
Brookhaven National Laboratory 

U.S. Department of Energy
USDOE Office of Science (SC)

Collider Accelerator Department

February 1984

L. Ahrens

LOW FIELD DIPOLES FOR POLARIZED PROTON ACCELERATION

BNL-104622-2014-TECH

AGS/AD/Tech Note No. 195;BNL-104622-2014-IR

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.DE-AC02-76CH00016 with the U.S. Department of Energy. The publisher by accepting the technical
note for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government.  Neither the United States Government nor any 
agency thereof, nor any of their employees, nor any of their contractors, 
subcontractors, or their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or any 
third party’s use or the results of such use of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service 
by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof or its contractors or subcontractors. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof.  



Accelerator Department 
Brookhaven National Laboratory 
Associated Univers i t ies  Inc. 

Upton, NY 11973 

AGS Division Technical Note No .  195 

LOW FIELD DIPOLES FOR POLARIZED PROTON ACCELERATION 

- 

L.A. Ahrens 

February 1, 1984 

This note makes two comments with respect  t o  the use of the v e r t i c a l  Low 

Field Dipole a r ray  i n  the AGS i n  cor rec t ing  the imperfection resonances 

encountered while acce lera t ing  polarized protons. 

F i r s t  an estimate of the cor rec t ing  s t rength  required i s  made using the 

known amount of cor rec t ion  required a t  i n j e c t i o n  f o r  harmonics i n  the v i c i n i t y  

of the v e r t i c a l  tune ( 4 . 9 ) .  The equi l ibr ium o r b i t  i n  the machine is  r e l a t i v e l y  

s e n s i t i v e  t o  these harmonics and hence the measurement of the o r b i t  allows a mea- 

surement of the magnetic component. 

Secondly the implications of using a p a r t i c u l a r  subset of the cor rec t ing  

dipoles  is  invest igated.  

A s  p a r t  of normal i n j e c t i o n  tuning a t  the AGS, the  9th harmonic of the 

r ing  hor izonta l  (and v e r t i c a l )  dipole  f i e l d  - namely a hor izonta l  f i e l d  compo- 

nent given by Bx(8)  = Bg cos(98+$) where 8 v a r i e s  over 2n i n  making one revolu- 

t i o n  around the r i n g ,  and Bx i s  the f i e l d  component i n  the hor izonta l  plane per- 

pendicular t o  the p a r t i c l e  motion - i s  minimized; t h i s  t o  minimize the stop band 

around V = 9 ,  and t o  ga in  aperature  i n  the machine. One standard method for  

making t h i s  cor rec t ion  is  t o  i n t e n t i o n a l l y  cause beam loss by moving the tune 

V 

very c lose  t o  9 ,  and then vary the 9th harmonic content o f  the low f i e l d  dipole  

cor rec tors  t o  minimize the beam loss .  This i s  usual ly  done i n  a series of s m a l l  a 
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adjustments. 

measurement provided by the  72 element PUE a r r a y ,  arid minimize the  9 th  harmonic 

Another way t o  make the  c o r r e c t i o n  i s  t o  use the  equi l ibr ium o r b i t  e 
present  t he re .  The 9 th  seen i n  the  o r b i t  i s  propor t iona l  t o  t h a t  p resent  i n  the  

magnetic f i e l d  through a f a c t o r  including, i n  add i t ion  t o  cons t an t s ,  a term 

2 2  2 2  ( l / ( n  -V > >  o r  i n  t h i s  case 1/(9 -V >. The two methods f o r  es t imat ing  and 

e l imina t ing  the  9 t h  component agree.  

The PUE: based method can be used f o r  e l imina t ing  o the r  magnetic harmonics - 
with a s e n s i t i v i t y  decreasing as (9 -V ) grows - and hence can be used t o  e s t i -  2 2  

mate these  harmonics. This has been done f o r  harmonics 7 through 12 which re -  

s u l t s  are given below. These are the  imperfection f i e l d s  a t  these  harmonics 

present  a t  i n j ec t ion .  To the  extent t h a t  these  r e s u l t  from magnet placement 

e r r o r s ,  they w i l l  s c a l e  i n  s t r eng th  p ropor t iona l ly  with the  main r i n g  f i e l d  and 

hence the  co r rec t ion  needed a t  some momentum P w i l l  be given by 

(1 >.  x ( P/Pinj). c o r r  m j  

The t a b l e  l i s t s  the  number of command counts needed t o  c o r r e c t  the  component, 

4000 counts = 2 amps, and the  c u r r e n t  applied by a magnet located a t  p o s i t i o n  8 

i s  given by I 

ponent i n  the  PUE o r b i t .  

with the  o r b i t  e r r o r s ;  these  w i l l  gene ra l ly  increase the  estimated cu r ren t  

required.  The nu l l ing  procedure f a i l s  t o  be reproducible shot t o  shot a t  the  

level of approximately k.1 mm which may r e f l e c t  the r e p r o d u c i b i l i t y  of the o r b i t  

measuring system. 

(cos ne + 41, where Icorr and 4 are tuned t o  minimize the  com- 

Er ro r s  i n  the  PUE system i t s e l f  w i l l  add i n  quadrature 

c o r r  
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Correction P =Momentum Correct ion Correction 
@ i n j ec t ion  @E= @Pn @'n 

n a Harominc ( .65 GeV/c) - n(lYlp/G)=( .525n) - (96 dipoles)  (24 dipoles)  

counts - ma GeV /c &?!E? &E 

7 45 0 225 3.55 
8 5 10 255 4 . 1  
9 210 105 4 . 6  

10 320 160 5 . 2  
11 580 290 5 .7  
12 700 350 6 . 2  

1 . 2  4 . 8  
1 .6  6 . 4  

.7 2 .8  
1 .3  5 . 2  
2 .5  10 
3 .3  13.2 

From t h i s  one can a l so  make an estimate of the cor rec t ion  needed a t  any n; using 

7-11, the average cor rec t ion  is  200 ma a t  in jec t ion .  So i n  the approximation P 

= E,  the cor rec t ion  required a t  resonance "nl' i s  

I (n) = (.2A) x - = n x ( .162)  amps co r r  65 

. .  with 6 amps and 96 dipoles  Pmax N 20 GeV/c 

with 6 amps and 48 dipoles  P 10 GeV/c m a x  a 
As a check, an attempt w a s  made t o  n u l l  the o r b i t  a t  2 x I? I f  the i n j '  

e r r o r  being corrected were proport ional  t o  momentum, a s  assumed above, the cor- 

rec t ion  required should double. The r e s u l t s  w e r e :  f o r  the 8th, an increase by 

the fac tor  ( 2 . 1 ) ;  fo r  the gth (1.5); and fo r  the loth ( 1 . 6 ) .  

The second subjec t ,  c lose ly  re la ted  t o  the f i r s t ,  is the e f f e c t  of using 

a smaller array of dipoles  t o  do the cor rec t ion ,  i n  pa r t i cu la r  using only 

dipoles a t  #4 and 1/16 s t r a i g h t  sect ions i n  each super period. 

correct ion dipoles  located a t  ei, i = 1 ,  N.  

harmonic correct ion i s  applied by powering each dipole  t o  a current  given by 

Assume one has N 

Assume the cosine pa r t  of the nth 

(cos(nOi). Define 0 = 0 a t  the L-20 s t r a i g h t  sect ion.  Then the harmonics Imax 

the beam w i l l  see are proport ional  t o  
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N 
= C cos mei  cos nei for  the mth cosine harmonic 'm i-1 

o r  
N 

S = 2 s i n  m e .  cos ne. fo r  the mth s ine  harmonic m i-1 1 1 

For reasonably uniform cor rec t ion  magnet d i s t r ibu t ions ,  and harmonics whose 

phase i s  not a mult iple  of the d i s t r i b u t i o n  s t ruc tu re  these terms a r e  

approximately given by 

c = (  0 m i c n  

N/2 m = n m 

S =  O + m  m 

which of course gives the obvious conclusion tha t  i n  t h i s  l i m i t  the cor rec t ion  

derived is proportional t o  the number of magnets powered. To look in to  the par- 

t i c u l a r  case of the AGS with 4's and 1 6 ' s  powered, these sums w e r e  evaluated. 

The r e s u l t  fo r  most harmonics i s  a s  l i s t e d  above with ser ious deviat ions when 

cor rec t ion  per iodic i ty  matches magnet per iodic i ty .  The t ab le  below gives a sam- 

p l e  of these unusual s t rengths  i f  the normal formula fo r  powering the magnet 

a r ray  is applied,  where 1 is  the normal r e s u l t .  

normal terms 
harmonic s ine  s t rength cosine s t rength  

6 
12 
18 
24 
30 
36 

36-11 
48 -n 

.7 
1.8 
1.8 
.7 

0 
.7 

cross  terms 
0 

.3 

.8 

.8 
0 

1.3 
.2 
.2 

1.3 
2 
1.3 

.3 

.3 
0 

0 
.3 
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Notice fo r  example t h a t  i n  t h i s  approximation a s ine  term a t  n = 30 (P N 15.7 

GeV/c) cannot be generated. 

length of (240 AGS r ing  magnets)/30 = 8 magnets, which crosses  zero a t  4, 8 ,  12 

'0 This occurs s ince m = 30 corresponds t o  a wave 

16, 20 and hence a t  both of our correctors .  

means t h i s  problem doesn' t  occur a t  t h i s  t o t a l  cance l la t ion  l eve l  u n t i l  

n = 60 and hence is  not a problem. 

by removing the superperiod per iodic i ty .  

Inc identa l ly  going t o  96 cor rec tors  

One could a l s o  reduce it with 24 correc tors  

In  conclusion then, the 24 magnet s i t u a t i o n  and cor rec t ion  technique has L 

two implications for  resonance correct ion.  F i r s t l y  measurements a t  i n j ec t ion  

suggest t ha t  the current  ava i lab le  may w e l l  be in su f f i c i en t  by 6 G e V / c .  Second- 

l y  i f  t h i s  proves overly pess imis t ic ,  c e r t a i n  resonances w i l l  be hard t o  cor rec t  

j u s t  because of the per iodic i ty  of the array - fo r  example the cosine component 

a t  n = 12, p = 6.2 G e V / c  w i l l  require  f ive  t i m e s  the normal current  t o  have the 

normal e f f e c t .  a 
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