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SUMMARY 

Four large aperture superconducting dipole magnets 
have been installed in the High Energy Unseparated Beam 
at the Brookhaven AGS. This beam services the Multipar- 
title Spectrometer (MPS) facility. The upstream two 
magnets are mounted on a sliding base so that they can 
also be used as part of beam A3. These two magnets 
have been in use since the fall of 1976 and all four 
magnets were in operation by the end of that year. The 
magnet power supplies are computer controlled by the 
same system that operates the conventional beam line 
magnets. In this paper the operating experience with 
these magnets, their refrigeration system and the asso- 
ciated instrumentation is summarized. 

INTRCDUCTION 

The magnetic design and construction details of the 
dipoles have been covered elsewhere.lm3 For convenience 
some of the principal parameters are recapitulated in 
Table I. Operational information is contained in a de- 
partmental technical note.4 

TAi%E I. Magnet Parameters 
Inner diameter of windings 24.8 cm (9.75") 
Inner diameter of warm bore 

tube 20.0 cm (7.875") 
Length of magnet core 254 cm (loo-) 
Magnetic length 229 cm (90") 
Total weight 11 x lo3 kg (25 000 lbs) 
Magnetic constant 

(unsaturated core) 15.14 G/A 

The general physical dimensions of each unit are 
shown in Fig. 1. 

MAGNETPERFORMANCE 

All four magnets reached or exceeded the design 
field of 4.0 Tesla after a few quenches as shown in 
Fig. 2. While the training observed was somewhat great- 
er than that exhibited by smaller cross section coils 
of similar design, 5 it was modest for such large, high 
current density coils. 

The ma :;tic 
previously. 5 

field measurements have been presented 
The coils are designed so that the sex- 

tupole component which arises from the partial satura- 
tion of the iron core is compensated for by the sextu- 
pole field due to the coil ends at 4 Tesla. At lower 
fields the integrated sextupole component can be ad- 
justed by an independently powered trim coil. A trim- 
ming coil is also provided for the next allowed har- 
monic, the decapole term. In actual operation it is 
possible to reduce the integral sextupole component to 
less than 4 x lo-5/cm2 at a11 field levels. The two 
downstream magnets are shown in Fig. 3 in the MPS beam. 

REFRIGERATION SYSTEM 

The refrigerator is the largest model 4000 CTi unit 
built to date and has a capacity of 1500 W at 4.5 K with 
liquid nitrogen precooling. Without precooling the 
capacity is reduced to 900 W. It is equipped with two 
expansion engines but can operate at full capacity with 
only one engine. The other engine can be serviced while 

‘.. \ 
Fig. 1. Physical dimensions of the HEUB dipoles (in.). 
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Fig. 2. Training history of the four HEUB magnets. 

s------. ork performed under the auspices of the U.S. Energy 
Research and Development Administration. 
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Fig. 3. The two downstream rapnet; in the XPS i-8ea.m. 

the machine is n~nning. A Large liquid storage ‘r~csse1 
(4000 1) is situated next t; the relri;!<?rator cold bcr:. 
In th? nurmrll. operatin made liqui! is supplied from 
tl:is tank tz the nagnets and the refri;;eratcr naintai.;is 
a constant le~0?? in the b.iffer tank. Li quLi 1s supplied 
to the ma,yers in 3 single line S3 r.1 lo:-ig. There t:re 
two be1iu-n; return lines so that an!: magnets can be 
cooled doxn while the others are full and under -~owr. 
‘these lines were vendor fabricated in 12 n s~ctio:~ 
and shipped with the insulating space evacuated. The 
measured lest lenk for tstjl ~l;pl!; ,ind return lines 
was appro:cimJtalv 0.25 x,‘m. TX refrigsrs~cr mr.:r’21 
panel is shorjn ir. Fig. L. 

Fig. &. Control panel Ezr zhe PXI?, refri;trat~r. 
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3.e eltccrcnic ncrtitzri,~,; s:-sten is .?esi,-led ?a _I 
ccntr;l t’ce system x’er 1on.l; ,erisds cf cna+tendec ‘op- i 
eratian. AL1 izp7rtant m~::;net and cry:ge”ic -:ariables 
are a1amed %c indicate an:’ :x~lf~.r.ctL~on. X f,ew ccriti- 
cd ala.rms are interlocked r.ith the ;~\~er sup;?ies a.ld 
will shut sff po:,er if tri;;eJ. n,, xgnrts 3ra sIar,ped 
with row: tw-ev‘ ,c- Iatur-L power dlcdes SC that t?wy ~vi.11 
dischnri_e sl,x~L:- i.3 :l;e s.;elit :f d ;~~2:9elr f.;il:.jre. ::1c;: 
magnet has se:*scx f:r hzli-:v l:.;el, :,;,:.in c;ix-~~~L:: Lead 
voLt3~c dY&?) lead c:t;LL1?.:: ,;as .;.:1psr; cu;^e a1:d ‘r::‘ostat 
;ressuL-e. !‘he Lm liquid l.z.,sL sl;.lscr:z i.,ld lsacl moni- 
xrs are interloclr~i :vith tte pcs.*r s’ui’ply* i’he p.7si- 
Lions oi ‘::le renscrs co:, the nq;nc t ass t?m’>Ly 7ce ~hz::n 
i.7 Fig. 5. A la;;c i:umi3er :E ,~tiier .,-.-.ri3‘311; . . ..ch 3s 

dci:,~ar i-ac~zLi;‘i, seal srxsure and refrigerator engine speed 
are dIibZ ~co:-.n~ccad LC t:?e dam syscen. TI:e control and 
ncr.itcrina p4nel is rkc:,n in Fig. 6 with the alarm in- 
‘iC,LL?l-s .:n tke ri&c. 
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X$. 5. The location of the instrumentation sensors on 
each mnene t _ 
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The refrig;rati>c s;;s te:m acceptance tests were per- 
fsrmed in Xarch 1975 and since that tine it has lagged 
r::re than 1500 h r<ithnut major difficclties. T5.e first 
t:ii> dipoles were installed in August and first operated 
:r. beam X3 in SepternSer. The secsnd pair of magnets 
~.eze first einer&Lzzd in Deces’ber 1576. Scne difficulties 
w.re enccur.tered with the cryostat vacuunl of the last 
-.:;a~ t r,kish vaa assem3lsd from the “remainin,-” pieces 
,:i: t:le four “identical” ;Inits. utile the quality of the 
,:;:;!u:. in tkis 3ewar is ;mt nearly as ;gocd as that 
achievec! in the oth12r 7;essel.s It is stable ,ind cioes not 
scntrltuts significantly ti? :he heat loa?. The total 
:-.mt i;aC see3 t-:.- zhe re:rigerator under nomal coRdi- 
Li.O!iS is apprcsinatel.;~ 55C W at L.5 X. C: this, the 
--?nxnets rzpresant about X0 i4 (LOO eact) and the trans- 
fer Ike: and st,xage 3ei.:r, the remainin: 150 W. 
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