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ABSTRBCT 
Xagnet Parameters 

Four l a r g e  aper tu re  superconducting bending mag- 
ne t s  a r e  being b u i l t  f o r  use i n  the  experimental beams Warm bore 

I 
20 cm 

a t  t h e  AGS. Each of these magnets i s  2.5 m long and Coi l  i.d. 25 cm 
has a room temperature aper tu re  of 20 cm. The magnets Winding thickness (conductotwidth)  2.03 cm 

. a r a  s imi la r  i n  design t o  t h e  d ipo les  being developed I ron  i.d. 29.8 cm 
f o r  XSABELLE and employ a low temperature i ron  core. I ron  thickness  25.7 cm 

'& Results  a r e  presented on t h e  "training1' behavior of Lamination length 2.5 m 
the magnets and a comparison w i l l  be nnde with t h e  Xsgnetic length 2.29 m (HWB I) 
smaller aper tu re  versions of t h i s  design. The magnet 2.30 m ( m B  IV) 
f i e l d  measurements include end f i e l d s  and leakage Magnet weight -lo4 kg 
f i e l d s  a s  wel l  a s  the harmonic components of the  Inductance 0.28 mB 
s t r a i g h t  s e c t i o n  of t h e  magnet. B/f (,, a 0 )  15.4 G / A  

B/I  (4.0 T) 15.15 G/A 
I. INTRODUCrION Design f i e l d  4.0 T 

Magnet cur ren t  (4.0 T) 2650 A 
A new high energy unseparated beam (8&I,Z!) l i n e  Current dens i ty  ( including 

from t h e  AGS, incorporat ing four  l a r g e  aper tu re  d ipo les  i n s u l a t i o n  - 4.0 T, 4.3 K) lP,? kA/an2 
r a p n h l ~  of d e f l e c t i n g  30 G s V / c  s a ~ u u d a r y  purc ic les  a Stored energy (4.0 T) 1.04 d 
t o t a l  of ZOO, i s  present ly being constructed. A l l  four  Heat Load 
magnets have been wound, and th ree  have undergone pre- (magnet + dewar + leads)  - 100 *25 W 
l iminary t e s t s  i n  t h e i r  c ryas ta t s .  Two a r e  now being 
i n s t a l l e d  i n  the  AGS uxperimental a rea ,  and t h e  emain- 
ing two w i l l  be added shor t ly .  The r e f r i g e r a t o r f  op- 
e r a t e s  s a t i s f a c t o r i l y ,  and has served temporarily a s  

WARM BORE 

a f a c i l i t y  f o r  t e s t i n g  prototype ISABELLZ magnets.2 

The d ipo le  design, shown i n  Fig. 1, has been pre- M A I N  COIL . 
sented i n  considerable  d e t a i l  e l s e ~ h e r e . ~  The ISABELLE f l  BERGLASS 
r i n g  magnets a r e  e s s e n t i a l l y  smaller  aper tu re  versions 
of t h e  same bas ic  design. Each dipole is 2.5 m long. 

XD 580 EPOXY 
and has a room temperature aper tu re  of 20 cm diameter. IRON LAMINATIONS 
The winding c o n s i s t s  of a s i n g l e  l ayer  of braide-d-cnDn: 
ductor  impregnated with s o f t  metal. 2 cm wide and 0.06 
cltr Llilck, concdiaing Y 5  wires of 0.3 mm diameter with 
517 NbTi f i laments  i n  a copper m t r i x  surrounded by a 
cupro-nickel jacket.  The conductor is grouped i n  
blocks of approximately equal width, forming a cur ren t  
dens i ty  d i s t r i b u t i o n  varyiag azimuthally a s  t h e  cosine 
of the angle from the  median plane, by appropr ia te ly  
in te r leav ing  spacers  braided from copper wires. (The 
o r i g i n a l  design c a l l e d  f o r  spacers  braided from s t a i n -  
l e s s  s t e e l ,  but experience with t h e  4.25 m long ISA- 
BELLE magnets indicated t h e  d e s i r a b i l i t y  of replacing 
these with copper b ra ids  which a r e  incorporated i n  t h e  
turns themselves, i n  order t o  minimize t h e  thermal 
b a r r i e r s  between turns i n  the low cur ren t  densi ty sec- 58 CORRECTiON COI 
t ions  and ensure azimuthal normal zone propagation 
during quenching.) The laminated c y l i n d r i c a l  i r o n  
sh ie ld  is  a t  l i q u i d  helium temperature. It is construc- 
t ed  i n  two halves with the s p l i t  on t h e  median plane. 
The c o i l  i s  inser ted  i n  the sh ie ld  by a shrink f i t t i n g  
technique a f t e r  t h e  two sh ie ld  halves have been welded 
together  and i n t e g r a l l y  honed -- a technique developed 
during t h e  a c t u a l  construct ion of the  c o i l s .  Sextu- 
pole and decapole f i e l d  c o r r e c t 1  
a ted  i n  the  design, i n  the form 
t ions  t o  cos 38 and cos 58 d i s t r  
i n t e r n a l  t o  the main winding and wouni from s e r i e s  
connected s t rands  cabled from the same bas ic  composite Fig. I.. Magnet c ross  sect ion.  
wire a s  i n  t h e  main conductor. 

1 '~i&re 2 shows one &gnat being i n s t a l l e d  i n  i t s  c q o -  
Various magnet design and measured parameters ' s t a t ,  and Fig. 3 t h e  magnet ready f o r  t e s t i n g .  The 

a r e  l i s t e d  i n  Table I. r e f r i g e r a t i o n  system has a l s o  been described e l se -  

Manuscript received August 16, 1976. where.3 It has operated i n  excess of 1300 W ,  o r  con- 
* s iderab ly  g r e a t e r  than the expected heat  load of the 
Work performed under the  auspices of the  U.S. Energy four  magnets. (The system was designed t o  provide 
Research and Development Administration. s u f f i c i e n t  capac i ty  f o r  superconducting quadrupoles -- 

' ~ r o o k h a v ~ n  National t abora tory ,  upton, xew York 11973 subsequently eliminated due t o  limitation on resources 
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1 : s ing le  leg suppork f o r  t h e  magne; with a l l  se rv ices  ' '- HE~TB IV. Their  i n i t i a l  quench performance is shown i n  .: ., 

1 - comected through a "conning tower" i n  the cen te r  of Fig. 4. In  both cases  che design f i e l d  was a t t a i n e d  
t the  v e s s e l  a t  the  too. o r  exceeded a f t e r  few auenches: HEZrS I reached 4.0 T 

Fig. 2. Magnet being Fnetal led Ln cryos ta t .  

~ i g .  3. Hagnet ready f o r  t ee  ts. . - 
':%;$&tl ., . 7 " ~ . ; , ~ J ~ . ~ ~ ~ ~  . . . . . . ,, , . , -*.> + . . . . - 7  -j,,y5; . A  , 
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11. QUENCH PERFORMANCE 

Three of the  four  magnets, REUB I, 11 and IV 
(designat ing the order  of c o i l  winding), have under- 
sone preliminary t e s t s  i n  t h e i r  c ryos ta t s  , u t i l i z i n g  
a general  purpose Claude cycle  r e f r i g e r a t o r  of nomi- 
na l ly  200 W capacity. HEUB 11, tes ted  f i r s t ,  a t t a ined  
3.27 T on the f i r s t  quench, and 3.52 T on the second 
quench which resu l ted  in a s h o r t  between c o i l s  and cor 
ductor damage. This magnet has been disassembled and 

and BEUB IV 4.14 T on'the 5 th  quench, a t  which point  
no f u r t h e r  quenching was attempted, although the mag- 
ne t s  appeared t o  be s c i l l  t r a in ing ,  u n t i l  magnet i n s t a l -  
Ia t ion  i n  the  beam l i n e  i s  completed. Fur ther  t r a i n i n g  
is  a l s o  expected on t h e  bas i s  of t h e  conductor s h o r t  
sample c h a r a c t e r i s t i c s  ( shor t  sample f i e l d  l i m i t  -. 259. 
above t h e  design Eieldh and the performance of the 
ISABELLE model dipoles  which a r e  based on s i m i l a r  con- 
ductor  and cons t ruc t ion  technique. Note t h a t  a t  4.0 T 
the  s to red  energy is approxinmtely 1 ml, and was d i s s i -  
pated completely i n  the  magnet during these te rcs .  
A t  operaeing f i e l d  l e v e l s  s h l a t e d  power supply f a i l -  
ure runs confirm the magnefs a b i l i t y  t o  s u s t a i n  de- 
e x c i t a t i o n  a t  t h e  r a t e  of B - 10 mT/sec without 
quenching, using an energy e x t r a c t i o n  system cons i s t ing  
of a power diode and e x t e r n a l  r e s i s t o r s  placed i n  
p a r a l l e l  with t h e  magnet. 

A t  8.0 T t h e  i r o s  s a t u r a t i o n ,  i n  t a m  of devia- 
t i o n  of t h e  c u r r e n t - f i s l d  curve from l i n e a r i t y ,  is  
approsjsnataly 7% a 

0 HEUB' I4! CzZl 

QUENCH NUMBER 

Fig. 4. Xagnet quench performance. 

111.- FIELD QUALrPY 

Preliminary measurements of harmonic f i e l d  com- 
ponents i n  t h e  two-dimensional s t r a i g h t  s e c t i o n  of 
t h e  magnets a s  wel l  a s  i n t e g r a l  hamonics  have been 
measured with a set of r o t a t i n g  6.8 cm diameter har- 
monic c o i l s  of t h e  Morgan The uncorrected 
quadrupole, sextupole and decapole _&nnonics a r e  tab- 
ulated Eor various f i e l d s  i n  Table I1 f o r  REUB I and 
IIEUB IV. The c o e f f i c i e n t s  a r e  defined a s  usual by the  
expansion of the f i e l d  on t h e  median plane 

I 2 
3 = Bo ( 1 +  b u + b2x + ... ) . 

1- 
1' 

The v a r i a t i o n  of t h e  uncorracted sextupole and 



F n t e g r a l  sextupole term wi th  f i e l d  i s  a l s o  shown Fn . d i n g  e r f o r ~ a n c e ,  i i e l d  p r e c i s i o n  and r e p r o d u c i b i l i t y .  
1 F i g . 5 a .  . . . .  The e x c e l l e n t  quench . . . . . .  t o l e r a n c e  e x h i b i t e d ,  i n  p a r t i c u -  

Tab le  I1 

The d i p o l e s  a r e  not c o r r e c t e d  by end shaping.  
However, they a r e  equipped wi th  a  s e t  o f  s e x t u p o l e  
a s  w e l l  a s  decapole  c o r r a c c i o n  windings ,  ao. noted.  
The sex tupo le  winding c o n s i s t s  of 84 0.3 mm snper-  
conduct ing  wi re s  connected  i n  s e r i e s  and t h e  decapole  
winding ( n o t  expected  t o  be  used normal ly)  h a l f  t h i s  
number ~f wires. The co r r sc t i . on  c!lrri.nr: reqr.!<red f ~ r  
complete c a f i c e l l a t i o n  of t h e  s ex tupo le  term a s  a  func-  
t i o n  of d i p o l e  f i e l d  i s  shown i n  F ig .  6.  The ~ a x i n u m  
c u r r e n t  r e q u i r e d  occurs  i n  t h e  r eg ion  of 2.5-3.0 T 
and exceeds the  a v a i l a b l e  c o r r e c t i o n  c u r r e n t  ( t h e  
( a l s o  shown) by a t  most 25% here .  The re fo re ,  i n  t h i s  
f i e l d  r eg ion  a  r e s i d u a l  s ex tupo le  tzrm remains w i t h  
t h e  c o r r e c t i o n  winding.powered, a s  shown i n  F ig .  3b. 
Its peak v a l u e ,  however, i s  w s l l  w i t h i n  t h e  a c c e p t a b l e  
beam l i n e  t o l e r a n c e .  The c u r r e n t  requiremencs f o r ,  
c a n c e l l a t i o n  of t h e  decapole  t e n  a r e  somewhat l e s s ;  
consequent ly  c a n c e l l a t i o n  of t h i s  harmonic i s  p o s s i b l e  
over  t h e  f u l l  f i e l d , r a n g e ,  i f  i t  should  be d e s i r a b l e .  

REUB I 

1 . 0  T 2.0 T 3.0 T 4.0 T 

bl  1.25 1.28 0.96 0 . 1  
j2 5 .1  4.9 -0.5 -14.3 
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HZUB rf 

1 . 0  T 2.0 T 3.0 T 4.0 T Uni t s  
-4 0.08 0.12 0.13 0.38 1 0 - / c n ,  

6.2 6 .1  0.9 -10.4 10"/cm- 
4.6 3.5 12.0 5 .0  1 0 - ~ / c a ~  

2.0 2.1 2 . 0 .  2.0 10 '~ l cm 
17.0 16.5 11.7 0.9 10'5/cmf 
23.0 26.0 38.0 30.0 10'~/cm" 

. - 
5 

CORRECTED 

DIPOLE F I E L D .  kG 

Fig.  5. V a r i a t i o n  o f  s e s t u p o l e  component 
w i th  f i e l d :  unco r rec t ed  component 
( a ) ,  and c o r r e c t e d  component (b). 

. . . . . . _ .  _ ._  _.. . -. 

The magnetic Lengths of t h e  two magnets,  measured 
w i t h - b o t h  a  Rawson type  Eluxmecer and a  harmonic c o i l ,  
a g r e e  t o  . b e t t e r  than 1Z (Table  I ) .  

N . CONCLUSION 

Two of t h e  d i p o l e s  have been completed and pe r -  
formed w e l l  throughout  = h e i r  i n i t i a l  t e s t s .  They 
appea r  t o  meet a l l  t h e  beam l i n e  r equ i r tmencs ,  i n c l u -  

REQUIRED 
CORRECTION CURRENT 

AVAILABLE 
0 CORRECTION CURRENT 

D I P O L E  F I E L D .  k G  
. .  . 

Fig.  6. V a r i a t i o n  o f  s e s t u p o l e  c o r r e c t i o n  
c u r r e n t  w i th  f i e l d .  

l a r ,  is of importance From a  beam l i n e  
o p e r a t i o n a l  p o i n t  of view. The two remaining d i p o l e s  
a r e  presEncly being assembled,  and i n s t a l l a t i o n  o f .  
a l l  f o u r  magnets should  be completed by November 
1976. 
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