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What is SuperCDMS?

SNOLAB

2

Cryogenic Dark Matter Search
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What is SuperCDMS?

Detector 
Packs

SNOBOXDetector

15 mK
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Detection Principle

Phonon Pulse

Time

Am
pl

itu
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Detection Principle and Sensitivity
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Detection Principle and Sensitivity
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Detection Principle and Sensitivity
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Detection Principle and Sensitivity

100V
Si
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Detection Principle and Sensitivity

100V
Ge
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Detection Principle and Sensitivity

3V/100V
Si/Ge
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Why does SuperCDMS need a Trigger?

280 Mb/s per detector 

Assume: Continuous readout with up to 2.5 MHz sampling frequency

x 6 Detectors x 31 Towers = 52 Gb/s 

11
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Detector Readout and Control Cards

L1 FPGA Trigger
To Detectors

To DAQ/L2 System
ADCs
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The L1 FPGA Trigger

ADC 

4p 

4p 

4p 

2c 

2c 

625kHz

625kHz

625kHz

2.5MHz

2.5MHz
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The L1 FPGA Trigger
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The L1 FPGA Trigger
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The L1 FPGA Trigger

ADC 

4p 

4p 

4p 

2c 

2c 

625kHz

625kHz

625kHz

2.5MHz

2.5MHz

Downsample 
Filter

DF-P1

DF-P2

DF-P3

DF-C1

DF-C2

39kHz

39kHz

39kHz

39kHz

39kHz

LC 1

LC 2

LC 3

LC 4

Linear 
Combination

Sy
nc

hr
on

ize
r

output[n] = ∑
channels

wc inputc[n]
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2c 

2c 

The L1 FPGA Trigger

ADC 

4p 

4p 

4p 

625kHz

625kHz

625kHz

2.5MHz
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Downsample 
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DF-P1
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Impulse- 

Response  
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Sy
nc

hr
on

ize
r
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The L1 FPGA Trigger
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output[n] =
1023

∑
i=0

bi ⋅ input[n − i]

FIR input:

FIR output:

approximate  
optimal filter

bi
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The L1 FPGA Trigger
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The L1 FPGA Trigger
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The L1 FPGA Trigger
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The L1 FPGA Trigger
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The L1 FPGA Trigger
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The L1 FPGA Trigger
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4p 

4p 

4p 

4c 

4c 

625kHz

625kHz

625kHz

2.5MHz

2.5MHz

Downsample 
Filter

DF-P1

DF-P2

DF-P3

DF-C1

DF-C2

39kHz

39kHz

39kHz

39kHz

39kHz

LC 1

LC 2

LC 3

LC 4

Linear 
Combination

FIR 1

FIR 2

FIR 3

FIR 4

Finite- 
Impulse- 

Response  
Filters

Threshold 
Logic

ThL 1
ThL 2
ThL 3
ThL 4
ThL 5
ThL 6
ThL 7
ThL 8

PS 1

PS 2

PS 3

PS 4

Peak Search

Trigger  
Logic

L1 Trigger  
Decision

Sy
nc

hr
on

ize
r

Input Trigger Word:                  
       Require Mask: 
            Veto Mask:

1 1 0 1 … 
1 1 0 0 … 
0 0 1 0 … 

8 Decisions
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The L1 FPGA Trigger
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Timestamp Amplitude Thresholds Decisions
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Trigger Performance

Single threshold

Low threshold  
50% prescaled 

High threshold 
Unprescaled

Low threshold  
unprescaled 

High threshold 
vetoed

Noise dependence
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Future Improvement: NxM Correlated Optimal Filter
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Future Improvement: NxM Correlated Optimal Filter
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Filter out noise correlations within input channels
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Future Improvement: Machine Learning on FPGA
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Future Improvement: Machine Learning on FPGA
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Thanks for your attention!
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Two cross-disciplinary open positions: 

SuperCDMS (Postdoc): 
https://www.uni-hamburg.de/uhh/stellenangebote/wissenschaftliches-personal/exzellenzcluster-quantum-universe-qu1/29-02-20-19-en.pdf 

Belle II (PhD): 
http://www.desy.de/career/job_offers/index_eng.html?joboffer=99930
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Backup: The SuperCDMS DAQ System
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Backup: Randoms and External Triggers/Vetos
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Backup: Signal Vs Background Trace
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