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1 Introduction

The second commissioning shift of the SPARC LAB Thomson source took place in June 2015 aiming to
improve the Nγ ≈ 6×103 photon flux measured in the very first attempt of Compton collisions in 2014. The
SPARC LAB Thomson source has been described elsewhere [8] and it consists in the SPARC photoinjector
[2, 3], that provides the 30÷150MeV electron beam, coupled with the 300TW FLAME laser system [2, 6]
in order to provide a X-ray Thomson source in the range of 20÷500keV . A 20m double dogleg carries the
electron beam output from the photo injector down to the Thomson Interaction Point where the FLAME
laser pulse is brought by a 20m in vacuum optical transfer line, see Fig. 1.

Since the first planned experiment with the Thomson radiation was the X-ray imaging of mammogra-
phy phantoms with phase contrast technique [1,5,7], the source parameters of the electron and laser beams
have been so far optimized to obtain the required flux of photons with moderate (20%) monochromaticity
according to the simulation results described in [7] and are reported in Table1. For this commissioning phase
anyway more relaxed parameters have been adopted and the obtained results are described in the following
sections of this paper. Nevertheless is worth to notice the relevance of the SPARC LAB Thomson source
in terms of energy tunability that, for example, will provide the possibility to explore the ELI-NP Gamma
Beam Source low energy range operation, since the electron beam energy is foreseen to range between
75 and 740 MeV. Certainly the opportunity to test the electron beam dynamics together with the electron
and radiation diagnostic will play an important role in view of the ELI-NP machine future commissioning
in Magurele under the INFN responsability. Moreover thanks to the FLAME laser system flexibility non
linear regimes for the Compton scattering could be explored together with new experimental schemes that
conjugate the Compton radiation production with the most advanced plasma based acceleration schemes
for the electrons.

Figure 1: SPARC LAB Thomson source schematic layout.



Table 1: Thomson Source Design Parameter list (2015 run)

Electron Beam Energy (MeV) 30
Energy spread % < 0.1
Charge (pC) 100÷800
Emittance (mm mrad) 1÷3

Laser Beam Wavelenghth (nm) 800
Pulse energy (J) 1÷5
Pulse length (ps) 6
Spot size (µm) 10
Repetition rate (Hz) 10

X-ray Beam Photon energy (keV) 20÷22
Photon number per shot 109

Source rms radius (ps) 10
Bandwidth % 10÷20

2 The Electron Beam

The electron beam is provided by the SPARC photoinjector [2, 3]; the working point for this second com-
missioning phase has been set up with Q = 200pC beam and energy E = 30MeV . No RF attenuators
are available in the RF systems of the three S-band TW sections that follow the gun, therefore an hy-
brid compression-deceleration scheme has been set with the following phases of the accelerating sections:
ΦS1 =+32deg, ΦS2 =−72deg, ΦS3 =−134deg from crest, in order to minimize the effects of the power
amplitude jitter from the feeding Klystrons, and obtain a final energy of 30MeV with an energy spread
σδ 6 0.1%. The envelope and beam emittance evolution through the photoinjector has been simulated with
the ASTRA [4] and 50k particles; the results are shown in Fig. 2 and are in good agreement with the beam
spot measurements (reported dots, crosses) taken at the screen locations along the linac. The longitudinal
space of the electron beam at the exit of the photoinjector is measured by means of the S-band RF de-
flector coupled with a 14 dipole magnet and is reported in Fig. 3 as captured on the YAG screen located
downstream the dipole.

From the photoinjector exit a double dogleg brings the electron beam to the interaction points of
the Thomson experiment, its R56 parameter can be set in the range of 50 mm, closing the horizontal
dispersion at the end of the last dogleg dipole. For the commissioning phase the dispersion is closed at
the end of each dipole pair and the emittance evolution measurement is performed with the quadrupole
scan technique in each straight section downstream the dipole pairs [8]. From the transverse emittance
measurement performed at the linac exit the Twiss parameters are obtained to match the beam to the dogleg
entrance for the transport to the Interaction Point. The final focusing is performed in the final straight
section using a quadrupole magnet triplet and a solenoid, with a maximum field B=1.1T, close to the IP. At
30 MeV the minimum obtained spot size for the electron beam was around σrms ≈ 60÷80µm as reported
in Fig. 4.

3 The Photon Beam

The laser pulse used to drive the Thomson back scattering process with the SPARC electron beam is pro-
vided by the FLAME laser system [6]. FLAME is a nominal 300TW laser system that uses 11 YAG pump
lasers and 5 titanium-sapphire multi-pass amplifiers to produce linearly polarized pulses with a central
wavelength λ0 = 0.800µm in a 60÷80nm bandwidth. The pulse duration ranges between 25 f s6 τL 6 10ps,



Figure 2: Electron beam emittance (hor, vert) and envelope (x,y) evolution from the photocathode to the
linac exit calculated with the Astra code (Full 3D analysis). The dots and crosses represent the beam spot
measurements (horizontal and vertical) taken in these configurations at screen locations along the linac.

Figure 3: Longitudinal phase space image of the 30MeV electron beam coming out the SPARC photoinjec-
tor.



Figure 4: Electron beam spotsize at the IP, with σrms ≈ 60÷80µm, vertical and horizontal respectively.

and the maximum energy is E = 7J that corresponds to an energy on target Et ∼ 5J, at 10Hz repetition rate.
The required focal spot has been obtained with the use of the adaptive optic placed inside the compressor.

4 Synchronization

The Thomson scattering experiment needs an extremely precise synchronization between electron bunch
and laser pulse. The synchronous arrival of electrons and photons at the IP is obtained by locking the
oscillators of the photo-cathode laser and interaction laser systems, and the phase of the RF accelerating
fields to a common Reference Master Oscillator (RMO). The RMO is a low phase noise (60 f sRMS integrated
in the 10Hz÷ 10MHz range) microwave oscillator tuned at the Linac main frequency 2856 MHz. The
laser oscillators are locked through a PLL architecture to the 36th sub-harmonics of the RMO, while the
output RF phase of the linac klystrons is downconverted to baseband by mixing with the RMO signal, and
deviations are corrected both within the 4µs RF pulse duration (jitter feedback) and pulse-to-pulse (drift
feedback).

5 X-ray beam Diagnostic

In the commissioning phase a detector that allows to measure the x-ray yield is required that must have
a high sensitivity and a wide dynamic range to detect the potentially weak signal generated in the first
non-optimised collisions. The detector we selected is a scintillator crystal coupled with a photomultiplier
tube (PMT) located at 450cm downstream the Thomson IP. The crystal used is a CsI(Tl) of size (20x20x2)
mm3, coupled with a light-guide to a PMT (Hamamatsu, mod. R329-02). The signal is acquired using
both an oscilloscope and a multichannel analyser (MCA-8000, Amptek, US) connected to a PC. Due to
the high intensity and short duration of the pulse, it is not possible to distinguish the signal produced by
the interaction of each single photon in a pulse, as in traditional spectroscopic application, but the signal is
proportional to the entire energy released in the scintillator by each pulse. Therefore, an information on the
energy distribution is required to evaluate the number of photon in each pulse.



Figure 5: Thomson X-radiation image collected with Hamamatsu imager Flat Panel C9728DK-10, located
at 300cm from the IP, with 1s exposure time and averaged over 100 images.

6 Commissioning results

For the selected WP with 200pC and 30 MeV electron beam at the Linac exit the measured normalized
transverse emittance was εx−y = 1.2−2.2±0.2µrad, with an energy spread σδ = 0.1±0.03%, and a rms
length σz = 2.2÷ 0.2ps. The minimum electron beam size reached was σx−y ∼ 60− 80± 10µm. Due
to background problems on the X-ray detectors, placed relatively close to the electron beam dumper, we
should limit the IP electron spot size to σx−y ∼ 110±10µm. In fact, due to a residual misalignment of the
electron beam with the respect to the dumper vacuum pipe (enhanced by the strong focusing field of the
solenoid B = 0.7 T), the background increased when the beam divergence was higher as consequence of a
stronger focusing at IP. This misalignment was also detected by the imager recorded data that are shown in
Fig.5 where the Thomson radiation image is clearly cut by the Perspex CF 40 window profile.

To measure the radiation energy two k-edge filters, Nb and Zr, were also used, resulting in a roughly
estimated value of 13 keV, confirming the cut of the most energetic part of the produced radiation due to
the tilted electron trajectory. In fact, with our commissioning setup the expected number of photons in the
20% bandwidth is:

Nγ = 4.8×108 UL [J]Q [pC]δφ

hν [eV ] (σ2
x [µm]+

w2
0[µm]

4 )
≈ 1.4×106 photons/shot (1)

with UL ≈ 2J, Q ≈ 200pC, δϕ = 0.2, hν = 1.55eV , σx,y ≈ 110µm and wo ≈ 150µm while our mea-
sured photon flux is Nγ ≈ 104 photons/pulse.

Another contribution to the reduction of the obtained photon flux can also come from the jitter sensi-
tivity of our 30MeV working point, deeply off crest in the S-band accelerating sections, as coming out from
the simulation results shown in Fig. 6, where the Thomson radiation spectrum is shown as calculated with
CAIN code starting from the measured parameters for the electron and photon beams (Fig.6 above) and
its sensitivity to the jitter of electron beam horizontal centroid is shown in terms of photon flux reduction
(Fig.6 below).

7 Conclusions

The second commissioning phase of the SPARC LAB Thomson source took place in the June 2015 ded-
icated shift. The 30 MeV electron beam energy WP has been addressed as foreseen for the first planned
imaging experiment. With the available hardware (only phase shifters on the 3 TW S-band sections) the ap-
plied acceleration/deceleration scheme worked well enough to produce a low energy spread electron beam



Figure 6: Thomson X-radiation spectral distribution calculated from the measured electron and laser beam
parameters for this second commissioning shift (above), the relative photon flux reduction estimation com-
ing from the jitter in the transverse electron beam centroid.



at 30 MeV, even though resulting in a strong sensitivity for the electron beam to the machine imperfec-
tions/stability. The optimization plan foresees a better control of the electron trajectory at the IP to avoid
unrecoverable off-axis emission of the Thomson radiation and too high background contribution to the X-
ray detectors signal. An interaction setup upgrade is also under study, coming to an non-zero angle colli-
sion in order to make it easier the electron and laser pulse trajectory control removing the on axis counter
propagation that limit the room availability for both beams diagnostic.
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