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Abstract 

The installation of the accelerator has been completed 
in January 1990 and its present status is reported. In the 
meantime all eleven superconducting structures and the 
normal conducting chopper and prebuncher resonators 
are operated by the new microprocessor controlled rf
system which had been tested extensively with the su
perconducting injection linac in fall 1989. The rf control 
system is integrated into the main computer control sys
tem of the accelerator. Operational experience with a 
newly developed mechanical coarse and fine tuning sys
tem IS presented. The horizontal and vertical emittance 
of the injector beam have been measured systematically. 
First experience with the transport of the beam through 
the recirculating beamlines and to one of the spectrome
ters in the experimental area as well as phase measures
ments of the recirculated beam with respect to the in
jected beam are discussed. Accelerating gradients of the 
superconducting cavities (including one post purified and 
three fabricated from 'RRR280' material) determined 
from beam energies are given. 

Introduction and Present Status 

Reports on the status of the Superconducting Darm
stadt Linear Accelerator (S-DALINAC) have been given 
regularly. Therefore, we will focus on the progress which 
has been achieved since the most recent reports [1,2] in 
late summer last year. The design parameters of the 
S-DALINAC are summarized in Tab.! below. 

TABLE I 
Design parameters of the S-DALIN AC 

Beam Energy I Me V 
Energy Spread I ke V 
CW Current I J1A 
Operating Frequency I MHz 
Number of Structures (1 m) 
Capture Section (0.25 m) 

10 - 130 
±13 
> 20 
2997 

10 
1 

Most of the figures quoted above like energy, energy 
spread, and cw operation are requirements resulting from 
the fact, that the accelerator (besides being a driver for 
an FEL) will be used for inelastic electron scattering co
incidence experiments. 

The installation of the accelerator could be completed 
in January of this year. This is documented by FIg.l, a 
photograph of the accelerator taken from the side where 

'Supported by the Bundesministerium fiir Forschung 
und Technologie under contract number 06 DA 184 1. 

the beam is extracted to the experimental area. In the 
upper right part the 270 ke V injector can be seen, fol
lowed by the super conducting injector linac formed by 
a short cryomodule, housing the 5-cell capture section, 
and a standard cryomodule containing two 20-cell accel
erating cavities. An isochronous beam transport system 
(180° bend) allows the beam from the injector to enter 
the main linac (center of Fig.l) which consists of four 
cryomodules, containing two 20-cell cavities each. The 
foreground of the photograph shows the two 1800 bends 
of the recirculating beamlines. Their straight sections 
(left portion of Fig.l) lead to two identical bends (in the 
rear of the photograph), where the recirculated beams 
are reinjected into the main linac via a four magnet chi
cane. Extraction of the beam to the experimental area is 
performed in the lower right corner of Fig.I. The mag
nets sitting to the right of the straight section of the 
first recirculation form the beam handling system of the 
FEL project [3]. They will be installed during the next 
shutdown this summer. 

Performance of the Superconducting Cavities 
The present installation contains quite different cavi

ties made from niobium of different purity ranging from 
RRR = 30 to RRR = 280. The average accelerating field 
of the RRR= 30 cavities (four 20-cell cavities) amounts 
to 2.7 MV 1m, whereas the RRR = 100 cavities (two 
20-cell cavities and the 5-cell capture section) yield 5 
MV 1m. The prototype of a series of six 20-cell cavi
ties fabricated from RRR = 280 niobium achieved an ac
celerating gradient of 6.6 MV 1m but showed a severe 
degradation in Qo after an intermediate warm up to 130 
K due to a shutdown of the refrigerator. Since simil
iar effects have been observed also in other laboratories 
[4] with cavities made from high RRR niobium the next 
two cavities of this series were fired at 650°C for several 
hours in the UHV furnace at Wuppertal prior to instal
lation in the accelerator cryostat. Both cavities reached 
5 MV 1m with Qo = 1.109 and were limited at 6 MV 1m 
with Qo ~ 5·IQ8and their performance was not affected 
by a temperature cycle from 2 K to 180 K and back to 2 
K. The present installation also contains a 20-cell cavity 
originally made from RRR = 30 material which has been 
post purified by high temperature titanium treatment [5] 
at the University at Wuppertal. This cavity achieved a 
gradient of 3.6 MV 1m quite well in agreement with a 
value of 3.9 MV 1m determined in a first test at Wupper
tal. We therefore presently conclude that there are two 
possible ways to achieve the design gradient of 5 MV 1m 
with our 3 GHz 20-cell cavities: i) post purification by 
high temperature titanium treatment from the outside 
[5,6] which does not require a subsequent chemical pol
ishing from the inside and ii) fabrication of cavities from 
high RRR niobium which apparently requires a heat 
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Fig.1 Photograph of the Darmstadt superconducting 130 MeV cw-electron-accelerator 

treatment (very likely for outgassing of hydrogen) pnor 
to the installation of the cavities. 

Developments 
Besides the properties of the cavities themselves the 

performance of the equipment directly associated with 
the cavities inside the cryostat is extremely important. 
We therefore developed a new mechanical coarse and fine 
tuner described in detail in Ref.[l] . 

In the present installation, the 5-cell capture section 
and three new 20-cell cavities are equipped with these 
tuners. Two of them operated extremely well since Jan
uary whereas the other two got stuck because of too close 
tolerances in the series production. 

Similiar considerations like in the case of the mechan
ical tuners led to the development of new rf input- and 
output couplers. The new design basically consists of a 
concentric tube inside the cutoff tube of the cavity, form
ing a coaxial line with an impedance of 21 Ohms, which 
is shorted at the end pointing away from the cavity. The 
50 Ohms 7/S" coaxial input line is connected radially to 
this device via a ),/4 impedance transformer at a dis
tance of ),/4 from the shorted end . Calculations using 
the computer code URMEL [7] predict that an external 
Q of 3 . 107 will be obtained with the distance between 
the open end ofthe center tube and the iris ofthe first cell 
of the cavity being as comfortable as SO mm. The cylin
drically symmetric construction ensures that the electron 
beam sees no transverse electrical field at all while en
tering or leaving the cavity. The coupler is mechanically 
very rigid, promising a good reproducibility of the exter
nal Q. Two prototypes have been built and are presently 
investigated at room temperature. Next steps will be the 
calculation of the coupling to cavity modes other than 
the fundamental TMoio passband and measurements us
ing a variable coupling between the 7/S" input line and 
the coaxial line of the coupler. 

In connection with the fabrication of the six new cavi
ties a new method for the tuning of the field fiatness has 
been developed. Following the ideas of ref.[S], a com
parison was made between the Eigenfrequencies of the 
fundamental passband calculated with URMEL and via 
a lumped circuit model. The analysis shows, that in 
our cavities, which have a cell to cell coupling of 4.2% 
coupling to the cells following the direct neigbours stili 
amounts. to 7· 10- 4 , decreasing by approximately a fac
tor of 50 from cell to cell when looking at even more 
distant cells. We therefore developed a tuning method, 
which works as follows: In a first step the field profile of 
the 7r-mode is determined by a bead pull measurement. 
Then the most evident deviations from the ideal field 
profile are tuned to such an extent, that the phase of 
each cell can be expected to be correct. In a second step 
the frequencies and field profiles of all 20 modes of the 
fundamental passband are measured and from these data 
the complete matrix describing the Eigenvalue problem 
is calculated. This means, that coupling from each cell 
to any other cell is taken into account . Then in a numeri
cal procedure the Eigenfrequencies of the individual cells 
are varied in such a way, that i) the desired frequency for 
the 7r-mode and ii) a fiat field profile for the 7r-mode are 
achieved. The results of this calculation are the neces
sary corrections for the Eigenfrequency of each cell and 
mode frequencies as well as field profiles for each step of 
the correction procedure. This allows a quick check dur
ing the final tuning procedure by measuring the mode 
frequencies any time a cell has been tuned. The result of 
this procedure is a fieldfiatness of ~ 2% in the 7r-mode. 

Accelerator Tests and Utilization of Beam 

In order to operate the eleven superconducting cavi
ties of the completely installed S-DALINAC, the new mi
croprocessor controlled rf system [9] had to be put into 
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operation in January of this year and has been working 
without major problems since then. 

In order to recirculate the beam from the main linac 
and to accelerate it correctly two requirements have to 
be observed: i) the energy of the recirculated beam has 
to be five times the ener~y of the injector beam because 
the last magnet of the clilcane for reinjection is identical 
with the last magnet of the 1800 bend for the beam from 
the injector and ii) the phase of the recirculated beam 
has to match the phase of the beam from the injector. 
The energies of the injector beam as well as of the recir
culated beam are easily determined from settings of the 
dipole magnets in the respective bends whereas for the 
measurement of the relative phases rf current monitors 
in front of and behind the mam linac in conjunction with 
a pulsed beam are used. Beam pulses with a width of 70 
ns (the round trip time in the first recirculation amounts 
to 135 ns) at a repetition rate of 1 kHz allow to distin
~uish between signals in the rf monitors induced by the 
mjector beam or the recirculated beam respectively. 

A phase lag of 100 of the 20 Me V recirculated beam 
with respect to the injector beam could be measured at 
the position of the rf monitor in front of the main linac. 
Takmg into account the not yet completely relativistic 
beam energies! this means, that the path length of the 
first recirculatIOn has to be increased by 2 cm. We will 
during the next period of operation continue these mea
surements and investigate to which extent the chicane 
will tolerate a deviation from the energy ratio of five to 
one. 
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Fig.2 First spectrum of elastically scattered elec
trons obtained with a 20 MeV singles pass 
beam 

Finally a 20 Me V sin~le pass beam was extracted from 
the accelerator and reInjected into the existing beam 
t.ransport system [10] to the 1690 high resolution spec
trometer. Figure 2 shows a first spectrum of elastically 
!'cattered electrons obtained there with the cw beam from 
the new S-DALINAC. 

The properties of the injector beam were measured 
extensively at beam energies between 4 and 6.5 Me V 
and their dependence on the focussing of the 270 ke V 
beam from the room temperature injection into the su
perconducting capture section was studied. It turned 
out, that the normalized emittance is always between 1 
and 3 7r mm mrad in the horizontal as well as in the ver
tical direction; no significant dependence on the beam 
energy was found. Best results were always obtained, 
when the 270 keY beam was focussed in such a way, 
tha~ it had a waist at the entrance of the 5-cell capture 
sectIOn. 
We also found that the orientation of the phase space 
ellipses do not agree with the predictions of simulation 

calculations. An additional quadrupole doublet behind 
the injector linac is therefore used to o~timize the beam 
transport through the isochronous 180 bend, which by 
itself is not very tolerant with respect to different orien
tations of the phase space ellipses. 

Outlook 

Presently the accelerator is at room temperature and 
another two RRR = 280 cavities are being mstalled. At 
the same time the 5-cell capture section will be replaced 
by a cavity which is able to operate at higher gradients 
and the three inoperative tuners of the old version will 
be replaced by new ones. 

The magnets of the beam transport system for the 
FEL have to be incorporated into the straight section 
of the first recirculation, because the delivery of the un
dulator is scheduled for December 1990. Also the mod
ification of the room temperature part of the injection 
(installation of a high intensity gun and a subharmonic 
chopper- and prebuncher system) has to be performed 
during this shutdown period. We expect the accelerator 
to be operative again by the end of October. 
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