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Abstract

Providing heavy ion beams for the ambitious experi-
ment program at GSI, the Universal Linear Accelerator
(UNILAC) serves as a powerful high duty factor (25%)
accelerator. Beam time availability for SHE-research will
be decreased due to the limitation of the UNILAC pro-
viding a proper beam for FAIR simultaneously. To keep
the GSI-SHE program competitive on a high level, a stan-
dalone sc cw-LINAC in combination with the upgraded
GSI High Charge State injector is planned to build. In
preparation for this the first linac section (financed by HIM
and partly by HGF-ARD-initiative) will be tested in 2015
as a demonstrator. After successful testing the construc-
tion of an extended cryomodule comprising two further, but
shorter CH cavities is foreseen to test until end of 2017. In
this contribution the measurement of the beam parameters
at the entrance of cw-demonstrator, the preliminary sim-
ulation of beam dynamics for the first stage of advanced
demonstrator will be presented. As a final R&D step to-
wards an entire linac an advanced cryo modules compris-
ing up to five CH cavities is envisaged for 2019 serving for
first user experiments at the coulomb barrier.
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DEMONSTRATOR ENVIRONMENT AT
GSI

The commissioning of the cw-demonstrator [1] consist-
ing of 2 superconducting (sc) solenoids and the supercon-
ducting CH-cavity is scheduled for the first quarter of 2016.
Figure 1 shows the demonstrator environment at GSI.

The beam with an energy of 1.4MeV /u from exist-
ing high charge state injector (HLI) operating at 108 MHz
is transported through the line comprising of quadrupole
lenses for transversal matching and two rebuncher cavities
for longitudinal matching to the demonstrator sc CH-cavity
[2, 3]. The liquid He cryostat maintains the cooling of the
cavity and two sc solenoids [4, 5] is placed within the radi-
ation protection shelter.

EMITTANCE MEASUREMENT OF HLI
BEAM

Within the preparations to commissioning of cw-
demonstrator, during a beam time in 2015 the transverse
emittance of the Ar’" and Ar'°" beams from HLI injec-
tor was measured. The measurements was done by a slit-
grid device [6]. Two stepping motor driven slits of 0.2 mm
width, one in vertical and another in horizontal plane are
installed in the vacuum chamber at the position of the cw-
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Figure 1: Top: footprint of the demonstrator test environment at GSI. Bottom: scheme of the beam line. The main
elements of the beam line: quadrupole triplet QT, quadrupole doublets QD1 and QD2 and two buncher cavities B1, B2.
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Figure 2: Example of measured emittance for Ar'®*. The
black curves show 4 - €,.,,,s phase space ellipses.

demonstrator entrance. Two stepping motor driven SEM
profile grids one for measurements vertical and another
one in horizontal planes are installed in separate vacuum
chamber downstream the beam line. The each grids con-
tain 31 wires with lmm interval. The distance between slit
and grid for each plane is 1000 mm, which yields an an-
gular resolution of 1 mrad. The slit and grid was moved
in 0.5 mm steps in parallel with 4 intermediate grid steps,
which increases the angular resolution up to 0.2 mrad.
Figure 2 shows the example of the transverse emittance
measurement for an Ar'’" beam. In order to increase the
significance of the measurement the emittance was mea-
sured for four different settings of quadrupole gradients
(for Ar'®" beam) and three settings for (Ar’ ™ beam). The
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Figure 3: Backwards calculated phase space ellipses to the
output of IH-DTL for four different sets of gradients for
Ar'%" beam.

measured emittance was used to make backwards calcula-
tions to the output of the IH-DTL. For this purpose prior to
the beam time the positions of quadrupoles was measured
as well as the values of excitation currents was gauged with
dedicated DC current transformer. The calculations has
been done by the matrix code "TRACE 3-D” [7]. Figure 3
shows the calculated phase space ellipses backwards to the
output of the IH-DTL for four different sets of quadrupole
gradients for Ar'®" beam. The phase space ellipses for
different settings deviate slightly due to 2% accuracy for
measurement of excitation current of quadrupoles .

Figure 4 shows the comparison of averaged phase space
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ellipses for Ar'®" and Ar’" beams. The deviations in
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Figure 4: Comparison of averaged phase space ellipses for
Ar'®* and Ar"" beams.

x — x’ plane are of the same extent as that for individual
measurements and can be explained by accuracy of current
an position measurements of quadrupoles. However, the
deviations in y—y’ are bigger due to the different settings of
vertical steering magnets between RFQ and IH-DTL. Qual-
itatively the measurement results are in agreement with the
design value of the HLI injector [8].

PRELIMINARY LAYOUT FOR FIRST
STAGE OF ADVANCED DEMONSTRATOR

The first beam of the advanced demonstrator linac [9]
containing up to nine superconducting cavities is sched-
uled for end of 2019.Figure 5 (top) shows the prelimi-
nary schematic layout of the first stage of the advanced
demonstrator linac containing 3 sc CH-cavities operating
at 217 MHz. The first cavity C1 is demonstrator cavity
[2] consisting of 15 equidistant accelerating gaps for heavy
ions with a synchronous velocity of 8 = 0.059. The cav-
ities C2,C3 are so called short cavities [10] consisting of
only 8 equidistant accelerating gaps for heavy ions with a
synchronous velocity up to 8 = 0.069. The bottom panel
of Fig.5 shows the transversal and longitudinal beam en-
velopes calculated by LORASR code.

The input distributions fpr this calculations was deter-
mined from a measured phase space ellipses in transver-
sal plane; design IH output distribution [8] in longitudinal
plane. The beam with a mass to charge ratio equal to 6 at
1.4 MeV /u behind HLI is accelerated by three cavities up
to 2.2 MeV /u. The cavity C1 produces a strongly conver-
gent beam in both transversal and the longitudinal planes.
Therefore the cavities C1 and C2 are placed in the same
cryostat to minimize the distance between them. The beam
focusing is maintained by superconducting solenoids S1-
S3 providing the maximum fields of 9.3T at overall length
of 380mm and a free beam aperture of 30 mm. The de-
sign of solenoids is based on the 9T sc solenoid for the
ISAC-II cryo module [11]. The coil configuration with two
main coils and two bucking coils was assumed to meet the
demands at best. A fringe field of less then 40 mT in the
cavity region can be achieved by using anti-windings. The
delivery of two short cavities and the new cryostat for two
cavities is scheduled to the third quarter of 2017, the first

ISBN 978-3-95450-178-6
263



MOPB067 Proceedings of SRF2015, Whistler, BC, Canada
Cryostat 1 Cryostat 2 Cup
QT Bl QD1 B2 QD2 Cl_SIT C2 S2 ,Ql S3
[¢)
) il i =]
= 20
E — Xz p}anc u U
j 10 | — y-zplane e - T — -
g_ - A ) . // ~— e \
R 1 1 1 1 1 1 1 1
=1
§ - N S -
% 10 | - -~ g
@ ] [
=z 002 — —— dw-z plane -
= — d¢-z plane / | W,
= 001 L~ /
0 - -
o T
£ 40 T e —— —
60 I I I I I I I I I
2 4 6 8 10 12 14 16 18

Beam axis (m)

Figure 5: Top: preliminary layout of the first stage of the advanced demonstrator. Bottom: calculated transverse and

longitudinal beam envelopes.

with the beam are planed on the end of 2017.

CONCLUSION

The design of the cw LINAC based on shorter sc CH-
cavities could minimize the overall technical risk and costs.
Applying short CH-cavities an optimized operation of the
whole LINAC with respect to the beam quality could be
achieved. A multistage approach of R&D is envisaged for
fixing an optimized heavy ion cw-LINAC design.
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