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ew Design for the SIS

THAOTPOES

Hatnlet G, Khodzlbagivan, Lebert F

Abseraot—Two  superconducting  synchrotrons, STST00 and
SIS3, are planned for the new Internatonal Accelerars-
Facility of Antiprotons  amd  Heavy lons (FALRY at Gl
Darrostadd,. These aceclerator eings, sperating sl liguid heliumo
temperatures, are placed in one foonel of 1100 e length, The
SIS0 stroctoral superfervic dipoles and quadropnles are hased
on the Muoclotron=type hollow NhTI compaesite mult wire cahle
and ecocled in parallel with two-phaze heliom fews, 'The pcuk
operslimg mode Tor the ll}ﬂ' dipules corresponds e B, - 2T,
dRdr =4 'I'.-":1 f ‘st :'1111]w.([ nT ﬂl]m]es [ (IH-'ﬂT - 14

presemted and discussed. General :;-pmmﬂrmn of t
crynmenic  system,  incloding heliom transfer
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00/300 Magnet Cooling

o

tscher, and Adlexander 1Y, Kovalenloo

oot yel wsed S aceelerators, This work proposes o
cooling concept for the SISTO0300 magnets,

e

I TRESESTON M a1 O s

The aceelerator SIST00 will be constiucted o "‘T'jg

nclann-cype supereonditeiing magnels e arc 1
parallel by rwo-phasc heliom [4, 5] In the exshng concept 6]
for the cooling of the SIS10D magnets there are only two

benders similarly (o the Muelolron magnelie systom [4]. We
sugaes! dividinge e el feed o the sceelerator ting il
six segments. 1 will reduce the owmber of pazallel chanoels in
one steing b a fetor of theee, This will ceseolially raise the
cooling  reliability of the magnets and will redoce  the
diameters of the helivm headers. This will result in 34 paralle]

refrigerator leoads for different aperating resimes, s r.:nmh:le
alge, The wew design will make 0 possible (o redoge the AR
projeel cosd,

e —
Iegurenenly

fidex Terms—Accelerator, eooling,
twwo-phase helium.

superconducting mapnet,
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HT Gesellschatl foer Schwernionenforschong mbH {GSE
cplans 1o consirucl 8 new acccleralor complex, be
inteenational Facility tor Anciproton and lon Rescarch (FATR)
[1]. The new acoclerator complex waill  oconrain wn
avnehrotrons (SIS0 and STR3000, fonr stiorape rings and
nearly 1 kmo oboam ransport lmes. oo planned fo nse
supcresnducling magnels in all these mestallabions: The Fast
creling epersting mode ol the SISI00 mmenels and u_lazi-
ramnped operating mode of e SIS300 mupmnels ampirse Tigid
for dbeir wooling sysiean. This lonls e
meliobility of operation on e whole comples o any
respects. The Muclotzon synchrolron was constoueied on il

basis of a fast-oveling superfooic magnet [2] and has been

sucecsstully operated sinec 1993 [3], a woique unprecedented
fraicfiine, The magnets ol 1his synehrolron serve as prototypes
Ao sISTO0 magnet, Past palsed mapeets with a Held
frengrh oj I-"'md abtove (similae 1o the SISO magneth wers
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-.Iﬁmur s in o segmoent, and in header dismeters of 32 nmom for
weadet a5 e for the reform one,

colatator 5 plavmed o be psed v 5 varions super
eyeles [TRSThe pamamciers of these super eveles ane e
forllowdnge: "The tgenetic Geld at injection By, 5 024 T and
s rammp rule dBAde g Tow, the magnetie fold ac extraciion
B, changes from 0.5

a length of 206 m oand a apertuce of [30mm 3 03n the
cxpocted dymamic heat releazes inthe cotl and i the voke sdll
b 155 Tevele and 293 Foyele, respectively, ot “staodord”
oporation ayele with e, =0, B = 2T F=1 11z and dlisds
{:_;:f"T-"& [#]. For the smoe evele o quadrupale les with o lengll
of Tab moancd an apermrs of 12 0mm 1 will eat release
e poil witly 7.22 Jevele ad With 5,04 J.-"u}-'uic@ [3]. 1L
g sngeesied 1o pack scparate clements of a ring o modules
within o single cooling chanmel w minimize the sumber of
paralle]l channels. Four types of modules are considened in this
paper, Module B omehodes: g gquadropele, a pickup and a
stecrer: 9 such modules are in one sezment, Modole M2
includes: a quadrapole, a picknp and a mmlhpale, 10 meduales
of this tvpe are o ooe segment, Module M3 iocludes: a
quadrupales, a mulupele and a collimatar, 5 such modnles ave
o segment. Module M4 melades: s quadrupole, o sleerer
and a collimator, H of ham are to be mealled i one segmenl,
Tl bent weneraled e iwuliipoles, pickups, collimalurs, and
steerers 18 estimated based on the experimental data for similar
griwrls of the Nuelowron, The stalic heal Jeak s Tound 3 0
W tr dipole magnets and 2 W for quadmpols lenses, THE

ir

11, G Rhedehibagiyan o5 with the Joint Instiely fr BMuckear Reszarch, s ulal bl pelases (o7 the varioss super eveles is sumnrized
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amails haraletitsunhe anea,
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i the Takle Tfor all SI5100 dipole magnets and the various
il

i 0 e magaely conneeted o @it and retuen helium /bs--u\

&

poto 2T, the pulses repetition Q—-c.
9'( frequency from 0236 Tz up m For a dipole magnet with /1‘
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Hydraulic ealeulations were carried ol using™3n ttevation value of the mass flow rate of the cold compressed helinn
method following the procedure desegtied n (9], Sooe resulls throueh the cjector will not excecd 1% of the masz Hlow rate

ol e calealations are presented m Fable 10, thronsgh the last expansion furbine.
{c &5 - ﬂ]u required relrigeralor power Tor cooling the HIH 1430 1
TARKEL varions super oveles was caleulated oo the basis of the

ToraL HEAT RMI THE STR A0 THPOLES ANTe MODOLES (1 W ATT)

struciure ol one scgment and the data shown i the Table | D

Uit ——————SusR G AR ———— iz listed in TABLE L.
' E 3 3| TADLL 1M
dipole = — — Tebsg i P Lesh 1y WERDED T0 COGL THE SISL001N WaTTY
gl 153 18,43 12.53 1558 15.51 : SURER TV oL MM R
module e
M1 1250 12.0% 0 Ed 1252 16497 | ' - &
o T L Sy 3324 4330
M2 18,80 16,38 1614 1852 1727 huatin Euraisun Lhuraiu Puration Dhuratior f
il s Ll 0% 2 — : y I\L
B 2 1950 1954 1714 1952 18.27 )
lmr:,ldij"" S YR R i i (,'cln.s:idcring the dull'ar.ir'-ﬂ af cach super :*.yf,lc*.: the: averign: |
—5?%‘ \5 refrigerator load will not exceed 3000 W for 815 100
N = including cdiv-carrent losses of TO0 W in the beam pips
HTIR AL 5 PROPERIHTE FOR THE SIS 100 TIRCLRS 41T Mo s We SRSt placing three refiigerators in rezular intervals un
- the perimeter of the accelerator, Hach of them supphics Two
[Init ”“@ 2 o iR £ Tl semments of the SI5100 and the SIS300 wcecleralors with
Sugr Gl | el i s e, o o, ULR7) helivm throvgh a Hgoid heliom sepavator, Bach of the theece
dipale separplurs 15 placed 1o Lhe accelerater unne| and congiss of a
m:inrf'. 025 352 047 L 11 hgaid - heliom gollector of 500 liters, a heat exchanger
(R (e ¥ R i . . Y fte ERrEh i
M man a5 B o 61 subn;.uuh.l_. .J:lilﬂ”t.l Jel pump. .i\.:-:u'rlr?h.:h.,d flive dingram fin
mohile conling 1he SIS 100 magnets s given in Fiz, |,
M2 (.23 ket 0.9407 |05 T A gloged mitogon evele is offered for conlmg the heas
madule B ) i shicld, Tlwe stecarm of lguid witrogen Mives T the tank of
M3 (h25 x| Tl [ iy x : ;
racechils thie condenser lovaigd al & sorface level down inee the nmeel
Tl (.25 L] {1247 i ET anc 1 split inwﬁ'J urks, cuch ol which cools the shield of one
o Super Ciele (el g SReraie, X =713 seanent of the accelesior, Nilvopen vapor o the Lo
dipnle ¥ 1, : :
seemenls Movws boag . 5 L
el - —_— . s . egieals o L.Jr.l? talar U Lk wad 35 condensed !J}-' a heut
el exchanger driven with a steam of cold goseous bhelinm Mram
M 0.2 23 LBl i 14l the: relrigerator, The nitrogen cireulates in the loop dee to the
m:f!:h! o TS fan 140 — Bvdrostatie pressure gencrated by a column of liguid nitrogen, ,Qu\‘
R o - ) . Clotrpated 10 coobingz the heat shicld with gascous heliom, the UJ i‘r
M (.30 (had7 D54 0.3 /7.3 above methad wnll esedude—deakssf-hodmom e thesldald E-'*: L
.-n:::-:lu . - . o _ yMﬂﬁﬂMMmducu required L’i’* ,
—— = — = e == U:I"‘ 194 cleetrie power neaded for cooling the shicld by approximately £
Mydranlic caleuladons were performed  for the modules d mhonld all mirogen mothis closed loop leak into the t\i‘qﬁ?
i ) i1 T o N T 2 = ) L g
cancainmp a quadeuple, defining the lenglh of the cooling  “ynil o (he ueeelerator, the pereenzans of oxypen m the © o ¥

channel for the piven diameter of 4 o and a sct of pressuce
differences. Phi calenlations svere hazed on the fallowing
assumplions: The helium empersire at the inpet T, =(ﬁ Ik ;

almwsphere of the el will deercase only by 1022 %
Adler the lasl expansion turbing the hehum floss mdo the heat
exchanger (subcooler) of o separalor and pusses & scparator

the pressure at the belmm oucpat of the eoal Pa= 1.7 - 105 Pa; : i ; il s
lb JIELESUTE 4 I ; I? : St e mass Now zobe ol aboul 100 =%, The stream of helium 3
the pressure drop o the iron weke cooling channel s\ o T P ) : . .

P " c A T R : i5 then divided ot tao paris and Oows ol e dizeet heliy =g

nugligible. The index | denoles the input side ot the eoil, 2the | pooae oF caeh seement with a pressure of about @'mld ul E‘J
i o -

otpal of the woil, 3 ooulpuy ol e woke. The pressure temperature of §.4 K. The eooling channels of 20 Gipoles aod
difference is denoted by #P; L is the length of he cooting |y moqules withuquadrupoles are connected in parallel to the
channel. ar - the bl nass Tow rule, aod x - the muss vapor direet dHum header of @ scament. At the end of a
CoHGTL el Bicader ome bypass valve allows the helium to flow inwe
the remirn header of the sepment and another bypass walve in
diT b e hroud the rooen header of the next sexment. The latter allows
";”"”_l’“_l CLSRRTS belba L Lo fane suppurling the neighbor refgeraee. The header will consist
araitn 0L25 bars as required lor cooling R L P R O - T T
: ; : ol bweos parts: the basie header (in the are ervostatz) and a small
I3 aclmgeed without the jel pump | - - . =
g 1 et sadler (in e eryaslal Tar the sirazht seedong). For ong of the
the suptr eyele 3, With respect to | e - ; ; —
e o vwd segients simall and basie collector lines are conneeled in
super evele, the averape |2 = -
o rj parallel, and for the alher one i serics. o the are the

__\_F. -t \Irl:r-_ —

AP s cepulaved by jel puimp {epector), which allows Lo
smonthly change the mass flow rate of helium throngh the
cooling chanoels. The
1311 the range of 0.2
ez ring elemenls relil
e all super eyeles except 1
the planned operatiog L




h [ ol 1 sgries il 1 enEe 0
Aoehions they are connecoad i sgries. Daquid habem enters 1l
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CONAUMCTS are conncied 0 par

cader and  aucoessively

-:.».m mg channel from

puw..x an cither eodl ol a {hp-::-l-;, 0T ».11' a quadrupnle, then o

subvouler ol the diseet header, Alierwards it cools the vk

Trem ere the belium Mows back o the separator tegdy (e

retarn beader. Helivm vapor Trom the sepuralor comgs baul

/""IHU the refrigerator with a pressure of abons 11 Dars ad al

temperature of .32 B During the cooling process described
above, the mass vapor conlent 0 the teo-phase heliom flow

1.a5bat 44K == Tk

FA0 bar 4 526

‘3‘ L T s o SIS 300 A b A Conbime
i

coexigting concept [L0] of the SIS300 magnetic swston is
based onou 6 T, Cos B-style, fsteramped magnels of about
27 m lengths, A two-laver coll of the magoet, mads of
Rutherfomd lype cable, s conled by supercritical heliom, We
consider possibility to construet the STEA00 magoetic sysiem
on the bagis of a 4.5 T, Cos Datyle, curved maznet with a
sinzle-layer coil made of o high curcentl hollow cable cooled
with  mmn- r:has:c“ he I11|n" ﬂnw 'I'h{' irdea uT' sn{“h et and
Z,13]. The
main ﬂdL’ﬁﬂragm—. nf !_-\..I'Ch Flppmm.h ares, in ]_‘mlhn;,,l[m‘, much
higher cooling  elvieney, much lewer gap Geld and
mndactanee ol the cail. The magnet length should be increased.
ol course, Lo uboul 606 m, nevertheless, the ralio beeecen the
integral magnetic length and physical length of the dipole will
be much belier. Moreover, the stored eneemy e the 5157300
magnets will be much less, The SIS300 quadmpeles magnetic
Geld gradienc 15 approximaicly 40 Timoand can he fabricated
sinvilar to the SIS 100 quadupoles (superforic),
The proposcd  magnedc systom will beo lower 0 cosl,
manulaciuring and operation, and i reliably conled during
fasl-rumped  operatim.. The now eonling concept for the

SIS300 mapnets s complelely similar w the cosling :{M:’
Cor the SIST00 magaels, The S1S300 cing wlse consisls 1:!151&(_’

segments, Bacl of thwee relvigeraiors (see Fig2) cools Lwo
gogments with two-phase heliwn Tow, 44 parallel channgls

1
helivny will then be in one segnient (tewo for cach of thel2 ‘\J-:IT\-Tu'ﬂn‘llfﬂlHﬁ of the number o
= minimization of liquid helium

dipole magnets and on one for cach of the 18 module withra
lens, the others are mleoded Hor by-pass lines), The pressure

waries From oal the inlet up l%pplmn ﬂii {Jj 1::‘ 0.1[]::1
af the conling channel e S_

crence bepdbecn the helifun beaders will be in the range
v "y
ony 0.7

T 2 @10 025 e expocted dynomic heat
reloases v SIS300 dipitE will be 12060 Woand 0.98 W in
the quadraple, calenlazod tor the

with By, = 1421 = 451 1 045 ez and diidn=

H

es Tiz mking eddy-cwrrenc losses in the beam pipe infa

puecuunl, Using the duration of cach super eyele,
relrigeralor lowd, generated by SIS 300, will ol cxoeed 700
W, im.'huliug slutic besn leukage, beam  meutlors and
corTotons
?_ e

LAb R 48
=== 1 kb 423K

the averars

Fig 20 The STEHM v caon b stopdifiesd o e

I, BAATY CEHARACTRETS TR 505 THE FATR Cevocnmig s

The fallewe Basic principles are suggested for the dl:xlgn of
e FAIR crvugenic supply syswem: L

a1 A cenfralized provision of compressed helium with =<
puriAeation and gascons helium sirags sysemsa
b} Thres refrizerators are located above the accelerators LLm:e]
i repular inlervals oo the cireumferenos:

o) Each refrizcrators has to ool two segments of The ST 100
and B1SE00 acccleator, and one ot them (laree refigeratorhy”
provides alse cooling poveer Doz ull olber users (hemn Hoes -

aned storsIe Finge

dl T dneresse the relinbility of couling wd smoothing e e
peals leads, cach retogerator can support the e others, and
the Torge reltigerater i addiions] couipped with a vessel for-
aroeingy Hoaid helim;

@3 The aguantily and length ol special belium ransfer lines o
sheraled be minimized, The heliom supply for the beam lings
andd storage rings Fom e lares reltgeratinr can be realied r-><
vin the heliyn headers Liﬁ}:an: lines; #
irrent beads and thug e
nsumplio.

erator lnad gencrated by the

“.Kf\

T estimated average reft

“atandard™ operation oyele

-:/'.
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prarare nsers s Dated imche Tahle 1V Tha average tatal el Yoo CoploLrson
equivalent reliigerator loml needed 1o voul the FAIR [acilitiess
will be T4840 W ar 4.4 1K Comsidering a capacity roserve of o

20 % the required equivalent capacity of e thoee c:f(' ; .
3 25 eonzidered. 1t was fhat alen the S15300 could he
refrigerators shomld be 178 KW ar 3.4 1K, THis fwo : '

reftigeratons with w capacily of 4 1OW and u big ‘Llr:y, J'tILUI’_.d-'{ c_‘ﬁ::utivc.l}-' ..::nnl-:d With min-plmaﬂ DRHES), THORP A0 AN, &

it A r'-hp’u,ﬂ'ir GFU W are netessany for the FAIR P ﬁuh&;&unlml improvement of the gencral cryagenic unnc:mxﬁ
cryopeniv syslen, T:";]“:""’]_mc' i ; . i

Spevial atlenlivn was direeled w deline the main priveiples for

he design ol the complete magnet cooling svstem Wchiding
alotuge rings amd bemn wanslor lnes for elfoient operation

Ulsisr v KAk, Lesudul fkK - Lamsamplomof conditions, The main parameters of the magnet souctures and

Aonew approach for the glpecconducting magnet concept of

the SIS TOGSSERG00 iplex oft the FAIR project is

&1

TARLLEDY
REFRIGERATGR Lol FGRCTHI FATR CRYDGENIC SYRTEM

[ I W Lguenad & e Cied) e, : )
skt Gwir coealibe schomes are given, The hoat loads of the
Al i 1il il z i oy
S i = b subsiructured: and the vesulting power consumption of the
et B LA T =2 k3 : 3
Siorage rings (420 o a4 refrigeralorshwere caleulsted based on the actoal stams of the
cam lines 7 i5 351 magne e planne cr cyveles. Referring w
Beam | T30 B4 150 5] magnet R&DY and the planned super eveles. Referring
Fextal HE0 5 . proliminary dpst cslimations and the redeeed peak ficld o ‘I'u, u—”
e ———— ——— L aen 2153 to ifi
The requited mvestment costs, hased pn intormarion from chosen 215300 magnets we expect a signiticant chuc a3
th comslruelin s wr‘ll as Fn'r the nprlaunnal i J'u

Ferropeat supplicrs of cryogemic equipmient and as estimated
for the FAIL ervogenic concept [1] are presented 10 Table W,
Fhe reanls of the caleulation of the FATR cryvopenic sysicm
pewer consumption anc given i Table VI

with respoet th accoleratnr ::nté::mnnn nat coveted Sy thi,
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