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Abstract. The paper considers the key decisions taken as a basis in the vacuum system design of the future syn-
chrotron radiation source SRF "SKIF" (Koltsovo, Novosibirsk region, Russia). The focus is on the trade-off of using
combined lumped pumps along with distributed pumping based on non-evaporable getters (NEG). An estimate of
the time required for training the vacuum beam pipe of the SKIF storage ring is given. Designs of the main ele-

ments for the vacuum system are considered.
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BBEJEHUE

B HacTosdmKMe BpeMs CO3[4AaeTCs MCTOYHMK CHH-
XPOTPOHHOTO U3/IyUYeHUS (CH) mmoxkoneHus 4+ IIKII
"CKH®" [1]. B ocHOBE JIeSKUT [UKIUYECKUN HaKOIIK-
TeJIb 3/IeKTPOHOB C 3Hepruel 3 I'aB nepuMeTpoMm 476 M
M yAbTpPaMajblM 3MHUTTAHCOM IIy4Ka 75 OM'paj,.
HakomuTen b COCTOUT U3 16 CylieprnepuosoB C AJIKMH-
HBIMHU 6e3QUCHepPCUOHHBIMHU MPOMEXYTKaMU
(~ 6 M). Tpu IpoMe>KyTKa IIpeAIoaaraeTcss UCIOb-
30BaTh AJ19 HHXeKLIMHU U BY-cucTeMm, a ocTaBIIxecs
JJIsl [IOCTAHOBKM CIIelMaJIM3MPOBAHHBIX TeHepPaTo-
POB CHHXPOTPOHHOIO M3/1y4yeHUs (BUITIEPOB UIHU
OHAYNATOPOB). KpoMe TOro, B Kaxk[,0M CyIlepIepu-
ofe OpraHH3yeTCsa 2 KaHaska BeiBoga CH M3 110BO-
POTHBIX MAarHMTOB: OJHMH IIOBOPOTHOTO MarHuTa
¢ MmablM nonem (0,5 Ti) miis reHepaluu yabrpadro-
J1leTa ¥ MATKOIO PeHTreHa, OOUH M3 C IOBOPOTHOTO
MarHHTa ¢ 601bIKUM 1os1eM (2 Tr) A151 5KeCTKOrO PeHT-
reHa. B Hakomutese 6yayT paboraTs 2 BY CHCTeMBI:
OCHOBHAa4 (357 MT'1L1) 1 KOMIIeHCALIUK II0TePh SHepP-
TUU U TapMOHHYeECKas (1071 MT11) g yOIMHEeHU S
crycTKa. ITonHBIM TOK 400 MA B 510 crycTKoB (Ipu
II0JIHOM 3aIl0JIHeHHe cerapaTpuc ¢ 10% pa3peiBoMm).
[IpenronaraeTcs MHKEKLKMA HA SHEPIUH 3KCIIePU-
MeHTa, 61arogaps dyemy 6ymeT MoAmepsKUBATHCS
MIOCTOSSHHBIN LM PKY/JIHUPYIOIIHNI TOK ITy4Ka. B Kade-
CTBe MHXXeKTopa OymeT mcmosab3oBaThcs 200 MaB
JTMHENHBIN YCKOPUTEIb U OyCTepHBIN CHHXPOTPOH
c mepuMeTpoM 150 M, KOTOPBIH byIeT OCyINeCcTBISATh
yCKopeHHe Imy4Ka ¢ 200 MaB o 3 I'3B. YacToTa MHKeK-
uuu - 1 I'n. MH>XXeKTOp BBIHECeH B OT[e/IbHOe 3/laHHe
M CBSI3aH C HAKOIKMTeIeM JIMHHBIM TPaHCIIOPTHBIM
KaHajoM. HaKkomuTenb 1 60JIbIIOk SKCIIePHMEeHTaIb-
HBIH 3aJ1 Pa3MeIlaloTcs B OJHOM 3[aHHUU Ha elHu-
HOM ¢yHmamMeHTe. HeCKOMBKO CIeIIMAaTU3UPOBAH-
HBIX CTaHI WU CH BBIHOCATCS B OTAE/JIBHO CTOSILIHE
3MaHUM.

KOHCTPYKIIMHM MAarHHUTOONTHYECKOHM CHCTeMBI
COBpeMeHHBIX UCTOYHHUKOB CUHXPOTPOHHOIO HU3J1y-
veHus (CH) ¢ MaJbIM 5MUTTAHCOM [2] CyLIeCTBEHHO
OTPAaHUYMBAIOT JOCTYIIHYIO allepTypy OJIsl BaKy-
YMHBIX KaMmep mydka. [IosTomy pacrpeneeHHbIe

INTRODUCTION

Nowadays, a synchrotron radiation source (SRS) of
generation 4 +of the SRF SKIF is being developed [1].
It is based on a cyclic electron storage ring with
an energy of 3 GeV with a perimeter of 476 m and
an ultrasmall beam emittance of 75 pm-rad. The
storage ring consists of 16 superperiods with long
dispersion-free gaps (~6 m). Three of the gaps are
supposed to be used for injection and RF systems,
and the remaining gaps for staging specialized syn-
chrotron radiation generators (wigglers or ondu-
lators). In addition, 2 SR output channels from the
bending magnets will be organized in each superpe-
riod: one from a bending magnet with a small field
(0.5 Tesla) for generation of UV and soft X-rays, one
from a bending magnet with a large field (2 Tesla)
for hard X-rays. There will be 2 RF systems in the
drive: main (357 MHz) for energy loss compensation
and harmonic (1071 MHz) for bunch elongation. The
total current is 400 mA at 510 of the bunch (at full
filling of the separatrices with a 10% gap). Injection
at the experiment energy is assumed, so that a con-
stant circulating beam current will be maintained.
The injector will be a 200 MeV linear accelerator and
a booster synchrotron with a perimeter of 150 m,
which will perform beam acceleration from 200 MeV
to 3 GeV. The injection frequency is 1 Hz. The injec-
tor is located in a separate building and is connected
to an storage ring by a long transport channel. The
storage ring and the large experimental hall are
located in one building on a single foundation.
Several specialized SR stations are moved to sepa-
rate buildings.

The magneto-optical system designs of mod-
ern synchrotron radiation (SR) sources with small
emittance [2] significantly limit the available aper-
ture for vacuum beam chambers. Therefore, distrib-
uted vacuum pumps based on non-evaporable get-
ters (NEGs), first applied in the insertion devices
of the ESRF SR source [3], are gaining popular-
ity. For example, almost all vacuum beam cham-
bers of SR sources MAX-IV [4] and SIRIUS [5] have a
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BaKyyMHBI€ HACOCHl Ha OCHOBE HePaCIIblISeMBbIX IeT~
TepoB (NEG), BIepBble IPpHMeHEHHble B BCTABHBIX
ycTporcTBax ucTouHuka CH ESRF [3], mpruobpeTtator
Bce 6obIIyI0 MOMYASIPHOCTh. Hanmpumep, mpaKkTH-
YeCKH BCe BaKyyMHbIe KaMephl IIy4YKa UCTOUHKUKOB
CH MAX-IV [4] u SIRIUS [5] uMeIOT TOHKOIIJIEHOY-
Hoe NEG-mmoxkpeiTHe. Ha mpakTHKe TaKkas CUCTeMa
He HY>X/laeTcsl B KaKOH- 1160 TpeHUPOBKe O[] U3y~
yeHHeM. ITO 03HayvaeT, 4YTo TpebyeMbIl JTMHaAMHUYe-
CKHI (B IPUCYTCTBHUH IIy4Ka) CBEPXBBICOKHUH BaKyyM
MOsKeT OBITh JOCTUTHYT Cpa3y Iocse akTuBanuu NEG
(3, 6]. Ho cama aKTHBaLUs IPeACTaBIseT COO0M IIpo-
Lenypy mporpesa mmpu 180+200 °C, 1151 KOTOpoH Tpeby-
eTCs IeMOHTa K ITPelM3MOHHBIX MaTHUTOB (pellleHHe
MAX V) uny IpocTPaHCTBO AJIs1 yCTAHOBKU Harpesa-
TeJIer U TeIlJIOU30/ISIIUU (pemeHHe SIRIUS) u 601b-
IIOT0 KOJIMYeCTBAa MeXaHHYeCKHUX KOMIIEHCATOPOB
¢ RF-koHTakTaMu. C Jpyroy CTOPOHEI, pa3paboTaH-
Hble B II0CJIe[JHHE o bl KOMIIAKTHBIe KOMOHMHUPO-
BaHHBIe BAKYyMHEBIe HACOCHI HAa OCHOBE KapTPHUKer
NEG ¥ MarHUTOPa3pALAHBIX HOHHO TEeTTEPHBIX HACO-
coB [7] 1aI0T BO3MOKHOCTD BEPHYThCS K K/IACCHYECKOK
CHUCTeMe C COCPeNOoTOYeHHBIMH HaCOCAMHM, HO pa3Me-
IIeHHBIMU Ha He6OJIbIIOM PACCTOSIHHUH, OKOJIO OTHOTO
MeTpa MU Jaske MeHbIIle,

BakyyMHas CcHCTeMa HaKOIIMUTEJbHOTO KOJIbIla
CKU® 6bynmeT comepskaTh KaK paclpefeleHHBIe
HACOCHI, Ha OCHOBe NOKpHITHN NEG, Tak U cocpefo-
TOYeHHble KOMOMHHPOBAHHBIE HACOCHL. [IOKPBITHE
NEG 6yzeT UCIIOTB30BATHCS B IPSIMOTUHENHBIX IIPO-
Me>XKyTKaX U BO BCTaBHBIX yCTPOMCTBAX C MaJjoarep-
TYPHBIMH KaMepaMH, paboTaomuX IPHU KOMHAT-
HOM TeMIlepatype. CocpeJOTOYeHHBbIe HACOCHI OyayT
IIPUMEeHSITbCA B apKaX, COCTaBagomux 80% mepu-
MeTpa HaKOIMTe/ISI U COAepsKaluX MHOKeCTBO IIpe-
LIIM3MOHHBIX MAaTHUTHBIX 3JIeMeHTOB. Takoe pelre-
HHe M03BOJIsIeT UCKIIOYUTE IPOLeAypy Imporpesa
B apKax M, CjIel0BaTeIbHO, MUHHUMU3UPOBATH KOIH-
YeCTBO MeXaHUYEeCKUX KOMIIEHCATOPOB ~ UCTOYHU-
KOB BBICOKOYACTOTHBIX F@OMETPUUYLCKUX UMIIeJAH-
coB. Kpome Toro, mpuMeHeHHe 6OIBIIOTO KOTHUYeE-
CTBa MOHHO-TeTTePHBIX HACOCOB 3HAYUTEIBHO CHU-
>KaeT 3aBHUCUMOCTb IIpefle/IbHOr0 BakyyMa (I10 cpaB-
HeHHUIO ¢ NEG) OT CcyMMapHOI0 ypOBHSI MUKpOTeydell,
YTO CYIeCTBEHHO IIOBBIIIAET HAJEKHOCTh BAKYyM-
HOM CHCTEMEBI B LIeJIOM.

IIpenmenpHble mmapameTphl HakonuTenss CKUP Bo
MHOTroM 6yAyT 3aBHCETb OT UCIIOJHEHHUS BaKyyM-
HBIX KaMep Iy4ka. [ToaTomy ocoboe BHUMaHUe ye-
nsetcst mogbopy MaTepHasaoB A/l U3LOTOBIEHUS
BaKYYMHBIX 3JIEeME@HTOB, KOHCTPYKLIUAM OTKaYHBIX
[IOPTOB ¥ COeAUHUTE/JbHBIX 3JIEMEHTOB JJI1 MUHU-
MH3aL KM Pe3SUCTUBHBIX U F€OMETPUYLCKHX UMIIe-
naHcoB. CHCTeMa OTKAauKHU AOIKHA obecriedynBaTh
paspeskeHue Ha ypoBHe P, = 3,3-107 I1a (B a30THOM
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thin-film NEG coating. In practice, such systems do
not need any training under radiation. This means
that the required dynamic (in the presence of the
beam) ultrahigh vacuum can be achieved immedi-
ately after NEG activation [3, 6]. Activation itself is
a heating procedure at 180+200 °C, which requires
dismantling of precision magnets (MAX IV solu-
tion) or space for installation of heaters and ther-
mal insulation (SIRIUS solution) and a large number
of mechanical compensators with RF contacts. On
the other hand, compact combined vacuum pumps
developed in recent years based on NEG cartridges
and magnetically discharged ion-getter pumps [7],
provide an opportunity to return to the classical sys-
tem with concentrated pumps, but placed at a small
distance; about one meter or even less.

The SKIF storage ring vacuum system will contain
both distributed pumps, based on NEC coatings,
and concentrated combination pumps. NEG coat-
ings will be used in rectilinear gaps and insertion
devices with low aperture chambers operating at
room temperature. Concentrated pumps will be used
in arches that make up 80 % of the storage perime-
ter and contain many precision magnetic elements.
Such a solution allows to exclude the heating proce-
dure in the arches and, consequently, to minimize
the number of mechanical compensators - sources
of high-frequency geometrical impedances. In addi-
tion, the use of a large number of ion-getter pumps
significantly reduces dependence of the ultimate
vacuum (compared to NEG) on the total level of
micro-leaks, which significantly increases the reli-
ability of the vacuum system as a whole.

The ultimate parameters of the SKIF storage ring
will largely depend on the vacuum beam cham-
bers design. Therefore, special attention is paid to
selection of materials for fabrication of vacuum ele-
ments, designs of pumping ports and connecting
elements to minimize resistive and geometrical
impedances. The pumping system should provide a
vacuum at the level of P, = 3.3-107 Pa (in nitrogen
equivalent) to achieve a "vacuum" beam lifetime of
at least 10 hours at a nominal current of I, = 0.4 A,

ESTIMATION OF TRAINING TIME UNDER RADIATION

The getter film transforms the vacuum chambers
surface from a source of desorbing molecular fluxes
into an absorber (sorption pump) of molecules.
Therefore, as it was already mentioned, dynamic
ultrahigh vacuum is achieved immediately after
heating (NEC activation) on all areas with get-
ter coating (approximately 20 % of the perimeter in
the case of SKIF storage ring). Thus, the question
of estimating the time of training of the inner sur-
face under the action of SR necessary to achieve the
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3KBHUBAJIEHTe) IJIsI JOCTUKeHHU s "BaKyyMHOro" Bpe-
MeHH KHU3HHU ITy4uKa He MeHee 10 4 TP HOMHUHAJIb-
HoM ToKe I, =0,4 A.

OLLEHKA BPEMEHW TPEHUPOBKW NOA U3NNYYEHMEM
leTTepHas IJIeHKa TPaHCPOPMHUPYeET IOBEPXHOCTD
BaKyyMHBIX KaMep M3 HUCTOUYHHKA Aecopbupylo-
M XCSI MOJIEKYJISIPHBIX IIOTOKOB B IIOIJIOTUTeIb (COp6-
LIMOHHBIHM HACoC) MoJIeKyl. IIo3ToMy, KaK yske 651710
OTMe4deHO, JUHAMHUYeCKHUI CBePXBBICOKHMH BaKyyM
JOOCTUTaeTCs Cpa3y Mocje mporpesa (akTuanuu NEG)
Ha BCeX y4acTKax C TeTTepHBIM IIOKPLITHEM (IIpHU-
MepHO 20% ITleprMeTpa B cay4dae HakonuTesns CKUD).
TakuM 06pa3om, BOIIPOC OLleHKH BPeMeHHU TPeHH-
POBKHU BHYTPeHHeHU [T0BepXHOCTH Iof AekicTBreM CH,
Heo0X04HMOTO 171 OOCTUKeHUs TpebyeMoro ArHa-
MHUYeCKOI0 YPOBHS pa3peskeHH s, aKTyajleH TOJIbKO
IJ1sI APOUHBIX y4acTKoB CKUQ®, rie 6ynyT IpUMeHeHBI
cocpeloToueHHbIe KOMOMHHUPOBaHHBIE HACOCHI.

Ha Hada/bHOM CTaJHH INPOEKTHUPOBAHUS HEBO3-
MOYKHO IIpeAyragaTh KOOPAHHATHL JOCTYIIHBIX Y4acT-
KOB /IS IIOAK/IIOUeHMS COCPeJ0TOUYeHHBIX HaCcOCOB.
TeM He MeHee, UMeHHO Ha HadaJbHOM CTaJHUH IIPO-
eKTa HeobX0JMMO C JOCTATOUHOHN TOYHOCTHIO OIIpe-
Je/lUTh KOJIMUeCTBO U IIapaMeTpbl HaCOCOB A1 Gpop-
MY/IHPOBaHUS 3aJaHHUs Ha IPOeKTHPOBaHHUeE.
O4eBUIHO, YTO SKBUJUCTAHTHOE PACIIOIOKeHME 01~
HaKOBBIX COCPeJOTOYEeHHBIX HACOCOB SBJ/ISeTCS HaH-
Jy4IIMM [IePBBIM NPpUONIHKeHHeM. Kpome TOro, mpu-
MeHAq 1M PY3HOHHYI0 Moze/lb KHyIceHa U LoIycKas
yCpenHeHHe pacIipefie/IeHHOr0 II0TOKa MOJIeKYJI CO
CTE@HOK BAaKYyMHOM KaMephl, JIETKO ITOJIy4YUTh BhIpa-
SKeHHe [JIg CPeHero KBa3u-paBHOBECHOIO JaB/IeHH !
f’=q—L2+P =q_L2+q_L=—qL2 , (1)

L2u ° 12u S 12u(l-k)

rae q [I[Ia1/mM/c] - paBHOMepHO paclpefeleHHas
rasoBasi Harpyska (mecopbuus MojeKkyl co CTe-
HOK KaMepsl), L [M] - paccTosiHHe MeXXJy HacocaMH,
S [m3/c] - apderkTHBHAS OBICTPOTA OTKAUKHU IIOPTA
c HacocoM, u [M*/c] - MoneKyIsipHasi IPOBOLUMOCTD
KaMephl eTUHHYHON ANUHB, k=P, /P - Ko3ddu-
UeHT UCII0Ib30BaHUS HacocoB (06puHO 0,2...0,5),
P, - maBJieHHe Ha BXOZe Hacoca.

VIHTepecHO OTMETUTh, YTO BAPbHPOBAHME PACCTOS-
HHeM MeXay Hacocamu oT 0,5 mo 1,5 L, mpu coxpa-
HeHHUHU 00ILiero KoJM4YecTBa HACOCOB, IPHUBOAUT
K YBe/IM4YeHHUIO CPeJHero JaBjeHus B 1+1,6 pasa 1o
CPaBHEHHIO CO C/ly4aeM 3KBUIUCTAHTHOTO PacIlo-
NOoKeHH . DPPEeKTUBHOCTD PACIIONIOKEHHU I HACOCOB
MO>KHO y4eCTb, BBe/5I COOTBETCTBYIOI KL KO3ddu-
LIMeHT g:

N qLZ

P B hu(1k)” @

required dynamic rarefaction level is relevant only
for the SKIF arch sections where concentrated com-
bined pumps will be applied.

At the initial design stage it is not possible to
anticipate the coordinates of the available areas for
concentrated pumps connection. Nevertheless, it
is at the initial stage of the project that the num-
ber and parameters of the pumps must be deter-
mined with sufficient accuracy to formulate the
design task. Obviously, an equidistant arrangement
of identical concentrated pumps is the best first
approximation. Besides, applying the Knudsen dif-
fusion model and assuming averaging of the distrib-
uted flow of molecules from the walls of the vacuum
chamber, it is easy to obtain an expression for the
average quasi-equilibrium pressure:

13=q—L2+P =q_L2+q_L=q—L2, (1)
2u ° 12u S 12u(l-k)

where q [Pa'l/m/s] - uniformly distributed gas load
(desorption of molecules from the chamber walls),
L [m] - distance between pumps, S [m?/s] - effec-
tive pumping speed of the port with pump,
u [m*/s] - molecular conductivity of the chamber of
unit length, k=P, /P - pump utilization factor (usu-
ally 0.2...0.5), P, - pump inlet pressure.

It is interesting to note that varying distance
between pumps from 0.5 L to 1.5 L, while maintain-
ing the total number of pumps, leads to an increase
in the average pressure by a factor of 1+1.6 compared
to the case of equidistant arrangement. The effi-
ciency of the pumps arrangement can be taken into
account by introducing an appropriate coefficient g:

5 qu
P8 Lu(1k)”

In SR sources, practically the entire surface of
the vacuum beam chamber is exposed to an intense
flux of photons with energies much higher than
the energy of chemical bonds. Therefore, desorption
under the action of SR is much higher than ther-
mal desorption. The cross section of interaction of
SR photons with molecules is 2+3 orders of magni-
tude smaller than the cross section of inelastic elec-
tron-molecular interactions at electron energies of
20+1000 eV. Therefore, gas desorption under effect
of synchrotron radiation occurs in two stages: pho-
tons knock out photoelectrons from the irradiated
surface (at some depth from the surface), which, in
their turn, can lead to desorption of gas molecules
from the surface of the vacuum chamber, both when
flying from the surface and when hitting it. Besides,
a part of photons is reflected and scattered over the
total vacuum chamber surface. As a result, even in
laboratory experiments to study desorption under the

2)
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B mcrouHnuKkax CH mpakKTHUYeCKH BCS IIOBEPX-
HOCTb BaKYyMHOK KaMepBbl ITy4Ka I10JBep>KeHa BO3-
JleHICTBHIO0 MHTEHCUBHOTO ITI0TOKa QOTOHOB C 3Hep-
FUAMHU, 3HAYHTE/IBHO MIPeBhIIIAIIMMHU 3HEPruio
XUMHUYECKHUX CBs3eH. [loaToMy Hecopbums mon
gerictBueM CH 3HAUMUTeNbHO IPEeBHIIIAET TEPMO-
,aecop6umo. CeueHHe B3auMoOAeHCTBUS doToHOB CU
C MOJIEKYJIaMHU Ha 2+3 IMopsAAKa MeHbllle yeM ceye-
HUe HeyIPYTrUX 3JIeKTPOH-MOJIeKY/JISPHBIX B3aHMO-
IeHCTBUM IIPU 3HEPrUsX 371eKTPoHOB 20+1000 3B.
[TosToMy mecopbLus rasa mnof gercTBHeM CHHXPO-
TPOHHOTO M3/IyUYeHUs IIPOHUCXOOUT B [Ba dTalla:
doToHBI BEIOMBAIOT ¢ 061ydyaeMON MOBEPXHOCTH
$0T03/1eKTPOHEI (Ha HEKOTOPOU ITybHHe OT II0BEpPX-
HOCTH), KOTOPBIe, B CBOIO OUepe/ib, MOI'YT IIPUBECTH
K IecopbIIK MOJIeKyJI ra3a C IOBepXHOCTH BaKyyM-
HOM KaMephl, IPHUYeM KaK IIPU BBLJIETe C IIOBEPX-
HOCTH, TaK U IIPHU IoIIaJaHHUU Ha Hee. KpoMe Toro,
4acTbh POTOHOB OTpa>kaeTCs U pacCerBaeTCs I10 BCel
MIOBEePXHOCTH BaKyyMHOH KaMephl. B pe3ynbTarte,
naske B 1a60paTOPHBIX 3KCIIEPHUMEHTAX 10 U3Y-
YyeHHUIO fecopbuuu nox meictBueM CH, Tak UIH
MHaye, y4acTBYyeT BCSl IOBEPXHOCTb BAaKyyMHOM
KaMmepsl [8]. OTo 3HAUUTeNbHO 3aTPYAHSIET UHTEP-
IpeTalMio ¥ CpaBHeHUE ITOYUYeHHBIX JaHHBIX.
OfHAaKO HAKOIIJIEHHBIN OIBIT I103BOJISIEeT BBISIBUTD
MHTerpajbHbIe IIapaMeTPhl 3TOT0 CJIOKHOIO sIBJIe-
HUS, He0OXOZUMBIe /ISl pacyeTa U IPOeKTHUPOBa-
HUS yCKOPHUTeJIeH.

OCHOBHOM XapaKTepPHUCTHUKOM ecOpOLIMY IO, feH-
cTBHeM GOTOHOB SABJISAETCS CpelHee YHCJI0 Moje-
Ky, BecopbrpoBaHHBIX OLHUM GOTOHOM 1) [MoIIe-
Kyn/PoToH] - Ko3dPULHeHT GOTOCTUMYIHPOBAHHON
necopbruu. Torga MoToK MOJIEKY CO CTEHOK MOSKHO
3aMMCaTh KaK:

q=nl'/K, 3)

roe [ - moTok poToHOB [PoToH/(M-C)], K
2,4-10%° [1/(ITa-Mm3)] - KoNKUYeCTBO MOJIEKYI B Kybome-
Tpe IIpU KOMHATHOM TeMIlepaType U AaBaeHuH 111a.

Kak mpaBu/I0, JOMUHUPYIOIMUM gecopbupyo-
IKMCcS oA fericTBheM CH rasom siBjisieTcsi BOLOPOZ,.
BTOpBIM I10 MUHT@HCHBHOCTH SIB/ISI€TCS IIOTOK MOHOOK-
cuja yriepona (CO), coctaBnsromun 20-30% oT IIOTOKA
BoJopoza. Ho, IIOCKONIBKY ceueHUe paccessHUS peis-
THUBHUCTCKUX 3JIEKTPOHOB IIPOMINOPLHMOHAIBHO KBa-
IpaTy aTOMHOI'0 HOMepa, JOMUHHUPYIOLUIHMM OKa3blBa-
eTcs paccessHHMe Ha moiiekyinax CO. Jlanee, ojis yrpo-
IIeHUS aHa/IM3a, YYUThIBAeTCs TOJIbKO IIapliUajibHOe
naBineHue CO.

Cpe/:[HI/IfI nortoxk CH, o611yqa101u1/11?1 CTeHKHU
BaKyyMHOM KaMephl HaKonutenss CKH® cocras-
nsiet 2-108 [poToH/(M'C)] IpU HOMHHAIBHOM TOKe
3JIeKTpOHHOro ny4ka 0,4 A u s”Hepruu 3 I'3B.

4
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action of SR, one way or another, the entire surface
of the vacuum chamber is involved [8]. This signifi-
cantly complicates the interpretation and compari-
son of the obtained data. However, the accumulated
experience makes it possible to identify the integral
parameters of this complex phenomenon necessary
for the calculation and design of acceletators.

The main characteristic of desorption under
action of photons is the average number of molecules
desorbed by one photon n [molecules/photon] - the
photo-stimulated desorption coefficient. Then the
flux of molecules from the walls can be written as:

q=n/K, (3)

where T is the photon flux [photon/(m-s)],
K = 2.4-102° [1/(Pa-m?3)] is the number of molecules in
a cubic meter at room temperature and 1 Pa pressure.

As arule, the dominating gas desorbed under the
SR action is hydrogen. The second in intensity is
the flux of carbon monoxide (CO), which is 20-30 %
of the hydrogen flux. However, since the scattering
cross section of relativistic electrons is proportional
to the square of the atomic number, scattering on
CO molecules is dominant. Further, to simplify the
analysis, only the partial pressure of CO is taken
into account.

The average SR flux irradiating the walls of
the vacuum chamber of the SKIF storage ring is
2-10'8 [photon/(m-s)] at a nominal electron beam
current of 0.4 A and energy of 3 GeV. The interpole
distance in the magnetic elements is 30 mm. With
a technological gap of 0.5 mm and a vacuum cham-
ber wall thickness of 1 mm, the inner diameter will
be 27 mm. Thus, the molecular conductivity on CO of
the chamber of unit length will be:

3 3 4
n=Td g _nd’ BRT o 5024/ M|, @)
PRV K7 c

Direct calculation shows that at an average pump
spacing of 1 m, factor g = 1.6, factor k = 0.25 and
desorption factor 5-107, the average CO pressure will
be at the required level: ~ 3-107 Pa.

It is known that the initial values of photo-
desorption can be at the level of 0.005 (for CO),
i.e. much higher than the required value of 5-107.
However, the intensity of stimulated desorption
decreases as photon dose accumulates according to
the law [9]:

1

1+(L}
1-‘1/2

N=To ’ (5)
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MesKII0II0CHOe PACCTOSIHNE B MATHUTHBIX 3JIeMeH-
Tax 30 Mmm. [Ipu TexHOIOrHYeCKOM 3a3ope 0,5 MM
Y TOJILIIMHe CTeHOK BAKyyMHOM KaMepsl 1 MM, BHY-
TPEeHHHUI JUAMeTP COCTABUT 27 MM. TakuUM obpa3oM,
MOJIeKYJ/IsIpHas HPOBOAHMMOCTb 110 CO KaMephl ey~
HUYHOH JIJIMHBL COCTABUT:

3 3 4
u=Tdg_nd’ BRT o 0024/ M |, @)
PRV KT c

[IpsiMoOI1 pacueT MOKa3blBaeT, YTO IIPU CpelHEM
paccTosHUHM MeXXIy HacocaMHu 1 M; ¢akTope g = 1,6;
kodbdunuenTe K = 0,25 1 koddpduKeHTe Kecopb-
uuu 5-107, cpenHee gaBneHue CO 6ymeT Ha Tpebye-
MOM ypoBHe: ~ 3107 Ia.

M3BeCTHO, YTO Havya/IbHbIe 3HaueHU s GoTomecopb-
LU MOTYT ObITh Ha ypoBHe 0,005 (m1s1 CO), TO ecTh
3HAUMTe/IbHO IIPeBhIIIATh TPebyeMoe 3HaueHHe 5107
OnHaKO MHTEeHCHBHOCTb CTUMY/IHPOBaHHOM Aecopb-
LMK yMEeHbIIAeTCs 10 Mepe HaKoIlJIeHUs QOTOHHO
II03BI I10 3aKOHY [9]:

1
€
)
1/2
rme 1, - Hada/bHOe 3HaueHHe K03QdHIIeHTa ecop6-
uuu, I' - oroHHas nosa [poton/ml, I, - poToHHAS
no3a [poToH/M], IpU KOTOPOX KO3PPUIIHEHT fecopbd-
LMY YMeHBIIAeTCS B Ba pa3a 0T Ha4ya/bHOI'O 3HA~
yeHusd. IIpu ¢poTtoHHbIX f03aX I > I}, KO3pPULIHEHT
necopbiiu ybbIBaeT 10 CTeIIeHHOMY 3aKOHY C IToKa3a-
TeJIeM CTeIleHH €. ITo MHOTOUUC/IeHHBIM 3KCIIepUMeH-
TaJbHBIM TaHHBIM [9-19] TOKa3aTesnb CTEIIEHH € U3Me-
HsleTCs B Ipefenax 2/3+1. IlpudemM 6OIbIINM 3HAUe-
HUSIM € COOTBETCTBYIOT 60JIbIIIe 3HAaUeHHU 1), BaskHO
OTMeTHUTH, UTo npu I > I';;, MIOTOK AecopbupoBaH-
HBIX MOJIEKYJI IIPOIOPILIMOHAJIEH, TO €CTh 3aBUCH-~
MOCTb OT UHTEHCHUBHOCTHU GOTOHHOIO II0TOKA OKAa3bI-
BaeTCs BecbMa c1aboil faske npu €=2/3 (Ha pas3nuy-
HBIX y4acTKaX, Ihe GOTOHHBIe IIOTOKK OTIHNYAaIOTCS
B 8 pa3, ra3oBas Harpyska bymeT OTIHUYATHCS BCErO
B2 pa3a). Kpome Toro, B rajKot KaMepe yCpeHeHUIO
GOTOHHOTO ITOTOKA 3HAYKTE/IBHO CII0COOCTBYIOT BBICO-
KHe 3Ha4YeHUs Ko3PPHUIIMeHTOB OTpaskeHU $OTo-
HOB C SHeprusamu < 1 KsB mpu MaiblX yriax mnafme-
HUSI. OTH [1Ba 06CTOSITeNIbCTBA B IIOJTHOM Mepe OIlpaB-
IBIBAIOT IIPUHSTOE B JAHHOM CTaTbe yCpefHeHUe
[I0TOKA J1eCOPOUPYIOIMXCSI MOJIEKYJI CO CTEHOK BaKYy-
YMHOH KaMepsl, 061ydaeMoll IPSIMBIMU, IlepeoTpa-
SKeHHBIMHU, TUGDy3HO-paccessHHEIMU ¢poToHaMU CH,
a TaKkKe $OTO3JIeKTPOHAMH.
AHAIM3 MHOTOYMCJIeHHBIX 3KCIIePHMEeHTAa/lb-
HBIX JAaHHBIX [9-19], a TaKkKe JUHAMMKKU OaBJIeHUS

N="o , (5)

where 1, - is the initial value of the desorption coef-
ficient, T is the photon dose [photon/m], I';), is the
photon dose [photon/m], and desorption coeffi-
cient decreases by a factor of two from the initial
value. At photon doses I' > I';,, desorption coeffi-
cient decreases according to the step law with the
exponent of degree €. According to numerous exper-
imental data [9-19] the exponent of degree € varies
within 2/3+1. Moreover, large values of € correspond
to large values of 1,. It is important to note that at
I >T,, the flux of desorbed molecules is proportional
to qI*I'=I"*, i.e., the dependence on the photon
flux intensity turns out to be rather weak even at
€=2/3 (at different sites where photon fluxes differ
by a factor of 8, the gas load will differ only by a fac-
tor of 2). In addition, in a smooth chamber, the pho-
ton flux averaging is greatly facilitated by high val-
ues of reflection coefficients of photons with ener-
gies < 1 KeV at small incident angles. These two
circumstances fully justify the averaging of flux
of desorbing molecules from the walls of the vac-
uum chamber irradiated by direct, over-reflected,
diffuse-scattered SR photons, and photoelectrons
adopted in this paper.

Analysis of numerous experimental data [9-19],
as well as the pressure dynamics in VEPP3 (BINP
SB RAS) at accumulation of photon dose up to
3-10% [photon/m] [20], allows us to conclude that at
practically the worst value of € = 2/3, the required
degree of training (i.e., 1 = 5-107) will be achieved
at accumulation of photon dose 1-10% [photon/m]. To
accumulate such a dose in SKIF requires not much
less than two months of continuous operation at a
nominal current of 0.4 A. Obviously, it is impossible
to operate with nominal current at the beginning of
training due to intensive gas load (short lifetime). To
calculate the real time, let us assume that during the
training the electron beam current should be such
that the radiation background, proportional to the
losses of relativistic particles per unit time, does not
exceed the nominal value. Losses of relativistic parti-
cles due to scattering on the residual gas are propor-
tional to their current and pressure of the residual
gas. Accordingly, the product I-P should not exceed
In- I,-P, =1.3-107 [A-Pa]. Then the permissible cur-
rent during training is determined by the ratio: I-P =
const = 1.3-107 [A-Pa]. This ratio, taking into account:
['=5-10'8-1, and the assumption I > T ,, allows us to
integrate the system of equations (1-5) and calculate
the training time of the SKIF drive required to reach
the nominal current of 0.4 A:

1 18 2 :
Ly 1§ 510 gnoL

tz5.1018'1_5 K P, -12u(l-k) [ ®
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B BIIIII3 (U4® CO PAH) IIPU HaKOIIJIEHHUU POTOH-
HOHM H03bl m0 3-102° [poTou/M] [20] mO3BOISgET
3aK/IIOYUTh, YTO IPHU NPAKTHUYECKHU HAUXYIIeM
3HA4YeHHH € = 2/3 TpebyeMasi cCTelleHb TPEHUPOBKH
(T.e. N =5-107) 6ymeT JOCTUTHYTa IPHU HaKOIJe-
HUH GOTOHHOM 0356l 1-102° [poToH/M]. [IJIs HAKO-
I1eHUus Takol A03bl B CKH® TpebyeTcsi He MHO-
MM MeHblIIe IBYX MecsilieB HelIpepbIBHOH paboThl
IIpHU HOMHHAJbHOM TOKe 0,4 A. O4eBHIHO, YTO
B HadaJle TPEHUPOBKH HEBO3MOXHO paboTaTs
C HOMHHAJIBHBIM TOKOM HM3-3a MHTEHCHUBHOH
ra30BOM HAarpy3KH (KOPOTKOI'O BpeMeHH SKHU3HH).
[l pacyeTa peajbHOrO BpeMeHHU IIPUMeM, UYTO
BO BpeMsI TPeHUPOBKH TOK 3JIEKTPOHHOIO ITy4YKa
IOJI>KeH OBITh TAKKMM, YTOOB paJgHallHOHHBIN
&OH, IPOIIOPIMOHATBHEIN IIOTEPSIM PeISTHBUCT-
CKHX YaCTHI] 32 eJUHUIY BpeMeHHU, He IIPeBHI-
IIajJl HOMUHAJIBHOIO 3HAUeHUs. [loTepu pens-
TUBHUCTCKHUX YAaCTHUI] M3-3a PacCesHUS Ha 0CTa-
TOYHOM ra3e IIPOIIOPIHOHAIBHBI UX TOKY U AaB-
JIEHHIO OCTAaTO4YHOro rasa. CooTBeTCTBEHHO,
npor3BeneHHue [-P He MOJKHO IIPeBBIIIATH
[P, =1,3-107 [Ala]. Torga JOMyCTUMBIH TOK BO
BpeMs TPeHHPOBKHU OIlpelessieTCsl COOTHOIIe-
Huem: I-P = const = 1,3-107 [A-Ila]. 2TO COOTHO-
meHue, ¢ yuetom: ['=1-5-1-10'8 u gonymenus I >
I'y),, M03BOJISIeT IPOUMHTEIPUPOBATh CHCTEMY ypaB-
HeHUH (1-5) ¥ BBIYUCIHUTDL BPpeMs TPEeHUPOBKH
Hakomnurtensa CKU®P, HeobxomuMoe A/ BbIXOIa
Ha HOMUHAJIBHBIHA TOK 0,4 A:

1
tx~ r1/2 'Igl 5'1018‘ grloL2
510 ;_g| K P,-12u(l-k
2

] E[c]. ©6)

B Tabn.l mpuBefeHB HCXOLHBIEe TaHHBIE
JlJIs BBIYMC/IeHK I BpeMeHH TPeHUPOBKH.

PacyeT moKa3blBaeT, 4YTO BpeMs TpPeHHU-
POBKHK BaKyyMHOH Kkamepbsl CKH® cocTaBisger
OKO0JIO 2,5 Mecs1leB, YTO ABJISeTCS BIIOTHE IIPUeM-
neMbIM. Eciiu gonycTUTh Oojlee SKeCTKUM PeXXKUM
TPEHHUPOBKH, a UMEHHO: TPeXKpaTHOE IIPeBhIIIe-
HHe paJHalMOHHOro ¢poHa M3-3a IIOTEePb YaCTHUIL
Ha OCTAaTOYHOM rase, ToO BpeMs TPeHUPOBKH BO3-
MOXXKHO COKPAaTUTh IPUMepHO Ha 20%. B aToM CI1y-
yae TpeHUPOBKa GaKTHUUYeCKHU pa3brBaeTcs Ha ABa
3Talla: BBIXOJ Ha HOMHUHA/IBHBIH TOK 0,4 A U faB-
nerre CO 1-10°6 IIa (mpuMepHO IIOJIMecCsIa)
M BBIXOJ Ha HOMHHAaJIbHOe gaBiaeHue 3,3-107 Ila
IIPU IOCTOSSHHOM HOMMHA/IPHOM TOKe (IpHUMepHO
noaTopa Mecsna). ClegyeT YUYUTHIBATh, YTO 3TH
OLleHKHU IIO/yueHbl IpU Hauboslee MeCCUMHUCTHY-
HOM 3Ha4yeHHH IIOKa3aTejs CTeIleHU B BhIpaske-
HUU (4). OTMeTUM CH/IBHYIO 3aBUCHMOCTb Bpe-
MeHH TPeHHPOBKH OT AHaMeTpa BaKyyMHOH

oM e 7-
HAHO MHAVCTPUA Tom 16 Ne 7-8 2023

Table 1 summarizes the input data for calculating
the training time.

The calculation shows that the training time
of the SKIF vacuum chamber is about 2.5 months,
which is quite acceptable. If we assume a more
severe training mode, namely, a threefold excess of
radiation background due to particle losses on resid-
ual gas, the training time can be reduced by about
20 %. In this case, the training is actually divided
into two stages: reaching the rated current of 0.4 A
and CO pressure of 1-107® Pa (about half a month)
and reaching the rated pressure of 3.3-107 Pa at con-
stant rated current (about a month and a half).

It should be taken into account that these esti-
mates are obtained at the most pessimistic value
of the degree exponent in expression (4). Note the
strong dependence of the training time on the
diameter of the vacuum chamber and the average
distance between the pumps. Indeed, at €=2/3, and
taking into account (3), we obtain:

3
d4.5 M

Requirement for effective pumping speed of
pumped ports:

@)

tx

5.10%I,nL

S= kP K ~0.055Mm°/c=5551/c. 8)

MAIN ELEMENTS OF THE ACCUMULATOR VACUUM
SYSTEM

The SKIF storage ring is divided into 16 super-peri-
ods, each of which consists of 7 girders. The scheme
of the super-period of the storage ring is shown in
Fig.1. The average distance between vacuum ports
with pumps is about 1 m, the total number of ports
is 24 pcs.

Getter pumps in the form of cartridges with heat-
ers and ion-getter pumps are installed in the pump-
ing ports. In general, the pumping port forms a
combined pump, which is a modification of the
pumps proposed in [7]. The effective pumping rate of
the CO port should be not less than 55 1/s at absorb-
ing the amount of gas, which is up to 80 % of the
sorption capacity of the getter pump. CO sorption
capacity: not less than 0.1 Pa-m3. The initial value of
the pumping speed of the getter pump should be not
less than 800 1/s CO. The pumping speed of the ion-
getter pump should be not less than 10 1/s for argon.

As already mentioned, special attention is paid to
selection of materials for manufacturing vacuum
elements, designs of pumping ports and connect-
ing elements to minimize resistive and geometric
impedances. Steps and slots in flange connections
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Tabauua 1. Mapamempbl 0451 8bI4UCAEHLS 8peMeHU MPeHUpPosKU 8akyymHol kamepbl "CKND"
Table1. Parameters for calculating the training time of the SKIF vacuum chamber

MapameTp 3HavyeHue

Parameter Value
HoMuHanbHbIN TOK, |, [A] 0.4
Nominal current
HomwuHanbHoe faeneHne no CO, P, [Mal 3.3-107
Nominal pressure
CpeaHUit HOMUHabHBIA MoTok CU, I [doToH/(c:Mm)] 510, = 2-T0M
Average nominal flow
BHYTPeHHWIA AMaMeTp BakyyMHom kamepbl, d [M] 0.027
Inner dia. of the vacuum chamber
MonekynspHas npoBOAMMOCTb BaKyyMHOWM KaMepbl eANHUYHOM AnnHbI no CO, u [m*/c] 0.0024
Molecular conductivity of a vacuum chamber of unit length by CO
CpefHee paccTosHue mexay Hacocamu, L [m] 1
Average distance between pumps
S PeKTUBHOCTL PACcMOI0OXKEHMS HACOCOB, g 1.6
Efficiency of pump arrangement
KoaddnumeHT ncnonb3oBaHMsS HACOCOB, K 0.25
Pump utilization factor
HavanbHbIN K03pdULIMEHT Aecopbuum no CO, N, [Monekyna/doToH] 0.005
Initial CO desorption coefficient
I, [doToH/M] 1-10°
[MokasaTesnb cTeneHu, € 2/3
Degree indicator

KaMepbl U CpefHero PacCTOSHHUS MeXAYy Haco-
caMHU. [leACTBUTEbHO, IPU €=2/3, U yueToM (3),
MOJIY4YHM:

3
d4.5 M

TpeboBaHMe Ha 3¢ PeKTUBHYIO OBICTPOTY OTKAUKH
IIOPTOB C HACOCAMH:

)

tx

_5-10°L,nL

~0.055m>/c=55 .
RP.K M /C n/c (8)

OCHOBHbIE 3IEMEHTbI BAKYYMHOW CUCTEMbI
HAKOMUTENS
Hakonutens CKH® mopeneH Ha 16 cymepmepuo-
[0B, Ka>KAbIK U3 KOTOPBIX COCTOUT K3 7-MHU THpAe-
poB. Cxema cymeprnepuofa HaKOIHTe/s MoKa3aHa
Ha puc.l. CpemgHee pacCTOSHHE MeXAY BaKyYMHBIMH
IIOPTaMHM C HaCcOCAMHM COCTaBJIgeT IIPUMeEpPHO 1 M,
ob1ree KOMIHMYECTBO ITIOPTOB — 24 IIIT.

B mOpTH OTKAa4YKH yCTAaHAaBIMBAIOTCSA CeTTep-
Hble HaCOCHl B BHJle KapTPHU/KeH C HarpeBaTelsIMH

and bellows assemblies of vacuum chambers, due
to their large number, can be significant sources
of impedances. For these reasons, flanges of the
Matsumoto-Ohtsuka design (MO-type flanges) were
chosen as a flange vacuum connection [21, 22]. This
connection is successfully used at the SuperKEKB
collider in Japan. The scheme of flange connec-
tions of SuperKEKB vacuum chambers is shown in
Fig.2 [23]. Based on the scheme, we can see the main
advantages of this type of connections in compari-
son with ConFlat type connections: absence of gaps
and steps, high current conductivity between the
flange and the seal on the inner side of the vacuum
chamber.

The flange material can be aluminum alloy or
stainless steel, the seal material can be copper or
aluminum alloy. For beam position sensors it is
possible to use titanium as flange material. If it is
necessary to heat the flange connection, the mate-
rial of fasteners should be matched with the mate-
rial of flanges according to thermal expansion coef-
ficient (TEC). Aluminum vacuum chambers are
used in the SKIF storage ring. The chamber flanges

Vor.16 No. 7-8 2023 NANO INDUSTRY
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Lumped pumps > 120 I/s for CO

KomnoHoBKa cyneprnepuoaa
Main ring Super-period layout

CocpenoToyeHHble Hacockl > 120 ni/c ans CO

Puc.1. Cxema cynepnepuoda Hakonumenss CKN®
Fig.1. Scheme of superperiod of the SKIF storage ring

Y MOHHO-TeTTepPHbIe HACOCHL. B 11€JI0M IIOPT OTKAYKH
obpasyeT KOMOMHHPOBAHHBIN HACOC, SBISIOUHICS
MonHudHUKallMed HAaCOCOB, IpefjaraeMsx B [7].
d¢dexTHBHAL CKOPOCTh OTKAYKH mopTa 1o CO fomkHa
OBITH He MeHee 55 JI/C IIpH IMOIVIOIEHUH KOTHYeCTBa
rasa, cocTapJsiomero 10 80% oT copbLIMOHHOI eMKO-
CTH reTTepHOro Hacoca. CopbIiroHHast eMKOCTb 110 CO:
He MmeHee 0,1IIa-Mm3. HauanpHOe 3HaueHHe OBICTPOTEI
OTKa4yKH FeTTePHOI0 Hacoca JOJIKHA COCTaBJIATh He
MeHee 800 j1/c 1o CO. BrIcTpoTa OTKAaUKK HOHHO-TeTTep-
HOro0 Hacoca IoO/IKHa 6bITh He MeHee 10 J1/c 10 aproHy.

Kax yske 6b1710 CKa3aHO, 0coboe BHMaHHUe yAe/IsieTCst
nofbopy MaTepHasoB AJsl U3TOTOBIEHH S BAKYYMHBIX
3JIEMEHTOB, KOHCTPYKIMAM OTKaYHBIX IIOPTOB U COe-
JUHUTEIBHBIX 3JIEMEeHTOB /IS MUHUMH3ALIUY Pe3H-
CTUBHBIX Y TeOMETPUYECKHX UMIIeJaHCOB. CTYIIeHbKH
Y 11K BO QJIAHLIEBBIX COeIUHeHMAX U CUIbPOHHBIX
y3JIaX BaKyyMHBIX KaMep, BC/IeCTBHe UX 60/1bII0TO
KOJIMYeCTBa, MOT'YT OBITh 3HAUHUTEIbHBIMH UCTOUHU-
KaMH HMIIeIaHCOB. M3 3THX cO0bpaskeHHUH B KauecTBe
dnaHIIeBOro BaKyyMHOIO COeIMHeHH I ObIIH BbIOpaHEI
dnaHIbI KOHCTPYKIIMK Matsumoto - Ohtsuka (praHIBI
MO-Tuma) [21, 22]. laHHOe coefHHeHHe YCIIeIIHO
HCII0/Ib3yeTcs Ha Ko/nangepe SuperKEKB B SIoHUH.
CxeMa QJIaHIIeBBIX COeJHHEHHU BaKyyMHBIX KaMep
SuperKEKB nokasaHa Ha puc.2 [23]. FicXozst M3 CXeMEBl,
BUHBI OCHOBHBIE IIPEHMYIIECTBA SJAHHOIO THIIA Coe-
JUHEHHH II0 CPAaBHEHHIO C COeJUHeHHUSIMHU THIIA
ConFlat: oTCyTCTBHe IIeNer U CTYIIeHeK, BBICOKAsI IIPO-
BOAMMOCTB I10 TOKY MeXKAY ¢pyiaHLieM U YIJIOTHEHHEM
C BHyTPeHHel CTOPOHBI BAKYYMHOI KaMephl.

B xauecTBe MaTepHaa ¢aaHIEeB MOXKET UCIIOJb-
30BaThCS A/IOMHHHEBBIH CIIJIaB U1K Hep>KaBeolas
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are made of aluminum alloy. The use of stainless
steel flanges for welding to the chamber would
require the use of bimetal: stainless steel - alumi-
num, which is not economical. Aluminum alloy
fasteners require more delicate handling (manda-
tory use of torque wrenches when tightening) than
standard stainless steel fasteners. Therefore, the
standard fasteners were chosen for installation of
vacuum chambers. However, to compensate for the
difference in TEC of the fasteners and flanges, tita-
nium rings were introduced on the aluminum alloy
flange side (see Fig.3).

In this case, flange thickness has been reduced
so that the total thickness does not increase sig-
nificantly when the ring is taken into account. The
use of titanium rings allows to use the such flange
material combinations as: aluminum-aluminum,
stainless steel-aluminum, and titanium-alumi-
num. The optimum thickness of the titanium ring
can be calculated using the formula:

-

x
Hy=H,—== AL , )

O(TiA B O‘s.s.

where H is thickness and o is the KTR of the corre-
sponding material, S.S. means stainless steel.

Fig.4 shows a vacuum chamber with a standard
pumping port. The DN63 flanges of the evacuation
port are ConFlat standard, but are made of alumi-
num alloy. The flanges have standard stainless steel
fasteners and a TEC compensating titanium ring.
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Puc.2. Cxema ¢paaHL,e6020 coeduHeHus KOHcmpykuuu Matsumoto - Ohtsuka

Fig.2. Scheme of Matsumoto - Ohtsuka flange connection

CTajb, MaTepHaJl YIJIOTHEHHS — Me[lb UJIH aJIIOMHU-
HUEBBIU CIJIaB. [JIg JAaTYUKOB II0JIOKeHHU S ITy4Ka
BO3MO’KeH BapHaHT NPUMeHeHHs TUTaHA B Kade-
CTBe MaTepHuaaa ¢raHIeB. B ci1yuae Heobxomu-
MOCTH IIporpesa ¢JaHIIEBOr0 COeJUHEeHHU MaTe-
pHas Kpelexka AOKeH OBITh COrJIACOBAH C MaTe-
puanoMm ¢praHIeB 10 KOSQPUIIHEHTY TeMIIepaTyp-
Horo pacmupeHus (KTP). B HakonuTene CKU npu-
MEeHSII0TCS aJIOMHHMHeBble BAKyyMHbIe KaMepHl.
®yaHIBl KaMep BHIIIOJHEHE U3 a/JIIOMHHHUEBOIO
criaBa. Mcronb3oBaHHe QIaHIEB U3 HepKaBelo-
IIel CTau A1 CBAPKU C KaMepoM IToTpebyeT mpH-
MeHeHHUSs1 bUMeTanla: Hep>KaBelolas CTalb — ajlo-
MHHHHU, 4TO IKOHOMHUYECKH He BEITOJHO. Kpemex

This vacuum chamber passes through quadrupole
and sextupole magnets. Vacuum equipment such as
pumps, vacuum gauges or residual gas analyzers are
connected to the evacuation ports.

The basic profile of the vacuum chamber is shown
in Fig.5. The chamber is made of extruded aluminum
profile. The chamber has two channels in the horizon-
tal plane. One channel is used for water cooling, the
second channel can be used for heating cable. In mag-
netic elements the main profile of the vacuum cham-
ber is mechanically finalized according to the geome-
try of magnetic lens poles (see Fig.6, 7).

There is insufficient space between some mag-
netic elements of the drive to accommodate standard

Hepx. ctanb
Stainless steel

Puc.3. KoHcmpykuus ¢pAaHue8020 coe0UHeHUSs 8aKyyMHOU
Kamepbl Hakonumenss CKN®
Fig.3. Design of SKIF flange connection for vacuum chambers

Puc.4. BakyymHas kamepa co CmMaHOApmMHbIM OMKA4YHbIM
nopmom
Fig.4. Vacuum chamber with standard pumping port
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M3 aJIIOMHUHHEBOrO CIliaBa TpebyeT bonee menu-
KaTHOro obpameHus (06s3aTenbHOE IPUMEHeHHE
OUHAMOMETPHYECKHUX KII0UeH IIPHU 3aTsIKKe), UeM
CTAaHAAPTHBIHM Kpellesk U3 HepskaBeloulel CTalIH.
[To3TOMY OJis MOHTa>ka BaKyyMHBIX KaMmep OblI
BBIOpAaH CTAaHIAPTHBIM Kpelex. Ho [ KOMIIeH-
canuu pasHocTH KTP kpemeska u ¢aHIeB ObIIH
BBeJleHBl KOJIbIlA U3 TUTAHA CO CTOPOHBL QIaHIIeB
M3 aJIIOMHHKEBOTI0 CIIaBa (CM. PHC.3).

B 3ToM ciydae TonImKHA ¢aaHLa b6bljia YyMeHb-
IIeHa, 4TOObI C y4eTOM KOJIbLIa 0OI1asi TONIMHA 3Ha-
YHUTeJIPHO He yBeIUYHBaJIach. [[puMeHeHHe TUTAHO-
BBIX KOJIeL] II03BOJISIeT MCII0/JIb30BaTh TAKKe KOMOHHa-
UM MaTepHuaIoB QpIaHIeB, KaK: AJIIOMHUHHUH ~ alI0-
MHHHN, HepXkaBelollas CTaJb - AJIOMHHHH,
TUTAH - AJIOMUHHUN. PacCIUTATh ONTHMAIBHYIO TOJI-
IIHMHY TUTAHOBOI'O KOJIbLIA MOSKHO I10 GopMyJie:

A, — A
— .S. Al
Hy=H, =4 9)
O(Ti. Kss.

rae H - TonmuHa ¥ o - KTP cOOTBETCTBYIOIIETO MaTe-
puana, S.S. - Hep>KaBelollas CTa/lb.

Ha puc.4 nmoxka3aHa BaKyyMHas KaMepa €O CTaH-
JapTHBIM OTKaYHBIM mopTom. ®nanisl DN63 oTkay-
HOTO IopTa UMeloT cTaHAapT ConFlat, Ho BBIIION-
HEeHBbI U3 aJIIOMHUHHEBOIO CiijiaBa. ®IaHIIBI HMEIOT
CTAHAAPTHBIN Hep>KaBeIOIMHMN KpeleX M, KOM-
neHcupyomiee KTP, TUTaHOBOE KOJIbIIO. [laHHAS
BaKyyMHas KaMepa IIPOXOJUT Yepes3 KBaAPpyIIoib-
HBIH M CeKCTYIIOJbHBIM MarHUThl. K OTKaUHBIM
IopTaM MOAKJIOUYaeTCS BaKyyMHoe obopymoBa-
HHe: HaCcOChl, BAKYYMMETPHI MJIK aHAJ/IM3aTOPHI
OCTATOYHBIX I'a30B.

OcHOBHOU NpodPHUIb BAaKYYMHOM KaMePHl IToKa-
3aH Ha puc.5. KaMepa BBIIIOJIHeHA M3 aJIIOMU-
HHEeBOIro NPOPUIIA, IIOTYUEHHOIO METOLOM 3KC-
Tpy3uHu. KaMepa uMeeT ABa KaHaJla B TOPU30H-
TaJIbHOM MJIOCKOCTH. OLUH KaHaJl UCIO0JIb3yeTCs
IUISI BOJSTHOTO OXJIASKJeHHU sI, BTOPOX MOXeT ObITh
HMCIIOJIb30BaH [/ MPOKJAAAKH HarpeBaloIlero
Kkabesss. B MArHUTHBIX 3JIeMeHTaX OCHOBHOM IIPO-
buIb BAKYyMHOM KaMephl MexaHHU4YeCcKH Jopaba-
TBIBAEeTCS B COOTBETCTBUH C TeOMeTPHeH II0JI0COB
MATrHUTHBIX TUH3 (CM. puc.o, 7).

Me>ky HeKOTOPBIMH MAarHHUTHBIMU 31 MeH-
TaMH HaKOIIMTeJsI HeJOCTAaTOYHO IIPOCTPaHCTBA
IJIsl pa3sMellleHHs CTAaHOAPTHBEX OTKAaYHBIX IIOP-
TOB. [I/Is1 3TUX MeCT pa3paboTaHbl BakKyyMHEIe
KaMephl C MajorabapUTHBIMH OTKAaYHBIMHU IIOP-
TaMu. [IJppMep TaKoM KaMephl TIOKa3aH Ha pUC.8.

Ocoboe BHUMaHHUe yfensaeTcsi MeCcTy CTBIKOBKH
BaKYyMHON KaMephl C IIAaTPybKOM OTKAdYHOTO
mopra. BakyymHas KaMepa BMecCTe C KaHaJlaMH
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Puc.5. OcHosHol npodunb 8akyymHoU Kamepbl
Fig.5. Base profile of vacuum chamber

Puc.6. Mpogunb 8akyymHol kKamepbl 8 KBAdPyNOAbHbIX MAazHUMAX
Fig.6. Profile of vacuum chamber inside quadrupole magnet

Puc.7. Mpodunb 8akyymHol Kamepbl 8 CEKCMYNoAbHbIX MAZHUMAx
Fig.7. Profile of vacuum chamber inside sextuple magnet
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Puc.8. BakyymHas kamepa ¢ manozabapumubimu nopmamu
omKa4ku
Fig.8. Vacuum chamber with small-sized pumping ports

OXJIAXKJEeHU S HeIIPEePBIBHO IIPOXOJAT CKBO3b IIATPY-
oK C coxpaHeHHeM CBoero npodunsi. BHyTpu
natpybka B CTeHKaX MY4YKOBOM KaMephl CAelaHE
OTBePCTUS OBaJIbHOKN GOPMBI IOJ OTKAUKY (CM.
puc.9, 10). TeoMeTpHsl OTBEPCTUH JOJIKHA MHUHH-
MH3HPOBATh BHOCKMBIH HMIIelaHC.

Hns KOMIIeHCALMU TeMIlepaTypPHBIX PacCUIK-
PeHMIl, HeTOUHOCTeH H3rOTOBJIEeHH S, BO3MOXKHO-
CTH MOHTa>ka M BBICTABKH BaKYyMHBIX KaMep IIpU-
MEHSIOTCS CUJIbPOHHBIE MeXaHUYeCKHe KOMIIeH-
CaTOPBI C HOHHUKEHHBIM BOJIHOBBIM COIIPOTHUBIIE-
HUeM. BHeIIHUH BUJ U KOHCTPYKLHS KOMIIeHCa-
TOpa y3/1a ITI0Ka3aHbI Ha PUC.11. B KOHCTPYKIIHMH IIPU-
MeHSIeTCs IIOJ0CKOBBIL MOAIIPY>KHHEHHBIHN CKOIb35-
MK KOHTAKT. [l NpefoTBpallleHHs BhIIIaJeHU s

pump-out ports. For these places vacuum chambers
with small-sized pumping ports have been devel-
oped. An example of such a chamber is shown in
Fig.8.

Particular attention is paid to junction between
the vacuum chamber and the pumping port con-
nection. The vacuum chamber together with the
cooling channels pass continuously through the
nozzle while maintaining its profile. Inside the
spigot, oval-shaped holes for pumping are made in
the walls of the bundle chamber (see Fig.9, 10). The
geometry of the holes should minimize the inserted
impedance.

To compensate for temperature expansions, man-
ufacturing inaccuracies, installation and exhibi-
tion of vacuum chambers, bellows mechanical com-
pensators with reduced wave resistance are used.
Appearance and design of the compensator assem-
bly are shown in Fig.11. The design utilizes a strip
spring loaded sliding contact. To prevent the strips
from falling out of the working places, longitudinal
and transverse bellows stroke limiters are used. The
longitudinal stroke is +5 mm.

The number of mechanical compensators in a
super-period is strictly limited to only 2 pieces due
to impedance minimization. Mechanical compen-
sators are also installed between super-periods. The
average distance between the nodes is 8 meters.
Within this distance, several chambers with pump-
ing ports and several beam position sensors (BPM)
are installed between the chambers. The pump-
ing ports and BPMs are mounted on exhibition sup-
ports that allow precise adjustment of the trans-
verse position of the elements mounted on them.
After adjustment, the supports are rigidly fixed

Puc.9. MpodoabHoe ceveHue 8aKkyymHoOU Kamepbl 8Hympu
nampy6kKa omka4Hozo nopma

Fig.9. A longitudinal cross-section of vacuum chamber inside
pumping port

Puc.10. Monepe4yHoe cevyeHue 8aKyyMHOU Kamepbl 8Hympu
nampy6ka omka4Hozo nopma

Fig.10. Transvers cross-section of vacuum chamber inside
vacuum port

VoL.16 No. 7-8 2023 NANO INDUSTRY
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Puc.11. BHewHul 8U0 u Nnpod0AbHOE Ce1YeHUe MexaHUu4eckozo
KomneHcamopa

Fig.11. General view and longitudinal section of the mechanical
compensator

I10JIOCOK M3 PabOUMX MeCT IPUMeHSIIOTCSI OTPaHUYH-
TeJIX IPOAOJIFHOIO 1 IIOIIePeYHOro Xo4a CUabdOHa.
ITpon0/IbHBII X0, COCTABIISIeT 5 MM.

KonmnyecTBO MeXaHHYeCKHUX KOMIIEHCATOPOB
B CyIlepIiepuoje BBUAY MUHHUMM3ALIMHU UMIIeIaHCa
CTPOTO OTPAaHHYEHO U COCTABJILeT BCEro 2 MITYKH.
MexaHHYeCKHe KOMIIEHCATOPHI TaKyKe YCTaHaB/IU-
BaIOTCs MeXAy cymeprepuomamu. CpegHee pac-
CTOSIHHe MeKAY y3/IaMH CoCTaBiiseT 8 M. B mmpepe-
JlaX JAaHHOTO PAaCCTOSHUS YCTAHOBJIEHO HECKOJIbKO
KaMep C OTKAaYHBIMH IIOPTAaMHU U HECKOJIBKO [IaT-
YU KOB IIOJIOKEHHU S IyYKa (BPM) MeXOy Kame-
paMu. OTKayHbIe IIOPTHL U BPM MOHTHPYIOTCS
Ha BBICTaBOYHBIE OIIOPHI, II03BOJISAIOLIKE IIPOH3Be-
CTH TOYHYIO PEryJIHPOBKY IIOIIEPEUYHOr0 I10JI0XKe-
HHS YyCTAaHOBJIEHHBIX HAa HUX 3JIeMeHTOB. Ilocie
PeryJiupoBKH OIOPHI JKeCTKO PUKCHUPYETCS B IO~
pe4YyHOM HaIlpaBJIeHHWH, a B IPOLOJIbHOM MMEIOT
CcBOOOIHBIN X0 B IIpefesax +5 MM. JJaHHAs KOH-
CTPYKLHS obecriedynBaeT [IOLBHUKHOCTD B ITPOJ0JIb-
HOM HaIlpaB/IeHUU BCeHr cobpaHHON BaKyyMHOM
CUCTeMBl (C OTKAYHBIMHU IIOpTAMHU U BPM) KaK efu-
HOI I1e/IbHOM KaMephl B IIpefesiaXx MeXAy ABYyMs
MexaHHUYeCKMMHU KOMIIeHcaTopaMHU. [JaTUMKHU
MoJIOKeHU sl mydka (cM. puc.12) u3roraBIHBa-
IOTCSI U3 TUTaHa. JJIeKTPOLBL BIIAMBAIOTCS BMe-
CTe C KepaMHU4YeCKHMHU H30/IATOPAaMH HeIoCpen-
CTBEHHO B KOPIIyC MeTO4O0M aKTHBHOH ITaHKH TBep-
OBIM IIPUIIOEM.

3AK/IIOYEHUE

PaszpaboTaHa KOHLENIKS BaKYyMHOMN CHCTEeMEI
HaKOIIUTEe/NbHOIO0 CUHXpoTpoHa CKH®, 1mmo3so-
Ad10iasg COCTABUThH TeXHHYeECKOoe 3aJaHue
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Puc.12. Jamyuk noaoxeHus nyuka (BPM) ¢ nasHbiMU 3AeK-
mpodamu
Fig.12. Beam position monitor with brazed electrodes

in the transverse direction and have a free move-
ment of +5 mm in the longitudinal direction. This
design ensures longitudinal mobility of the entire
assembled vacuum system (with pumping ports
and BPM) as a single integral chamber within the
limits between the two mechanical compensators.
The beam position sensors (see Fig.12) are made of
titanium. The electrodes are soldered to each other
with ceramic insulators directly into the housing by
active soldering with hard solder.

CONCLUSIONS

The concept of the vacuum system of the SKIF stor-
age synchrotron has been developed, which makes
it possible to draw up a technical specification
for design. It is proved that at an average distance
between the concentrated pumping ports of 1 m in
the storage ring arches, vacuum chambers required
training time of the beam will be no more than
2.5 months. Models of the main elements of the vac-
uum system including specialized flange connec-
tions and diagnostic devices have been created.
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Ha [IPOeKTHPOBaHHe. JJoKa3aHO, YTO [IPU CpeJHEM
PacCTOAHUU MeXKIY COCPefOTOYeHHBI MU II0PTaMU
OTKA4YKK 1 M B apkax HAKOIIUTessl Heobxomumoe
BpeMs Ha TPeHHPOBKY BaKyyMHBIX KaMep IIy4Ka
COCTaBUT He bosee 2,5 mecsiia. Co3gaHbl MOLeIH
OCHOBHBIX 3/IeMeHTOB BAKYyMHOMN CHUCTeMBI, BKJIO-
4Jas CleljMalKM3UpoBaHHbIe ¢pIaHIIeBble CoeHHe-
HHS U JUATHOCTHYeCKHe YCTPOKCTBA.

WHOOPMALMUA O PELLEH3WUPOBAHUN

Pemakuus 61arogapuT aHOHHMHOTO pelleH3eHTa
(peLeH3eHTOB) 32 UX BKJIAJ B pelileH3UPOBAHHE
3ToX paboThl, a Tak>ke 3a pa3MelleHHe CTaTeHn
Ha CaMTe XXypHaja U lepefavyy UX B 37IeKTPOHHOM
Buge B HO6 eLIBRARY.RU.

Jekaapauus o KOHPAUKMe UHMepecos. Asmopbl 3018~
Asilom 06 omcymcmauu KOHPAUKMO8 UHMepecos UAU AUMHbLX
0MHOWeHUil, Komopble MozAu bbl nosAuAMmb Ha pabomy, nped-
cmasAexHyto 8 daHHO(l cmambe.
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