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Proto120
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Assembly of 2 crystal blocks (type 2 and 3)

80 crystals equipped with matched pairs of  
APDs based on information from APD 
database

ASIC flex PCBs v6 with left- 
and right-hand connector 
configuration
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Proto120
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new design of cooling plate, spacers and intermediate plate

feed-through of ASIC cables into the warm part – now unproblematic



Proto120
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solution: staggered configuration of BPL at two 
different heights

ASIC cables still relatively stiff – problematic dense packing of backplane PCBs

Ok for Proto120. But not for slice design due to limited clearance 
to inner edge of magnet



Proto120
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integration of remaining electronics 
critical: several faulty connections due 
to dense cabling

contact problems mainly in ribbon 
cables for signals but also in new cable 
scheme for ASIC slow control

conclusion: re- and new design of 
entire electronics from BPL PCB on 
(including HV distribution)!
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all crystals equipped with monitoring light fibers fed 
into the crystal by a new (but not final) front stopper

Data taking with pulser performed – Analysis not started yet
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Observations
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Cooling down to -25 °C took longer than in previous tests 
(~ 18h vs 12h)

→ improve thermal Insulation (not under focus for this beam test)



Observations
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Reliability of internal signal and slow-control connections very 
bad. Box had to be warmed up and reopened during beam test 
due to connection faults

New slow control distribution hardware (SC Multiplexer boards) 
not working as intended. Workaround with hand-tinkered cables

New slow control CSS macros (GSI) utilized. Usability ok. 
Stability to be improved + features to be added



Observations
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Noise and pick-up appeared to be higher compared to previous 
beam tests. But due to limited preparation time no focus on 
optimal grounding/shielding



Data Analysis
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Started analysis of data set for depolished crystal matrix

Detector was aligned to incorporate beam into the central crystal 
exclusively

Mean deposited energy in 5x5 matrix 
during one run (a.u.)



Data Analysis

 HG Zaunick 1301-Mar-2016

Simple peaking algorithm with adaptive base line

For each channel and event extract mean(BL) and RMS(BL) 

Define pulse amplitude = Max ( bl-min, max-bl)

BL=Avg of first N samples

peak=min

Pulse amplitude



Noise
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Noise
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Two types of relevant noise definitions:

Distribution of baseline mean values

● Indicates the presence of low frequency 
fluctuations (EMI, pick-up etc.)

● Less relevant for event-by-event reco 
due to adaptive BL

Distribution of baseline rms values

● characterizes the noise relevant at 
signal timing and sampling frequencies

● Determines the lower bound of the 
signal noise

noise=283 adc

noise=49 adc



Noise
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Two types of relevant noise definitions:

Distribution of baseline mean values

● Indicates the presence of low frequency 
fluctuations (EMI, pick-up etc.)

● Less relevant for event-by-event reco 
due to adaptive BL

Distribution of baseline rms values

● characterizes the noise relevant at 
signal timing and sampling frequencies

● Determines the lower bound of the 
signal noise

noise=283 adc

noise=49 adc

coarse energy calibration coefficient ~ 40 ch/MeV: 

sigma(Noise) ~ 1.2 MeV   and   E
thr

 ~ 3.6 MeV 



Energy Extraction
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Detector misalignment: e-deposit never in only one crystal

Clustering required – even for simple analyses

Start with Poor-man clustering (w/o cross calibration): 

energy sum of central and neighbor 

Energy spectrum (photon energy 100 MeV)

Central crystal only Central crystal + left neighbor



Energy Extraction
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Reasonable energy spectra for low energies

Higher photon energies get spread over larger crystal number

→ full clustering + cross calibration required



Test of new signal cable 
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Development of ultra-thin differential cables started with company 
BEDEA (Asslar/Germany)

First prototype with stainless steel cores (0.1mm): attenuation too high

Second prototype produced in May 2015 with copper cores (.16mm) 
and improved mechanical stability



New signal cable - Attenuation
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  10 MHz:  .32 dB/m
  20 MHz:  .45 dB/m
  50 MHz:  .7 dB/m
100 MHz:  1.0 dB/m

Max. bandwidth of APFEL 
output signal: 10 MHz



Test of new signal cable 
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Comparison of 2-crystal-sum between standard cable (cat6) and Bedea 
cable measured at the same channel under equal conditions

Due to summation no direct comparability between the cables



Test of new signal cable 
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Better observable: ratio of energy deposit between test channel and (2-
crystal) energy sum

Derive amplitude ratio of test channel between both cables

E
bedea

/E
cat6

 ~ 64% = -2 dB   (i.e. 2 dB higher Attenuation than cat6 cable)

Cat6 cable Bedea cable

Attenuation of 2 dB within specs

Compensation by modification of line driver gain



HV Distribution
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Distribution of APD bias voltage from one 
HV cable to 4(8) APDs

Close to detector → compact, rad hard

High side shunt regulators for voltage 
control of individual outputs

Proof-of-concept prototype with 
one regulated channel

Test setup in shielded lighttight 
box with one reference APD

Irradiation-characterization test 
cycles



HV Distribution
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Regulation of a single channel from HV(In) down to HV(In)-100V with 10bit 
resolution (0.1V/LSB) I2C Potentiometer

Measurement of actual APD voltage (17mV LSB, 530V FS) and current (30pA 
LSB, ca. 1uA FS)

Scan of HV by stepping through all potentiometer (wiper) settings



HV Distribution
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Several irradiation-measurement cycles done up to 1.7 kGy with 60Co source

I/V Characteristic shows shift of measured current towards lower values

Shift in measured APD voltage towards lower values

Current clipping at low ADC range limit 



Conclusions

 HG Zaunick 2601-Mar-2016

Beam test in Dec 2015 yielded minimal goal – data for depolished 5x5 matrix 
w/ non-central beam spot 

Data analysis ongoing, currently only ½ FTE

New design of backend electronics required: stability and space issues

Concept of HV distribution verified: saving of 7/8 of HV cables
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