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ABSTRACT

DELTA, the DortmundEL ectronTestAccelerator, is
a 3%generation 1.55eV synchrotroright source dedi-
cated to Free-Electron-Lasesind accelerator-physics
research. The storagang is characterized by #exible
triplet-focussing opticand abeam othigh brilliance and
stability, optimized to obtain large FEgain. Its ultra-
high vacuum system is designedith very low impe-
danceandfor lifetimesfar in excess of 1hours,apply-
ing non-standardtechniques. Electron-beam welded
uniform beam chambers witkeyhole cross-section all
along the 115 m circumference haween manufactured

for the first time from 316 LN stainless steel. Other

noveltiesare the sealing technique wikieyhole-formed

radiation with ahigh degree of polarization for various
research applications.

Linac and boosterare operating since faw months.
Due tothe particular design of the ultra-high-vacuum
(UHV) system,the beam lifetime ofthe synchrotron is
already much longeahanoriginally anticipated. Theto-
rage ring is in theghase of commissioning with the aim
to run the first storage-ring-FEL experiment up to the
end of thisyear. After discussing some basiequire-
ments and technicahnovations, first experience with
the ultra-high-vacuunsystem of DELTA will bepre-

Sented.

2 BASIC REQUIREMENTS OF THE
DELTA UHV SYSTEM

gasketsand theuse of integrated pumps, both NEG and Several factors specific tine new generation dbw-

ion-sputter pumps, mounted side by side in the antgpiitance, high-brilliance synchrotron radiatisources
chamber. Anoverview and first operational experience led to thefollowing design requirements dhe DELTA

with this vacuum system is presented.

vacuum systems :

1 INTRODUCTION

The 1.5GeV electron-storage-ring facilitpELTA is
a third-generation synchrotron-radiation source, [1] - [5].
In contrast to typical user machines, it represents a
national test facility foR&D in radiation andaccelerator
physicsand technology. Moreover, DELTA is dedicated
to free-electron-laser (FEL) research in ¥V range
[6] and to all kinds ohew experimentsitilising special
beam characteristicand magnetic insertiodevices to
generate intense and polarized synchrotron radiation.

The DELTA facility comprises a 60-100 Me¥lec-
tron S-band linac, dull-energy booster synchrotron of
FODO structure with 54 m circumferenaad a 1.5 GeV
low-emittance storageng of 115 m circumference. The
storage-ring lattice, based ariplet focussing cells and
strong bending fields providesvary flexible optics and
beams of high brilliance and stabilty. This optics
represents thbest compromise betweeamall emittance °
(10 nm rad)and short damping tim@bout 4 msec). In
order to obtain large FEL gainkjgh beam intensities,
an energy spread of <ftand shortbunch lengths are
anticipated. The DELTA lattice, which is characterized
by two 20 mlong dispersion-freetraight sections with
nearly constant beta functions, accomodates loagr-
tion devices. Besides an electromagneticulator, al-
ready installed fothe first FEL experimentand a few
synchrotron-radiation beam lines, construction of an
asymmetric superconducting wiggleas startedAfter
its delivery next spring, it will produce 1 Angstrém

Large beam lifetimes of 10 to 20 hours, demanding
for a total pressurmear 1¢° Pa with circulating
beam.

A beam tube with antechamber fimtegrated pum-
ping to obtain dow andvery uniform total pressure
everywhere in the beam line.

Very smoothand uniform vacuum tubewith a suffi-
ciently large aperturend only a few, well-tapered
changes of cross-section. By fulfillindpis require-
ment of taperingfor all vacuum parts, also for
kickers, septabellows, valvesand pumpingports, a
very low total impedance of the beamline
guaranteed. It habeen estimated fothe DELTA
storage ring to be of the order|dfn| 0 0.4Q. A new
kicker design ofvery low impedance [7] also
contributes tathis smallvalue. Alow impedance is
particularly important for high-current beams of
small emittanceand shortbunch length, which are
essential for FEL operation.

Stainless steel (sst) vacuum vessels. Low-magnetic
316 LN stainless steélasbeen chosen fdahe whole
UHV system, becausé) it is cheaperfor small
machines like DELTA compared with aluminum or
other materials, (ii) it hakigh strength and isery
insensitive to corrosion, (iii) it permits tsethinner
walls and needs less spacthan other materials;
therefore, smaller magnet gapsd correspondigly
lower operational costare possible, (iv) it exhibits
higher thermal resistanceallowing for a more
efficient degassindneat treatmentfor leak proof of
weldings and stress releamedfor vacuumfiring and

is



hydrogen degassing of vessels, (v) no wdlelsveen (2) Two different types ofdistributed ion-getter
sst and other materials (like aluminum) aszessary; pumps are installefbr the first time togetheand paral-
therefore standardomponents&ndsst flanges can be lel to each other in theacuum vessel dhe storageing.
usedand welding and repairing ofvessels ismuch These are distributed NEG pumps of the low-temperature
easier. material St707(DNEGP’s) and distributed ion pumps

« Short vacuum conditioningind pump-down times, (DIP’s). Forthe latterabout4.5 kV hightensionand the
which are importanfor a test accelerator without in- strong dipole fields othe storageing areneeded. The
situ bake-out installations. antechambers of all vacuum vessels of the booster and the

« Because of lower costthe samedipolesand quads straightones ofthe storageing containtwo NEG strips.
and the same vacuum vessels are used for both ringg_aCh of them idolded and itsends connected to electri-

- The DELTA booster was built to operate in twocal feedthroughs at one end of thessel Thustwo NEG
modes, namely as slowly energy-ramped synchro- Strips are arranged dsur in parallel. In each storage-
tron and as astoragering. Due to low-energy ring dipole vessel one foldedEG strip(two in parallel)
injection, thevessels ofhe boosterareequippednear 1S mounted along thevhole length, side by side with
all ends ofdipole fields with ion-clearing electrodes,Several DIP-modulesEach DIP-module of 300 mm
using the distributed NEG strips as voltage supply. lengthconsists of twalistributed ion pumps mounted on

top of each othefsee Figurel). Theiranode plates are
connected with those ofie nextmodule or withthe HV
3 TECHNICAL NOVELTIES OF THE feedthrough. These DNEGPasd DIP’s are reveted on

DESIGN ground platesand areelectrically insulated by ceramic

To meet thadescribed technical conditions encounteholders. Depending on the total length of the chamber,
red with modern lighsourcesthe following innovations Several such modules are connected with one another like
of vacuum technology were carried out at DELTA : a chain. These 2-fold DIP modules are equipped with two

(1) For the first time,vacuum vessels of keyho|etitanium cathodessharing a secondne made ofanta-
cross-section with bearhannel andantechambewere lum. Tantalum hadeen used becauseitsf largernoble
totally manufactured of austenitic stainless steeleny 9as pumpingspeed compared witkitanium. At both
low magnetic permeability¢<0.005). Formand dimen- €nds of each module a short spacer of 15 lemgth is
sions of thekey-hole cross-sectioare determined by the fixed. This spacers are fitting into thslot connecting
gap width of dipoles of 50 mrand thepole distance of antéchamberand beam channel. Due to the reduced
70 mm of quadrupoles. As exhibited in Figurebgam mechanical stability of the 3 mm thick WaII,'these spacers
tube of octagonal shaged rectangulaantechamber are arénecessary to ensure a constant slot size afacu-
connected by a continuous slit of 8 nimight and 35 ating the chambeiThey also servéhe purpose to keep
mm width. The dimensions of the siitere determined the pumpmodules in positionthus any welding at
by computer calculationand represent an optimum be- vacuum surfaces is avoided. &te outside wall of the
tween a lowchamber impedancand maximum pumping vessels a U'—shaped. s$tannelfor direct water cooling is
conductance. The material chosen is electroslag refing§lded, which is bridged at flanges by removable copper
(ESR) sst 316 LN. Wheredise chamber walls consist of tubes. In addition 'gdhe distributed |on—get_ter pumps, all
cold-rolled sheets of 3 mm thick sat] flanges were cut vacuumtanks of kickers, septand pumpingports are
out of forged blocks of s€16 LN (ESR). Bent dipole €duipped with lumped ion pumps. These lumped pumps
chambers as well as straight chambers, were fabricated®@Sist of titanium-sublimation pums mounted in the
the same manner. Withreavy600 tons press upper andSame housing _together with 120 or 240 Isn-sp_utter
lower half of eachvessel were separately compressPumps of thediode type.The latter arealso equipped
formed in two steps by a deep-drawing processcut in with tantalum gathodes for mcreased noble-gas. capacity.
pieces of twameters lengthTwo different heavy tools of ~ (3) A special flange techniquieas been applied for
sst were built for benand straightvessels, correspon- sealing of DELTAvessels. Silver-plated (20m) OF-
dingly. Transverse TIG welding from thener side of copper gaskets of 0.50 mm thickness made by chemically
the half shellswas applied to obtairvessels of total €tching are insertecbetween each pair of DELTA
lengths of morethan 2meters. Afterwards, upper andflanges. The flanges are catt of sst with thetypical
lower halves of vessels were electron-beam welldegi-  keyholeaperture of DELTAvesselsand with plane and
tudinally in a 6 m long high-vacuumwessel.All beam smooth surfaces of 0.1 to Quéh roughness. A thin lip on
chambers were subjected to carefllemical cleaning both sides othe gasket of 0.15 mm thickneasd 0.7
and ahydrogen-degassing heat treatmdittis vacuum- mm width, which runs around thgrcumference of the
firing processinghasbeen performed at CERN in a bigkey-hole aperture at 1 mm distance, forrtise sealing
vacuum furnace for a period tfo hours at a tempera- when compressetetweenthe flangesDue tothis par-
ture andpressure of 956C and 1G Pa, respectively. ticular sealing, the flange size ®nsiderably reduced,
After welding of the buttorelectrodes of beam-position and there are novacuum problems caused by slits
monitors and mounting of thedistributed ion-getter between flangeand noneed for rf bridging of slits. In
pumps, eaclvessel waseak testedandfinally baked for case of scratches or damage tbe sealingsurface,
about 15 hours at 30C. DELTA flanges are much easier and faster to repair than
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Figure: 1 Keyhole cross-section of the DELTA vacuum vessel ma8ig6ot N stainless steel with beam channel (on

the right side) and antechamber (left) connected by a continuous slit of 8 mm height and about 35 mm width.
Compact distributed DNEGP’s and DIP’s are mounted side by side inside the antechamber of dipole vessels.

Conflat (CF) flanges. Also fixing of flanges witltrews

At injection energy of 68 MeWvith low beamcur-

andgaskets is easier, tlumly drawback being somewhatrents andwithout voltage athe ion-clearingelectrodes

higher cost of production of these particular gaskets.

4 FIRST EXPERIENCE WITH THE
UHV SYSTEM

The present status of the DELTUHV system ighat
thevacuum chambers of botings withthose of LINAC
and transferbeam channels areassembled. Whereas
LINAC andboosterare in operation since motiean one
year,all six sectors othe storage-ringpeam linesare at
ultra-highvacuum since & ew weeksandfirst beam has
been injected.

The mechanical dimensions of ait vacuunvessels
andflanges were found to Heighly accurateandaccor-
ding to specifications, inspite dhe demanding thermal

treatmentdescribed above. No leaks of welds or of the

carefully preselected chambemnaterial were found. It
turned outthat the tightness d)ELTA flanges with the
special sealings igery reliableandeven bettethan that
of CF side-flanges, in particular after baking.

An average total pressure dbse to 10 mbar has
been obtained irall sectors of bothring systems after
pump-down times of only very few dagsdwithout fully

activating the distributed NEG pumps. So far, alf6]

DNEGP’s of bothrings have been activated only for
about twohours at a maximum temperaturel6200°C,

instead of applying an activation temperature of at least

350 °C, necessary for full activatiorAll DIP’s of the
storage ring are operating fully successfully without
short-circuits.

beam lifetimes of 7 minutes have besvservedand of
> 3 hours at 1 GeV, which exceed design values by far.
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