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Concept




A Simpler, Cheaper Veto I

HPGe: BGO:
e Complex e Denser
. e Mass produced in
manufacturing :
industry

e Complex readout

e Slow (Charge drift) = Light readouts usually limit

utility

= Kinetic Inductance Detector - based light readout:

e Very low threshold e Naturally
e [astresponse multiplexable
e Simple readout e FEasy and cheap to

(Homogeneous det.) iterate upon




BGO - scintillating crystal
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Light Spectrum of a 5x5x5 cm?® BGO Scintillation decay curves of BGO (at

_ T=6K) in a.u. BGO scintillates fast
crystal for a = 455 hours background BGO below 6K has an  compared to other e )
measurement. Blue: total spectrum.

energy to light
Orange: a events. [1]

conversion rate of
16.62keV/MeV [1]
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KID - Cryogenic light detector I

Ease of readout: KID readout and analysis can be conducted effectively with
the same electronics as the central experiment [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




Previous status:

Histogram of position of the maximum value of a window (distances from centre of cryostat) Noise Power Spectral Density

label RMS[mRad]

NIXA (pt on) 2o lT
NIXA (pt off) 1.62
USRP (pt on) 2.87

Histogram of event rise times Histogram of event decay times

NIXA DAQ I/Q RF Mixers:
0.5-2 GHz

CALDER resonance:
‘ 2.33 GHz

Decay time of pulse [ms]

Rise time of pulse [ms]
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Power Scan

Peak Finding
Signal amplitude
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826047
826049
3000 826051
826053
8206

826057
826059

826047: Found 1 Peak . . .
o0 lbmm‘ ! Peak Signal to Noise ratio, based on RMS
826049: Found 1 Peak

500 826051: Found 1 Peak )
! : 826053: Found | Peak .
826055: Found | Peak
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Average noise power spectrum of channel 1
Root mean square of baseline of signals

= 826047 - 4.0 dB
— 826049 - 4.5 dB
= 826051 - 5.0 dB
— 826053 - 5.5 dB
= 826055 - 6.0 dB
= 826057 - 6.5 dB
— 826059 - 7.0 dB

5.5

Power [dB]

Power [mV~/Hz]
Baseline RMS [mrad]
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Risetime LED vs BGO

Histogram of CPRiseTime[ms]
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Counts/0.001 [ms]

4000 -
3500 -
3000 4
2500 A

2000 4

Histogram of CPRiseTime[ms]
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Optimum Filter

Average noise power spectrum of channel 1 (CalibratedPhase)

= LED template: Noise PS
= LED template: Noise PS filtered

=~ BGO template: Noise PS filtered

N

10° > 10
Frequency [Hz]

RMS of original noise:  5.13502e+83 [ADC counts]
RMS of filtered noise: 2.11981e+03 [ADC counts]
SNR after the filter: 2.94853e+02 [mV/mV]
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Amplitude [mV]

Average pulse of channel 1 (CalibratedPhase)

= LED template: Average Pulse

= BGO template: Average Pulse

0.002 0.004
Time [s]

RMS of original noise: 5.13502e+03 [ADC counts]
RMS of filtered noise: 4.25821e+03 [ADC counts]
SNR after the filter: 2.34153e+01 [mV/mV]




CALDER LED calibration

Calibration Constant = (0.0683 + 0.0085) keV/mrad e fitted data

responsivity = (14.7 + 1.8) mrad/keV
|Noise_s0_eV = (109 + 14) eV | absolute_cal
Reduced y°=1.27
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Histogram of BaseCorr CPOF_BGO_Amplitude[keV] ! So“r;ef it i
Jlr efore all cuts: 0.
Before all cuts: 661.0
— After all cuts: 0.0
After all cuts: 661.0

1.6x10% Source

1.4x10% — Before cut: 0.0
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Efficiency of Cs137 cuts is 0.5183462532299742 of Efficiency on Bckg (on fib pulses)
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— Before normalisation: 0.0

Before normalisation: 661.0
— After normalisation: 0.0

After normalisation: 661.0
2000
1500
1000

500 4

CPBaselineRMS[mrad]
Counts/13 keV/0.3 mrad

Niwiry .ini“m{%.ﬁ ) 1

1000 2000 3000 4000 5000 6000 400 600 800 1000 1200 1400
BaseCorr CPOF_BGO_Amplitude[keV] BaseCorr CPOF_BGO_Amplitude[keV]

Sapienza | Matteo del Gallo Roccagiovine




Cs137

Cs137 =» 1 peak: 662 keV, high rate, used for calibration on y

Count in OF Amplitude with Cs137 source

Values Errors

Variables

Constant 1.471e+03 3.651e+01
Mean 5.231e+01 8.411e-02
StdDev 3.800e+00 1.392e-01

=~ mygaus

Calib =662 keVy/52.31 mrad
=12.66 keVy/mrad

Ol =3.8/52.31=73%
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1 LY =56 eVien / 12.66 keV,y
B o~ = 4.47 keV/MeV

=+ Unchanged
40 6 80
BaseLinCorr_CPOF_BGO_Amplitude[mrad]
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Co60

Co60 = 2 peaks: 1121 keV & 1332 keV, small rate, region of “°K peak
= Subtract bckg spectrum to fit double gaussian:

2 5 i s . val E Unit
Count in OF Amplitude with Co60 with background subtraction T e e RS
Constant .802e+05 .301e+00 T

Mean .247e+03 .150e+0@  keV

StdDev .080e+02 .518e+0@  keV
IntensityRatio .825e-01 .645e-02
MeanRatio .221e+00 .0996e-03
StdDevRatio .121e-01 .887e-02

~ mydoubgaus

— gausl

- gaus2

— pol0 1st peak Mean: 110% of expected
—exp value

P’ W ﬂlﬂyix,tﬂl,imljmlrJri Hhypth,

Peak mean ratio: Compatible
with expected value
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Threshold

Theoretically: 50 =5 *109 eV / 4.47 keV/MeV

= Still presenting PT-related noise effects:
=121.9 keV

Average noise power spectrum of channel 1 (CalibratedPhaseBGO)
Histogram of background spectrum T
— NPS PT off
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Frequency [Hz]

? PT ON: PT OFF:
500

RMS of original noise: 7.47766e+03 [ADC counts] RMS of original noise: 2.73276e+03 [ADC counts]
RMS of filtered noise: 6.21700e+03 [ADC counts] RMS of filtered noise: 2.45485e+03 [ADC counts]

4.06165e+01 [mV/mV]

SNR after the filter: 1.60378e+01 [mV/mV] SNR after the filter:

=» PT OFF SNR = 2.5 x PT ON SNR
100 150 200 250 300 350

BaseLinCorr_CPOF_BGO_Amplitude[keV] = Still losing light collection efficiency
due to time mismatch
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Background - models

All lines visible on COV spectrum, plus 2614
keV (*°°TI)

Histogram of BaseLinCorr_CPOF_BGO_Amplitude[keV]
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Background - fit

Multi-gaussian fit based on background model (gaussians w/ 6° = 6o°+kE, o,
Seems to closely fit spectrum = Internal contamination sub-dominant.
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3000

multigaus fit
S511keV: p:531.5
583keV: p:606.1
609keV: j:628.1
B61keV: p:876.8
1120keV: p:1107.5
1461keV: p:1436.9
1592keV: p:1616.1
e 1 764keV: p:1764.0
w—2103keV: p:2090.7

e 2614keV: p:2602.4

Reduced Chi2 1.296

=109 eV * LY = 24.2 keV)

Expected Fit_
energy S orel [%]
[keV] mean
[keV]
511 49016 17.512.7
583 559+30 16.3+8.5
609 63316 15.3+2.4
861 86215 13.0£2.3
1120 108648 11.5£27
1461 141347 10.0+2.3
1592 166412 9.2241.91
1764 1728414 | 9.05+3.51
2103 2068+14 | 8.25+3.35
2614 2598+7 | 7.35+2.35




Geant4 scintillation simulation:
e Optical photon transport
e All reflectivities from lit.

o ESRrefl.: 0.98
o Sirefl.:~0.4
e BGO optical index: 215

e BGO attenuation lengths:
o  A-dep. Latt from [5]
o Latt=4m ([6])
0  Latt =1000m
e BGO scint. time:
o from|[2]
o 300us (from meas.
risetime / toy model)

Simulation

Teflon
reflector -
/ clamp

ESR tape
(point cloud)

BGO —|

>
/

Detector | —
7 4

(Si reflect.)

1 \ |

Cu thermalisation disk _
CALDER holder (ESR optical surface) 662keV y Optical

Cs137 hotons
Al detector cover (Cs137) P

=+ Record time & E of photon hits in Si volume (not reflected), then
add scaled LED OF template pulses at hit times to form simulated
signal. (= No electronic/KID noise)



Simulation: Light Yield

Simulated 20 000 Cs137 y events (E=662keV):

Average number of optical photons produced per event: 1.48e+04 +- 1.74e+03 . o

Latt()\) [5] Average number of optical photons detected per event: 1.49e+03 +- 222 Ydet/vtOt- 10.1%

Average number ot optical photons produced per event: 1.48e+04 +- 1.78e+083 . o
Latt - 4m Average number of optical photons detected per event: 3.57e+03 +- 466 Ydet/Ytot. 241/0
_ . Average number of optical photons produced per event: 1.48e+04 +- 1.79%e+03 - (o)
Latt = Tkm: Average number of optical photons detected per event: 4.93e+03 +- 632 Ydet/Ytot. 33.3%

Simulated average pulses compared with real average pulses (Normalised) Histogram of MaxBaseline[keV]

Long

Tscint. Short fun 100001

Tscint. 100002
e 100003

A 100004
1500 \| 100005
100006
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—— BGO (Real)

1000
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79keV/MeV
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= BGO scintillation time @O(100mK) still not understood = Light Yield varies noticeably with KID timing and attenuation length

Time [s]
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Small crystal testbench

Light detector identification: Mechanical setup:

f. =2331804340 Hz

11||1u||||||\|

wnlmnnulnum ﬂ‘:\




Conclusion

Done:

e |dentified & corrected sources of
strong PT-dependent noise.

e OF-based trigger & analysis.

e Compensation for pileup rate
developed.

e 120 keV threshold reached.

e Background in Rome cryostat
characterised.

500 1000 1500 2000 2500 3000

BaseLinCorr_CPOF_BGO_Amplitude[keV]
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Next steps

To do:

— NPS PTon
NPS PT off

. P ro d u Cti O n Of n eW B U L L KI D_d es i g n | ig ht ii ‘ ‘1 Average noise power spectrum of channel 1 (CalibratedPhaseBGO)
detectors |

e Investigate remaining PT dependence.

e Investigate further discrepancy in LY
from Cardani et al.

e Statistical analysis to establish limits on |
C rysta | i nte r n a | CO nta m i n ati O n t‘s‘hﬂrt: LYlM)llEH:Z 65keV/MeV; LYMm::IZZkeV/"MeV; LY(l‘;(m)ZSJQK;V/

tlong: LY(Miller)=e.78keV/MeV; LY(4m)=2.74keV/MeV; LY(1km)=2.78keV/)

e Dedicated simulations for background
validation?
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Thank you for your
time
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