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Scientific Context – Dark Matter
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Lower Threshold = Cutting Edge Physics

● Better DM limits
● Better CEvNS observations
● Light mediators
● Exotic dark matter
● CEvNS
● And more...

BUT Lowering the threshold means 
understanding the low energy response 
of very complex detectors!



 

Cryogenic Calorimeters
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~105 signal carriers with sub-eV energy→low energy detection capability!
Phonon mediation = for high target masses (gram-scale) with small sensors

Phonon mediated detectors → Same response to any energy deposition!!!



 

Calibration Energy Ranges
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X-ray Calibration
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https://doi.org/10.1007/s10909-025-03330-2

Use X-Ray source (55Fe) to induce 
material fluorescence

Fluorescence can reach 1 keV or 
below

https://doi.org/10.1007/s10909-025-03330-2


 

Gamma-ray Calibration
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Gamma ray from 241Am:
- Penetrates in detector bulk
- Produces Compton edge at ~10 keV

  https://doi.org/10.48550/arXiv.2510.174

https://doi.org/10.48550/arXiv.2510.17423


 

Nuclear Recoil Calibration
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(Escapes detection)

● Thermal neutron absorption 

● Nuclear de-excitation with γ emission

● Nuclear recoil at ∼ 112 eV on CaWO4

● Same signal as CEνNS

doi.org/10.1103/PhysRevLett.130.21180

Calibrated Recoils for 
Accurate Bolometry 

https://doi.org/10.1103/PhysRevLett.130.211802


 

Calibration from detector principles
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https://doi.org/10.1109/CPEM49742.2020.9191726

Coulomb Blockade 
Thermometers

Primary thermometry and temperature 
calibration can be derived from device 
design!

Microwave Kinetic Inductance 
Detectors (MKIDs)

Plot from 
Marco 
Giammei’s 
Master Thesis

Upcoming 
Publication

Initial work on:
https://doi.org/1
0.1007/s10909-
007-9688-z

https://doi.org/10.1109/CPEM49742.2020.9191726
https://doi.org/10.1007/s10909-007-9688-zhttps://doi.org/10.1007/s10909-007-9688-z
https://doi.org/10.1007/s10909-007-9688-zhttps://doi.org/10.1007/s10909-007-9688-z
https://doi.org/10.1007/s10909-007-9688-zhttps://doi.org/10.1007/s10909-007-9688-z


 

LASERs
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Use 3 eV laser photons to measure 
response

– Measure pulse shape
• Some photons will:

– Hit the substrate making phonons
– Hit a sensor directly and be absorbed

Slide from Michael Williams at EXCESS 
Workshop 2025



 

Calibrating With an LED
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Optical Calibration

● Based on photon counting statistics

● Low energy calibration (from ~10 eV)

Based on Poisson Distribution

Fitting Function:



 

Calibrating With an LED
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● Fast light flashes for linear scaling

● Use monochromatic LED (UV-Vis wavelength, photon energy of O(5 eV))

● Room temperature electronics

● No increase in particle background → usable during physics runs



 

Detector Linearity Estimation
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Linearize mean:

How to convert event amplitude to energy

Number 
of cycles

Attention: Valid only in LED range



 

LANTERN
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LANTERN: LED Array for Non-intrusive Tuning of the Energy Range with Nimbleness
* funded from Sapienza University PhD research-starting projects 
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https://doi.org/10.1016/j.nima.2024.169728
https://doi.org/10.48550/arXiv.2602.20369

https://doi.org/10.1016/j.nima.2024.169728
https://doi.org/10.48550/arXiv.2602.20369


 

Calibration of cryogenic calorimeters
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NUCLEUS: Agreement within 25%
BULLKID: Agreement within 10%
CRAB: Upcoming results ... 

https://doi.org/10.1103/c95p-8k
h2

https://doi.org/10.1103/c95p-8kh2
https://doi.org/10.1103/c95p-8kh2


 

Conclusion
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● Calibrating keeping a low background is tough!
● Calibrating at <1 keV is tough!
● Understanding cryogenic detectors is tough!
● No solution fits all scenarios!

● X-rays:
- Calibrate at keV level
- 1 or 2 calibration points
- Increase background

● Gamma-rays:
- Calibrate at >20 keV level
- 1 or 2 calibration points
- Increase background
- Produce Compton edge at O(10 keV)

● CRAB:
- Calibrate 1 keV or less
- 1 or 2 calibration points
- Increase background
- Complex setup

● Lasers:
- Calibration below 100 eV
- Usable during physics data taking
- Tunable energy range

 - Requires emission characterization

● LED system:
- Usable during physics data taking
- Tunable energy range

 - O(10%) agreement with X-ray/Gamma
- Robust to non-optimized optical setups



 

Thank you for 
your 
attention!!!

This work was partially supported through the European Research Council through the Consolidator Grant DANAE number 101077663 



 

Multiplexing and Light Regulation
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Trigger 
Input

16xLED Drivers

Repeat to reach desired amount of 
channels

Arduino 
Nano

Multiplexer 
Bits to select 
LED
(in common 
to all 
multiplexers)

Enable to 
choose 
which 
multiplexer

Serial 
Communication 
to control 
computer (DAQ)

Digital Resistor
(64 steps)

2 Pin Digital 
Resistor

VCC



 

Hardware Baseline
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CAEN, UV Led Driver SP5605

Agilent Technologies,
 33250A

Signal 
Generator

Fiber
Switch

LED Driver

Control
Computer

Serial
Communication

Serial
Communication

Trigger
Signal

LED
Light
Pulse

LEONI, FiberSwitch mol 1x16



 

LED spectral Width
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PMT Tests
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● Unchanged light emission

● Dark Counting tests (20 min duration): No increase observed

● Currently being installed in the Cryolab in Rome

● Following up shortly also in NUCLEUS 

Configuration Counts

Dark 734

With Trigger - 
Enable False

731

Nearby LED shining 715

Far away LED 
shining

702

LED
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LANTERN for the BULLKID Detector



 

Single LANTERN unit
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DC Power Supply

Resistor for 
fast discharge

Switching 
Transistor

rigger

LED
Vcc: Bias power of the LED
R1: Resistor used to make LED discharge 
quicker 
C: Capacitor against Bias fluctuations
M: Mosfet for turning LED driver ON/OFF



 

Multi-pixel LANTERN Electronics
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● Scaling concept: Multplexed LED drivers 

● Targeted 64 LEDs

● On-chip voltage regulation

● Tested in vacuum operation → mounting inside cryostat at 300K stage.
LED

Compatible with any DAQ and 
usable with a compatible Arduino 
shield
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