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Cold block & LN2 cooling

• The cold block is machined from copper, with SiPMs
mounted onto dedicated copper plates that are screwed into
place to ensure uniform thermal contact.

• A stainless-steel pipe (Ø 4mm) delivers a liquid nitrogen
flow of 0.5-1 g/s for the evaporative cooling. The pipe is
clamped directly to the cold block, with an expected
temperature increase of ~2 K along the pipe surface.

• Bayonet connectors, compatible with CERN Cryolab
infrastructure, link the nitrogen supply and return lines to the
vacuum chamber, allowing standardized cooling connection
and control.

• The cold block is suspended from the flange using four
symmetric flexible mounts, made from 2mm bent stainless
steel sheets, designed to accommodate thermal contraction
of the block during cooldown while maintaining mechanical
alignment and minimizing stress on the flex-PCB
connections.

Flex-PCB

• Purpose: Transmits analogue signals from cryogenic-
temperature SiPMs to room-temperature front-end electronics.
Thin and flexible design improves thermal contact with the
cold block and mechanically decouples the two zones.

• Prototype: 3-layer flex-PCB for the readout of a Hamamatsu
S13361-3050NE-08 SiPM array (64 channels), with ~15 cm
high-density traces (200 μm pitch). Includes test pulse circuits
(to evaluate short/long paths) and mechanical features for
clamping to the cold block. [4]

• Key lab results:

1. Signal integrity preserved along high-density long
traces.

2. Tests confirmed stable performance without
individual RC decoupling, simplifying scalability and
sensor area optimization.

3. Single-photon time resolution of 107 ps (σ) achieved
at 59 V bias using picosecond-pulsed laser setup.

Outlook

• Assembly and commissioning of the full system targeting to
have an operating cryogenic test bench by the end of 2025.

• Procurement of the main chamber components and vacuum
system is complete. The manufacturing of the main
customized parts has been launched, and the fabrication of
smaller pieces and other detailed parts will follow.

• Ongoing detailed design of the cold block and its interface to
the SiPM and flex-PCB, with emphasis on a robust thermal
contact between the parts. Additionally, the design of a
support structure for the lens, with adjustable positioning is
ongoing.

• Evaluation of the thermal behaviour of the cold volume will be
performed. Potential solutions involve low-emissivity coatings
to minimise radiative heat load through the glass window, and
the use of tailored multi-layer insulation (MLI) around the cold
components of the assembly.

Modular test bench for SiPM characterisation at cryogenic temperatures

Context and purpose

• During the High-Luminosity LHC (HL-LHC) phase, the LHCb
RICH detectors will face significantly increased particle
multiplicity and high occupancy. [1] [2]

• To meet these challenges, next generation RICH detectors
require photodetectors with high granularity (smaller pixel
size) and improved timing resolution (<100 ps). LHCb
RICH collaboration is exploring new options.

• Silicon Photomultipliers (SiPMs), available from
commercial vendors with good single-photon detection
performance, are promising candidates due to their
compactness, high photon detection efficiency and fast timing
capabilities.

• However, radiation-induced dark noise in SiPMs is a major
limitation. Current R&D efforts are focused on the radiation
damage and mitigating the resulting high dark count rates
through a combination of shielding, thermal annealing, and
operation at cryogenic temperatures.

• The small-scale cryostat will enable the evaluation of SiPM
array performance at cryogenic temperatures (~80-120 K), in
realistic conditions for RICH detectors. Studies will focus on
critical questions like sensor coupling to the cold volume,
operation of the electronics in vacuum, thermal behaviour or
signal integrity over long traces. [3]

Cryostat concept

• The cryostat demonstrator is a modular system developed to characterise SiPM arrays at cryogenic
temperatures (~80-120K) while maintaining the readout electronics at room temperature.

• It consists of a vacuum enclosure (vacuum 10-6 mbar) housing a copper cold block where the
SiPM arrays are mounted. A flex-PCB carries the signals from the cold SiPMs to the multi-channel
readout electronics, separated from the cold components. The digitised data are transmitted via
optical fibres through vacuum feedthroughs.

• The cryostat supports two interchangeable test configurations:

1. Laser tests using a glass viewport and an external picosecond pulsed-laser
2. Beam tests using an aluminium blank flange (2 mm central thickness) and Cherenkov

lens inside the vacuum.
*. A third potential configuration under study involves a gas radiator attached to the chamber.

• The system is built around a main chamber module that hosts all interfaces and ports:

- Inlet and outlet port for the LN₂ cooling via Cryolab-compatible bayonet connections.
- Feedthroughs for the water-cooling circuit for electronics.
- A port for the vacuum pumping (ISO-K 100) and monitoring equipment.
- Sub-D connectors for the temperature sensors and electronics cabling
- Optical fibres feedthroughs for data readout.
- Attachments for precise mounting of internal equipment.
- Mounts for external supporting structure, for structural stability and compatible with 

integration onto the test facilities.

1. Laser test configuration

2. Beam test configuration
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1.  Introduction and motivation
Silicon photomultiplier (SiPM) arrays are strong photodetector candidates for future RICH 
detectors [1][2] owing to their excellent single-photon detection efficiency, time resolution and 
fine granularity. The main challenge in operating SiPM arrays is the dark-count rate (DCR), 
especially after irradiation damage [3]. Operation at cryogenic temperatures effectively 
mitigates the DCR [4]. The design and integration of a cryostat in a RICH detector pose 
technical challenges, particularly when gas is used as Cherenkov radiator. 
A modular cryostat demonstrator is being developed at CERN to characterise SiPM arrays 
at liquid-nitrogen (LN2) temperatures (~80–120 K), under different experimental conditions [5]. 
This demonstrator will provide valuable insights into the scalability of the system to large 
photodetector areas. 
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Cold block & LN2 cooling

• The cold block is machined from copper, with SiPMs
mounted onto dedicated copper plates that are screwed into
place to ensure uniform thermal contact.

• A stainless-steel pipe (Ø 4mm) delivers a liquid nitrogen
flow of 0.5-1 g/s for the evaporative cooling. The pipe is
clamped directly to the cold block, with an expected
temperature increase of ~2 K along the pipe surface.

• Bayonet connectors, compatible with CERN Cryolab
infrastructure, link the nitrogen supply and return lines to the
vacuum chamber, allowing standardized cooling connection
and control.

• The cold block is suspended from the flange using four
symmetric flexible mounts, made from 2mm bent stainless
steel sheets, designed to accommodate thermal contraction
of the block during cooldown while maintaining mechanical
alignment and minimizing stress on the flex-PCB
connections.

Flex-PCB

• Purpose: Transmits analogue signals from cryogenic-
temperature SiPMs to room-temperature front-end electronics.
Thin and flexible design improves thermal contact with the
cold block and mechanically decouples the two zones.

• Prototype: 3-layer flex-PCB for the readout of a Hamamatsu
S13361-3050NE-08 SiPM array (64 channels), with ~15 cm
high-density traces (200 μm pitch). Includes test pulse circuits
(to evaluate short/long paths) and mechanical features for
clamping to the cold block. [4]

• Key lab results:

1. Signal integrity preserved along high-density long
traces.

2. Tests confirmed stable performance without
individual RC decoupling, simplifying scalability and
sensor area optimization.

3. Single-photon time resolution of 107 ps (σ) achieved
at 59 V bias using picosecond-pulsed laser setup.

Outlook

• Assembly and commissioning of the full system targeting to
have an operating cryogenic test bench by the end of 2025.

• Procurement of the main chamber components and vacuum
system is complete. The manufacturing of the main
customized parts has been launched, and the fabrication of
smaller pieces and other detailed parts will follow.

• Ongoing detailed design of the cold block and its interface to
the SiPM and flex-PCB, with emphasis on a robust thermal
contact between the parts. Additionally, the design of a
support structure for the lens, with adjustable positioning is
ongoing.

• Evaluation of the thermal behaviour of the cold volume will be
performed. Potential solutions involve low-emissivity coatings
to minimise radiative heat load through the glass window, and
the use of tailored multi-layer insulation (MLI) around the cold
components of the assembly.

Modular test bench for SiPM characterisation at cryogenic temperatures

Context and purpose

• During the High-Luminosity LHC (HL-LHC) phase, the LHCb
RICH detectors will face significantly increased particle
multiplicity and high occupancy. [1] [2]

• To meet these challenges, next generation RICH detectors
require photodetectors with high granularity (smaller pixel
size) and improved timing resolution (<100 ps). LHCb
RICH collaboration is exploring new options.

• Silicon Photomultipliers (SiPMs), available from
commercial vendors with good single-photon detection
performance, are promising candidates due to their
compactness, high photon detection efficiency and fast timing
capabilities.

• However, radiation-induced dark noise in SiPMs is a major
limitation. Current R&D efforts are focused on the radiation
damage and mitigating the resulting high dark count rates
through a combination of shielding, thermal annealing, and
operation at cryogenic temperatures.

• The small-scale cryostat will enable the evaluation of SiPM
array performance at cryogenic temperatures (~80-120 K), in
realistic conditions for RICH detectors. Studies will focus on
critical questions like sensor coupling to the cold volume,
operation of the electronics in vacuum, thermal behaviour or
signal integrity over long traces. [3]

Cryostat concept

• The cryostat demonstrator is a modular system developed to characterise SiPM arrays at cryogenic
temperatures (~80-120K) while maintaining the readout electronics at room temperature.

• It consists of a vacuum enclosure (vacuum 10-6 mbar) housing a copper cold block where the
SiPM arrays are mounted. A flex-PCB carries the signals from the cold SiPMs to the multi-channel
readout electronics, separated from the cold components. The digitised data are transmitted via
optical fibres through vacuum feedthroughs.

• The cryostat supports two interchangeable test configurations:

1. Laser tests using a glass viewport and an external picosecond pulsed-laser
2. Beam tests using an aluminium blank flange (2 mm central thickness) and Cherenkov

lens inside the vacuum.
*. A third potential configuration under study involves a gas radiator attached to the chamber.

• The system is built around a main chamber module that hosts all interfaces and ports:

- Inlet and outlet port for the LN₂ cooling via Cryolab-compatible bayonet connections.
- Feedthroughs for the water-cooling circuit for electronics.
- A port for the vacuum pumping (ISO-K 100) and monitoring equipment.
- Sub-D connectors for the temperature sensors and electronics cabling
- Optical fibres feedthroughs for data readout.
- Attachments for precise mounting of internal equipment.
- Mounts for external supporting structure, for structural stability and compatible with 

integration onto the test facilities.

1. Laser test configuration

2. Beam test configuration
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2.  Cryostat demonstrator
The modular cryostat demonstrator has a vacuum enclosure that houses a copper cold block for 
mounting the SiPM arrays and mechanical structures to support the readout electronics.
The cold block is coupled to the LN2 cooling circuit, while the readout electronics are attached to 
an independent room-temperature cooling system. A flexible PCB (flex-PCB) solution has been 
adopted to carry analogue signals from the SiPM array to the readout electronics and to limit the 
heat transfer to the cold part. 
The vacuum enclosure hosts all interfaces and ports for LN2 cooling, vacuum pumping, sensor 
and readout electronics powering, and optical data transmission. 
The demonstrator supports two test configurations:
• Laser tests using a glass window and an external picosecond pulsed laser mounted on 

translation stages.
• Beam tests using an aluminium sheet (2 mm central thickness) and a borosilicate lens inside 

the vacuum to produce and focus Cherenkov photons. 

3.  Flex-PCB
The purpose of the flex-PCB is to transmit analogue signals from the cryogenically cooled 
SiPM array to the readout electronics at room temperature. Its thin and flexible design 
improves thermal contact between the SiPM array and the cold block. 
The flex-PCB consists of a 3-layer board for the readout of a Hamamatsu S13361-3050NE-08 
SiPM array (64 channels). It features analogue traces spaced by 200 µm and 
approximately 15 cm in length from the SiPM array to the connectors for the readout 
electronics.
The stack-up and layout are designed for a signal trace impedance of ~50 Ω and to 
guarantee a minimum banding radius of 20 mm. The SiPM array negative bias circuit 
includes 64 RC filters for per-channel bias decoupling. Two test-pulse injection circuits are 
included: one with a 15 cm trace and one with a 2 cm trace. A PT1000 sensor is placed close 
to the SiPM array for temperature monitoring.

Array of 
64 SiPMs  
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connectors

Per-channel bias 
decoupling

~15cm, 200µm wide, 200µm 
spaced trace lines

Test pulse 
injection circuits

Bias circuit
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Vacuum enclosure at 106 mbar:
• central chamber flange with all 

connection ports, feedthroughs 
and structural attachments;

• bell chamber to close the volume.

The cooling LN2 pipes are 
attached to the copper block 
where the SiPMs are mounted on.

Front-end electronics are 
mounted on a separate structure 
and kept at room temperature.

Flex-PCB for transmitting analogue 
signals from the cooled SiPMs to the 
readout electronics at room temperature.

Borosilicate lens to produce and 
focus Cherenkov photons 
(only in beam test configuration).

A dark enclosure with laser, 
optics and a translation stage at 
atmospheric pressure, and a glass 
window on the vacuum enclosure
(only in laser configuration).

4.  Test pulse measurements for signal integrity

The main concern for the flex-PCB is the impact of high-density, 
centimetre-long traces on signal integrity and time resolution. The 
two test-pulse injection circuits were used to address this.
A step pulse of 160 mV with a rise time of 70 ps and 4 ps jitter is injected 
into a 1 pF capacitance to produce a SiPM-like pulse of 1 Me. The output 
pulse is recorded with a 5.3 GHz differential probe across a resistive 
termination chosen to match the trace impedance.
A rise time comparable to the injected one and a jitter of 
approximately 10 ps are measured, showing that signal integrity is 
preserved. The data agree with simulation. Ripples in the tails are due to 
second-order effects not included in the simulations. 

5.  SiPM array characterisation
The flex-PCB has been coupled to a FastIC-based readout chain 
developed for the LHCb RICH beam test campaigns [6]. Threshold scans 
were performed at different bias voltages. Gain and DCR show a linear 
increase with applied bias as expected from the datasheet. 
Single-photon time resolution (SPTR) of the SiPM array was also 
measured using a picosecond-pulsed laser. The SPTR improves with 
increasing SiPM bias voltage, reaching an average of 103 ± 5 ps (σ) at 59 V 
at room temperature.
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6.  Outlook and conclusion
Assembly and commissioning of the cryostat demonstrator are ongoing. Each component is being validated in the 
lab, with particular focus on vacuum insulation, thermal exchange and mechanical stability. First operation is 
expected by the end of 2025.
Room-temperature measurements on the flex-PCB have demonstrated the reliable transmission of single-photon 
signals from the SiPM array to the readout electronics. These measurements have also provided key input for 
scaling the design to closely packed SiPM arrays.
These developments represent a concrete step toward the deployment of scalable cryogenic photodetector 
systems for future RICH detectors.
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“Baseline Concept” (As I (still) see it)
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Cold block & LN2 cooling

• The cold block is machined from copper, with SiPMs
mounted onto dedicated copper plates that are screwed into
place to ensure uniform thermal contact.

• A stainless-steel pipe (Ø 4mm) delivers a liquid nitrogen
flow of 0.5-1 g/s for the evaporative cooling. The pipe is
clamped directly to the cold block, with an expected
temperature increase of ~2 K along the pipe surface.

• Bayonet connectors, compatible with CERN Cryolab
infrastructure, link the nitrogen supply and return lines to the
vacuum chamber, allowing standardized cooling connection
and control.

• The cold block is suspended from the flange using four
symmetric flexible mounts, made from 2mm bent stainless
steel sheets, designed to accommodate thermal contraction
of the block during cooldown while maintaining mechanical
alignment and minimizing stress on the flex-PCB
connections.

Flex-PCB

• Purpose: Transmits analogue signals from cryogenic-
temperature SiPMs to room-temperature front-end electronics.
Thin and flexible design improves thermal contact with the
cold block and mechanically decouples the two zones.

• Prototype: 3-layer flex-PCB for the readout of a Hamamatsu
S13361-3050NE-08 SiPM array (64 channels), with ~15 cm
high-density traces (200 μm pitch). Includes test pulse circuits
(to evaluate short/long paths) and mechanical features for
clamping to the cold block. [4]

• Key lab results:

1. Signal integrity preserved along high-density long
traces.

2. Tests confirmed stable performance without
individual RC decoupling, simplifying scalability and
sensor area optimization.

3. Single-photon time resolution of 107 ps (σ) achieved
at 59 V bias using picosecond-pulsed laser setup.

Outlook

• Assembly and commissioning of the full system targeting to
have an operating cryogenic test bench by the end of 2025.

• Procurement of the main chamber components and vacuum
system is complete. The manufacturing of the main
customized parts has been launched, and the fabrication of
smaller pieces and other detailed parts will follow.

• Ongoing detailed design of the cold block and its interface to
the SiPM and flex-PCB, with emphasis on a robust thermal
contact between the parts. Additionally, the design of a
support structure for the lens, with adjustable positioning is
ongoing.

• Evaluation of the thermal behaviour of the cold volume will be
performed. Potential solutions involve low-emissivity coatings
to minimise radiative heat load through the glass window, and
the use of tailored multi-layer insulation (MLI) around the cold
components of the assembly.

Modular test bench for SiPM characterisation at cryogenic temperatures

Context and purpose

• During the High-Luminosity LHC (HL-LHC) phase, the LHCb
RICH detectors will face significantly increased particle
multiplicity and high occupancy. [1] [2]

• To meet these challenges, next generation RICH detectors
require photodetectors with high granularity (smaller pixel
size) and improved timing resolution (<100 ps). LHCb
RICH collaboration is exploring new options.

• Silicon Photomultipliers (SiPMs), available from
commercial vendors with good single-photon detection
performance, are promising candidates due to their
compactness, high photon detection efficiency and fast timing
capabilities.

• However, radiation-induced dark noise in SiPMs is a major
limitation. Current R&D efforts are focused on the radiation
damage and mitigating the resulting high dark count rates
through a combination of shielding, thermal annealing, and
operation at cryogenic temperatures.

• The small-scale cryostat will enable the evaluation of SiPM
array performance at cryogenic temperatures (~80-120 K), in
realistic conditions for RICH detectors. Studies will focus on
critical questions like sensor coupling to the cold volume,
operation of the electronics in vacuum, thermal behaviour or
signal integrity over long traces. [3]

Cryostat concept

• The cryostat demonstrator is a modular system developed to characterise SiPM arrays at cryogenic
temperatures (~80-120K) while maintaining the readout electronics at room temperature.

• It consists of a vacuum enclosure (vacuum 10-6 mbar) housing a copper cold block where the
SiPM arrays are mounted. A flex-PCB carries the signals from the cold SiPMs to the multi-channel
readout electronics, separated from the cold components. The digitised data are transmitted via
optical fibres through vacuum feedthroughs.

• The cryostat supports two interchangeable test configurations:

1. Laser tests using a glass viewport and an external picosecond pulsed-laser
2. Beam tests using an aluminium blank flange (2 mm central thickness) and Cherenkov

lens inside the vacuum.
*. A third potential configuration under study involves a gas radiator attached to the chamber.

• The system is built around a main chamber module that hosts all interfaces and ports:

- Inlet and outlet port for the LN₂ cooling via Cryolab-compatible bayonet connections.
- Feedthroughs for the water-cooling circuit for electronics.
- A port for the vacuum pumping (ISO-K 100) and monitoring equipment.
- Sub-D connectors for the temperature sensors and electronics cabling
- Optical fibres feedthroughs for data readout.
- Attachments for precise mounting of internal equipment.
- Mounts for external supporting structure, for structural stability and compatible with 

integration onto the test facilities.

1. Laser test configuration

2. Beam test configuration

Cold block

LN2 pipe

SiPMMounting plate
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