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Introduction & Motovation











Observational evidences show that a large part of the massenergy content is invisible and non-relativistic Dark Matter.
One of the many possible candidates of Dark Matter is the
Weakly Interacting Massive Particles (WIMPs). They occur
naturally in the supersymmetric extensions to the Standard
Model of Particle Physics.
WIMPs can interact only via gravitational interaction.
Can only be detected by searching for elastic collisions
between WIMPs and the nuclei of the detector.
Event rates expected to be much less than 0.1 event/kg/day.
Nuclear recoils produced by WIMPs deposits energy into the
detector medium.
Recent results:- Planck Publications:
This energy manifests itself in one or more of the following
Planck 2018 Results, European Space
phenomena:- i) scintillation, ii) phonon generation and iii)
Agency. February 2018.
ionization.
Methods to be used are scintillation and phonon detection.
Two channel measurement
better discrimination against
electron recoils.

 Need for going to mili-Kelvin temperatures for ballistic phonon
detection.

 Freeze dryer based system used to reach
down to 233 K. To go down to temperatures
of 80 K we used a Helium based cryogenic setup, a Cryodyne refrigerator. Temperatures
near 10K can be achieved.
 For co-doped (Cerium and Boron) GGAG, the
shift of the photo peaks of the 31 keV X-ray
and 356 keV γ-ray from Ba133 source was
studied as a function of temperature.
 Variation of Compton edge corresponding to
the 662 keV gamma ray of 137Cs was studied
for intrinsic scintillators. For CsI(Tl), photopeak was obtained till 160K, below which
variation of Compton edge was studied.

Linearity from Calibration

356 keV

 Intrinsic scintillators studied were CsI and
GGAG.
 All crystals used in this experiment are
manufactured by the Technical Physics
Division at the Crystal Growth Facility of
BARC, Mumbai.

 Essential to study photon read out response and light output
variation of scintillators as a function of temperature.

Experimental (Cooling) Set-up

co-doped GGAG

31 keV

 Intrinsic CsI shows an increase in light output
with decreasing temperatures. Appearance of
Photopeak at lowered temperatures.
 For intrinsic GGAG on the other hand, light
output monotonically increases till 220 K and
shows an overall decreasing trend till 50 K.

co-doped GGAG

 CsI(Tl) and Ce-doped GGAG (Gd3Ga3Al2O12) were calibrated using γ sources.
 From the calibration a linearity factor was calculated 𝒈 =

𝑵/𝑬
.
𝑵𝑪𝒔/𝑬𝑪𝒔

This is a measure of linearity of light

output with γ-ray energy.
 The above figures show a comparison of g, at low energies, for CsI(Tl) and Ce-doped GGAG. It is seen
that the latter is more linear.

CsI results:- C. Amsler, et. al., Nuclear
Instruments and Methods in Physics
Research A 480 (2002) 494-500.

SiPM Response
CsI(Tl)

The red plot is for 70 K while
the black one is for 220 K.

Conclusion & Future Plan

 The output pulse height changes with temperature, in fact
there is a significant increase.

 The response of SiPMs as a function of temperature was studied. Voltage compensation
found to be non-linear for a wide temperature range. Leakage current found to
decrease exponentially. Unstable response of SiPMs found at very low temperatures
(<30 K).

 We need to achieve identical photon response of the SiPM at
different temperatures for the same amount of incident light.
 To get back to same pulse height of SiPM, we need to reduce
bias Voltage so as to bring the peak back to the same channel.
 SenSL provided voltage compensation is 21.5 mV/K. (Ref:
Introduction to SiPM TECHNICAL NOTE)
 The experimental data in the small temperature as in SenSL
data gives a voltage compensation of 19.5 mV/K.
 The data on the full temperature scale deviates significantly
from linear behaviour.

Response below 30 K is highly
unstable. Sudden increase in leakage
current observed.

 The light output decreases with the lowering of temperature for Ce-doped GGAG and for
CsI(Tl).
 For the CsI intrinsic crystals there is an increase in light output with lowering of
temperature. For intrinsic GGAG the behaviour shows a rather irregular behaviour.
 Studies of response of SiPM with very low intensity and fast response LED to be
carried out for single photon response determination.
 Light output variation of BGO crystal also to be studied.

