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Concept




A Simpler, Cheaper Veto I

HPGe;

Expensive
Complex
manufacturing
Complex readout
Slow (Charge drift)

e Very low threshold °
e Fastresponse
e Simple readout °

(Off-the-shelf SDR)

BGO:

e Cheaper

e Mass produced in
industry

=> Light readouts usually
limit utility

=> Kinetic Inductance Detector - based light readout:

Naturally
multiplexable
Easy and cheap to
iterate upon




BGO - scintillating crystal
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KID - Cryogenic light detector I

Ease of readout: KID readout can be done effectively with off-the-shelf
commercial components [3].

Natural multiplexing (daisy-chain): Simplifies set-up and commissioning, as the
entire setup could be powered and read-out using only 2 RF lines, one input
and one output, avoiding complications of multiple stage cryogenic design.




KID - Cryogenic light detector

e In-group expertise of KID fabrication and data analysis, the demonstrator light
readout chip has also already been characterised [4].

e The CALDER experiment managed to obtain excellent resolution (34€V noise
RMS with Pulse Tube vibration decoupling systems, currently present in
NUCLEUS), and a fast response time (rise time of 120us [4)).

Amplitude [dB]

2587 2
Frequency [Hz] Time [ms]

Detector chip with 1 KID deposited on a Resonance of a KID at steady state and when  Triggered 1.3 keV signal in the phase
25 cm? 650 um thick substrate (4. perturbed by a phonon-mediated signal (4. (red) and amplitude (blue) directions (4.
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Status of the project







Results - KID LED calibration:

Channel 1

With LED
calibration,
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e — sbsolute il resolution (pulse
| tube active) of
0.16+£0.03 keV on
light incident on
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RMS of noise: 4.38169e+03 [ADC counts] PTon RMS of noise: 1.63138e+03 [ADC counts] PT off
Factor ~2.7 reduction in onoise with pulse tube off
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Co60:
2 peaks:

1173.2 keV

1332.5 keV

= Relative
amplitude:
<15%

=+ Average
energy: 1252.9
keV

Results - full setup spectrum
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Count difference in scintillation light keV between Co60 & Bckg spectra

Values  Errors  Units Errors  Units

Variables.
Constant
Mean

StdDev
Reduced Chi2

17200403 1.477e-01 Counts

25476400 5.869e-03
505201 6.387e-03
1.2808:01

keV

keV

Variables
Constant
Mean
StdDev

Reduced Chi2

13390403 1.544e:01 Counts

1.4590400 5.018e-03
3590e-01 5647e-03

1.119e+01

keV/

keV

Amplitude of scintillation signals on Light Detector [keV]

Amplitude of scintillation signals on Light Detector [keV]

However, StdDev of peaks > 20,
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Cs137.
single peak:

661.7 keV

» 57% of
average energy
of Co60

-+ Here, 53%
of peak
amplitude
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Results - full setup spectrum - cuts

With very stringent cuts on pulse shape parameters, a resolution close to what is expected
(0.23 keV vs 0.16+£0.03 keV) is recovered for Cs137 (Co60 forms 2 overlapping peaks, cannot

be differentiated due to poor statistics)

Histogram of event decay times Histogram of event rise times
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Results - full setup spectrum - BGO calibration

Using Co60 mean to calculate a Light Yield calibration constant (value of 2.1£0.6 keV/MeV), we
find a noise resolution of 81.7 keV, meaning for a 30 veto threshold: 245.1 keV.

Notably, the Light Yield is much lower than literature values, and can probably be raised.
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Gaussian fit of noise distribution, calibrated to BGO
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Mean = (-1.23e+
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Light Yield loss - pulse timing mismatch:

Average pulses for different signal populations on Light Detector

—— Average LED pulse
— Average BGO pulse

BGO scintillation

— Simulated BGO Pulse
(Tscintillation = 300)
___ Scaled Average
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Amplitude [eV]

For Cs137 y (662keV), assuming Light Yield from Cardani et. al.

Energy yielded by scintillator: 11.0+0.013 keV T

Average amplitude of simulated detector pulse: 5.97+0.06 keV 0.0005 0001 00015  0.002  0.0025  0.003  0.0035
Ratio of average simulated pulse amplitude to energy yielded: 0.541+0.006

Time [s]
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Light Yield loss - Current setup I

VM2000-like reflective
tape is used to enhance
reflection on the sides of
the crystal

Similarly, the
upper face is
held in place

with bare
The copper holder, about FE. which
45% of the lower face, is PT » WNIC
left bare to allow for better might be
thermalisation of BGO. made more
This could cause reflective.

significant L.Y. loss (up to
almost a factor 2), which
could be counteracted.




Next steps - adapting light detector design

Moving from an old CALDER
resonator (t«.,~0.3ms) to a slower
BULLKID-like resonator (tee,~2ms)
should recover the amplitude lost
due to timing mismatch.

The design constraints of
BULLKID resonators # veto Light
Detectors

= Can iterate on resonator
design to further improve
threshold.
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Next steps - Lower background rate further

Histogram of energy of scintillation light inciding on Light Detector Histogram of position of the maximum value of a window (distances from centre of cryostat)

Background Background
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Rate of background is still very high = pileups might contribute to
distortion of spectrum/pulse shape (still to be investigated)

Try to understand through analysis, and measuring with a BGO
crystal with a smaller volume (currently using a 7.62cm [3in] diam.
x 7.62cm tall crystal), INFN Pisa will loan a smaller crystal.
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Next steps - alternative crystals

BGO PWO GSO
Density [g/cm?®] | 713 Density [g/cm?®] | 8.28 Density [g/cm®] | 6.7
Scintillation @ 20 Scintillation @ 1 Scintillation @ 20
300K [% Nal(Tl)] 300K [% Nal(Tl)] 300K [% Nal(Tl)]

Much higher neutron o than the
others, however possible
magnetic properties could
interfere with KID operation.




Conclusion - current status

e The light detector in use has a e Distortions in pulse shape at low
resolution of 0.16+0.03 keV (/ ~2.7 if energies = resolution on radioactive
pulse tube off or decoupled) source peaks was much worse than

e The BGO+KID setup has successfully expected.
measured peaks of known particle e Expected spectrum can be recovered
energy overlaid on radiogenic with tighter cuts on pulse shape, but
background. efficiency on such cuts is low.

e Noise o of the combined setup is 81.7 e Timing mismatch between scintillator
1.7 keV, meaning a vetoing threshold and light detector leads to an important
of 30 of 2451 keV. (x2) loss of signal amplitude.

e LightYield of BGO scintillator is 2.1+0.6 e Current setup might lead to loss of
keV/MeV, much lower than literature’s scintillation light due to poor reflectivity
16.67 keV/MeV (x27)



Conclusion - next steps I

e Smaller crystal, to lower
background rate, will show if too
high rate, causing pileups, is the
reason for pulse shape
distortion.

e |[nternal reflectivity of setup will
be improved to recover as much
light as possible.

Switch from CALDER resonator
to BULLKID-style should lead to
a nearly doubled SNR simply
from timing changes, before
accounting for other
improvements in design.

Future iteration on the design of
the Light Detector resonator
could further improve threshold.

e Different crystals can be
investigated for advantageous

properties.



Thank you for your
time
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