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Abstract

Modified Copper
The Interaction Region Vacuum System in BEP- cooine EE:\
Il B-Factory atSLAC mustproduce averagpressures in Extrusion

the 10 Torr range. Low beamline pressuresill
minimize the background radiation encountered by the
BaBar Detector. A combination ofopper and stainless
steel vacuum chambers with continu@rgechambers are @) O 1IN
used tomake up the beam tubesnear Non-Evaporable
Getter (NEIG) purrr:psl are husefd ;0 prc;)duce distribUtSQI?]igure 1. Cross-section of the HEB IR Chamber
pumping along the length of these beam tubes. Hi .
conductance "microwave" type screens provide RF Shie%ge.sc_)me specu?\H'EB chambers wheréhe sychrotron
betweerthe bearmapertureandthe NEG pumps. Irthis radiation power ishigh. These chamberare constructed

paper the design features of the beam tubes, PEGDS, from stainless ste_el with GLIDCOP absorpers. Thg
and RF pump screensare described anthe vacuum and standard cross-section of the HEB IR chamber is shown in

impedance analyses conducted in suppothefdesign are Flgurg 1. It has an octagonal beaaperture with a .
discussed. pumping plenum attached below the beam. The pumping
plenum communicates with the beaperturethrough an
1 INTRODUCTION array 'ofslots (Figqre 2). On th'backside of eaclset of
_ _ _ slots is a 1 mm thick screen with 3 mm wide sldtsese
The Interaction Region (IR) is the heart of the PEP-Ujots areoriented 90 to the main slotsindtheir purpose
storage ring. Since the BaBar Detectolosated atthe IR s to block the transmission dfansverse electri¢TE)
there is a more stringeriressure requirement for themodes of RF power into the pumping plenum.
vacuum system. Thipressure requirement istended to The cross-section of the LEB IR chamber is shown in
minimize background radiatiosaused bybremsstrahlung Figyre 3. TheLEB chamberhas the pumping plenum
gas-beam interactiongewed by the detector. Gas-beam ggjacent to the beam aperturebut separated by a
intereactions produce off-energy particles whachswept  «microwave type” RF pumping screen. Thpumping
into the detector by thbendmagnetsnearthe Interaction  gcreen for the LEB IR chambers is shown in Figure 4.
Point (IP). The average beamline pressure in theniRt The vacuum pump chosen for the IR is tNen-
be below 1 nTorr (nitrogeaquivalent)[1]. This pressure eyaporable Getter (NEG). The designtbé distributed
requiremengpplies to the “mid-IR"defined inthe High  NEG pumps for the PEP-II IR is an innovatisieparture
Energy Beam (HEB) at 2-40 meters upstream of the IP afg@m conventional NEG designs. SAES ST707 strip is
the Low EnergyBeam (LEB) at2-30 meters upstream of jaser cut intoindividual “wafers” and stackedonto a
the IP. ) ) _ stainless steel tube with 1 mspacers between wafers.
Producing sub-nToraveragepressures is especially The stainless steel tube wall servesbagh thevacuum
difficult consideringthe copius amounts aynchrotron  parrierand support for the NEG. A commercial tubular
radiation that are depositedalong the walls of both heater is insertethto the tubeand used tcactivate the

incoming beamlines. The gas load is estimatedvi®age NEG. The heater is outsidghe vacuum system, so
107 Torr-liters/second/metethroughout the mid-IR. To

achieve an average pressure of'®l(orr, distributed P - e
vacuum pumping isrequired on the order of 1000 T ot tgoment Wi
liters/second/meter. This is especially difficult to [ 3mm Slet wiath
accomplish withoutproducing ahigh impedance which
) . : = |
causes beam instabilities and higher-order-mode heating. *
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2 VACUUM SYSTEM DESIGN %

The majority of Interaction Region vacuuthambers
are constructed from oxygen-free coppgtrusions.There Figure 2. HEB IRpumping slots
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penetration of the vacuurbarrier with an electrical Conflat Flange (6.75")

feedthrough isnot required. With this design feature, a
failed heater can beeplaced with the chamber under
vacuum. Each pump within the IR contains dgivalent
of 18 meters of NEG strip per meter pfimp length.
This provides a distributed pumpisgeed inthe range of
1000 liters/second/meter with a getter capacity of 1.8
Torr-liters CO/meter. Estimates show that withis
pumping capacity, after initial beamline “clean-up”
regeneration will be required only on an annbasis. The
distributed NEG pumpare also supplemented byliscrete
ion pumps to pumphydrocarbons during machine

operation and to pump hydrogen during NEG activation. ) NEG Pump _
Figure 4. LEB IRpumping screen.

Both of the HEB and LEB beamlines were laidt on
CADD workstationsand ray traceswere made of the
synchrotron radiation*fans” generated bythe bend

| magnets. From the ray traces, profiles of the synchrotron
(7/ 3 ﬁ [ radiation power incident on the walls of the chambers were
e - B 20 mm Iculated. Distributed $oad Iculated b
Q\ 1 M | calculated. Distributed gasoads were calculate y
! converting the synchrotron radiation power profiles to gas
/ ‘ load profiles (in nitrogenequivalent)using theempirical
Copper Extrusion Pumping Screen phOtO-deSOfption data.
Cooling Bar Extrusion Pumping speed andsorption capacity for SAES
ST707 NEG material is well known. aMufacturer'siata
for carbon monoxid@umping speedwas extrapolated for
the actualsurface area othe NEG material in the IR
3 VACUUM ANALYSIS pumps. Prototype pumpgerebuilt andtested to verify

To produce an averadgeeamline pressure in the 0 the design calculations. The results of these tests are
Torr range, it is essential tweterminethe locations and reported in reference [3].
extent of the gasloadsgenerated byhe circulating beams. It is one thing to design a higépeedUHV pump, it
The major source of outgassing in the IRlig tophoto- is quite another to deliver high “net” pumping speed to the
desorption, that is, gapelledfrom the chamber walls beam aperture where it is required. The desigthefhigh
by synchrotron radiation. Early in the PEP-II projectconductance/low impedance RF pumping screesre the
photo-desorption testavere conducted at Brookhavenmost challenging aspect of the project. Several iterations
National Laboratory. Prototype PEP-tbpper vacuum were made between the vacuum engineer and the
chamberghat hadbeen ultrahigh vacuurprocessedvere electromagnetic physicist to come up with a compromise
exposed tosynchrotron radiation. Outgassindue to design that satisfied all of the design criteria.
photo-desorption washeasured tassessclean-up” time Calculating the moleculaconductances othe RF
and determinethe photo-desorption outgassingefficient pumping screenswas done analytically. As a check, a
(referred to asr{”, with units of molecules/photon). The two-dimensional Monte Carlo model wasade of the
design value forr{” was determined in these tesisd was screeng4]. The model wascompared to a benchmark
found to be2.0 x 10° molecules/photorafter 40 Amp- model of the PEP-Il High Energy Rirgyc screen design
hours of exposure [2]. which had been protoypednd measuredThe calculated

molecularconductance ofhe HEB IR pumping slots is
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Figure 3. Cross-section of the LEB IR Chamber
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Figure 5. Interaction Rgon Plan and Pressure Profile
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2000 liters/second/meter (nitrogen equivalent). Thdroad range of frequenciebhe slotsarelong enough to

calculated molecular conductancetbé LEB IR pumping interrupt the azimuthalcurrent of the TE mode. In

screen is 1600 liters/second/meter. contrast, the screen designagaque to TEpenetration at
With the gasloadsand the net pumping speeds all frquencieswith 100% transmissiordown the beam

calculated, the next step was to generate a one-dimensicaqagrture.

beamline pressure profile. This wdsnewith the use of

pressurepipeline code developedor vacuum beamlines

[5]. Each discrete section of beamline vehmracterized by

its length, axial conductance, gasload, and pumgpezd.

Once the beamline model was built, it waisaightforward

to make changes taddresdocalized pressur@roblems.

The final pressure profile for the upstream sections of the

HEB andLEB areshown in Figure 5.There is a sharp
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screen

Transmission Coefficient

pressure peak the IP due to low beamline conductance and .2 ] "slots

the absence ofpumping. This pressure peak is not o 3

expected to produce significant background radiation. The 2.0 2.5 3.0 3.5 4.0 4.5 5.0
averagebeamline pressure in thlEB mid-IR is 0.75 Frequency [GHz]

nTorr. The average beamline pressure in the bi®IR  Figure 6. TE Mode Transmission Spectrum for pumping
is 1 nTorr after 40 Amp-hours of machine operation. slots and screen.

4 IMPEDANCE ANALYSIS 5 SUMMARY

From a beam impedance point of view, long slots are The designand analysis of the vacuum system for
preferredover holes, since the main contribution to theEpP-|| Interaction Region haseendescribed. The IR
impedancecomes from theends ofthe slots. However, vacuum systemnerformancd’]as been shown tproduce
long slots allow TE power tpenetraténto the pumping averagebeamline pressures at or below 1 nTorr. The
plenum whichcan cause excessiVeeating to the NEG pumping screens have beershown to be minor
pump. The ideal situation is tplace a screewith small  contributors to the overall machine impedance budgets and
holes at theback of the slots to block TEpower to protect the NEG pumps from TE radiation.
penetration. In this manner, the hidden hgexiuceonly
a smallimpedance. However, here ime IR, vacuum 6 ACKNOWLEDGEMENTS
conductanceconsiderationgequiredthe RF screen to be This work wassupported by the DirectoOffice of
placeddirectly atthe beamchamber wall increasing the Energy Research, Office dfligh Energy and Nuclear
impedance substantially. In thtse aroptimizeddesign Physics Division, of the U.SDepartment of Energy
had to accomodatboth beam impedanceand vacuum undercontracts DE-AC03-76SF00093d W7405-ENG-
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The HEB IR pumping slots (Figure 2) contribute an
inductance of 0.15 nH, which is smathmparedwith the 7 REFERENCES
overall High Energy Ringmpedance budget of 50 nH.[1] “PEP-Il an AssymmetricB Factory,” Conceptual

The IR upstream high energy beam dump chamitere Design Report, CALT-68-1869,LBL-PUB-5379,
about 76,000 holes (3 misguare) located ahe bottom SLAC-418, UCRL-ID-114055, UC-IIRPA-93-01,
of the beam chamber. They contribute inductance of June 1993.
3.41 nH, which is still a relatively smaflaction (7%) of [2] “Photon Stimulated Desorption (PSD)eltsurements
the impedancebudget. TheLEB IR pumping screen of Extruded Copperand of Wélded Copper Beam
(Figure 3) creates ainductance ofl.2 nH, which is also Chambers for the PEP-Il Asymmetri® Factory,”
relatively minor.Hence,the two pumpingscreen designs Foerester et al.
for the HEB IR andthe LEB IR will have asmall effect [3] “MONTE,” Tanabe and Osborn, December 1995.
on the beam impedance. [4] “Design of the Linear Non-Evaporable Getteump
The effectiveness ofboth the |Ong slotsand the for the PEP-IIB Factory,” Bertolini et. al.,these
“microwave screen” designs ishielding the TE power is proceedings.
evaluated bytransmission calculations of a FEmode [5] “A Method for Calculating Pressure Profiles in
propagating in the beam chamber. The resarshown Vacuum Pipes,” PEP-Il. AP Note No. 6-94,adh
in Figure 6. The deviation of the transmissiwefficient 1994.

from unity represents radiation penetrating through the
screen. The HEB slots allow negligible penetration over a
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