
Brookhaven National Laboratory 

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

Collider Accelerator Department

November 1985

E. D. Courant

EMITTENCE BLOW-UP IN THE TUNE JUMP

BNL-104653-2014-TECH

AGS/AD/Tech Note No. 229;BNL-104653-2014-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.  



Alterna t ing  Gradient Synchrotron Department 
BROOKHAVEN NATIONAL LABORATORY 
Associated Univers i t ies ,  Inc. 

Upton, New York 11973 

ACCELERATOR,DIVTSION TECHNICAL NOTE 

No. 229 

EMITTENCE BLOW-UP IN THE TUNe JUMP 

E. D. Courant and S. Y. Lee  

27 November 1985 

I Introduction 

To obta in  polarized protons a t  low,energy, process of t he  f a s t  tune 
jump through many i n t r i n s i c  depolarizing resonances i s  c l e a r l y  unavoid- 
able. Unfortunately, t he  emittence of t he  beam w i l l  increase  due t o  the  
exc i t a t ion  of these  f a s t  quadrupoles. I n  t h i s  shor t  note we s h a l l  dis-  
cuss t h e  emittence problem r e l a t e d  t o  the  tune jump. 

11. Effect of Fast Quadrupoles 

The exc i t a t ion  of f a s t  quadrupoles change suddenly the  be ta t ron  
amplitude around the  closed o r b i t .  The amount of t h i s  nonadiabatic 
change can be expressed1 as 

where 

AQ = - 1 I 276R p(s)k(s) ds 
4n; 0 

(3) 

The nonadiabatic sudden change i n  the  betatron amplitude func t ion  r e s u l t s  
i n  the  mismatch of t he  beam s i z e .  These nonadiabatic increments of beam 
s i z e  w i l l  r e s u l t  i n  a corresponding increase  i n  the  emittance. To cal- 
c u l a t e  t h e  increase  i n  t h e  beam s i z e ,  one can e i t h e r  use t h e  Synch 
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Program2 o r  use Section 4 of r e f .  1. 
Courant, i s  included i n  the  appendix. 

A program i n  BASIC, wr i t t en  by E.D. 

Because the  AGS machine is  operating a t  (& E 8.6, z 8.8 with 
superperiod P=12, t he  important terms i n  the  summation eq. (1)  are 
p=12, 1 7 ,  and 18. For a smaller AQ, t he  s t r eng th  k ( s )  of tuning quadru- 
poles needed become smaller. The corresponding i n t e g r a l  J w i l l  a l so  be 
smaller. With even numbers of f a s t  tuning quads located i n  each consecu- 
t i v e  cells, t he  cont r ibu t ion  of J is  zero (because the  superperiod of 
AGS is  P=12). 

P 

1;s However, t h e  cont r ibu t ion  of J17 and J12 are important. 

A t  present,  there  are 10 f a s t  pulsed tuning quadrupoles i n  AGS. It 
is  b e t t e r  t o  put these 10 tuning quadrupoles consecutively i n  each c e l l  
and leave two cells without tuning quadrupoles close together (such as EF 
i n  t h e  present arrangement). 
increase due t o  the  sudden exc i t a t ion  of f a s t  quadrupoles. We observe 
t h a t  t he  experimental va lue3  of t he  increase  i n  t h e  beam s i z e  is  approxi- 
mately a f a c t o r  of 2 - 3 l a rge r  than t h a t  predicted from the  be ta t ron  
mismatch ca lcu la t ion .  

Table I l is ts  the  emittence (beam s i z e )  

On the  other hand, when a set (12) of slow quads are used before t h e  
f a s t  quads are turned on, we observe a reasonably good agreement between 
the  experimental r e s u l t  and the  t h e o r e t i c a l  prediction. 

111. Possible Coupling Effect 

The disagreement between t h e  experiments and the  theory on t h e  in- 
crease of the  beam s i z e  i n  the  process of f a s t  quad tune jump may be 
a t t r i b u t e d  t o  t h e  coupling resonance. 

Figure 1 shows t h a t  t he  be ta t ron  tunes Qx and as a function of QY the  exc i t a t ion  s t r eng th  of t he  f a s t  quadrupole. We note f i r s t  t h a t  t h e  
Qx = Qy resonance has t o  be crossed t o  reach AQ = 0.2 -0.25. Because of 
t h e  coupling resonance, t h e  v e r t i c a l  beam s i z e  may increase  due t o  a much 
l a r g e r  hor izonta l  emittance. It is, however, puzzling t o  observe t h a t  
t h e  amount of increase  i n  the  hor izonta l  beam s i z e  is about t he  same as 
t h a t  of v e r t i c a l  beam s i z e .  

On the other hand, when the  slow quads were turned on before the  
f a s t  quads are pulsed, t h e  experiment agrees w e l l  with the  t h e o r e t i c a l  
p red ic t ion  (see Table I ) .  

Figure 2 shows similar plot  as t h a t  of Fig. 1, except t h a t  a set of 
1 2  s l o w  quads are turned on t o  s h i f t  t he  tune Qx - Qy apa r t  before the  
f a s t  quads are turned on. We observe t h a t  the  increase  i n  the  be ta t ron  
beam s i z e  is  about t h e  same as t h a t  of Pig. 1. However, t he  coupling 
resonance, Q, - Qy = 0, may be less important. 
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TABLE I: Mismatch and emittence blow-up with AQ=0.25 
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IV. Tune Jump for the Resonance at  36-v 

A t  resonance yC = 36-v, t he  be ta t ron  tune of t he  machine has t o  be 
jumped upward t o  avoid the  resonance. 
t i ons  i n  the  process of tune jump with and without slow quads. 

Figure 3 shows the  be ta t ron  func- 

Without slow quadrupoles, Qx and % are approaching 8.5 and 9.0 
respectively.  The emittence can blow-up by a f a c t o r  of 2 N 3 e a s i l y  (see 
r e f .  4 ) .  With slow quadrupoles, t h e  be ta t ron  tune of t he  machine can be 
controlled t o  be a d is tance  away from the  stopbands. The r e s u l t i n g  emit- 
tence mismatch can then be controlled.  With the  slow quads, t he  e m i t -  
tence w i l l  blow-up about 10%. 

W e  note i n  Fig. 3 t h a t  t he  condition, Qx < Qy, is s t i l l  s a t i s f i e d  
when the  slow quads are excited.  The requirement of t h i s  condition 
depends s o l e l y  on the  importance of t he  coupling resonances. I f  t h e  
coupling resonance, Qx - Qy = 0, i s  not important, then the  degree of 
freedom f o r  t h e  slow quads can be increased t o  obta in  even b e t t e r  
performance. 

IV. Conclusion 

The emittence blow-up due t o  the  exc i t a t ion  of t he  f a s t  quadrupoles 
are estimated based on the  mismatch i n  the  betatron amplitude. We found 
t h a t  the  dominant harmonic components are p = 12, 17 and 18. The har- 
monic 18 happens t o  cancel each other due t o  the  even number of f a s t  
quadrupoles and 12 superper iodic i ty  of AGS, provided t h a t  these  f a s t  
quadrupoles are arranged i n  p a i r s .  
i s  least when these  f a s t  quadrupoles are arranged i n  each consecutive 
cell  ( the  current arrangement). 

The cont r ibu t ion  of t h e  harmonic 1 7  

Comparing our ca l cu la t ion  t o  t h a t  of experimental r e s u l t s ,  we f i nd  
t h e  coupling resonance may be important i n  the  process of t he  emittence 
blow-up when the  slow quads are not excited.  Some experiments would be 
very usefu l  t o  pinpoint t h e  e f f e c t  of coupling resonance. 

1. Using skew-quads i n  the  f a s t  quadrupole tune jump, one may f ind  
t h a t  t h e  emittence blow-up depends on t h e  p o l a r i t y  and excita- 
t i o n  of skew quads. 

2. A t  a smaller tune s h i f t ,  e.g. AQ = 0.15, the  f a s t  quadrupole 
tune jump w i l l  pass t he  coupling resonance, Qx - Qy = 0. 
other hand, e x c i t a t i o n  of t he  f a s t  quadrupoles incorporating 
with the  slow quadrupoles w i l l  not go through the  coupling 
resonance. 

On t he  

3. I f  it i s  indeed t h a t  t he  coupling resonances are important t o  
t h e  emittence blow-up, a poss ib le  so lu t ion  may be a f a s t  excita- 
t i o n  of these  f a s t  quadrupoles and a f a s t  de-excitation at a 
later t i m e .  Technically, t h i s  method may be d i f f i c u l t .  



Fina l ly ,  t he  slow quads are e spec ia l ly  important f o r  t he  resonance 
at 36-v. Without slow quads, t h e  emittence can blow-up by a f a c t o r  of 2 
N 3. With slow quads, t he  tune of t h e  machine can be controlled.  There- 
fo re ,  t he  emittence blow-up can a l s o  be controlled.  
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Figure Captions 

Fig. 1. The be ta t ron  functions and the  be ta t ron  tune of t he  AGS is p lo t -  
t ed  as a func t ion  of t h e  exc i t a t ion  s t r eng th  of t h e  f a s t  quadru- 
poles I B'dR/Bp (m'l). 
8.6, Qy = 8.8. 

The i n i t i a l  tune was chosen t o  be Qx = 

Pig. 2. The same as t h a t  of Fig. 1, except t h a t  12 slow quads a t  5 f e e t  
s t r a i g h t  s ec t ion  (S5) are exc i ted  with I B'dt/Bp = -.00355 m-l 
and are excited t o  s h i f t  Q away from Qx. 
a r e  similar t o  t h a t  of Fig? 1. 
chine Qx, Q d i f f e r  from t h a t  of Fig. l. 

The be ta t ron  functions 
The betatron tunes of t he  ma- 

Y 

Fig. 3 The same as t h a t  of Fig. 1, except t h a t  t he  f a s t  quads s h i f t  t he  
The dashed l i n e s  corresponds Qy upwards f o r  t h e  36-v resonance. 

t o  t h e  exc i t a t ion  of t h e  f a s t  quads without t he  slow quadru- 
poles. The s o l i d  l i n e  corresponds t o  the  exc i t a t ion  of s low 
quads at S15-5' s t r a i g h t  s ec t ion  with s t r eng th  I B'dR/Bp = 
.00610 m-l. 
d i f f e r e n t  i n  these  two cases. 

Note t h a t  t h e  be ta t ron  functions are d r a s t i c a l l y  
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figurte 7 .  

30 r 1 I I I I 

A 
....p ( m 

25 

t 

/ 
/ 

/ 
B Y  / EG / 

/ 
/ 

8.4 

EF 

a 



30 

25 

9.0 

8.9 

8.8 

8.7 
I/ 

8.6 

8.5 

a 

- 8 -  

-I 

I I 1 I 

0.003 0.006 0.009 0.012 



- 9 -  

FigLute 3 .  
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