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Cryogenic BGO-KID veto

Update on the analysis of the latest run
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A Simpler, Cheaper Veto

HPGe: 
● Complex 

manufacturing
● Complex readout
● Slow (Charge drift)

BGO: 
● Denser
● Mass produced in 

industry

→ Light readouts usually limit 
utility

● Very low threshold
● Fast response
● Simple readout 

(Homogeneous det.)

→ Kinetic Inductance Detector - based light readout:

● Naturally 
multiplexable

● Easy and cheap to 
iterate upon
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BGO - scintillating crystal

Scintillation decay curves of BGO (at 
T=6K) in a.u. BGO scintillates fast 
compared to other crystals. [2]

Light Spectrum of a 5×5×5 cm³ BGO 
crystal for a ≈ 455 hours background 
measurement. Blue: total spectrum. 
Orange: α events. [1]

BGO below 6K has an 
energy to light 
conversion rate of 
16.62keV/MeV [1]
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KID - Cryogenic light detector

● 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.
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KID - Cryogenic light detector

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

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

Detector chip with 1 KID deposited on a 
25 cm² 650 µm thick substrate [4].

Triggered 1.3 keV signal in the phase 
(red) and amplitude (blue) directions [4].

Resonance of a KID at steady state and when 
perturbed by a phonon-mediated signal [4].
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Status of the project
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Previous status:

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

CALDER resonance:
 2.33 GHz
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Power Scan
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Risetime LED vs BGO

LED BGO LED BGO
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Optimum Filter

LED: BGO:
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CALDER LED calibration
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Pileups
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Cs137

Calib = 662 keVγ / 52.31 mrad
= 12.66 keVγ/mrad

σrel = 3.8/52.31 = 7.3%

LY = 56 eVLED / 12.66 keVγ

= 4.47 keV/MeV
→ Unchanged

Cs137 → 1 peak: 662 keV, high rate, used for calibration on γ
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Co60

Co60 → 2 peaks: 1121 keV & 1332 keV, small rate, region of ⁴⁰K peak
→ Subtract bckg spectrum to fit double gaussian:

1st peak Mean: 110% of expected 
value

Peak mean ratio: Compatible 
with expected value

σrel = 8.62% 
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Threshold

Theoretically: 5σ = 5 * 109 eV / 4.47 keV/MeV 
= 121.9 keV

→ Still presenting PT-related noise effects:

→ Still losing light collection efficiency 
due to time mismatch

PT ON: PT OFF:

→ PT OFF SNR = 2.5 x PT ON SNR
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Background - models

Environmental contamination of Rome 
cryostat: spectrum measured w/ 
NUCLEUS HPGe COV prototype.

Based on energies, generated by Th 
decay chain (→ ²⁰⁸Tl, ²¹⁴Bi), and ⁴⁰K.

All lines visible on COV spectrum, plus 2614 
keV (²⁰⁸Tl)
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Background - fit

Multi-gaussian fit based on background model (gaussians w/ σ² = σ₀²+kE, σ₀ = 109 eV * LY = 24.2 keV)
Seems to closely fit spectrum → Internal contamination sub-dominant.

Expected 
energy 
[keV]

Fit 
gaussian 

mean 
[keV]

σrel [%]

511 490±6 17.5±2.7

583 559±30 16.3±8.5

609 633±6 15.3±2.4

861 862±5 13.0±2.3

1120 1086±8 11.5±2.7

1461 1413±7 10.0±2.3

1592 1664±2 9.22±1.91

1764 1728±14 9.05±3.51

2103 2068±14 8.25±3.35

2614 2598±7 7.35±2.35
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Simulation

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

○ ESR refl.: 0.98
○ Si refl.: ~0.4 

● BGO optical index: 2.15
● BGO attenuation lengths:

○ λ-dep. Latt from [5]
○ Latt = 4m ([6])
○ Latt = 1000m

● BGO scint. time:
○  from [2]
○ 300µs (from meas. 

risetime / toy model)

Teflon
reflector 
/ clamp

ESR tape
(point cloud)

BGO

Cu thermalisation disk 
(ESR optical surface)

Detector
(Si reflect.)

CALDER holder 

Al detector cover

662keV γ
(Cs137)

Optical 
photons

→ 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)
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Simulation: Light Yield

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

Latt = 4m: γdet/γtot: 24.1%

Latt = 1km: γdet/γtot: 33.3%

Long 
Tscint.

→ Light Yield varies noticeably with KID timing and attenuation length→ BGO scintillation time @O(100mK) still not understood

Short 
Tscint.

Latt 
= 4m

Latt 
= 1km

Latt(λ) [5]: γdet/γtot: 10.1%

Latt(λ)
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Small crystal testbench

Light detector identification: Mechanical setup:
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Conclusion

Done:

● Identified & corrected sources of 
strong PT-dependent noise.

● OF-based trigger & analysis.

● Compensation for pileup rate 
developed.

● 120 keV threshold reached.

● Background in Rome cryostat 
characterised.
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To do:

● Production of new BULLKID-design light 
detectors 

● Investigate remaining PT dependence.

● Investigate further discrepancy in LY 
from Cardani et al.

● Statistical analysis to establish limits on 
crystal internal contamination

● Dedicated simulations for background 
validation?

Next steps

Long 
Tscint.

Short 
Tscint.

Latt 
= 4m

Latt 
= 1km

Latt(λ
)
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Thank you for your 
time
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