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Introduction
ABSuRD: A Background-Surface Reduction Detector

Detector surfaces “polluted” with radioactive materials (𝛼s) 
!

Limiting background for CUORE / 0𝛎𝝱𝝱 searches 

Rare ➠ Background rejection at unprecedented levels !
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Introduction
ABSuRD: A Background-Surface Reduction detector

Employ scintillator cover 
!
!

Veto events when the 
scintillator is active

weak thermal coupling

heat bath

NTD thermistor

light detector

TeO crystal2

NTD thermistor

alpha decay

reflective foil

scintillator foil

TeO2 crystal  
at 10 mK



Setup
Understand scintillation at low T ( < 100 K ) 
Need Silicon Photo Multiplier to measure scintillation 

➥ characterize photon detectors at low T

50 K stage

10 K stage

Scintillator

SiPM

Ex1_9.CIR - z-parameter evaluation
.PARAM I1value=1mA I5value=0mA
I1 0 1 AC {I1value}
R10 1 0 1Tohm ; Large resistor to avoid floating node
Ci 1 2 100uF
RB 2 3 10kohm
VB 0 3 DC 10V
R1 2 4 1kohm
R2 4 0 5kohm
C2 4 0 0.05uF
Co 5 4 100uF
I5 0 5 AC {I5value}
R50 5 0 1Tohm ; Large resistor to avoid floating node
.AC LIN 11 10kHz 100kHz
.PROBE
.END

The values of R10 and R50 are sufficiently large ð1" 1012 !Þ so that "II1 ¼ "IICi and "II5 ¼ "IICo. If source "II5 is
deactivated by setting I5value=0 and I1value is assigned a small value (i.e., 1mA), then z11 and z21 are determined
by (1.10) and (1.12), respectively. <Ex1_9.CIR> is executed and the probe feature of PSpice is used to graphically
display the magnitudes and phase angles of z11 and z21 in Fig. 1-11(a). Similarly, "II1 is deactivated and "II5 is assigned
a small value (I1value=0, I5value=1mA) to determine the values of z12 and z22 by (1.11) and (1.13), respectively.
Execution of <Ex1_9.CIR> and use of the Probe feature of PSpice results in the magnitudes and phase angles of
z12 and z22 as shown by Fig. 1-11(b).

Example 1.10. Use SPICE methods to determine the h parameters suitable for use with sinusoidal excitation at a
frequency of 10 kHz for the frequency-sensitive two-port network of Fig. 1-10(a).

The h parameters of (1.16) to (1.19) for sinusoidal steady-state excitation are ratios of phasor voltages and
currents; thus the values are complex numbers expressible in polar form as hij ¼ hijff!ij .

Connect the sinusoidal voltage source and current source of Fig. 1-10(c) to the network of Fig. 1-10(a). The
netlist code below models the resulting network with parameter-assigned values for "II1 and "VV5. Two separate
executions of <Ex1_10.CIR> are required to produce the results needed for evaluation of all four h parameters.

CHAP. 1] CIRCUIT ANALYSIS: PORT POINT OF VIEW 11
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SiPM performance

Break-down is largely independent of temperature (~30 V)



SiPM performance

Operate at 32 V bias 
!

Need good pulses & low “noise triggers” 
➥ good energy resolution. 

!

Benchmark on total rate and photoelectron statistics 
!

Find best operating temperature 
!

!



SiPM performance
Pulse shape varies with temperature 
!

Best performance in (80K, 300K) 

Low T  
➥after pulsing

High T  
➥dark current

Rate should rise at low and high T! 



SiPM performance

Total rate is low between 80 and180 K 
!

Independently decompose total rate 
 into after-pulsing and dark current rates



SiPM performance

Results from a180K run 
!

Energy from ∫  pulse 
!
Integer photoelectrons 
clearly resolved 
!
Resolution depends on 
window of ∫  pulse



SiPM performance
Photon counting reveals optimal SiPM operations at 160-180 K



Conclusions

ABSuRD will reduce surface (main) backgrounds for CUORE by 
utilizing scintillator cover around the detectors 
!
To study scintillators at low T we need to first characterize SiPM 
!
SiPM operating temperatures and bias voltages were explored 
!
Dark current data quality suggests operation around 160K and 32V



Extra Slides



SiPM
  

 www.advansid.com 1 Rev. 9; 09.2014 

ASD-RGB4S-P-4x4TD    

________________General Description 

High fill-factor 16 channels (4x4) SiPM array with 

4x4 mm2 active area SiPMs with common cathode 

connection and independent anodes.  

The Silicon PhotoMultiplier (SiPM) is an innovative 

solid state silicon detector with single photon 

sensitivity. SiPMs are a valid alternative to 

photomultiplier tubes (PMT detectors). The main 

benefits of this detector are: high gain, extremely 

good timing performance, low operative voltage, 

insensitivity to magnetic field and high integration 

level. 

ASD RGB-SiPMs are based on the AdvanSiD “N-

on-P”   silicon technology for detection of Red, 

Green, and Blue light. RGB-SiPMs have peak 

efficiency at 550 nm, with detection spectrum 

extending from 350 nm to 900 nm.                                                             

_________________________Application 

x High Energy Physics 

x Medical Imaging 

x Nuclear Medicine 

x DNA Sequencing 

x Homeland Security 

x Flow Cytometry 

x Biological Sensors 

x Analytical Instruments 

x SEM Microscopy 

x Confocal Microscopy 
 
 

_______________Ordering Information 
 
ASD-RGB4S-P-4x4TD 
 
 
 
 

 

4x4 array of 4x4 mm2 active area SiPM 
with 40×40 µm2 cell size. S indicates 
square SiPM, P indicates plastic 
package, TD tile with die-to-die bond 
wires. 
 

 
 

 

 
 
 
 
 
 
 
 
 

___________________________Features 
� Detection of extremely faint light 
� Very high gain (106) 
� Extremely good timing performance 
� Insensitive to magnetic fields 
� Not damaged by ambient light 
� Small and compact 
� CSP Nickel free 

_______________ RGB-SiPMs Features 
 

� Red, Green, and Blue light detection 
� Superior breakdown voltage uniformity 
� Excellent temperature stability 

 

_______________________Pins function 
 

 

 

 

 

 

 

 

  Array bottom view 

N° Name Channel 
6 A11 Ch.11 
7 A16 Ch.16 
8 A15 Ch.15 
9 K3 Ch.3,7,11,15 
10 K4 Ch.4,8,12,16 
11 K1 Ch.1,5,9,13 
12 K2 Ch.2,6,10,14 
13 A14 Ch.14 
14 A13 Ch.13 
15 A10 Ch.10 
16 A9 Ch.9 
17 A6 Ch.6 
18 A5 Ch.5 
19 A2 Ch.2 
20 A1 Ch.1 
 
A = SiPM Anode 
K = SiPM Cathode 

N° Name Channel 
1 A4 Ch.4 
2 A3 Ch.3 
3 A8 Ch.8 
4 A7 Ch.7 
5 A12 Ch.12 

We use Silicon Photo Multiplier sensors 
!
Photons excite electrons / holes leading 
to avalanche i.e. high amplification



!
!
The possibility of Majorana neutrinos and the mass scale  

Double beta decay probe

m�� = |
X

k

miU
2
e,i ⌫i|



Neutrino Physics: Motivation
Known!
!
3 types of neutrinos from cosmology and particle 
physics measurements!
!
Flavor(leptonic) eigenstates: 𝛎e, 𝛎𝜇, 𝛎𝜏!
!
Mass eigenstates: 𝛎1, 𝛎2, 𝛎3!
!
!

!
Types evidenced by mass differentials!
!
These are measured in oscillating 
content of a neutrino beam!
!
Ex: flavor modulation of NOVA’s 𝛎𝜇 
beam with distance.



Known!
!
3 types of neutrinos from cosmology and particle 
physics measurements!
!
Flavor / mass eigenstates: 𝛎e, 𝛎𝜇, 𝛎𝜏 / 𝛎1, 𝛎2, 𝛎3!
!
!

!
!
Unknown!
!
What are the individual masses, 
mass scale and mass hierarchy ? 
!
Since mass > 0, spin > 0, and 
charge = 0, neutrinos can be their 
own antiparticle; are they ? 
         
!

Neutrinos


