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Calibration of Detector Modules
for the PANDA Backward
Electromagnetic Calorimeter
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* The Backward End Cap Calorimeter

* Detector Module Calibration
e Detector Calibration Setup
 Calibration of High Voltage Boards
* Characterisation of Photosensors
* Calibration of Temperature Sensors
* Energy Calibration with Atmospheric Muons
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The PANDA Backward End Cap Calorimeter
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PANDA: AntiProton Annihilation at Darmstadt

l Hydrogen target

. . GeV
e Antiprotonbeam with momenta < 15%
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* Relative momentum resolutlon?p ~ 1074
| I
\ : :
'
= : [,
onbeam === | <+ - Elf/ﬁjel Forward
Ant'\pfot ‘ =i j / EMC
=

Backward

EMC
target spectrometer forward Spectrometer 7




VAT S A )

/ﬁ' Helmholtz-Institut Mainz ifﬁﬂﬁ ﬂ:&;%
FAIR Phase-0 at MAMI

* Developmentof backward EMC allows usage in a FAIR Phase-0 experiment (different design but same
technologies)

* More crystals used (640 instead of 524)

« Experiment: Measurement of ° transition form factor in primakoff process at MAMI

* Reduce uncertainty of Hadronic Light by Light contribution to muon puzzle

e 48 Submodules mounted in donut shape
Mounting Plate

Vacuum Insulation Panels Mounting Plate

Vacuum Insulation Panels
Al-Cover

Al-Cover
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Cooling Shells
Cooling Shells

Backward Calorimeter @ PANDA Backward Calorimeter @ MAMI

Holding Structure
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FAIR Phase-0 at MAM|

Glass-Fiber-Reinforced Plate Line-Driver PCB
Wrapped
Crystals Slider * Operated at-25 °C (entire detector volume)
Koo A> * 48 submodules (4x4 and 4x2 crystal array)
~—na _ * Eachsubmodule:

* 32 (16) photosensors

* 4 (2) temperature sensors

Service PCB * 2 (1) high voltagedistribution boards
Multi-Fiber * own readout electronics

Stopper Connector * |n total:

e 1280 photo sensors

* 160 temperature sensors

e 80 high voltage boards

* All need to be calibrated (this work)

Submodule
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Crystal Unit

Reflective Foil Lead Tungstate Crystal

Temperature
Sensor

Aluminium Capsule
Plastic Capsule

Cable of Preamplifier
Thermal Pad Crystal Unit, operated at-25 °C

=y — — APD |
9" Heat-Sink

KAPTON foils

platinum wire

21 mm

Avalanche Photo Diodes

| Flat Temperature Sensor

4-wire connection v-'f'/";,;
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g
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Detector Module Calibration

Calibration Setup
Calibration of High Voltage Boards
Characterisation of Photosensors
Calibration of Temperature Sensors
Energy Calibration with Atmospheric Muons
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Calibration Environment

* Detector will be operated at-25 °C
* Need for temperature uniformity and stability
e Choice of calibration environmentis a climaticchamber
* Model,TempEvent 340/40/5“
* Operational rangefrom —42 °C to 180 °C
* Provides circulatingdry air
e Accessible over network
* Can house three submodules
e ->three submodulescan be calibrated at once
* |ngoingservices:
* Low voltage supply
* High voltage supply

\
* Lightpulsersystem 7
o Programming interfaces CIimaticchamberopen low- and high voltage cables

* Qutgoingservices:
 Temperature readout system
e Dataacquisition (analoguesignals of detector)

Analog signal cables ji

Caution!
- FAoh Volcage |

terminal

Climaticchamber side view

9
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wiener low voltage +-7 V

10
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= reference

S o temperature Sensors i
4-wire measurement ! .

\J cables plastlc holdlng structure |
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high voltage dlstrlbutlon boards
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Calibration of High Voltage Boards (HV-Boards)

HV-Boards deliver adjustable bias voltage to photosensors

DACs and ADCs on HV-Boards have to be calibrated to high voltage distribution board

accurately set and read voltages and currents
Furthermore HV-Boards are
e At room temperatureinthe experiment
e At-25°Cinthe calibration setup

-2  DAC correction against measured
-4 volta ge connection to volt meter
e 2 V difference between warm and cold

|
(@]

calibration

|
oo

I
[y
(o]

* Gainslope = 15 11/ -> 30 gain difference
e ->coldcalibration necessary

I
[y
[R%]

-400 -300 -200 -100

Voltage [V]

voltage sense wires

Raspberry Pi

programming board

High voltage board calibration setup
(provided by Oliver Corell)

12
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Characterisation of Photosensors (APDs)

* APDs convertscintillation lightinto charge depending on
applied bias voltage (gain)

* Target gain: 200 104

* Individual gain-voltage characteristicshas to be 5

determined for each APD 2

* APDs have different gain-voltage characteristics 10°

* Detector response is analysed at different APD = 2

bias voltages c 102

* Function that describes gain-voltage: § 5

A 2

— — 10

Mcon(UbyUakaA) 1 — (U/Ub)k + 1 A .

2

« Common calibration technique: 1 S aaararate

* Illuminate APD with continuouslight source O 50 100 150 200 250 300 350 400

* Measure current at APD against bias voltage
 NormaliseatU =0V voltage [V]

13



. . y ; A% - e _g’ =
ﬁ Helmholtz-Institut Mainz EMEFE % ;?_ﬁ!i%{@ﬂ“
- “ﬁﬁ‘“‘ﬁ J’E

Characterisation of Photo Sensors (APDs) |

* Challenges with current setup: 104
* APDs are connected to charge sensitve preamplifier >
* Limited by range of ADC and integration time of ASIC 105
* ->pulsedlight needed to let capacitordischarge — 5
* ->additional term to describe gain needed (Spieler) 105
o 5
Mpulsed — Mcon/(]- + Od/Oz) 7,
. Cz : capacitance of preamplifier 1%
« (; :voltage dependentAPD capacitance (model) :f
Do 1 ® 50 100 150 200 250 300 350 400
Od — P4 _ —pa(U—p3)
VUpr +1 1 + e P2(Y—Pps voltage [V]

4 +1-—A
Mpulsed — D5 | = M ontinuous * 1°
1 —I_ p4 £0 — U —
VvVUp1+1 14e—P2(U—p3)

14
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Raw amplitudes for APD 25

........

2

w: lightpulser width
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9

8

7

2 w = 60 ns

a
()]
- \
L 2
Q

w = 10 ns

= w = 100 ns
2 1000 \&
— 9
o 8
= 7
<C 6

5

a

3

2

100

0] 50 100 150 200 250 300 350 400

DAC Voltage [V]
15
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Merged amplitudes at same widths for APD 25

Extend low amplification by
amplification ratio

A

— 10k
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= f2 f3
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— 5
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=
< 1000

5

2

100
0 50 100 150 200 250 300 350 400

DAC Voltage [V] 16



/ﬁ' Helmholtz-Institut Mainz

Merged LG and HG for APD 25
Merge different regions together
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Amplitude [ADC]
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RNPS g 0.3 |

 Measurement of detector signal of pulsed light at different APD bias voltages
* Sophisticated transformation to continuousgain-voltagerelation
* Fit of pulsed gain-voltagerelationyields parameters of continuous gain-voltage relation

Merged widths for APD 25

: A 1 — A 10%
M L 1—(U/Ub)k + 5
Lpulsed — P5 » ) ,
__ro____ __
m ]- —|_ p4 (m 1_|_e—P2(U—’P3)) 103
5
5 E %
’ = 10
100k o S
. 2
10
2 5
10k 2
| 1
0 50 100 150 200 250 300 350 400

50 100 150 200 250 300 350 400
DAC Voltage [V] Voltage [V]
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Calibration of Temperature Sensors

* 160 handcrafted flat temperature sensors with individual characteristics

* Interpolation of precise temperatures to positions of flat temperature sensors
 -> Allowstemperature determinationin entire detector

* Flattemperature sensors loose calibration after mechanical stress
* ->need to be calibrated inside submodule (in-situ)

* 10 reference sensors + 4 flat sensors per setup

50 mm

platinum wire

< Reference Temperature Sensors (Pt100)
_. w KAPTON foils

4-wire connection

= =

Flat Temperature Sensors (inside Submodule) 19
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Calibration of Temperature Sensors

Interpolation of precise temperatures to positions of flat temperature sensors
-> yields resistance-temperature relation (quartic function)

112

110

108

106

R(T) = Ry(1 + aT + bT* + cT*(T — 100°C))

R [Ohm]

104

102
systematical errors from readout device

/

100

0.05

- data

R [0Ohm]

fit

-0.05

-30 -25 -20 -15 -10 -5 0
Interpolated Temperature [°C]

20
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Energy Calibration with Atmospheric Muons

* The goalis first energy calibration
 Mappingof detector signal to energy

: : MeV .
* Atmospheric muons deposit = 10 % in lead tungstate

* Peakat= 25 MeV
* First energy calibration must be done with gain 400
because noise level of setup is too high

CR10
16k
PH: 79 BL: 2125
14k
12k PH; 32 BL: 3062
10k i
PH: 345 BL: 2275 Noise
8k
6k PH: 52 BL: 3776 /
4k
= 7~
gk@-—cﬁ::{:&
% 200 400 600

21
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Energy Calibration with Atmospheric Muons
 Spectra of atmospheric muons op Wy { |
 Mappingof detector signal to deposited energy Sl WAL, oo U W, et bR L
« Atmospheric muons deposit =~ 10 % in lead tungstate e e o T =

* Peakat= 25 MeV \'ﬂr
: AT i

e 16 crystals of one submodule
. I High gain 0, I low gain 0, I high gain 1, I lowgainl o " { - FEEE—— =

* Low gain amplificationscaled to high gain
* APD setting at gain 400 Sl

* Neighboring APDs are matched (same peak position) ’ Ly M )
* Most crystals deliver visible 25 MeV peak T oy T | omans
* ->results agree with APD characterisation (besides ; |
outlier)

| (L LRI
1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000

22
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Mounting Plate
R

Summary and Outlook

* Backward calorimeter will be used in experiment at MAMI

* Followingfully automated methods developed:
 DAC& ADC calibration ofhigh voltage Boards
e Gaindetermination of APDs
e Temperature calibration of Pt100 Sensors
* Energy calibration using atmospheric muons

* Estimated time consumption: =
* 3 submodulesfitin climaticchamber -
e 72 hours per cycle :
. 0] 50 100 150 200 250 300 350 400
* Two cycles per twice a week Crystal #5 :

e > 48 Submodulestake 8 weeks net

R [Ohm]

®

R [0hm]
fit - data

23
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Power Supplies

* Photo sensors need high voltage
* Electronics of submodules need low voltage

voltage sense connections

voltage source connections -7V, 0V, +7 V

Wiener Low Voltage Module Back Plane

N

ISEG high voltage module

ISEG High Voltage Modules

32 high voltage lines

24
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Light Pulser System

* No real beam available -> no electromagnetic showers -> no scintillation light
* Simulate scintillation light (420 nm in lead tungstate) with LEDs

* LED matrix provides pulsed light for individual crystal units
* Adjustable pulse width, height and frequency

lightfiber bundle (B)

3D printed case

optical coupling (C)

lightfiber bundle (A)

>

| number of

photons
b /

“—widgth > time [ns] »c

brightness [a.u.]

NIM input for
l external trigger
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