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Abstract With the increase in laser power and finesse of optical cavities over the last decade, laboratory-size Compton sources are
very promising. These sources produce X-rays through interactions between relativistic electrons and laser photons and, in term
of brightness, fall between large synchrotron facilities and classical laboratory X-ray sources. The ThomX source is the French
project in this field. This article first presents a state of the art of high-intensity Compton sources, then the ThomX source is briefly
described, and the first results are detailed, in particular the production of the first X-rays, the acquisition of the first spectrum and
the first image of the beam. Finally, the next objectives are discussed.

1 Introduction

In many fields of science, synchrotron radiation sources are currently the only machines available to carry out the most ambitious
analyses and research requiring a high-brightness X-ray beam in the 10 — 100 keV energy range. But synchrotron facilities are not
very practical. For example, in materials science, transporting a valuable work of art or a crystal cooled with liquid nitrogen presents
high costs and dangers. Furthermore, access to them is limited, whereas the needs in many scientific fields are growing. In the medical
field in particular, the lack of access to synchrotron facilities considerably limits the development of in vivo studies required before
large-scale clinical application. Although progress in the construction of increasingly powerful laboratory sources is significant,
the most efficient rotating anode tubes currently provide ~ 10° — 10'0 X-rays/s at limited and non-tunable X-ray energies. These
sources are not suitable for specific studies requiring a higher level of performance, and, for a wide class of applications, the flux is
too low and therefore requires prohibitively long exposure times.

Compact Compton sources (CCS) are modestly sized machines (~ 100 m?) that can be integrated in a room-sized space. Their
development would make it possible to fill the significant gap in terms of brightness between conventional laboratory sources
and synchrotron facilities. The principle of a Compton source is based on the production of X-rays pulses by inverse Compton
backscattering of intense laser light against electron bunches. Today, CCS aiming to deliver flux larger than 10" — 10'2 ph/s are in
full development thanks to the improvement of high-power lasers over the last decades. Numerous experiments realized today only
at the large synchrotron facilities in the fields of medicine (imaging and therapy), biology, cultural heritage (studies and preservation)
or industry could be carried out within a laboratory, a museum or an hospital [1-4].

ThomX is the French project of such a source. It is a demonstrator aiming at producing, ultimately, 1013 ph/s with a brightness of
10! ph/(s - mm? - mrad?) in 0.1% of bandwidth, in the energy range 45 — 90 keV. The project supported and managed by IJCLab
(Laboratoire de physique des 2 infinis - Iréne Joliot-Curie) is based on the Orsay campus at the Paris-Saclay university and is in its
commissioning phase.

After a brief introduction to the basic principles of a Compton source, this article first highlights the key parameters required to
produce a high-brightness beam and presents the state of the art in high-intensity CCS. Next, the ThomX source is described and
the main results obtained since the startup of the commissioning phase are presented, in particular the production of the first X-ray
beam and the few preliminary measurements that followed. Finally, the next steps of the commissioning phase and the perspectives
are discussed.

2 State of the art of high-intensity CCS
2.1 Compton source principles

The inverse Compton scattering process is shown schematically in Fig. 1. A relativistic electron moving along the z-axis interacts
with a laser photon in the x-z plane. In the collision, a part of the energy of the electron is transmitted to the photon. The kinematics
of the process can be described as a collision of two particles, or using the synchrotron radiation analogy, as an electron traveling
through the “micro-undulator” of the electromagnetic field of a photon. The energy Ex of the scattered photon in the laboratory
frame can be expressed by a general formula taking into account the recoil of the electron (Compton regime) as [2]: Ex =
Er(1+pBcosb.)/[1 —BcosOx + E(1+cosb.cosby +sinb, sinOx cos ¢px)/E.], where B is the relativistic factor of the electron,
E, the electron energy, E the energy of the incoming photon, and 6., fx and ¢x the incident angle and the scattering polar and
azimuthal angles with respect to the electron direction. When E7 is small compared to rest mass energy of the electron, the recoil
of the electron can be neglected (Thomson regime); then the formula of the scattered photon energy becomes:

_ 2y%Er(1 +cos6,)

E
X 1+ )/29)2(

, (1)
where y = E,/m.c? is the electron Lorentz factor, m, the electron mass, ¢ the speed of light. To derive expression (1), it was also
assumed that y > 1. Many inverse Compton sources meet these two conditions (E; < mec? and y > 1), and it is the case for the
ThomX source.

Equation (1) implies an univocal dependence between the energy Ex of a backscattered photon and its scattering angle 0x:
the X-rays show a distribution in the form of concentric cones where the energy decreases as one moves away from the center.
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Compton scattering process
between an electron of energy E,

Fig. 1 Diagram of the inverse X E
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Fig. 2 Energy/angle relation of backscattered Compton photons. a Energy of Compton photons as a function of their scattering angle for head-on collisions
of laser pulses of wavelength of 1.03 pm with electron bunches of 50 MeV. b Schematic illustration of the concentric cones of the Compton beam. IP is the
interaction point

Those produced forward (fx = 0) have the maximum energy E,, = 2y>E (1 + cos8,), known as “Compton edge”. So, a simple
diaphragm placed on the axis of the Compton cone allows a small energy band to be selected. Figure 2 shows the X-ray energy/angle
distribution and illustrates the correlation.

For electrons traveling along the longitudinal z direction, the number of Compton photons produced per second in all energy
bandwidth and all solid angles is noted Fiy; and is written as follows [5]:

th NeNL Frep

1/2 1/2 °
27 [(02 +02) +tan2(6,/2)(02 + 03] [(02 + 0D)]"/

Fror = @

where ¥y, is the Thomson cross section, N, and N, respectively, the numbers of electrons per bunch and the number of photons
per laser pulse, Frep the repetition frequency of the interactions and o, 0, 0z, and o, the transverse and longitudinal dimensions
(r.m.s.) of the electron bunch and laser pulse at the interaction point. The transverse size og of the source is written as follows [6, 7]:

o5 = =2 3)

/2 2.
O'L+O'e

To derive expressions (2) and (3), vertical and horizontal transverse beam dimensions were assumed to be the same and Gaussian.
The source brightness is defined as:

Fo.i%
Br=—>F7"+5—7, 4
4712cr§<7§2 @

where Fy 19, = 1.5 x 1073 Foy is the X-ray flux in a 0.1% bandwidth at the Compton edge, os and cré are the transverse size and

divergence of the source respectively. The performances of current electron beams and laser systems are such that the main impact
on the X-ray beam quality comes from the characteristics of the electron beam [2, 6-8], and the brightness can then be written as

follows:
F. b 2 2
Br~ 2% (Y )14 %), o)
w\a )\t

where € is the normalized transverse emittance of the electron beam: ey = yo,.0,, o, being the divergence of the beam. As shown
by expression (5), the emittance of the electron beam is the crucial parameter for a source to deliver high brightness.
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Fig. 3 Typical source brightnesses
as a function of X-ray energy for 3 FEL —
synchrotron facilities, s —10%2
conventional laboratory sources
and CCS projects targetin§ a flux
greater than ~ 1011 — 1012 ph/s
(orange squares).”SC” stands for
sources based on superconducting
technology (including the electron
gun); "Warm” stands for sources
based on the conventional
accelerator technology and using a
storage ring. The nominal
brightness of the ThomX project
is indicated

Synchrotrons —1018

<
1014

(Warm =] ™%

- 101(1
Cul MOI Wl =

X-ray tubes -
/-\_ 106

ph / (s . mrad? . mm? . 0.1%bw)

vl vl
0.1 1 10 100

X-ray energy (keV)

2.2 Challenges of high-intensity Compton sources

Thanks to advances in lasers, optical cavities and accelerators, Compton sources could now produce more than 10'? X-rays/s
provided that the average power of the interacting laser is of the order of a few hundred kW. On the electron side, a few mA of
average current are required, or just a few tens of pA if the electron bunches have a transverse size of a few micrometers at the
interaction point.

To achieve an electron current of a few mA, the repetition frequency must be of the order of several tens of MHz. Let us give
a concrete example: 10'3 ph/s can be obtained with a repetition frequency Frep of 20 MHz, an electron bunch charge of 500 pC,
laser pulses of 10 mJ and a transverse dimension of the two incident beams of 40 pm. Two machine designs based on Compton
backscattering allow this high repetition rate to be achieved, depending on whether the laser photons collide with electrons from a
small storage ring of around ten meters in circumference, or with those from a superconducting linear accelerator. In the case of a
storage ring, Frep is determined by the revolution frequency of the electrons in the ring. In this scheme based on well-known ”warm”
technology, typical maximum reachable fluxes and brightnesses are 10'> — 10'3 ph/s and 10'© — 10! ph/(s - mm? - mrad?) in 0.1%
of bandwidth, respectively. In the linear accelerator-based scheme without a storage ring, the repetition frequency is determined
by the injection frequency of the electron source which must necessarily be a superconducting device to deliver continuously the
required electron current. The brightnesses can then reach 1014 — 10 ph/(s - mm? - mrad?) in 0.1% of bandwidth thanks to the
very low emittance values of the electron beam (of the order of 0.1 — 0.5 mm.mrad) that the superconducting gun is capable of
producing. Although electron injector projects aimed at delivering an average current of a few mA are currently in development,
superconducting technology in that field is not yet mature enough to achieve both the rate and number of electrons required [9,
10]. Superconducting linear accelerator-based machines offer by far the highest brightness but currently still face many technical
challenges and, in addition, will require much greater radiation protection. However, for many X-ray applications (especially in the
medical field), brightness is not the critical parameter; more important is the available flux in a given solid angle [11, 12].

In the panorama of hard X-ray sources (10 — 100 keV), the positioning of CCS projects based on warm and superconducting
technologies aiming to produce more than 10" — 10'2 ph/s is shown in Fig. 3. Currently, the most powerful CCS in the world is the
MuCLS source which was developed and manufactured by Lyncean Technologies Inc. and which deliver ~ 10! ph/s full bandwidth
in the 15-35 keV range [13, 14]. Over the past fifteen years, several CCS projects have been launched with the aim of producing
> 10'2 ph/s. Some of them have adopted the storage ring scheme [15-19], others the linac scheme with superconducting injection
elements [20-26], while another uses a novel room-temperature X-band linac coupled to a cryogenic laser system for Compton
collisions [27]. Among these projects, ThomX is well advanced and could reach the 10'2 ph/s threshold in the near future.
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Fig. 4 The ThomX source layout

3 The ThomX project

3.1 Presentation of the machine

The layout of the ThomX source is presented in Fig. 4. Electron bunches of 1 nC charge with an energy of ~ 5 MeV are first emitted
by an RF photocathode gun at a repetition frequency of 50 Hz by the impact of 257 nm laser pulses on a copper or magnesium
cathode (injector). Each bunch propagates in a linear accelerator (linac) which increases its energy to 50 — 70 MeV. A transfer
line adapts the bunch for its injection and storing in a small ring, 17.8 m in circumference. Only one bunch travels in the ring at a
given time. After 20 ms, the bunch degraded by Compton collisions and collective effects is ejected toward a dump which absorbs it
(extraction line) and is replaced by a new one' The nominal normalized emittance €y of the electron beam is 5 — 10 mm.mrad. At
the interaction point, the electron bunch transverse size o, is ~ 70 wm. The laser system is placed on an optical table, itself resting
on a hexapod controlled at the micrometric level and which allows the laser pulses to be positioned on the path of the electrons.
The system consists of a 1030 nm laser oscillator emitting pulses, amplified by a fiber amplifier, then stacked in a four-mirrors
Fabry—Perot cavity, these two amplification stages leading to a nominal power permanently stored in the optical cavity of the order
of 700 kW. The nominal transverse size of the laser pulses at the interaction point is o7, ~ 40 wm. At the interaction point, the two
incident beams have a length of around 10 ps and cross every 60 ns with an angle of incidence 6. equal to 2 degrees. A precise
synchronization system was developed to coordinate all subsystems of the machine (injector, linac, ring, pulsed magnetic elements,
laser, diagnostics devices).

For radiation protection purposes, the machine is located inside a shielding zone, the bunker, made up of thick concrete walls (a
section of wall can be seen in Fig. 4).

With the nominal parameters mentioned above, the expected flux Fi in full spectral bandwidth is of ~ 10'3 X-rays/s in the
energy range 45 — 90 keV (on-axis), the transverse source size of ~ 35 wm and the brightness of 10'! ph/(s - mm? - mrad?) in 0.1%
of bandwidth. The angular aperture available for the X-ray beam is constrained by the mechanics of the Fabry—Perot cavity which
delimits a maximum opening half-angle of 7 mrad.

3.2 The X-ray beamline

The X-ray beamline aims on the one hand to monitor and shape the Compton beam and on the other to carry out experiments in
order to demonstrate the potential and the limits of the ThomX demonstration prototype. The line is divided into two distinct parts.
The first part, shown in Fig. 5, consists of a motorized optical table located inside the bunker on which simple and robust systems
are positioned for a continuous monitoring of the beam and for its shaping (beam shutter, double slits to select desired beam sizes,

! The injection and extraction are performed by a septum and two fast kickers https://theses.hal.science/tel-03850856.
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Fig. 5 First part of the X-line
located in the bunker. 1: Beam
shutter. 2: Slits. 3: Fluorescent
screen detector. 4: Kapton
diffusion detector. 5: Tungsten
wire monitor. 6: Motorized table.
7: Focusing device (transfocator)

Fig. 6 Second part of the X-line
located in the experimental hutch.
1: Slits (150 x 150 mm? of total
aperture). 2: Monochromator. 3:
Monochromator positioning
hexapod. 4: Slits (30 x 30 mm?2 of
total aperture, retractable). 5:
Sample positioning hexapod. 6:
Tomography rotating stage. 7:
Goniometer. 8: Detector
positioning system

fluorescent screen detector, Kapton diffusion detector, wire monitor). At the end of this table, an optical device (a transfocator [28])
is installed in order to be able to make parallel or focus the beam at the sample position (in ThomX, samples are positioned at
approximately 10 m from the interaction point). The second part of the line is installed inside the experimental X-hutch area after
the safety beam shutter and the concrete wall of the accelerator bunker. X-rays travel from the bunker to the experimental area
through a 150 mm diameter vacuum beam pipe. This second part of the line consists of a modular device which should allow on the
one hand to determine the performances and limits of the source for imaging in the medical and material science fields, and on the
other hand to highlight its possibilities in the structural analysis of materials by experiments combining diffraction, diffusion and
spectroscopy. The experimental setup, presented in Fig. 6, combines various elements (two sets of slits to clean the beam selected
in the bunker by the first slits, a monochromator, two hexapods, a goniometer and translation and rotation motors) which will be
used or not depending on the analysis technique implemented.

4 Results

Technical studies and simulations of the characteristics and parameters expected for safety and radiation protection, for the accelerator,
the laser interaction system, the diagnostic equipment, the synchronization system and the X-ray beamline are detailed in [29, 30].
Following the phases of civil engineering for the infrastructures, construction and delivery of the equipment, and integration of the
subsystems inside the building, the commissioning of the machine began at the end of 2021 when the French Nuclear Safety Agency
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Fig. 7 First X-rays signal obtained at the ThomX source and cross-checks to ensure that signal is due to X-rays

(ASN) gave its authorization. Today, the charge and energy of the electron bunches authorized by the ASN are limited to 100 pC
and 50 MeV, respectively, and the electron gun injection frequency to 10 Hz.

4.1 Accelerator and laser system commissioning

Electron bunches of 100 pC are currently produced by the photoinjector at a repetition frequency of 10 Hz, focused and fully
transmitted to the end of the accelerating section with an energy of 50 MeV [31].2 Each bunch is transported to the ring by the
transfer line, injected and stored in the ring for 100 ms before being dumped in the extraction line [32]. The first diagnostic elements
essential for properly aligning and storing the beam are operational enabling the charge and position of the bunches to be measured
throughout the accelerator [33]. All these accelerator devices are coordinated in time by the synchronization system [34]. The
interaction laser is locked in the high finesse Fabry—Perot cavity [35, 36] in the difficult and noisy environment of the accelerator,
and the stored power is today ~ 30 kW and will be increased gradually to avoid the risk of mirror breakage.

4.2 First X-rays production

The first X-ray beam was produced during a scan of the optical cavity table to find the spatial position of the interaction point. These
first photons were generated in a non-synchronized manner, i.e., without implementing temporal coincidences of electron bunches
and the laser pulses. The laser power inside the Fabry—Perot cavity was 30 kW. X-rays were detected using the fluorescent screen
detector located on the X-ray table in the bunker (cf. Fig. 5). This detector consists of a ZnCdS screen coupled to a photodiode.
The signal is read with a picoammeter. This first X-rays signal is visible in Fig. 7. Also visible in the figure are the cross-checks
realized to ensure that the signal is indeed due to X-rays (electron and laser beam shutters were closed or opened). Thanks to a
calibration of the detector performed on the CRG-FAME/ESRF beamline [37] before its installation in ThomX and by taking into
account the available angular aperture of our setup (half opening angle of 7 mrad), the total emitted flux can be deduced from the
current measured by the photodiode and is: F"¢ ~ 1.0 x 107 ph/s (full spectrum).

4.3 Measurements of transverse beam size and expected flux

Signals from the fluorescent screen detector were also recorded during a fine vertical scan of the optical table (micrometer steps).
The data are shown in Fig. 8 (red points). Fitting this luminosity distribution with a Gaussian curve (see blue line in Fig. 8) leads to
a root-mean-square ojum; ~ 101 pm. The waist of the laser pulses (Gaussian) was measured independently and is approximately
equal to 130 pm (corresponding to o7, ~ 65um). With this value of the laser pulse size, the luminosity distribution allows us first
to deduce the transverse size of the electron bunch [5]: 0, = (Ul%mi — of)l/ 2~ 77 pwm and then to estimate the transverse size of

2 Reference [31] indicates a transmission of 90%. Since then, correct adjustment of the focusing solenoid current value has enabled us to achieve a full
transmission.
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Fig. 8 Fluorescent screen detector
signal (where the baseline has 2 - Data

been subtracted) as a function of 20! . — Gaussian fit
the vertical position of the " e
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the source from expression (3): os ~ 50 pm. From these values of o,, o7, the average laser power stored in the cavity (30 kW), the
average electron charge stored in the ring (estimated at between 30 pC and 80 pC during the data acquisition) and a factor taking
into account the desynchronization of electrons bunches and laser pulses,? the expected total flux calculated with expression (2)
is: Fg:p ~ 0.3 x 107 — 3.3 x 107 ph/s which is in good agreement with the measured value by the fluorescence screen detector.
The uncertainty in the expected value is due to the lack of knowledge of both the average electron charge stored in the ring and the

desynchronization factor.

4.4 First X-ray spectrum

After receiving authorization from the ASN to open the safety shutter, X-rays were sent into the experimental hutch. Figure 9 shows
the first measured X-ray spectrum, confirming that the signal in Fig. 7 is indeed a Compton X-ray signal. The spectrum was measured
using a CdTe Amptek X-123 spectrometer positioned on the sample hexapod (cf. Fig. 6). The spectrometer’s active surface is 25
mm?, the source-to-detector distance is ~ 10.6 m, and the detector is positioned on-axis. Low energy peaks due to photons escaping
after interactions with Cd or Te inside the detector are visible in the figure. An adjustment of the spectrum was performed with a
Compton process model convolving purely kinematic effects with expressions characterizing the properties of the incident beams
[8], the effects of the electron beam (energy spread and divergence) being largely dominant. Detector calibration was carried out with
the data themselves, using the known K, and K g emission lines of Cd and Te [38]. The parameters resulting from the adjustment
are an electron beam energy E, of 49.3 MeV (in good agreement with the ~ 50 MeV expected and measured in the accelerator), an
electron beam energy spread AE,/E, of 1.4 % and an electron beam divergence o, of 3.3 mrad. The corresponding Compton edge
E,, is 44.7 keV. The slight disagreement between the data spectrum and the fit at the right end of the spectrum is probably due to
the fact that the energy distribution of the electron beam is not perfectly Gaussian.

4.5 First image of the beam

The first full-field image of the beam in the experimental area is shown in Fig. 10a. The image was recorded using a CdTe camera
(Pilatus3 X CdTe 300K-W), with a size of 253 mm x 33 mm, a pixel size of 172 um and a sensor thickness of 1 mm. The image was
reconstructed by image stitching obtained by moving the detector vertically to scan the whole beam. The vacuum tube connecting
the bunker and the experimental area is visible, as well as some mechanical supports for motorized detectors located on the first
part of the line (inside the bunker) which were not retracted and remained in the beam path during image acquisition. The intensity
profiles of the horizontal and vertical slices centered on the beam’s maximum intensity (drawn by the dashed and dotted black lines)
are shown in Fig. 10b and c, respectively.

To reconstruct the intensity distribution as a function of polar angle, camera pixels belonging to rings 2 mm wide of different
radii, r4e(, centered on the beam axis, were summed, and the corresponding polar angles with respected to the z-axis were calculated
as follows: O4er = Fder/ Daer, Where D,y is the distance from the camera to the interaction point (Dge;r ~ 10.6 m). The reconstructed
intensity distribution, normalized to unity, is shown in Fig. 10d (red dots) for values of O4¢ less than 2.5 mrad. The area corresponding

3In unsynchronized X-ray production mode, the flux is divided by a factor 1000 to 2000; this factor is dependent on the repetition frequency (known), on
the lengths of the laser pulses (~ 10 ps measured) and on the length of the electron bunch at the interaction point, expected to be around 10 ps, but not yet
measured.
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Fig. 9 First ThomX X-ray
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Fig. 10 First full-field image of the X-ray beam acquired with a Pilatus CdTe camera a. Intensity profiles along dashed b and dotted ¢ black lines drawn on
the image. Intensity distribution (normalized to the unity) as a function of the polar angle 64e; d for camera data (red points), simulation with o, = 4.4 mrad
(red full line), simulation with o, = 0 (dashed black line). The region delimited by the red circle on the image delimits the area 0ge; < 2.5 mrad

to Oger < 2.5 mrad is delimited by the red circle in Fig. 10a. The dependence of the intensity on the scattering angle 0x (defined in
Fig. 1) is written as follows [8]:

1+ (y20§)2

10x) ~ ———.
X (1+y20)2()4

(©)

For an electron moving along the z-axis, 9}2( in formula (6) is equal to Oget. For an electron making a polar angle 6, with the
z direction, 0)2( is written as [8]: 9)2( ~ Qget + 93, as long as 6ge; and 6, are small (i.e., sinf, ~ 6, and sinBge; ~ 6Oger). The
experimental intensity distribution has been adjusted with expression (6) convolved with the probability distribution of 982: dp/ d982 =
1/ (2%/2) c::xp[—@e2 / (20;2)] [8]. An electron beam divergence o, equal to ~ 4.4 mrad leads to the best adjustment (shown in solid red
line in Fig. 10d) and is quite similar to the value of 3.3 mrad deduced from the X-ray spectrum (c.f. Subsect. 4.5). To visualize the
order of magnitude of the influence of the electron beam divergence on the distribution, the simulated distribution for o, = 0 is also

shown in Fig. 10d (dashed black line).
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Table 1 Current and future Today Near future Next future Unit

electron, laser and X-ray beams

parameters Electron/laser synchronization No Yes Yes
Electron energy 50 50-70 50-70 MeV
Avg stored electron charge 0.05 0.5 1 nC
Avg stored laser power 30 100 700 kW
Electron spot size at IP (rms) 77 77 77 (pum)
Laser spot size at IP (rms) 65 65 40 (pvm)
X-ray Compton edge 45 45-90 45-90 keV
Avg total flux 2.107 6.10" 11013 ph/s

5 Conclusion and outlook

We produced the first X-ray beam with ThomX and acquired the first spectrum and image of the beam in the experimental area.
A flux of ~ 107 ph/s (full spectrum) was produced in a mode of unsynchronized electron/laser collisions. A fit of the spectrum
enabled us to deduce the energy, energy spread and divergence values of the electron bunches, and then obtain the energy value of
the on-axis Compton photons (44.7 keV). The divergence of the electron beam can also be deduced from the intensity distribution
with respect to the polar scattering angle and was found to be quite similar to the value obtained from the spectrum.

In the near future, we will implement synchronized coincidences of the electron bunches and laser pulses (a gain of 1000 to 2000
is expected for the flux). We will also increase the electron bunch charge stored in the ring by a factor of ~ 10 by increasing the
charge delivered by the injector* on the one hand, and improving the matching between the transfer line and the ring on the other.
Electron energy will be boosted to reach 70 MeV*. We will also increase the power stored in the optical cavity to ~ 100 kW by
increasing the power injected into the cavity and improving the coupling of laser pulses into the cavity. With these improvements,
the total flux will reach Fio ~ 5 x 10'! ph/s. In the slightly more distant future, an electron charge of 1 nC and laser power of 700
kW stored in the ring and Fabry—Perot cavity, respectively, as well as a decrease in the transverse size of laser pulses to 40 pm are
planned and will allow producing ~ 10'3 X-rays/s in the 45-90 keV energy range. Table 1 summarizes the ThomX parameters
expected in the near future, those achievable in the more distant future, and indicates the corresponding X-ray energies and fluxes.

Once we will have achieved a stable flux of ~ 10'! X-rays/s, the main analysis techniques used in X-ray research will be qualified
in the experimental hutch. We will demonstrate the source’s potential and limitations in the field of imaging (standard imaging,
propagation-based phase contrast imaging, K-edge subtraction imaging and tomography). Using phantoms of low-density materials
with properties comparable to those of soft tissue, we will measure spatial resolution and contrast, assess sensitivity to contrast
drugs, determine the minimum exposure time required, and demonstrate the absence of beam-hardening effects thanks to the beam’s
quasi-monochromaticity. In addition, after commissioning and characterizing our monochromator and focusing device, we will
set up simple demonstration experiments by illuminating crystal or powder samples to qualify our source in terms of sensitivity
and resolution in fluorescence spectroscopy and diffraction analysis techniques. For this, a pink beam or a monochromatic beam,
the naturally divergent beam or a focused beam will be used. Finally, we will be studying the feasibility of the XANES (X-ray
Absorption Near Edge Structure) and EXAFS (Extended X-Ray Absorption Fine Structure) techniques [39, 40] with the ThomX
beam.

Several experiments or proofs of principle of some analysis techniques currently achievable only in synchrotrons have been
carried out at the MuCLS source and have shown promising results [41]. The advantages and the interests of a high-intensity
compact Compton source installed in an university, a museum or an hospital are obvious. The current advances in this area pave the
way for the transfer of synchrotron techniques into lab-scale environments. The brightness that ThomX will be capable to achieve
will be decisive as to the feasibility, quality and efficiency of each of the above-mentioned analysis techniques.
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