barrel-tof_v1.3_20170221.pdf

- 2016.3 Report from the Committee



Committee Report

Findings

The PANDA Barrel TOF TDR has been presented at a meeting/telephone conference on Jan. 231,

2017 and questions have been answered at a meeting/telephone conference at GSI on Feb. 215t
2017.

The status of the project was presented in a clear and convincing way. Both the status of the
technical development of the detector and the simulation of its performance and embedding into
the whole PANDA analysis frame (e.g. for the T_zero determination) seem rather advanced and
sound.

The proposed detector layout of small scintillator tiles read out by SiPMs on both sides is state of
the art; based on the test results described in the TDR and the experience of other projects it can be
expected that this Barrel TOF will fully meet the requirements of the PANDA project.

The TOF Review committee thanks the TOF group for the careful consideration of the comments
made by the committee. The majority of comments and suggestions were addressed and answered
by the group satisfactory. The overall shape of the TDR 1s quite advanced and — after taking into
account the suggestions of the referees — 1s ready for submission.



Committee Report

Comments

The style needs definitely to be improved. It would pay if somebody of the (co-) authors or an
“outsider” from the collaboration spent the time to carefully read the text in order to remove
the numerous misprints and the worst formulations and grammatical errors.

Recommendations

Elastic scattered antiproton-proton pairs are strongly correlated and allow monitoring and
calibration of the barrel ToF and serve as a check of the luminosity. What are the
consequences of the missing acceptance of barrel and forward ToF between 5 and 22 degree?

The geometry and size of the boards etc should be discussed .

Choice, size, and treatment of the scintillator should be optimized concerning cost. At least it
should be

mentioned that the final choice i1s still under consideration.

The scintillators are fixed mechanically only through the glue joints, without any additional
mechanical brackets or holders. After some months of operation in the MEG?2 experiment, a
significant fraction of .....



“R-TOF”

Consider a szintillator RING hodoscope ,,RTOF*

which closes the 22 degree open forward cone of the BTOF down to 5 degree.(The region below 1s covered
further downstream by FTOF).

BTOF and RTOF would leave open about 12% of the laboratory solid angle in backward direction (much less in
the cm system) and only <0.04% 1n forward direction. Most of the charged tracks go into the RTOF solid angle.
As a consequence the charged tracks belonging to a reaction event would practically all and always show up as
hits in the BTOF and RTOF combination. Ambiguities in event building would be strongly reduced.

Practically 100% of elastic antiproton-proton scattering events would show up in BTOF-RTOF as two track
coincidences. Their strict geometrical and kinematical correlations allow for a continuos monitoring of the
PANDA beam and detector performace. Beam position, size, emittance, duty factor, luminosity are controllable.
Elastic pairs illuminate the detector with tracks whose directions and momenta are strictly correlated and well
known thus providing a continuos performance control for a large part of the detector components. This alone
could justify an RTOF.

RTOF would also act as veto for early shower conversion.

One might consider a rotationaly symmetric szintillator ,,quirl* hodoscope (like used in JETSET/LEAR, WASA/CELSIUS ,
TOF/COSY.) Three circular layers of Smm thick plastic szintillator make a compact stack. One layer is arranged in staight
wedges the other two with left and right tilted, distorted wedges (180 degree Archimedian spirals). For the readout SiPM
are connected optically on the outer cicumference of the radiators. The diverging wedges have excellent light collection
properties and they do not suffer from angular dependence of dead time effects.



What’s next?



Funding

- Funding body OAW

- Funding period (2018-2020).

- No sharp deadline but as soon as possible.
- Profile of each year, but just a sum

- Additional personal?



- Main focus

- is FEE development.
- LED calibration system
- TOF-PET2 ASIC

- “collaboration” with GieBen (AG Duren, End-cap DIRC)

* In parallel

* a production of the next prototype with full-length railboard.
* new scheme of fixing scintillator
- development of special tool

- single tile performance optimisation

- software development / physics simulation (D. Steinschaden / K. Dutta)



INn near future

-+ Meeting with Hamamatsu at the upcoming DPG meeting In
Munster and also in Vienna

- Meeting with G-Tech (Saitama, Japan)
+ mass production plan
- scintillator thickness issue (polish 6 mm to 5 mm?)

- scintillator supply from ELJEN Technology

- |rradiation test of SiIPM and scintillator by Giel3en group (H.-G.

Zaunick)
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—D Calibration System

- Blue LED

- SMD

-1 per tile (single sided) / 2 per tile (each sensorboard)?
- 2 If cost allows.

+ How to drive them?

- AlaK. Kilian/alaS. Ritt ?

- Cost?
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LED Calibration System

- Only one type found in Distrelec with condition blue/SMD

SMD-LED blau 3.2 V¥ 1206, 1561208575300, Wirth Elektronik
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Comments? discussion?
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Sackup
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Next Steps

- FEE development

- TOF-PET(2) ASIC
- will be done in Vienna

- Help from Giel3en (Kai), End-Cap DIRC, GSI (AG Duren
+EE department)?

- Radiation hardness test

- Beam test of new prototypes
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