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Abstract

In the future the existing UNILAC (UNIversal Linear Ac-
celerator) at GSI will be most exclusively used as an injector
for FAIR to provide short pulse high intensity heavy ion
beams at low repetition rates [1]. A new superconducting
(sc) continuous wave (cw) high intensity heavy ion Linac
should provide ion beams with max. duty factor above the
coulomb barrier for the Super Heavy Element (SHE) pro-
gram at GSI. The fundamental Linac design comprises a low
energy beam transport (LEBT)-section followed by a sc Drift
Tube Linac (DTL) consisting of sc Crossbar-H-mode (CH)
structures for acceleration up to 7.3 MeV/u [2, 3]. After the
successful test and commissioning of the first demonstrator
section with heavy ion beam from the HLI in 2017 [4], the
next two sc CH-structures have been constructed and the first
one has been extensively tested at cryogenic temperatures at
the Institute for Applied Physics (IAP) at Goethe University
Frankfurt (GUF). The results of the final cold test of the first
CH-structure as well as the next steps realizing a new sc cw
heavy ion LINAC at GSI will be presented.

INTRODUCTION

The construction of two sc 217 MHz CH-cavities (CH 1
and CH 2) for the new advanced demonstrator started in De-
cember 2016 and was finished in March (CH1) and Septem-
ber 2018 (CH2). During the construction phase several fac-
tory side measurements have been performed to monitor cru-
cial parameters like frequency and the tuning concept [5, 6].
Both cavities have the same geometry and the same constant
beta profile. Compared to recent sc CH-cavities both cavi-
ties are designed without girders and with stiffening brackets
on each inclined end cap (see Fig. 1) aiming for increased
mechanical stiffness and reduced pressure sensitivity. Each
cavity is equipped with two dynamic bellow tuners to adjust
the frequency accordingly during operation. The design
gradient is 5.5 MV/m, which has to be achieved by eight
accelerating cells. In Table 1 the main parameters of the first
two 217 MHz CH-cavities are depicted.

∗ Work supported by BMBF Contr. No. 05P15RFRBA and the EU Frame-
work Programme H2020 662186 (MYRTE)
† Basten@iap.uni-frankfurt.de

Figure 1: Layout of the sc 217 MHz CH-cavity CH1/CH2.

Table 1: Main Parameters of CH-cavity CH1/CH2

Parameter Unit Value
β 0.069
Frequency MHz 216.816
Accelerating cells 8
Length (βλ-definition) mm 381.6
Cavity diameter (inner) mm 400
Cell length mm 47.7
Aperture diameter mm 30
Static tuner 3
Dynamic bellow tuner 2
Wall thickness mm 3-4
Design Accelerating gradient MV/m 5.5
Ep/Ea 6
Bp/Ea mT/(MV/m) <10
G Ω 50
Ra/Q0 Ω 1070

EXPERIMENTAL SETUP
After the delivery of CH1 to GUF in March 2018, cavity

preparations have been started for the first test at 4.2 K in
a vertical cryostat at IAP. The cavity has been equipped
with eight temperature probes, 60 Thermo-Luminescence-
Dosimeters (TLD’s) and two piezo elements (see Fig. 2).
The TLD’s around the cavity surface record the x-ray-spectra
generated inside the cavity during high field levels to observe
possible sources of field emission. The piezo elements can
be used as actuator and sensor to analyze the mechanical
eigenfrequencies of the cavity. The RF measurement setup
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Piezo element
TLD
Temperature probe

Figure 2: Vertical string with cavity in a support frame
equipped with TLD’s, temperature probes and piezo ele-
ments.

comprises of an RF generator, a 50 W broadband amplifier,
an RF control system, several power meters, scopes, network
analyzers and a piezo amplifier.

MEASUREMENT RESULTS
After the assembly of the cavity string into the vertical

cryostat the liquid nitrogen shield was partially filled to pre-
cool the cavity, directly followed by a rapid cooldown with
liquid helium down to 4.2 K. Avoiding hydrogen related Q-
disease the temperature change was in the range of 1.8 K/min.
After cooldown to 4.2 K the mean residual pressure inside
the cavity came down to 5 × 10−10 mbar by using a turbo-
molecular and an ion getter pump. After several days of RF
conditioning at various power levels and sweep times, all
multipacting barriers could permanently be surmounted and
the RF performance of the cavity could be determined. Fig-
ure 3 shows the resulting Q0 vs. Ea curve of the vertical (test
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Figure 3: Q0 vs. Ea curve at 4.2 K.

without helium vessel). The maximum Q-value at low field
levels (Qlow

0 ) was approx. 1.02 × 109 and a maximum gra-
dient of 9 MV/m corresponding to 3.32 MV voltage could
be reached. The unloaded Q-value Q0 dropped down to
2.43 × 108 at this field level which is near to the external Qe-
value of the input power coupler of 1.68 × 108. The design
Q-value of 3 × 108 is reached at an gradient of 8.52 MV/m,
which is 55% more than the design gradient of 5.5 MV/m.
The main measurement results of the first RF test at 4.2 K
are summarized in Table 2.

Table 2: Main Results of the First RF Test of CH1 at 4.2 K

Parameter Unit Value

Qlow
0 1.02 · 109

Qlow
e 1.68 · 108

Rs nΩ 48.4
RBCS nΩ 12.6
Rmag nΩ 9.78
R0 nΩ 26.02
Ea MV/m 9
Ue f f MV 3.32
Qhigh

0 2.43 · 108

Qlow
e 1.68 · 108

FIELD EMISSION
Due to technical limitations, High Pressure Rinsing (HPR)

could be performed only along the beam axis of the cav-
ity. A new HPR installation in the new laboratories at the
Helmholtz-Institute in Mainz will allow rinsing of each quad-
rant of the cavity in the next future. To determine if there are
still impurities on the inner surface it is necessary to evaluate
the power consumption inside the cavity Ptotal

c depending
on the accelerating gradient Ea. The total power loss Ptotal

c

comprises of ohmic losses Pohmic
c , expected with a constant
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Figure 4: Total losses Ptotal
c as well as pure ohmic losses

Pohmic
c inside the cavity depending on Ea.
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Figure 5: Non-ohmic losses Pnon−ohmic
c inside the cavity

depending on Ea.

Q-value, and non-ohmic losses Pnon−ohmic
c e.g. field emis-

sion. Figure 4 shows Ptotal
c as well as Pohmic

c while Fig. 5
shows Pnon−ohmic

c , depending on Ea. Both figures show
increased non-ohmic losses from Ea = 5 MV/m which indi-
cates the activation of a field emitter. But even at high field
gradients the additional losses induced by the field emission
are still low considering the fact that the HPR treatment
could only be performed along the beam axis. This can also
be seen in the corresponding Fowler-Nordheim plot shown
in Fig. 6. It illustrates the enhancement factor βFN = 84.3
of the electric fields on the surface of the field emitter an
indicates how pointed it’s geometry is. The corresponding
maximum electric field Ep is in the range of 4.6 GV/m at
the maximum accelerating gradient of Ea = 9 MV/m.

0 , 0 1 0 , 0 2 0 , 0 3 0 , 0 4 0 , 0 5 0 , 0 6 0 , 0 7 0 , 0 8- 2 8
- 2 7
- 2 6
- 2 5
- 2 4
- 2 3
- 2 2
- 2 1
- 2 0
- 1 9
- 1 8
- 1 7

ln(
I/E

2.5 p
)

1 / E p  /  ( m / M V )

 v e r t i c a l  t e s t  a t  4 . 2  K
 β F N  =  8 4 . 3

Figure 6: Fowler-Nordheim plot for the first RF test at 4.2 K.

SUMMARY & OUTLOOK
The first test with low level RF power of CH1 at 4.2 K at

IAP was successful and has shown a very promising gradient
of 9 MV/m. Although the surface preparation could only
be done along the beam axis, field emission started at high
gradients above 5 MV/m and the field enhancement factor
was in the range of βFN = 84.3 only. The next step is the
first cryogenic test with CH 2, to compare the results with
CH 1 as well as a possible test at 2 K with both cavities. Ad-
ditionally an improved surface preparation to be performed
at the Helmholtz-Institute in Mainz on both cavities is fore-
seen when the construction of the laboratories is finished to
improve the surface conditions even further.
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