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Sommario

Il futuro acceleratore di particelle EIC (Electron Ion Collider) approfondirà le nostre co-
noscenze riguardo l’interazione forte, analizzando collisioni di elettroni con nuclei e pro-
toni. Il rivelatore dell’esperimento ePIC presso EIC prevede un sistema d’identificazione
di particelle, per il quale è stato preso in considerazione il rivelatore dual-radiator
RICH. Quest’ultimo impiega due radiatori e integrerà appositi fotosensori per rileva-
re l’emissione di luce Cherenkov e risalire alla massa delle particelle. I sensori al silicio
SiPM sono i principali candidati come fotorivelatori.
L’obiettivo di questo lavoro di tesi è la preparazione, la messa in funzione e la caratteriz-
zazione di un set-up sperimentale per lo studio della risposta di sensori SiPM, tenuti a
basse temperature. In particolare, l’attività si concentra sulla caratterizzazione del laser
utilizzato per illuminare i SiPM.
Un aspetto rilevante emerso dall’analisi dati è che, utilizzando il laser in modalità pulsata,
la potenza del laser aumenta in modo non lineare rispetto alla frequenza degli impulsi,
suggerendo che le prestazioni del sistema dipendano dalla frequenza degli impulsi del
laser.





Abstract

The future EIC (Electron-Ion Collider) particle accelerator will deepen our knowledge on
the strong interaction, by analyzing collisions of electrons with nuclei and protons. The
particle detector for the ePIC experiment at the EIC includes a particle identification
system, for which the dual-radiator RICH detector has been taken into consideration.
The latter employs two radiators and will integrate specific photosensors to detect the
emission of Cherenkov light and trace the mass of the particles. SiPM silicon sensors are
prime candidates as photodetectors.
The objective of this thesis work is the preparation, commissioning and characterization
of an experimental set-up for the study of light response of SiPM sensors, kept at low
temperatures. Specifically, the activity focuses on the characterization of the laser used
to illuminate SiPMs.
One relevant aspect that emerged from data analysis is that, by using the laser in pulsed
mode, the laser power increases non-linearly with respect to the pulse frequency, sug-
gesting that the performance of the system does depend on the laser pulse rate.
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Introduction

The Electron-Ion Collider (EIC) particle accelerator will be built in the USA during
this decade, with the aim of investigating nuclear structure and nuclear strong interac-
tion. Design projects for the detector1 involve three major systems: one for tracking and
vertexing, one for particle identi�cation and another for calorimetry. For particle iden-
ti�cation, the dual-radiator Ring Imaging CHerenkov (dRICH) detector is one the main
components in the forward region. This detector will involve the use of photosensors, in
order to detect Cherenkov radiation from particles and determine their mass. Currently,
SiPM silicon detectors are being considered for this purpose, because of their constained
dimensions and single-photon detection capability.
This work is focused on the characterization of a set-up that will be used to study the
light response of SiPM sensors. The set-up includes a laser light source that can be
operated from remote, in order to illuminate SiPMs that are kept at low temperature,
so as to limit thermal noise.

Chapter 1 gives an overview on the Electron-Ion Collider, presenting the main goals it
aims to achieve and describing some of the designs currently under consideration for
detectors, speci�cally for particle identi�cation.

Chapter 2 introduces the basic functioning principle of silicon detectors: the p-n junction.
Also, the chapter delves into SiPM sensors, presenting their structure, characteristics,
possible noise sources, as well as some of the tecniques used to restore their performance
after radiation damage.

Chapter 3 describes the set-up arranged for this work, from its proper building to the
measurements carried out in order to characterise the light source and the results emerged
from the analysis of signals from SiPMs.

1The particle detector currently considered for the EIC is the ePIC (electron-Proton/Ion Collider)
detector.
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Chapter 1

The Electron Ion Collider

The Electron-Ion Collider (EIC) is an upcoming particle accelerator and collider, that
will be built over the next ten years at the Brookhaven National Laboratory (BNL), in
the USA. The EIC is designed to collide high-instensity polarized electron beams with
polarized beams of protons, light ions and heavier ions, up to Uranium ones [1].
Equipped with large detectors, the future set-up is expected to provide precise mea-
surements that will allow us to have a better understanding of nuclear structure and
nuclear strong force, that is, quarks and gluons that form matter. In fact, quarks and
gluons, collectively called partons, are the fundamental constituents of nucleons. Also,
gluons are the mediating particles for strong interaction between quarks. The Quantum
Chromo-Dynamics (QCD) theory has partons as object of interest and attributes the
strong force between quarks and gluons to their color charge, which is also responsible
for interaction between gluons themselves.
The EIC will investigate how the nucleon mass and spin arise from the ones of their
constituents, as well as the distribution of momenta and position of partons inside the
nucleon and the properties of dense gluon systems. All of these subjects will be studied
in one single facility, thanks to the wide range of kinematic, beam polarization and beam
species, speci�c to the EIC [2].

Section 1.1 introduces the main nuclear properties and structures that EIC analyses will
address.
Section 1.2 reports the proposed layout and requirements for accelerator and detectors.

1.1 Analysis objectives

The strong interaction generates a signi�cant fraction of the nucleon mass and binds
partons so that the internal structure of nucleons can be investigated only when they
collide at high speed. A deeper understanding of this regime will require the higher
energy and beam polarization of the Electron-Ion Collider.
In speci�c, the EIC is designed to facilitate mapping of distribution of nucleon partons,
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spin, 
avour and momentum, including its transversal component.

1.1.1 Proton spin

Compared to current data collected from high energy experiments, the EIC will allow
to reach two orders of magnitude lower in the minimum accessible momentum fraction
(x) and to span a wider range of momentum transfer (Q). This would allow to lower
measurement uncertainties (Figure 1.1) and precisely quantify the contribution of the
spin of quarks and gluons to that of hadrons, speci�cally the proton.

Figure 1.1: Projected reduction in the uncertainties of the gluon's helicity (projection
of spin onto the direction of momentum) contribution (�G) vs the quark helicity con-
tribution (��) from the region of parton momentum fraction x > 0.001, that would be
achieved by the EIC for di�erent center-of-mass energies [1].

As a matter of fact, quarks are responsible only for 30% of total proton spin. The spin of
gluons, while it does contribute, can't make up for the remaining 70%. But it is known
that gluons can split into virtual quark-antiquark couples, that eventually recombine into
new gluons. Quarks forming virtual couples are called \sea quarks". The EIC is going
to extend our knowledge also on the role of sea quarks in determining proton structure
and spin.

1.1.2 Proton tomography

The motion and the spin of partons are correlated to Transversal Momentum dependent
parton Distributions (TMDs). So, by investigating on electron and nucleon polarized
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beams collisions, TMDs can reveal some new information about the motion of gluons
and sea quarks con�ned inside fast-moving nucleons.
Also, by probing the transversal spatial distribution of partons as a function of their
longitudinal momentum fraction, the EIC will provide an image of the proton that is
complementary to the one obtained from the transverse momentum distribution.
This way, it will be possible to create a tomographic image of the proton, more precise
on the transversal distances than any other existing facility. This imaging technique
contains information about spin-orbit correlations and about the angular momentum,
spin and orbital motion of partons.

1.1.3 Quark hadronization

The EIC will provide a wide variety of ion beams for electron-nucleus collisions, that can
give insights on how quarks and gluons lose energy and hadronize in cold nuclear matter.
In fact, a virtual photon generated in a scattering event may interact with a quark from
a nucleon, giving this latter enough energy to move inside a nucleus, interacting with
its other constituents. The end product of this interaction would be the production of a
colorless hadron. Figure 1.2 gives a schematic representation of this process.

Figure 1.2: Diagram of a parton moving inside a nucleus in cold QCD matter; �nal
hadron can be produced outside (top) or inside (bottom) the nucleus [1].
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1.1.4 Gluons saturation

Thanks to the EIC, a new state of nuclear matter is expected to be observed: the Color
Glass Condensate (CGC). The word \color" refers to the charge carried by gluons, \glass"
represents disordered elements changing their positions, and \condensate" refers to the
elevated density of the state.
Gluon density is regulated by a non-linear process of gluon splitting and gluon-gluon
recombination. When these two processes reach a balance, density reaches a dynamic
saturation scale at which new properties of hadronic matter would emerge.
This saturation scale will be more accessible thanks to the EIC heavy ion collisions,
since the big number of quarks involved in the process results in a decrease of the needed
energy, as shown in Figure 1.3.

Figure 1.3: Theoretical expectations for the dependence of the saturation scale on the
nuclear mass number A, the minimum momentum fractionx and momentum transferQ
[1].

1.2 The EIC infrastructure

The EIC infrastructure projects (Figure 1.4) are based on the already existing Relativistic
Heavy Ion Collider (RHIC), at the Brookhaven Nation Laboratory. The new accelerator
aims to achieve the following features:

ˆ highly polarized beams of electrons and nuclei;
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ˆ beams of ions from particles, that range from deuterons to heavy nuclei;

ˆ a center-of-mass energy that varies in the range� 20� 100 GeV, upgradable to� 140
GeV;

ˆ high particle collision rate, with a luminosity in the range� 1033 � 1034 cm� 2s� 1;

ˆ multiple interaction regions, with at least one detector.

Figure 1.4: Diagram of the EIC accelerator, based on the existing RHIC infrastructure
at Brookhaven National Laboratory [2].
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1.2.1 Detectors

Detectors located at interaction regions will provide precise energy measurements, par-
ticle tracking and particle identi�cation, in order to fully characterize the four-vector
of each particle involved in electron-ion collisions. Current detector designs, as the one
studied in detail by the ATHENA proto-collaboration [3] and now adopted by the estab-
lished ePIC Collaboration at the EIC, are centered around a solenoidal superconductive
magnet and therefore the various detection systems will be arranged in a \barrels and
endcaps" con�guration.

Figure 1.5: CAD model of a EIC detector concept, with subsystems for tracking, particle
identi�cation, and calorimetry [2].

Taking into account the wide variety of particles the experiments will focus on, as well as
the asymmetry of collisions, the aim is to combine complementary detector technologies
and concepts to achieve the full set of requirements, depending on the interaction region
they are located at.
According to Figure 1.5, the following main systems of the detectors can be identi�ed:

ˆ an innermost system for particle tracking and vertexing; silicon-based semiconduc-
tors collect electron/hole pairs caused by the passage of charged particles, while
gas-based tracking technologies collect ionization caused by tracks;

ˆ a system for particle identi�cation, which exploits time of 
ight measurements and
Cherenkov light emission (Paragraph 1.2.2);
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ˆ an outermost system that measures energy for both electrons and hadrons, thanks
to an electromagnetic calorimeter and a hadron calorimeter; due to the limited
space, currently, SiPM sensors are favoured for these measurements, since they
take less space and can operate in the magnetic �eld.

1.2.2 Particle identi�cation: Cherenkov radiation

Particle identi�cation deserves a deeper description. It uses detectors based on Cherenkov
radiation, as well as on time-of-
ight technique. We focus here on the Cherenkov iden-
ti�cation technique.
Cherenkov radiation is emitted by a charged particle that moves through a dielectric
medium with a speed greater than light's phase velocity in that medium. The angle�
at which light is emitted is then related to the particle's speedv:

cos(� ) =
1

n�
; (1.1)

wheren is the refraction index of the medium and� = v=c, wherec is the speed of light
in vacuum.
It follows, from equation 1.1, that a measure of� results in a measure ofv. By combining
this information with the one on momentum, it is then possible to determine the particle's
mass and identify it. We can then observe how Cherenkov light emission only occurs
when the particle's speed is greater than the light's speed in the medium:

jcos(� )j � 1 ) j
1

n�
j � 1 ) v �

c
n

: (1.2)

Among the proposed options for Cherenkov detectors, the dual Ring-Imaging CHerenkov
detector (dRICH) is signi�cant (Figure 1.6). The device is composed by two di�erent
radiators, which have two di�erent refraction indexes (n): an aerogel radiator, withn =
1.02 and a gas radiator, withn = 1.0008. The dRICH detector will also implement highly
segmented photosensors and, as for calorimetry, SiPM sensors are currently selected for
the readout in this region of the detector.
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Figure 1.6: Dual RICH detector con�guration [2].

12



Chapter 2

Silicon Detectors

Semiconductor detectors are widely used in high-energy physics for charged particles and
photons detection. SiPM sensors are semiconductor detectors based on silicon and, as
mentioned in Section 1.2, they are being considered for calorimetry and particle iden-
ti�cation for the EIC. Also, SiPMs have been paramount for this work. Section 2.1
introduces the basics of common semiconductor detectors, while Section 2.2 analyzes the
main features of SiPM sensors.

2.1 Semiconductors and p-n junction

Semiconductor materials used in solid-state detectors are made up of elements from the
IV group of the periodic table. The atoms are organized in a crystal lattice, so that their
electronic energy levels merge into two bands: a valence band and a conduction band,
separeted by an energy gap, typically about 1 eV (Figure 2.1, left).

Figure 2.1: Emergence of bands structure at low interatomic distances (left); diagram of
electron energy levels in a crystal lattice (right), in ascending order from bottom to top,
whereEV and EC are respectively the edges of valence and conduction bands, whileEA

and ED are the acceptor and donor levels [4].
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Valence band houses electrons forming covalent bonds between atoms, while conduction
band houses electrons free to move through the lattice, thus able to conduct electrical
current. It is possible to substitute some of the atoms in the lattice with others from
groups III and V, that have di�erent valence electron number. This process is called
doping. Atoms of the V group1 act as \donors" of extra electrons, that may then conduct
electricity. Atoms of the III group2 make \holes" (lack of electron) available, acting as
\acceptors" of electrons. The presence of impurities within the crystal corresponds to an
additional energy level inside the gap between valence and conduction band, as shown
in Figure 2.1 (right).

Materials doped with elements of groups III and V are respectively called p-type and n-
type semiconductors. The interface between a semiconductor of one type and one of the
other forms the p-n junction, that conducts electrical current primarily in one direction.
Silicon detectors usually consist of diodes, that are based on p-n junctions.
So, there's a gradient between primary charge carriers one side of the interface and
the other: holes (positive) in the p-doped region and electrons (negative) in the n-doped
region. This gradient forces charges to move from one side of the junction to the other, so
that in proximity of the inteface charges of opposite signs neutralize themselves, depleting
mobile charges inside what is called \depletion region". This process continues, giving
rise at the same time to an electric �eld that opposes the di�usion motion, until an
equilibrium is reached. Figure 2.2 (left) shows a schematic representation of the p-n
junctioin.

Figure 2.2: Diagram of a p-n junction (left); characteristic curve of a p-n junction (right),
whereVd is the threshold voltage andVbd the breakdown voltage.

A p-n junction operates in two main regimes: forward bias and reverse bias. Froward
bias con�guration is realized by connecting the p-type region to the positive electrode
of the voltage source, while reverse bias sees the same p-type region attached to the

1Phosphorus (P), arsenic (As) and antimony (Sb) are typycal group V elements used in doped
semiconductors.

2Boron (B) and Aluminium (Al) are typycal group III elements used in doped semiconductors.
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negative electrode.
In forward bias, the junction conducts electrical current, that increases exponentially
with respect to applied voltage from a certain threshold voltage valueVd, as shown in
Figure 2.2 (right). In reverse bias, the p-n junction behaves approximatively as an open
switch. In fact, in this con�guration, the width of the depletion region increases with
respect to the unbiased condition and at the same time, the barrier potential across the
junction increases, preventing 
ow of primary charges. If the applied reverse voltage
increases over the breakdown voltageVbd, the electric �eld reaches a critical level at
which it breaks down the dielectric, causing an extreme current increase.
Usually, silicon detectors are operated in reverse bias. When an energetic particle travels
through the detector it can generate an electron-hole pair which, under the in
uence of
the depletion region's electric �eld, travels to the electrodes resulting in a measurable
current.

2.2 The SiPM

The Silicon PhotoMultiplier (SiPM) is an array of independent microcells, consisting
each of a SPAD sensor and a quenching circuit.

2.2.1 Structure: SPAD and quenching circuit

Single Photon Avalanche Diodes (SPADs) are photodiodes whose contained dimensions
allow for signle-photon detection resolution. Usually, a SiPM measures few millimeters
and it integrates a series of parallel-connected microcells each containing a SPAD, whose
size varies typically between 20x20� m and 50x50� m. Figure 2.3 shows the structure of
an analog SiPM [8].

If the electric �eld in the SPAD's depletion region is intense enough, when a charge carrier
is generated it gains enough kinetic energy to create secondary electron-hole pairs through
a process called \impact ionization", triggering a self-sustaining avalanche process, that
results in a macroscopic current 
ow. This process is called Geiger discharge.
High electric �eld is reached by applying a bias voltageVbias greater than the nominal
breakdown voltage of the diode. This way, the 
ow of current does not stop unless
voltage is lowered below the breakdown value. This is done by the quenching circuit.
Then, the diode recharges back to the bias voltage and it is again able to detect photons.
The voltage across the diode returns to the nominal value in a time interval called
\recovery time". This cycle is represented in Figure 2.4 (left).
The di�erence between the bias voltage value and the breakdown point is called \over-
voltage". As the breakdown voltage is linearly correlated to temperature, also the over-
voltage will have a linear dependence from temperature, as shown in Figure 2.4 (right).

15



Figure 2.3: (a) Picture of an analog SiPM, with zoom on the individual SPADs (indicated
by the arrow); (b) all SPADs with integrated quenching resistor are connected in parallel
[8].

Figure 2.4: On the left, current as a function of applied voltage, with breakdown, quench
and reset cycle [6]; On the right, overvoltage (\Operating Voltage") as function of tem-
perature [6].

This relation is relevant for large temperature 
uctuations.

A typical SiPM output pulse is shown in Figure 2.5 (left). The rise time of the pulse is
determined by the avalanche formation as well as by the output impedance of the sensor.
The recovery time of the sensor, i.e. the decay time of the pulse, depends on the microcell
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recharge time constant� RC , given by:

� RC = Cd(Rq + N � Rs); (2.1)

whereCd is the capacitance of the microcell,Rq is the quenching circuit resistance,N is
the total number of microcells in the sensor andRs is any resistance in series with the
sensor.
Another relevant parameter for a SPAD is its \gain" (G), that quanti�es the number of
charge carriers generated per event:

G =
Cd � � V

e
; (2.2)

where � V is the overvoltage ande the elementary charge.
The microcell can still �re during the recovery time, but the gain will be reduced in
proportion to the reduced overvoltage (Figure 2.5, right).

Figure 2.5: Typical output pulse of a SiPM (left) [6]; gain as a function of over-voltage
for di�erent microcell size SiPMs (right) [6].

2.2.2 Photon Detection E�ciency

The Photon Detection E�ciency (PDE) of a SiPM measures the sensitivity of the pho-
tomultiplier, that is the statistical probability for an impinging photon to interact with
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a microcell and generate a detectable signal. PDE depends on the wavelength of the
incident light � and the overvoltage � V :

PDE (�; � V) = � (� ) � � (� V ) � F ; (2.3)

where � (� ) indicates the \quantum e�ciency", that is the probability for an incident
photon to generate an electron-hole pair in the sensor, while� (� V) is the avalanche
initiation probability (not every charge may trigger an avalanche). F in Equation 2.3
denotes the so-called \�ll factor" of a SPAD, that is the percentage of area of the sensor
that's sensitive to light.
PDE is commonly calculated from the responsivity (R) of the sensor, which is de�ned as
the average photocurrent produced per unit optical power [6]. The resulting expression
for PDE is:

PDE (�; � V) =
R � h � c

� � e � G � (1 + PAP )(1 + PXT )
; (2.4)

where h is the Planck constant,c is the speed of light in vacuum,e is the elementary
charge andG is the gain. PAP and PXT are respectively the afterpulsing and crosstalk
probabilities (Paragraph 2.2.3).
Figure 2.6 shows the PDE dependency on the wavelenght of light impacting the sensor,
for the speci�c SiPM sensors used for this work.

2.2.3 Noise

SiPM readout is a�ected by noise signals, that contribute to the sensor's output signal
as shown schematically in Figure 2.7.
The Dark Count Rate (DCR) is the primary source of noise in a SiPM and it is due
to thermally-generated electron-hole paris. In fact, when a thermally-generated charge
initiates an avalanche, that results in a signal that is indistinguishable from the one
produced by an incident photon. As electron-hole pair formation is favoured by a tem-
perature increase, also DCR increases as temperature rises. As Figure 2.8 shows, DCR
also increases with the bias voltage at which the sensor is operating, due to the increase
in the amount of generated charge carriers.
DCR can be reduced by setting a threshold above the single photon level, but this noise
source will still contribute to the measured signal. If signle-photon detection is the goal,
as it is for the dRICH detector at the EIC, then it is more appropriate to reduce DCR
by operating the sensors at low temperature.

An avalanche in a SPAD produces secondary photons, with wavelength usually in the
infrared region and these photons may trigger a new avalanche in a nearby microcell. This
phenomenon is named crosstalk and it is a secondary source of noise. As a consequence
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Figure 2.6: Photon detection e�ciency as a function of the wavelenght of incident light,
for HAMAMATSU S13360 series SiPM sensors (from manufacturer data sheet).

Figure 2.7: Representation of the SiPM output signal for di�erent kinds of noise observ-
able: primary events, crosstalk and afterpulse events [8].

of crosstalk, a single incident photon can generate a signal equivalent to the one produced
by more than one photon. Crosstalk increases with overvoltage due to the higher amount
of carriers that cross the junction in a SPAD.
Crosstalk between microcells can be minimized using low-gain SPADs, since producing
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less charges results in reducing production of secondary photons.

Another secondary source of noise is afterpulse and it mainly occurs when a charge is
trapped in a defect of the sensor's silicon crystal. When the charge is �nally released,
it initiates an avalanche that results in a delayed pulse signal, with amplitude usually
lower compared to a pulse from an impinging photon. If the delay is short compared
to the recovery time, the afterpulse can be neglected, but it can impact measurements
if the rate is high. Afterpulse can also be caused by secondary photons produced in an
avalanche.
It is then clear that afterpulse can be reduced by mimimizing defects in the silicon
sensors.

Figure 2.8: Dark count rate (DCR) as a function of operating temperature of the SiPM
sensor, for di�erent bias voltage values [6].

2.2.4 Radiation damage and annealing

Silicon crystals in SiPMs can be damaged by particles travelling through. For exam-
ple, neutrons moving through the silicon can displace some atoms of the lattice, which
subsequently form agglomerations called \clusters". Bulk defects from radiation damage
result in a deterioration of the sensor's performance, as their presence tends to increase
the amount of generated charge carriers and thus the dark current.
SiPM performance can be recovered by thermal annealing, a process consisting in ex-
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posing the sensors to high temperatures. The positive e�ect of thermal annealing on
the sensor's performance is shown in Figure 2.9. Annealing can also be electrically in-
duced, either in forward or reverse bias. This tecnique takes advantage of intense electric
�eld generation to re-order the atoms which have been displaced by incoming radiation,
providing signi�cant recovery in a relatively small exposure time [12].

Figure 2.9: Dark current in a SiPM at room temperature, measured before and after
irradiation and after a thermal annealing cycle at 250°C [13].
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Chapter 3

Set-up and laser characterization

The aim of this work is the implementation and study of a measurement apparatus that
incorporates a pulsed laser light source to test the light response of SiPM sensors at low
temperature. Section 3.1 describes the building and testing process of the apparatus,
while section 3.2 addresses the characterization measurements of the pulse generator
used to operate the laser. Section 3.3 presents measurements from the SiPMs response
to the laser light, used to fully characterize the laser itself and to check the reliability
of its data sheet speci�cations. Section 3.4 reports de�nitive signal analysis and time-
resolution measurements, from both the laser system and SiPMs.

3.1 The set-up

As the DCR of a SiPM decreases signi�cantly with temperature, the sensors have been
kept in a MEMMERT CTC-256 climatic chamber at -30 °C for optimal measurement
conditions.
On the other hand, the ALPHALAS laser used to lit the SiPMs is designed to work at
room temperature. Therefore a proper rack has been assembled to accomodate the laser
as close as possible to the MEMMERT chamber and link the �ber optic cables bringing
light from the laser outside the climatic chamber to the inside of this latter, as well as
to lodge all the devices needed.

3.1.1 Inside the climatic chamber

As Figure 3.1 and Figure 3.2 show, inside the climatic chamber are installed:

ˆ a support board where the HAMAMATSU SiPM sensors are mounted;

ˆ an X-Y movement system for the support board;

ˆ four ALCOR chips to acquire data from SiPMs;

ˆ four adaper boards to regulate voltage supplied to the SiPMs;
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ˆ four Masterlogic boards to interface with the adapter boards;

ˆ a mount-support for the �ber optic cable bringing light from the laser;

The MEMMERT chamber has an aperture on a side, properly designed in order to let
cables pass through, connecting components inside and outside, while keeping its interior
isolated, maintainig the desired temperature.

Figure 3.1: Overview on climatic chamber interior (left) and close-up (right) on the
optical �ber mount-support (1), the board-mounted SiPMs (2) and the X-Y movement
system (3).

Figure 3.2: Some of the electronic boards used in the set-up; Alcor chip (left), adapter
board (center) and Masterlogic board (right).

Also, outside the climatic chamber, a heatless regenerative desiccant dryer KAESER DC
2.0 (Figure 3.3) 
ows dry air inside the climatic chamber volume.

3.1.2 Mounting the rack

For the rack assembly, suitable shelves have been added to a prebuilt infrastructure using
proper screws and tools and optimizing spaces. This in order to house:
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Figure 3.3: The KAESER DC 2.0 heatless regenerative desiccant dryer.

ˆ an ALPHALAS Picosecond Diode Laser with Driver PLDD-100M;

ˆ a Thorlabs In-Line Fiber Optic Filter Mount, equipped with a Thorlabs NE50A
Absorptive Neutral Density Filter, mounted on a Thorlabs SM1-Threaded Filter
Holder;

ˆ a Tektronix AFG3253 function generator;

ˆ an FPGA unit to read data from ALCOR;

ˆ a PLH250-P high voltage supply for SiPM sensors;

ˆ a QL355TP low voltage supply for electronics;

ˆ a KEYTHLEY DAQ6510 multimeter system;

ˆ a KEYTHLEY 2450 multimeter system;

ˆ two Lenovo ThinkCenter PCs and an ethernet hub to give the FPGA unit access
to the Internet;

The ALPHALAS laser, shown in Figure 3.4, is provided with a switch that allows choos-
ing to generate a pulsed light signal or a continuous one. We shall refer to these two
operating modes as pulser mode and continuous wave mode respectively.
The completed rack, shown in Figure 3.5, has then been placed next to the climatic
chamber and a series of three �ber optic cables has been linked from the laser to the
inside of the chamber, as described in Paragraph 3.1.3.
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