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Abstract

The superconducting injector section of the S-DAL-
INAC (superconducting Darmstadt linear electron accel-
erator) [1] constists of two cryomodules with three 3-GHz
SRF cavities in total. The first cavity of this pre-acceler-
ator is currently a 5-cell structure designed for relativistic
particle velocities. Since the gun delivers a 250 keV beam
(B=0.74), this cavity is not suited for an efficient capture
of the low-energy electron bunches provided by the nor-
mal-conducting section of the injector. Beam dynamics
simulations and operational experience have shown a
large low-energy tail in the phase-space distribution of the
bunch downstream of the injector, which arises from the
large phase-slippage during the capture in the 5-cell. It is
therefore intended to replace the cavity with a B-adapted
6-cell, re-using most of the cryostat parts. This contribu-
tion presents the status of the injector upgrade and the
layout and manufacturing status of the new cavity.

INTRODUCTION

The S-DALINAC (Fig. 1) [1] is a thrice-recirculating
electron linear accelerator with a design energy of
130 MeV and a design beam current of 20 pA. It is oper-
ated in cw mode using elliptical 3-GHz 20-cell Niobium
RF cavities at 2 K for acceleration. Recently, an ERL
mode was implemented at the S-DALINAC using a
path-length adjustment system in two of the recirculations
[2, 3]. The beam is produced in a 250 keV thermionic
gun. Additionally, a spin-polarized photo-gun is installed
[4], this gun is currently being prepared for an upgrade to
an acceleration voltage of 200 kV [5]. Downstream of the
gun section, the beam is first shaped according to the
3 GHz time structure using a normal-conducting chopper
and pre-buncher. The bunches are then accelerated up to
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Figure 1: The S-DALINAC with indicated locations of
the injector sections. The position of the superconducting
capture structure is marked in green.
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10 MeV in the superconducting part of the injector before
entering the main LINAC. In its current state, the super-
conducting injector consists of two cryomodules contain-
ing a 5-cell and two 20-cell cavities, all with a geomet-
rical B of 1. Operational experience as well as longitud-
inal beam dynamics simulations show that the energy
spread of the beam is increased by phase slippage in the
5-cell due to the B-mismatch of the entering beam (B =
0.74) and the geometry of the cavity. In order to improve
this capture of the electron bunches from both guns, a
dedicated 6-cell capture cavity featuring a  of 0.86 was
designed [6, 7]. It was decided to keep the overall length
of the cavity fixed in order to re-use the existing cryostat.
Surrounding components were adapted to the new geo-
metry (Fig. 2) [8]. After finishing the design of the new
cavity and ensuring the compatibility with the adapted
cryomodule components, it was ordered from the manu-
facturer.

Tuner frame

6-cell capture cavity Tyner frame
Input coupler connection mount

Figure 2: CAD model of the new 6-cell capture cavity
with its surrounding components. More details on the ad-
apted tuner frame can be found in [8].

CAVITY MANUFACTURING

Cavity Dimensions

Prior to the mechanical manufacturing of the cavity
parts, the cavity dimensions had to be corrected to com-
pensate the expected cool-down shrinkage as well as the
material thickness planned to be removed from the inner
surface during later BCP treatments (150 um). Since only
one cavity will be fabricated, there is no prototype cavity
available for test measurements. The frequency shifts in-
duced by the two processes thus had to be estimated. The
considered values for the frequency shift estimations are
summarized in Tables 1 and 2. For the cool-down shrink-
age, the values available from the latest cavity production
for the S-DALINAC are consistent with the measured fre-
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E quency shift for 3.9 GHz XFEL cavities [9] scaled to
2"3 GHz. A theoretical calculation using the integrated
-4 thermal contraction coefficient of niobium confirms the
3 frequency shift. Therefore a reliable estimate of 4.5 MHz

Table 1: Considered Values for the Cool-down Frequency
Shift Estimation From 300 K to 2 K

Method / Cavity Type Af (MHz)
Calculated from thermal contraction 43
3.9 GHz XFEL cavities [9], scaled to 3 GHz 4.7
S-DALINAC 20-cells (RI series) [10] 4.5
Average 45+03

Table 2: Considered Values for the Estimation of the Fre-
quency Shift Induced by a 150 pm BCP Treatment

Cavity Type Af (MHz)
S-DALINAC 20-cells (Dornier series) -3.8 MHz
S-DALINAC 20-cells (RI series) -3.4 MHz
Average -3.6+0.2

can be obtained. 150 um BCP correspond to an average
frequency shift of -3.6 MHz using data from different
series of S-DALINAC 20-cells. However, the considered
5 cavity types feature slightly different cell geometries
& compared to the new 6-cell, whose cell shape [7] is adap-
< ted from the TESLA- -type. Recently produced 3 GHz
) smgle cell test cavities [11] show a much higher BCP
S sensitivity of -5.6 MHz for 150 um, but again the cell
©) shape is different since thiese cavities are made from two
§ endgroups. Because no 6-cell cavity with similar layout to
S the new structure is available for comparison, the estim-
5, ated value is not reliable. However, it was concluded that
; the cool-down and BCP frequency shift approximately
A compensate each other. Therefore it was decided to use
O the inner dimensions of the design model (2 K, with final
2 dimensions after BCP) as starting point for the mechan-
S ical manufacturing. The target resonance frequency in the
E warm state of the cavity before BCP then corresponds to
£ the operational target frequency of 2.9972 GHz, accord-
£ 1ng1y In order to ensure the correct target frequency after

3 the surface treatment, the BCP will be conducted in two
§ steps with an intermediate field-flatness tuning and cool-
'3 down test in the vertical test cryostat at S-DALINAC
S [11]. The final amount of material to be removed can than
>,be determined from the measured cool-down frequency
shlft together with the obtained BCP sensitivity.

stribution of this work must maintain attribution to the author(s), title of the work, p

g Dumbbell Trimming

'é After the mechanical manufacturing of the single cavity
£ components, dumbbells and endgroups are produced by
electron-beam welding. These parts are manufactured
with an overlength and then successively trimmed to-
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wards the desired target frequency in order to ensure the
correct resonance frequency of the assembled cavity in
the end. For the preparation of this process, the trimming
sensitivities and the influence of the welding preparation
were simulated using CST microwave studio [12]. Fig-
ure 3 shows the simulated trimming sensitivity for a regu-
lar dumbbell which was determined to 18.3 MHz/mm.
From the simulations, target frequencies for the trimming
process were derived. A similar simulation was conducted
for the endgroups. The dumbbell trimming is expected to
be performed in summer 2019.
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Figure 3: Simulated trimming frequency sensitivity for a
regular dumbbell of the new 6-cell structure. A gradient
of 18.3 MHz/mm was obtained. The dashed lines indicate
the target length of the dumbbell with (43.9 mm) and
without (43.5 mm) additional material for weld shrinkage
compensation and the corresponding target frequencies.

DIAGNOSTICS UPGRADE

Beam dynamics simulations of the injector beam have
shown that the energy spread induced in the capture struc-
ture strongly depends on the input bunch length. It is
therefore foreseen to add a diagnostics section in front of
the superconducting injector for a better characterization
of the beam downstream the chopper and prebuncher sec-
tion. An existing vertical bamline can be re-used for this
purpose. Figure 4 shows the concept of this setup. In the
first stage, it consists of a vertical bending dipole and a
diagnostics chamber for profile and current measurements
located in the dispersive region after some drift space. A
quadrupole (or triplet) could be added later to manipulate
the dispersion variably. From the energy-spread measure-
ment the velocity difference between the head and tail of
the bunch can be derived, which enables an estimate for
the bunched beam length at the capture structure entry. In
addition, it is planned to install a normal-conducting
transverse deflecting cavity to the diagnostics section later
to obtain a dedicated bunch-length measurement setup.
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CONCLUSION AND OUTLOOK

A superconducting 6-cell reduced-p capture cavity is
currently being manufactured for the S-DALINAC cap-
ture section. The new structure will improve the injector
beam quality and is suited for both the 250 keV thermi-
onic gun and the spin-polarized photo-gun after its up-
grade to 200 keV. For the cavity manufacturing, cool-
down and BCP frequency shifts were estimated. Dumb-
bell and endgroup trimming sensitivity simulations were
conducted and target frequencies obtained. Additionally, a
new diagnostics setup is planned to improve the charac-
terization of the beam downstream the chopper/pre-
buncher section. This setup is expected to be used for an
optimization of the bunch length at the capture section
entry during operation, which will be highly beneficial for
the commissioning of the upgraded injector. The cavity
delivery is expected end of 2019. After a final surface
preparation, the cavity would then be ready for installa-
tion during the maintenance shut-down early 2020. In par-
allel to the cavity manufacturing, the diagnostics setup
will be installed.
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Figure 4: Concept of the new diagnostics setup planned to
be used for the characterization of the beam in front of the
superconducting capture section.
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