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Outline
● Basic parameters for Ar and Kr

– SiPM photon detection efficiencies (PDE) 
– Dark Count Rate (DCR) for Vis and VUV SiPMs in 

Ar and Kr
● LY for several configurations
● DCR and Ar-39 background
● Rough cost estimates
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Ar and Kr

Comparable Rayleigh scattering lengths: 

Sediel et al. 2001
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Basic scheme

Reflector (Reflectivity)

WLS (efficiency)

LAr (lambda
abs

, lambda
scatt

)

Photsensor (PDE, reflectivity “R”, coverage “Fsens”) 

To first order light yield can be modelled analytically with high accuracy. For large detectors, 
Fsens tends to be small -> this makes the system very sensitive to average wall reflectivity.

https://arxiv.org/abs/1110.6370 

https://arxiv.org/abs/1110.6370
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Blue sensitive SiPMs: DCR and PDE

Ar: 482 Hz
( 0.2 Hz/mm∼ 2)

Kr: 40 kHz
( 16 Hz/mm∼ 2)

8 x 8 array of Hamamatsu S14160 ● Suited for 
cryogenic 
operation

● 1kEUR per 4 x 4 
piece (I have one)

● Blue sensitive

https://arxiv.org/abs/1911.01378 

https://arxiv.org/abs/1911.01378
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https://arxiv.org/abs/2101.04295 

Hamamatsu S13370-6050CN (aka VUV4)

VUV sensitive SiPMs

DCR:
● Ar and Kr: ~0.003 Hz/mm2 

PDE:
● Ar: 12%
● Kr: 24%

https://arxiv.org/abs/1903.03663 

https://arxiv.org/abs/2101.04295
https://arxiv.org/abs/1903.03663
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Reflectivity
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Light yield predictions: Ar
Assuming WLS efficiency of 1 for TPB and 0.47 for PEN, using blue sensitive SiPMs

 
Walls can be:
● 50% reflective (e.g. ESR reflector on APAs 

only)
● Nearly black
● (not a huge difference in this case)

This is 2800 6mm x 6mm SiPMs on each 
APA 

Here all surfaces (both APAs and the inside of the 
field cage are lined with WLS and ESR 
reflectors).

(Here SiPMs are not WLS-coated, adding WLS 
brings modest (<10%) enhancement.)

Low reflectivity configuration:
0.03 – 0.1 pe/keV

High reflectivity configuration:
0.3 – 1 pe/keV
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Light yield predictions: Kr
Assuming WLS efficiency of 1 for TPB and 0.47 for PEN, using blue sensitive SiPMs

 
Walls can be:
● 50% reflective (e.g. ESR reflector on APAs 

only)
● Nearly black
● (not a huge difference in this case)

This is 2800 6mm x 6mm SiPMs on each 
APA 

Here all surfaces (both APAs and the inside of the 
field cage are lined with WLS and ESR 
reflectors).

(Here SiPMs are not WLS-coated, adding WLS 
brings modest (<10%) enhancement.)

Low reflectivity configuration:
0.02 – 0.07 pe/keV

High reflectivity configuration:
0.2 – 0.6 pe/keV

(i.e. Ar rescaled by 25/40)
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VUV sensitive SiPMs

Lower scinitillation yield of LKr 
partly is compensated by higher 
PDE.

Highly approximate!

Reflectivity of SiPMs can play a 
significant role – did not treat that 
rigorously for this plot.

VUV sensitive configuration:
0.03 – 0.07 pe/keV

(General caveats for the analytic model estimates:
● This is all highly preliminary
● For blue sensitive SiPMs used FBK  PDE curve which is similar to Hamamatsu, for VUV 

rescaled by a factor of 0.5 for Kr and 0.25 for Ar
● I’m ignoring the scintillation yield reduction with E-field, which is a ~20% effect for LAr)
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DCR and Ar-39
● From earlier slides LY: 0.02-1 pe/keV
● DCR seems managable in all cases:

– 0.003-0.2 Hz/mm2 for 0.2 m2 of total SiPM surface area
– ( 16 Hz/mm∼ 2  for blue SiPMs in Kr – but for Kr the acquisition window 

can be 100 times shorter)
– Translates to 0.6-40 kHz (single pe) over the entire detector
– For comparison:

● In DEAP-3600 we achieved an ~40pe threshold with 127 kHz DCR (255 
PMTs, 0.5 kHz each); not limited by DCR

● This translates to 40 keV - 2 MeV for nominal coverage in FLARE, LY-
dependent

● Ar-39 beta decay (endpoint 565 keV) rate:
– 1 Bq/kg => 10 kHz of events for 10 tonnes of LAr
– Each event results in 6 – 282 pe on average, LY-dependent
– More significant than DCR

● Similar reasoning for Kr-85 in Lkr (not sure about the specific 
activity) 
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Cost estimates
● SiPMs:

– 300 kEUR (25 mm x 25 mm array) - 600 kEUR (single chips)
● Front end boards: .... wild guess for now 50-100 kEur ?
● Cables and feedthroughs: ~300 Eur per channel 

– 4160 ch (2080*2) : 1.2 MEur
– 260 ch (2080*2/16) : 80 kEur
– 65 ch (2080*2/64) : 20 kEur

● Digitizers
– VX2740B, 64 channel, 125 MS/s: ~18 kEur per card

● 4160 ch (2080*2) : 1.2 MEur
● 260 ch (2080*2/16) : 90 kEur
● 65 ch (2080*2/64) : 36 kEur

● Power supplies
– Mainframe  CAEN SY4527LC: 6 kEur
– CAEN A1539B, 32-ch, 100V, 20 mA, 6 kEur per card

● 4160 ch (2080*2) : 400 kEur
● 260 ch (2080*2/16) : 66 kEur
● 65 ch (2080*2/64) : 22 kEur

● Reflectors + WLS
– 10 kEur (if with PEN) Total: ~650 kEur
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Alternative readout electronics
● Main question - how important is the granularity:

– Can we live with 25mm x 25 mm arrays and 20 cm spacing?

● If not better options suited for large number of channels:
https://www.caen.it/subfamilies/fers-5200/ 

https://www.caen.it/subfamilies/fers-5200/
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Summary
● Analytic model predicts LY between:

– 0.02-0.06 pe/keV (low reflectivity configuration 
or VUV SiPMs)  

– or order of magnitude higher with WLS and full 
reflector coverage

● DCR managable for all cases, but Ar-39 rate will 
affect how we trigger

● First very rough cost estimate: 650 kEur
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Backup
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3M reflectors
● The usual candidate: Vikuiti Enhanced Specular Reflector (ESR) – from 

the line of VM2000 and VM3000 reflectors

https://www.digikey.ca/product-detail/en/3m/98-0440-2750-0/3M162763-ND/4021339 

Pricing:
● hundred 17x17” sheets (0.19 

m2)  = 5.2 kEUR
● ~281 EUR per m2

● Will buy a large amount for 
us in DarkSide

● Cheaper products exist

https://www.digikey.ca/product-detail/en/3m/98-0440-2750-0/3M162763-ND/4021339


SBND Example

● SBND will run with TPB-coated 
reflector foils on the cathode.

● Required coating 38m2 of area on 
double sided plates. 

● Will be sandwiched inside of
metal mesh in the detector to
avoid any effects on drift field.

Mesh Mesh 

Foil 
plates 

Slide courtesy A. Szelc
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