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Abstract

CEA is committed to delivering a Medium Energy Beam
Transfer line and a superconducting linac (SCL) for
SARAF accelerator in order to accelerate 5 mA beam of
either protons from 1.3 MeV to 35 MeV or deuterons from
2.6 MeV to 40 MeV. The SCL contains 13 half-wave reso-
nator (HWR) low beta cavities (beta= 0.09) at 176 MHz
and 14 HWR high-beta cavities (beta = 0.18) at 176 MHz.
The low-beta and high-beta series were qualified in 2021
and 2022 respectively. This contribution will focus on the
observation of the multipactor barriers for all cavities. It
will present series of data obtained during the conditioning
of these cavities.

INTRODUCTION

In 2014, CEA (Commissariat a 1’Energie Atomique et
aux Energies Alternatives, Saclay, France) was committed
to delivering a Medium Energy Beam Transfer line and a
superconducting linac (SCL) for SNRC (Soreq Nuclear
Research Center, Soreq, Israel), on the SARAF (Soreq Ap-
plied Research Accelerator Facility) site [1].

This new accelerator, called Saraf-Phase II, was de-
signed to accelerate 5 mA beam of either protons from 1.3
MeV to 35 MeV or deuterons from 2.6 MeV to 40 MeV.
CEA planned the end of the commissioning of the last cry-
omodule for 2023.

The SARAF-Phase II accelerator contains 13 supercon-
ducting cavities with f,,. = 0.09, called low-beta (LB)
cavities, and 14 superconducting cavities for f = 0.18,
called high-beta (HB) cavities [2]. A detailed presentation
of the results for LB series can be found in Ref. [3].

In 2022, the last HB series cavities were tested success-
fully. These 29 tests produced a lot of data concerning the
multipactor (MP) conditioning. The purpose of this paper
is to present some of these data and discuss them. It shows
that the duration of the conditioning of these cavities is in-
versely proportional to the power accepted by the cavity.

DESIGN

The design of both cavity kinds began in 2016 and was
described in Ref. [4]. The frequency for the superconduct-
ing LINAC is 176 MHz, in order to keep the RFQ [5]. Ta-
ble 1 presents the performances for these accelerating
fields as mentioned in Ref. [6].
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Table 1: Performances According to Final RF Simulations

Parameter Low f cav. High B cav.
Bopt 0.091 0.181
Eacc(MV/m) 7 8.1
Ep(MV/m) 34.5 35.8
Bpk(mT) 65.6 65.3
Qomax@4.45 K 8108 1.2:10°
R/Q@Bopt () 189 280
Stored Energy (J) 5.7 16.8
RF losses @ Qq (W) 7.9 15.5

Figure 1 (left) presents the final design of the LB cavity
with its helium tank. Both inner and outer conductors are
cylindrical. Figure 1 (right) presents the final design of the
HB cavity with its helium tank. Contrary to the LB cavity,
the inner conductor is conical. See Ref. [3] for more infor-
mation.
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Figure 1: LB (left) HB (right) SARAF cavity.

SIMULATION OF MULTIPACTOR

Before launching the manufacturing of the cavities, we
tried to simulate potential MP regions using the Musicc3D
software [7]. A few MP regions were found at low field,
from 30 kV/m to 100 kV/m as shown in Figure 2. We were
not able to find MP barriers at higher field, even if the ex-
perience showed that they exist for both cavities.
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Figure 2: LB cavity MP barriers according to Musicc3D.

VERY LOW FIELD MP BARRIERS

All tests were done with the cavity fully immerged in
liquid helium at 4.2 K (diphasic He at 1 atm.).

We observed MP barriers at very low field between 30
and 40 kV/m for both cavities. When the cavity is stuck at
this field, conditioning is not effective, even after hours.

If the cavity is first launched with an injected power
higher than 100 mW, these barriers are not visible. How-
ever, after a few ten minutes of tests at higher field (higher
than 2 MV/m), launching the cavity with 100 mW blocks
it in the barrier. The minimal required power to relaunch
the cavity is around 500 mW (with approximately 50%
chance to pass the barrier). Sometimes, after a few hours
without RF, the very low-field barrier is easier to pass.
These barriers tend to reinforce with time of testing.

We did not see any significant difference between LB
and HB cavities for very low-field barriers.

MEDIUM FIELD MP BARRIERS

Medium field barriers were found from 1.8 to 3.5 MV/m
for LB cavities and 1.6 to 2.7 MV/m for HB cavities. These
barriers have been successfully conditioned for all cavities.
However, time to condition them was variable from one
cavity to another one.

For LB cavities, it took only 20 minutes for cavity called
SLN103, and 1 hour for cavity SLN101, with a majority of
cavities between 30 and 40 minutes. Figure 3 shows the
evolution of the MP barrier in time for the three first series
cavities, SLN101 to SLN103. Most of the other cavities
behaved similarly to SLN102. After the end of the condi-
tioning, we tested of the cavity on the full range to verify
that barriers were well conditioned. A second conditioning
was necessary for none of the LB cavities.

Figure 3 shows that the evolution is not linear. Figure 4
shows the conditioning for two cavities with approximately
the same conditioning duration. We observed two very
close MP barriers. When the first barrier ends, at 2.7
MV/m, the second barrier begins. Curves are close to a par-
abolic function. For the first barrier, the field seems to be
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exactly the same for both cavities, but the field of the sec-
ond barrier seems different. It appeared that all cavities
show these 2 separate barriers, with variations of 0.1 to 0.2
MV/m from one cavity to another one.

Multipactor barriers for different cavities
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Figure 3: Time to condition the multipactor barriers for 3
LB cavities.
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Figure 4: Evolution of Eacc in time for two LB cavities:
SLN102 and SLN105.

We observed the effect of the injected power on the evo-
lution of the MP barrier. Cavity SLN111 was conditioned
with two different input powers: 5.8 and 3.0 W (4.7 and 2.7
W accepted powers). Figure 5 shows that the conditioning
is faster if the injected power is higher. The grey line rep-
resents the curve at 3.0 W multiplied by the ratio of the
accepted powers. The conditioning speed is almost propor-
tional to the accepted power.

The same analysis was done for HB cavities. The evolu-
tion varies from one cavity to another one. Figure 6 shows
two different HB cavities. For comparison, the condition-
ing time was divided by the injected power, as we used
about twice more power for SLN126 than for SLN127. For
SLN127, conditioning lasted 30 minutes with 4.5 W ac-
cepted power. For SLN126, conditioning lasted 2 hours
and 45 minutes with 8.5 W accepted power. At some
points, SLN126 was 20 times “slower” than SLN127. We
tried to correlate the difficulty to condition the cavity to the
performance, but found no evidence of any correlation. At
the nominal field (8.1 MV/m), the Q, for SLN126 and
SLN127 was 2.37 - 10° and 2.54 - 10? respectively. This
7% difference is close to the accuracy of the measurement.
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Multipactor barrier at different input powers
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Figure 5: Evolution of the MP barrier for SLN111 with 2
different injected powers.
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Figure 6: Evolution of the MP conditioning for SLN126
and SLN127.
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Figure 7: Multipactor barriers for cavity SLN122. The
small barrier at 0.4 MV/m is visible.

LOW FIELD MP BARRIER

Only with the HB cavities, we saw a very small MP bar-
rier at low field, only after conditioning of the medium
field MP barrier. This barrier, between 0.4 and 0.5 MV/m
was always conditioned in a few minutes. For most of the
HB cavities we did not have time to record it before the
barrier was conditioned. Cavity SLN122 was the one
where this barrier was the most visible (Figure 7). As for
other barriers, after conditioning, it was never seen again.
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CONCLUSION

In this paper, we showed a few simulations of MP barri-
ers with Musicc3D. We did not succeed to simulate barriers
at medium field, only the very low-field barriers.

During the test, three types of barriers were seen. Very
low-field barriers appeared for all cavities, but only after a
few ten minutes. These barriers cannot be conditioned but
were not critical for tests.

Medium barriers were the most common. Two barriers
were seen from 1.8 to 3.5 MV/m for LB cavities, and one
barrier from 1.6 to 2.7 MV/m for HB cavities. The evolu-
tion speed of these barriers was variable from one cavity to
another one. For HB cavities, it could vary by a factor 20.
We did not correlate this speed to the final performance of
the cavity. We observed a very good stability from one cav-
ity to another one for barrier beginning and ending fields,
even when the conditioning time was varying a lot.

A low-field barrier that can be conditioned in a few
minutes was found only on HB cavities.
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