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Abstract

TAEC/SNRC in Israel is in the process of constructing a
neutron production accelerator facility called SARAF. The
facility will utilize a linac to accelerate a 5 mA CW deu-
teron and proton beam up to 40 MeV. In the first phase of
the project, IAEC completed construction and operation of
a linac (referred to as SARAF Phase I) which included an
ECR ion source, a Low-Energy Beam Transport (LEBT)
line, and a 4-rod RFQ. The second phase of the project in-
volves collaboration between IAEC and CEA in France to
manufacture the linac. Recently, the injector control system
has been updated and the Medium Energy Beam Transport
(MEBT) line has been installed and integrated into the in-
frastructure. Testing and partial commissioning of the in-
jector and MEBT were completed in 2022, and this paper
presents the results of that work prior to the delivery of the
cryomodules.

INTRODUCTION

The Medium Energy Beam Transport (MEBT) section
spans approximately 5 meters and consists of 3 rebunchers
and 8 quadrupoles, each equipped with a steerer for orbit
correction. The MEBT serves various purposes, including
adapting the beam from the RFQ to the Linac, cleaning the
transverse halo (if necessary) using three sets of slits and a
chopper (which will be installed later on), minimizing the
residual gas sent to the Superconducting Linac (SCL), and
characterizing beam properties such as current, position,
phase, energy, transverse and longitudinal profiles, and
emittances. The MEBT was initially constructed and tested
at CEA Saclay during the first half of 2020. A dedicated
test stand was utilized to ensure proper alignment, vacuum,
cooling, power supplies, and associated control systems.
Subsequently, the MEBT was transported to Israel in Au-
gust 2020 to be installed and integrated by SNRC teams in
its final position between the RFQ and a D-plate that was
previously employed during Phase I. The MEBT was com-
missioned in two phases with beam at SNRC, with the first
in December 2021 and the second from May-December
2022, conducted in parallel with other activities. All avail-
able diagnostics for the commissioning phase are displayed
in Figure 1, including two ACCTs for current monitoring,
transmission, and SBCT, four BPMs for measuring beam
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position and phase, one Fast Faraday Cup (FFC) in the first
diagnostic box, and one Faraday Cup at MEBT exit in the
second diagnostic box. These diagnostics were primarily
used to measure beam transmission, provide protection,
and facilitate longitudinal characterization. A wire scanner
in the first diagnostic box and a SEM-Grid in the second
diagnostic box were later installed during the second se-
mester of 2022 for transverse characterization.

Faraday
Cup

Figure 1: diagnostics and layout of the MEBT the 8 quad-
rupoles are in blue and red and the 3 rebunchers are in
light grey.

After ACCT3, a D-plate was connected, and Figure 2
shows available diagnostics for longitudinal characteriza-
tion, such as phase probes, FFC, FC and MPCT for current
monitoring and a set of slits and wires for transverse emit-
tance measurements.
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Figure 2: available D-plate diagnostics [1]

A temporary beam line with two transverse profilers and
two FC stations, as well as the Galium Indium Liquid Tar-
get (GALIT) was installed downstream for high duty cycle
operation.
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COMMISSIONING WITH BEAM

RFQ and MEBT Transmission Measurements

Using the new LLRF hardware and software [2], the re-
quired voltages for proton operation were applied to the
RFQ and rebunchers. The LEBT optics were adjusted to
maximize beam transmission at the RFQ exit. Beam cur-
rent was measured at different locations, including the
LEBT ACCTI1, ACCT2 immediately after the RFQ exit,
and FC at the end of the MEBT. Figure 3 shows that the
transmission plateaus at 710 mV (over 90%), which is the
most efficient voltage from a transmission perspective. The
RFQ transmission obtained in this phase is significantly
higher than what was reported in Phase I [3]. The reason
for this discrepancy is unclear and may be attributed to im-
provements made to the SARAF ion source at this stage.
To determine the transmission through the full MEBT, the
beam was stopped at the FC, and the current measured
there and in the ACCT2 was compared with the one meas-
ured in ACCT1 (before the RFQ). The MEBT optics were
adjusted based on beam dynamics simulations for this spe-
cific measurement. The measurements demonstrated al-
most 100% MEBT transmission.
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Figure 3: Beam transmission in ACCT2, in green, and the
FC, in blue, of the MEBT as a function of the LLRF Uamp
(RFQ voltage).

Rebuncher Phasing

The two BPMs located after each cavity serve as phase
probes to tune the three rebunchers using the Signature
Matching method [4]. The data obtained from the measure-
ment was well-matched with a cosine fit and TraceWin
simulations. However, there was a difference between the
rebuncher phase of no acceleration and the average esti-
mated energy phase from the fit, resulting in a 12° offset
between the two points (as shown in Figure 4). This dis-
crepancy was observed for all the rebunchers. It is due to a
poor compensation of the beam loading and disappears
with a better setting of the LLRF. For the third rebuncher,
phase probes from the D-plates were used.
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Figure 4: Rebuncher 1 phasing. In green is the estimated
energy based on the measurement of the phase difference
between BPM2 and 3. In red is the cosine fit. In black and
blue are the discrepancy between the phase of no accelera-
tion and the phase of the fit energy average.

Bunch Longitudinal Size Measurement

The Fast Faraday Cup, which is located after the first re-
buncher, is used to measure the longitudinal bunch profile.
The measured profile is found to be in good agreement with
the expected profile from simulations, as illustrated in Fig-
ure 5. Nevertheless, applying appropriate filters to mitigate
noise or negative bouncing (at 50° for example) in the ex-
perimental waveform can lead to further improvements in
the accuracy of the measured profile.
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Figure 5: bunch longitudinal profile measured on the FFC
after the first rebuncher in blue, and the TraceWin simula-
tion in red.

Longitudinal Emittance

The gradient variation method [5] was used to compute the
longitudinal emittance. To monitor the bunch length, the
rebuncher voltage was varied while the beam was meas-
ured at the MEBT FFC, as shown in Figure 6. For this
measurement, a low-noise 6 GHz bandwidth amplifier and
a 4 GHz scope with fast response were used. To minimize
the loss in the long cables, the scope was located close to
the FFC.
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Figure 6: Longitudinal bunch size measured on the FFC as
a function of the rebuncher 1 voltage.

Transverse Emittance

For transverse emittance, the bunch size was measured
with the MEBT wire scanner as a function of a quadrupole
strength. The Twiss parameters are also computed for the
exit of the RFQ, see Figure 7.
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Figure 7: calculated transverse Twiss parameters at the exit

of the RFQ from measured wire scanner data in red for the
horizontal and blue for the vertical plane.

The transverse emittance is also measured in the Dplate
with a set of slits coupled with wires. It allows to construct
the phase space presented on Figure 8. The horizontal emit-
tance between the two measurements are consistent. The
vertical emittances show a discrepancy of 30% which
might be the systematic errors of the measurements.

202 . mm. mrad 1.75 20 Q& =0.213 n.mm.mrad
By =2.451 mrad/m.mm

OB

x',mrad
-
o
o
y'.mrad
o

—10 -EE—

-10 0 10 -10 0 10
x,mm y,mm

Figure 8: calculated transverse Twiss parameters at the exit
of the MEBT from the emittance meter in the DPlate.

TUPA: Tuesday Poster Session: TUPA
MC4.A08: Linear Accelerators

ISSN: 2673-5490

JACoW Publishing
doi: 10.18429/JACoW-IPAC2023-TUPA172

High Power Beam Test

After a first beam power ramp up with a duty cycle of
40% on the MEBT FC. The pulse length was increased to
99ms with a repetition rate of 10Hz on March 23, 2023 to
the GALIT. The beam trips from the MPS represented in
blue on Figure 9 are a result of beam instability from the
RF of the RFQ and still require some investigation in order
to reach higher availability. Figure 10 shows the beam cur-
rent measurement in the Dplate for 50 and 99% duty cycle.

Figure 9: ramping up of duty cycle for a proton beam in the
MEBT. Pulse length in red (in us), pulse frequency in
green (in Hz) and beam presence in the beamline in blue.

Figure 10: Current monitoring for 50% duty cycle on the
left and 99% on the right with an ACCT installed up-
stream of GALIT.

CONCLUSION

The MEBT was installed at SARAF, followed by its
commissioning with and without beam. The feasibility of
transporting a proton beam of 5 mA average current was
demonstrated and the main characteristics were analysed.
The commissioning will continue with the transport and
characterization of the deuteron beam, and finally the in-
stallation and commissioning of the cryomodules.
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