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Abstract also a concern. Activation by baking thkeambers is not
There are severakgions in the PEP-IB Factory at possible since the chambers are extruded half-hard, oxgen-
SLAC that require distributedumping todealwith large free copperwhich will anneal at activation temperatures.
photo-desorbedgas loads or to produce very low Activation by ohmic heatingequirescontinuous lengths
pressures(<10 Torr). These regionsnclude the Low of NEG and presents thermal expansmn problems
Energy Ring Wiggler dump chambers, the transitions s i :
between the High Energy Riraycsandstraight sections,
and most importantly thdnteractionRegion. Wehave
designed acompact Non-Evaporable Gettpump using
commercial getters that combines high pumpspged
and high sorption capacity. Wedescribe the design
features ofthe NEG pumpsand our test resultsrom
prototype pumps. In addition, we discuss future variations
of this style of NEG pump.

1 INTRODUCTION

The PEP-II Asymmetric B Factory collideriisade up
of two counter-circulating storageings. The High
Energy Ring (HER) circulates electrons at an energy of d
GeV and acurrent of 1Amp. The Low EnergyRing Two main concerns have been expresseout the use
circulates positrons at an energy of &&V and a current of NEGs within PEP-II. First, NEGsre inherently
of 2.1 Amps. The Interaction Region (IR) vacuum systerfdusty” devices toinstall into a highcurrent electron
wherethe two beamsollide requiresvery low average storagering. There was concern that the phenomena
beamline pressurgs10° Torr). High gasloadsgenerated experienced athe HERA storage ringvould occur at
by the synchrotron radiation striking the vacuahamber PEP-Il. HERA experienced beam interactions with
walls necessitates a vacuum pumping system with highacro-particles”which causedseverely shortened beam
pumping speed anchigh sorption capacity. Imddition, lifetimes. Thesecond concermvas that high gadoads
the low beamlineconductance requirehat thevacuum would result in unreasonably short regeneration intervals.
pumping be of a distributed or linear nature. Once wedeveloped aracceptableyetter configuration,

The vacuum pumping solution in the HERs is the we foundother regions within PEP-Iwhere the NEG
Distributed lon Pump (DIP). The HERrcs have 5.4 pump design could be appliedtigure 1 shows a plan
meterlong dipole magnets tbendthe electron beam in view of PEP-II with the NEG locationglentified. The
an arc. The DIPs conveniently make use of midual PEP-II NEG pumpdesign isused inthe IR, the LER
magneticfield from the magnets tgorovide uniform  Wiggler vacuum chambernd the HER arc-to-straight
distributed pumping along the beam aperture. DIPgransition chambers.
however, are not a viable option in the Intraction Region.
The pumpingspeed ofion pumpsdecreases agressure
decreases. In gegion where sub-nTorr pressureare the

INTERACTION REGION
VACUUM SYSTEM

goal, this is not alesirable characteristic. In addition, the HER ARC TO STRAIGHT
magnets in the IR do ngrovide enoughcoveragealong - (RRE g BLaceayoRe
the length of beamline tprovide forcontinuousvacuum —
pumping. B

Our solution is to us®&lon-evaporable Getters (NEG). LER WIGGLER

VACUUM CHAMBER

The task is taconfigure the NEG in a way to maximize
linear pumpingspeed andsorption capacity. The high
pumping speed will produce the low beamline pressure we
desire anadhe high sorptioncapacitywill allow us to
operatethe NEGs for longperiods of time before Fig. 1. NEG Pump Locations within the PEFBII
regeneratingthem. The NEG activation mechanism isFactory
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2 PUMP DESCRIPTION sorb several Torr-liters of gabefore needing to be
regenerated. After machine commissioning, we are
piedictingthat the NEG pumps will onlyequire annual
regeneration.

Activation of the NEG is accomplished with a 0.25"
0.d. commercial tubular heater. The heateingertedinto
the stainless steel tube from outside of tecuum
system. With theheater outside the vacuum there is no
need for an elecrical feedthrough. If a heater fails, it can be

The pumping speed arabrption capacity of a NEG
pump are proportional to the surface area of NEG materi
in the pump. For thiseason it wasmportant tofind a
way to maximize thesurface areawithin the small
volumes allocated for pumps in the beam tubes.hdie
decided toincrease surfacarea inthe same manner an
engineer increases convective heat transiea in a
automobileradiator, byusing “fins”. We cutindividual
“wafers” from SAES ST707/CTAM/30D strip using a
laser welding machine. The laser used to produce as
clean a cut as possible. Viteund that precisiorshearing
dies producedtorn edgeswhich tended toincrease dust
generation from the NEG. Cutting the NEG with the laser
(under a nitrogen gas purge) produced a clean witheut
damaging the nearby granules of getter alloy. * -

A cross-section of the pump is shown in Figure 2 ,b‘,’“)‘
Individual NEG wafers are strung on a 0.375” 0.d., 0.035” %'9}4“.‘1" x
wall stainless steel tubé&djacent wafers are separated by,,,,.. “’i‘ﬁﬁcff/((/((((//((((%({(/% :

.\\

Conflat Flange (6.75")

Copper Extrusion

Copper Pump Screen
3mm X 3mm ON 4mm Centers
Imm Thick

stainless steel wire spacers. The width of dhacers can
be varied toadjust thespeed andtapacity ofthe pump.
Typically, the NEG spacinganges from 0.040" to T
0.120". The stainless steel tube has a 0.1filare key Fig. 3. NEG Pump in an IR Chamber
attachedalong its length. The purpose of the key is to

prevent rotation of the square NEG wafers. On each end r@BIaceoWithout venting the vacuum system. Sirtbés

the pumpare slip-on tube clamps thakeep the wafer ) s heated from the center there is a significadial
array compressed.he stainless steel tube has@ on  emperature variation acrossach wafer.For a 1.18"
oneend and aonflat flange on the othe¥nd. The tube square wafer the temperature can varynash as 18%.

acts as both a support for the N&@fersandpart of the 1o gy plished activation parameters &F707 are 450C
vacuum barrier. Theump isinsertedinto & pumping ¢or 45 minutes [1]. If we heat the NEGafers to a
antechambewithin a PEP-II vacuum:hamberand.bolts minimum temperature of 430 the center portion adach

to a conflat flange on thend ofthe chamber. Figure 3 \ afer will be approximately 60G. In previous activation
shows a cut-away view of a NEG pump installed in an 1R,q¢g [2] wehave foundthe NEG alloy will suffer
vacuum chamberThere aresupportslocated every 20" caiastrophic delamination from the constantan substrate at
along the stainless steel tube whistandthe pump off 555 65imately 71%C. For thisreason it isimportant to

the walls of the antechamber. Teepportsandthe NEG  characterize the heater parameterswell to  avoid
wafers are sized tallow a conflat gasket to bslipped overheating and damaging the NEG.

over the pump to seal the end flange.

Conflat Flange (2.75")

4 TESTING

040" Dia. Swtﬁ‘e”‘%zsofeie‘ There were two goals in testing the prototyRfeP-

I NEG Pump. First of all wewanted to verify the
pumping speed andsorption capacity of this new
375”7 0.D. Stainless configuration. Sorption testswere conducted for
Steel Tube prototype pumps withtifferent waferspacings. Figure 4

shows the sorptiogurve for a pumpwith 0.040” spaces
between wafers. Also shown is a calculated sorptiove
based on the NEG manufacturer’'s published data [1].
The secondjoal of the tests was tcharacterize the
heater parameters requiredaequatelactivate the NEG.
25" 0.D. Heater Since the pumps installed in PEP-II will not éguipped
with internal thermocouples it is essential that we know
Fig 2. Cross-section of a PEP-Il NEG Pump what heater parameterwill produce the proper NEG
temperature. The prototype pump was outfitted with two
Using awafer spacing of 0.040", wehave built thermocouples, one on the outer edge of a NEfer and
vacuum pumps with thequivalent of 18 meters of NEG one attached tothe outside of the stainless steel tube.
strip per meter of pump length. That quantity of NEG caBetween sorption tests weactivated the pumps and

Neg Wafer

.125" Square Key
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monitored the temperatures. Figure 5 shows the
temperature profile of the NE@nd stainless steel tube

during a typical activation. 600 /,,- “'\
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Quantity Sorbed per Meter (Torr-liters/meter) We have des|gned alinear NEG pump to solve a

variety of vacuum problems within the PEP-II machine.
The pump utilizes an innovative configuration of
commercial gettestrips toproducehigh pumpingspeed
5 DUST . . . .

an high sorption capacity. The purdpsignallows us to

There were two separate issues regarding “dust vary the quantity of gettemnd thus vary thelinear
production” and NEGs. As we have mentioned earlier, Weumping speed.
were concerne@bout theproduction of macro-particles
that potentially could interactwith the beams. But a 7 ACKNOWLEDGEMENTS
secondissuecame up duringhe project. TheEuropean
Synchrotron Radiation LaboratorfESRF) experienced
lifetime problems because of magnetic contamin&ota
ST707 interacting with theistored beam [3]. We not
only worked to minimize dust production, but we also
attempted to deal with magnetic dust productiom. The
best solutionfor both problems was to use sintered
NEG alloy. The alloys used in sintered configurations are
not required to go through a ball milherethe magnetic [1] N . " "
contaminates are introduced. Sintering also produces mulczlll NEG Cyclic Tests,"Holdener, Kishiyama, Mugge,
and Stoeffel, LLNL, October 1994.

stronger adhesion than does the roll bonding proggs$ [3] “New Undulator Vacuum Chambers without
on ST707 strip. Unfortunantly, the cost of thiatered Distributed Pumping,” N. Rouviere, ESRF
NEGs was prohibitive for the project and therefore not an Newsletter, June 1995.
option. Wewereleft with utilizing ST707andtrying to
minimze dust production wherever possible. As
mentioned earlier, we cut the individual NE@ferswith
a laser toproduce a clean edge. Waso worked with
SAES Getters S.p.A. to process all of our NEG by
multiple passes through a magnetic sievEhese
processeswill not eliminate dust productionhowever,
they maydecrease it to aacceptabldevel. In chambers
where our NEG pumps will experience changing magnetic
fields, we may have tarevisit sintered NEGs if we
encounter problems.

Fig. 4. Sorption Curve for a PEP-Il NEG Pump
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