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Sumrary

As a part of a feasibility study the de~
sign and the construction of an accelerator
secticn to be tested at the heavy ion beam of
an electrcstatic tandem Van de Graaff has been
started. This test secticn consists of a cryo-
stat with two independently phased A/2-helix
structures at 108 MHz and of a suitable »f-
control system. Design criteria and recent re-
sults of measurements on a superconducting test

cavity with electric surface peak fields up to
29 MV/m are presented,

Introduction

Rapidly growing interest in heavy ion
research has led to an increzsing demand for
post accelerators to expand the capabilities
of existing nuclear physics facilities. In par-
ticular superconducting linear accelerators
ray offer an attractive possibility for CW ore-
rated energy boosters with only moderate power
consumption.

For the upgraded Heidelberg MP-Tandem
Van de Graaff the installaticn of a »f post
accelerator for Zons up to mass 80 is
red. In a first project studyl a vasic laycut
of a possible post accelerator for that pur-
pose consisting of superconducting he:l ically
loaded resorators has been dlscussed Costs
for construction and operation were estimated
and open technlcal and physical problems were
anzlysed. Superconducting helix resonators have
been chosen as extended experience on this
kind of accelerator structure is availatle
from previous worx in Argenne Caltec” and
Karlsruhe”. The study results in the coreclusion
that it wculd be worthwhile to construct and
test an accelerator section of two superconduc-
L-‘g rescnators and to operate them under rea-
listic ccnditions at the place of its possible
installation u:lng the pulsed heavy ion beam
of the Heldelbe YP-tandem for test measure-
ments. The results of these tests should give
the basis for a comparison with other »© struc-
tures of recent design and provide reliable
figures Por a final preposal. Conseguently =
research and developmen® program has started
in cc A-abo“atl,h between the institutes of
Har: oupC¢L”HuuLu;H5 wOPh) and Heidel-
{beam transport and injection).

5.

lsruhe {(rf
As the flexibility of the accelerator
wlth respect to different sorts of injected
icn: is cne c¢f the tasic demands from the users
point of view short helix structures with an
electric length of A/2 are chosen. Each struc-
ture can be phased independently and adanted
easily tc the different ‘“JPCthﬁ velocities.

Laboratory testu 5,5 indicated
T nc fundamental problems remain to be sol-
Fowever,problems related to the reliabi-
in rcutine operation under ”ea istic con-
ons of a ouperconductlng accelerator ha
nct yet veen thorougly investigated. In pa
cular, fer a final proposal more precise ar
wers to the following fuestions are needed:
- average accelerating field maintained durirg
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long term operation,

—- degradation of superconducting surfaces by
radiation,

- frequency perturbatiorn due to rechanical vi
bration,

- necessary cooling power per asccelerating
unit,

- fe~51bility of forced Zlow
lium as a ccolant.

rmalfluid he-

Cavity design and model measurements

Choosirg the gecmetry of the helix acce-
lerator cavities the following criteria have
to te consicdered:

The structure has to accelerate effecti-
vely all ions with the velozit from R=£%
(£ 1.77 MeV/A, the energy of 79Br+20 a5 deli-
vered by the MP accelerator) up to R=11%
(2 6 MeV/A the minimum desired firal energy
for 9Br)

The frequency has to ze chosen in ordsr
to synchrorize with the newly installed sub-
nancsecond beamn pu“sing system at ¢.76 MHz cn
the He¢delberg MP accelerztor and with *?a

108,48 MHz rebuncrer under construct ont

Particular care has to be taken to reduc
the mechanical bratlono influercing the
eigenfrequency of the helix resonators and
therefore creating severe regulation prcblems.

The experiences with °upereorductlng
cavities have shown that lower rf-losses and
higher field strengths are achievable more re-
liable for small resonators than for larger
ones, presumably because of less difficulties
with the surface-treatment. Peak elec-ric sur-
Tace fields of up to about 30 MV/m have been
reported<»” for such shor hellx rescantors,

orrnsponclnd to an accel erﬁt ng field on the
axis of about 4 MV/m.

As field emicssion of electrons seems ¢
be the finzl limitation (see below), for the
cptimization of the resonztors the eLect¢i:
peak surface fleld E, was considered as an
essential pararmeter and Cﬁnsequent’v It was
tried to find a georetry which gives optimum
energy gain for z given Ep. The optimizaticn
2d cut = igws: Starting witn a
medified sheeth the ratio of %the peak
electric surface field Ep to the accelerating
field was mirimized. TheSe calculations are
valid for infinitly long helices only, because
end effects are neglected. They gave, nowever,
a set of starting parameters wrnich were usecd
for building mcde“s. Tc take irto ounrt the
influence of the finite length effects the
field distriousion uf these mcdels was measurec
with the perturbati rmethod, and the energy
galn and a transittime factor was czlcoulated
as a function of particle energy. With these
experimertal values the parameters wepe correc-
ted to get a maximum energy gain for TIpr+z6

irn the energy range betweer 1.77 MeV/A and
6 MeV/A.
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of tne helix as calculated with the modified
sheeth model. With regard to the results on
superconducting helix resonators (see below),
the numerical values herein refer to a maximum
tolersble electric surface peax field of

En=16 MV/m. The accompanying magnetic peak
field is still less than 62 mT, which seems to
be sufficiently far enough from fields causing
magnetic breakdownZ,t.

Accelerating field component Eyy/MV/m

25 d=10cm

2 1 =
4
30 35 “0 helix radius a/em S

Pig. 1: Maximun obtainable accelerating field
strength limited ty electric surface peak
field Ep=1¢ MY/m as a function of helix radius
for tubes with a diameter of 0.8 cm () and
1.0 em {x). s=pitch of the helix (ecm),
Bpn=v/c=phase velocity.

Fig. 2 gives the energy gain per charge
unit of an ion with a charge to mass ratilo
Q/A=C.3 as a function of the incident energy
as calculated from the field measurements ocn
resonator models. The parameters of the models
are summarized in Tab. I. The higher energy
gain for a helix frem a 1.0 ¢m tube in compari-
son with 0.8 cm results from the greater length
of the nelix. For a total effective accelera-
ting voltage of 13 MV about 50 units are nee-
ded. Calcula<ions anrd model measurements show
that <he number of resonatcrs could be reduced
to atout 30 or 35 if A-cavities at 108 MHz or
A/2-zavities at 54 MHz were used. Erhanced vi-
bration and more complicated surface treatment
“or lcnger structures, however, has led to the
decision to choose A/2-resonators at 108 MHz.
In order to examine the properties of a A-cavi-
ty separate tests are made on laboratory scale.

Tab. I:

Z05 MHz

Parameters of A/2-helix rescnators at

field enhancement at the helix surface.

Energy gain per charge unit/keV

300
/ i\d. \0em

D A |

T I

100 }
50
’;g Br '162 c
: Acceleration range in proposed postaccelerator
0 0 5 10 5 20

specific incident energy / MeV /A

Fig. 2: Energy gain per charge unit as a func-
tion of the incident specific energy for the
X/2 model resonators at 108 MHz for the opti-
mum phase. d=tube diameter.

The rf-power is coupled by a superconducting
capacitive probe. A second superconducting
coupling is provided for the fast electronic
tuner. A movable Nb-plunger allows slow tuning
of the resonant frequency by about * 1CO kHz.
Field erhancemert on the helix surface was
measured to be less than 4% for this tuning
range. To simplify the fabrication of the ca-
vity TIG-welding instead of electron beam wel-~
ding shall be used. First results with this
technique are promising.

LHe tight
coramic windows

fast funer :oup(mg‘
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The designed A/2-Nb-helix rescnator

Fig. 3:
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The rf-ccntrol system fer the test sec~
similar to the system used for the su-
perconducting proton accelerator.>® The main
difference results from the small beam loading
due to the ion current of up to 1 uA only.
Trerefcre the most important rf-power consump-
tion occurs in the fast frequency control sy-
stenm.

Cuon | Curgese | meaing ;:;,mq
diometes of the helix 20 [em] | 652 6,55 8.7 6,52
diameter of the outer can 2B {em] 16,4 64 15,0 13,0
diameter of the Nb-tube d {em] 08 0 10 0.8
pitch of the helix s fem] 136 16 1,65 1,36 " i -
number of winding n K L0 ~0 10 N
totl length of the resonator L [cm] | 265 | 29 26 29
(Er ! 1Py @ et mocel MADT | 262107 | 22-07 | 220007 | 2600
P,,/Q at E, 2 16MVim [vA] ge~0% | wex0® | naxo® | 710t Ff-control system
raximum energy gain fkeV] per charge - a3 . .
urvt for optimum phase with E 1 BMY/m . .

tiorn 1s



With about 100 W rf-power a maximum tu-
ning range of 2 kHz will be realized for a re-
sonator with a reactiv power up to 2x108 va.
Based on measurements on models we expect mar-
kedly lower eigenfrequency deviations due to
mechanical vibrations.

Tre design specifications for the control
system are an amplitude error of less than
0.5% and a phase error of less than 1 degree.
The internal stability of the three control
loops implies a static loop gain of 90 dBR for
the amplitude lcop, while the necessary loop
gain in the two phase control lcops 1s rela-
cively moderate (50 to 70 dB).

Cryostat and methods of cooling

With respect to rf-superconductivity it
is possible to run low frequency Nb-structures
equally well at about 1.8 K (superfluid helium)
and at 4.2 K, because the rf-losses and the
critical fields do not change markably in
this temperature range. First laboratory tests
showed, that a forced cooling of a helix reso-
nator with 4.2 X helium is possible without
any instabilities causing additional vibra-
tions. To get more experience with the forced
cooling the cryostat was constructed” to be
operable with superfluid helium as coolant as
well as with fecrced flew of 4.2 K helium. For
cooiing with superfluid helium the additional-
ly intended application of superfilters (fine
porous material) enhances the colling capacity
by a factor of 2 tg 3 compared with resting
supertluid helium*¥.

Particular care was taken to isolate the
accelerating elements against mechanical vi-
brations from the environment.

Results of measurements on a superconducting
test cavity at 105 MHz

Recently a series of measurements has
been done on a new helically loaded Nb-cavity.
The parameters are summarized in Tab. I. A se-
quence of several treatments like electropoli-
shingll, oxypolishingll, anodizing and annea-
ling was carried ocut. In Tab. II some of the
results are summarized.

Tab. II: Results of some measurements on a
superconducting helix resonator at 106 MHz

test herrpera] Q, Qy

maximum|
ture . at maximum jacc, field surface treatment and comments
number | ' (low field tield Erw
ne. K w0 0t MY/m
| heitx separatety slectropolished (about SOy}, then
2 15 3090 282 184 elactron beam welded into the con, oxypolished,
mecsured , eisctropiished {about 20) and
42 ;110 2»50 15 anodized’ 400 &
. 15 a0 23 1,86 two times elactropolished (sach time about
42 52 14 25 25u ) and anodized 400 R,
1 annealed in an UHV - lurnace (p<10° Torr) at
3 5‘2 i 1321300 1265: 1197: MO0 "C for about 2h,  oxypolished 321000 &;
" . bare metl surfoce.
i 40 electropolished {about 20), bare surtace.
8 | ‘g ;';Zg Js‘»OO g Limitation ot high fieids through electron
4 138 38 tied emission
s 15 [ 120 | {18 38 |anodzed 400 & Limitstion at high fieids
42 890 iy - through field emission,

-

In the first runs maximum fields up to
about E7yw=2 MV/m could only be achieved. This
prcbatly caused by small areas with in-
ased rf-losses, which induced the field
eakdown. Alter additionally removing

ut 1C2 um from the surface, the kind of
akkdown changed and fields up <o 4 MV/m were

=
jai

v3
[T

r
e
r

[ INe]

1174

obtainable (test 8, 9 of table II).

Now the field limitation was due to electron
field emission effects. He conditioning? at a
pressure up to about 2x10~% Torr reduced the
electron loading. Running the cavity for sone
hours under the remaining electron loading at
Ep>25 MV/m increased again the loading effect
and lowered the breakdown fields. A& similar
observation sometimes was made during Fe-con-
ditioning at high fields. Charging effects in
the surface oxydes caused by the emitted elec-
trons or alternatively by the He-ions used for
conditioning are thought to be the reason for
the time dependent electron loading effectsl<,
Another reason for the enhanced field emission
may be caused by surface states due to adsor-
bed gases as discussed in ref. 13. A stable
operation for more than 10 h was possible at

Ey = 22 MV/m without any increase of electron
loading. Tosether with results of previous
measurements<.4 at present 16 MV/m seem to be
a reasonable compromise for a design of a ma-
chine with a large number of acc. structures.

Conclusions

A test section consisting of a cryostat
with two A/2-helix accelerating structures
operating at 108 MHz and a suitable rf-system
has been designed and is under constructicn.
£t the turn of this year measurements are pla-
ned on the beam line of the MP tandem at Hei-
delberg.

With an optimized helix structure an
energy gain up tc about 300 keV per structure
and charge unit can be obtained for electric
peak fields on the surface Ep<1€ MV/m.

In recent measurements on a superconduc-
ting Nb-helix test resonator electric peak
fields up to 29 MV/m were achieved after a
sequence of surface treatments. He-conditio-
ning was succesfully used for decreasing the
electron loading effects. Together with pre-
vious results we are therefore confident to
obtain peak surface fields of 16 MV/m rcuti-
nely in the designed accelerating cavities.
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