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Tune jump through t h e  s p i n  resonance €o r  t h e  polar ized  
protmn i s  s tud ied  by so1vir.g the syst.em of t h e  l i n e a r  
equat ion.  W e  found t h a t  t h e  specu la t ive  side-peaking of 
t h e  tune-jump curve does riot e x i s t .  The o s c i l l a t o r y  
s t r u c t u r e  obtained v i a  the s p i n  t r a n s f e r  matr ix  has  also 
c l i  sappeared. 



:. . ) In t roduct ion  

Tune jump through t h e  i n t r i n s i c  depo la r i za t ion  
:resonances i s  unavoidable f o r  t h e  po la r i zed  proton opera t ion  i n  
-;he lower energy regiori(E S? 10 - 20 GEV). There has  been inany 
csxperimental r e s u l t s l r e f  .I) i n  t h e  past few years from t h e  AGS 
po la r i zed  proton ope ra t ioas .  Theore t ica l  c a l c u l a t i o n s  ( r e f .  2 1 
lsased on t h e  sp in  t r a n s f e r  matr ix  methodfref .3) has been used t o  
obta in  t h e  p o l a r i z a t i o n  vs.  t h e  tune-jump time. F ig .  1 taken 
:Erom r e f s . 2  and 3 shows resonable  agreement between t h e  
c3xperiment and theory .  I t  was noted -that t h e  side-peaking i n  t h e  
tsxperrnental r e s u l t  cari no t  be understood from t h e  c a l c u l a t i o n ,  
l lesides t h e  theoretical c a l c u l a t i o n  shows o s c i l l a t o r y  behavior 
i ~ o t  observed i n  t h e  experiment These o s c i l l a t o r y  s t r u c t u r e  may 
iirise f r o n  %he d i f f i c u l t y  i n  t h e  c a l c u l a t i o n  of t h e  conf luent  
l~ypergesmetric func t ion  i n  that  s p e c i f i c  regionCusing t h e  
iIsyInptotic series ) (refs 2 arid 4 ) .  

More r ecen t  experimental  results(Fig. 2 )  of 
85-1986 AGS experiment however do no t  e x h i b i t  t h e  s i d e  
aking. I t  w a s  a r g u e d ( r e f . 5 )  t h a t  t h e  side-peaking may r e s u l t  ' 

:~rom an inappropr ia tdr  tuned 
quadrupoles. 

ower supply f o r  t h e  f a s t  tun ing  

I n  t h i s  short  no te ,  w e  s h a l l  r e p o r t  t h e  r e s u l t  of t h e  
c a l c u l a t i o n  on t h e  s p i n  tune  jump through an i n t r i n s i c  
depo la r i za t ion  resonance via  t h e  d i f f e r e n t i a l  equat ion so lve r  
:DEAEM) . Sect ion  2 b r i e f l y  reviews the problem arid s e c t i o n  3 0 ciiscusses t k . e  r e s u l t  of our c a l c u l a t i o n .  

2 . 1  P o l a r i z a t i o n  with t u n e - s h i f t  yraodel 

A tune  s h i f t  i s  obtained by f i r i n g  a special se t  of 
quadrupoles, which s h i f t  the tune of the machine upward o r  
downward suddenly arid then  decay l i n e a r l y  t o  t h e  riorminal tune  
. ~ a l u e  wi th in  a c h a r a c h t e r i s t i c  t i m e  t . This t u n e  s h i f t  can 
l a e  represented by a simple model f o r  resonance tune  s h i f t  as 

* @OYresponds t o  decay slope 
= 8, , t h e  quadrupoles W ~ F B  

, t h e  tune of t h e  machine is back t o  i t s  
::ismirial va lue .  



L e t  u s  assume f u r t h e r  t ha t  the par t ic le  i s  accelerated 
. w i i f o r n i l ~  w i t h  

i s  the a c c e l e r a t i o n  ra te .  For AGS, =4.86eC-5) w i t h  
easured i n  r a d i a n ,  which corresponds 160 ECeV energy 

ga in  per r e v o l u t i o n .  The paraimeters for the t u n e  jump i s  given 
i i s  fo l lows:  

_I - 0, 2 

In the present s tudy ,  we shall use the  resonance s t r e n g t h  of 
G %  = 9 resonance, i . e. 

c a l c u l a t e d  from DEPBL(ref . E )  w i th  normalized emi t tance  
EN = 8 .03  pi-mm-mrad.The p o l a r i z a t i o n  of the pro-Lon can be 
c>alculated from the system of the linear equat ions  : e 

'#e s h a l l  s tudy  the t u n e  jump of a only  
one term i n  eq. ( 5 )  w i l l  be impor,an"c. \-Len t h e  acceler,,or i s  
ZDperatirlg at, EL cons tan t  t u n e ,  t h e  domiriant resonance frequency 
,%re 



Trhich i s  a l i n e a r  f u n c t i o n  of . When t h e  t u n e  of t h e  
a c c e l e r a t o r  i s  s h i f t e d  according t o  tha t  of eq.(l), t h e  
: :e s on an c e f r e quen cy b e c ome s 

dh?. - __ -- Y - +* e$ u3-8,) 
Q8 

P 

'Fhus 

'rhe cornstant of i n t e g r a t i a n  i n  eq. ( 7 )  i s  indeed i r r e l e v a n t  t o  
-;he f i n a l  r e s u l t  of the p o l a r i z a t i o n (  S i m i l a r l y ,  either form of 
eq. ( 6 ; )  can h e  u s e d ) .  

The system of the d i f f e r e n t i a l  equat ion  ( 4 )  can then  be 
solved easily by the d i f f e r e n t i a l  equat ion  solvers. W e  shall use 
-;he double p recess ion  v e r s i o n  of the program DEABM wi th  Adam 
Ynethods ( r e f .  

3.1 Resu l t  and Discussion.  0 
F i g . 3  shows the p o l a r i z a t i o n  as a f u n c t i o n  of t h e  t u n e  

,jump t i m e ( T H E T A 1 ) .  Note here t h a t  t h e  second peak does n o t  
,$ppear a t  a l l .  There are three d i s t i n c t  t i m s  0, 8, arid @b , 
iahich c h a r a c t e r i z e  the s p i n  t u n e  jump (ref.  1). 

3egion I corresponds t o  s u c c e s s f u l  s p i n  t u n e  jump, where the 
quadrupole f i r i n g  t i m e  i s  (see also f i g . 1 ) .  
:;legion I1 corresponds t o  ,where the e f f e c t i v e  
a c c e l e r a t i o n  ra te  is a- er  a c c e l e r a t i o n  i s  the 
inain reason of l a r g e r  spin f l i p  i n  t h i s  reg ion .  The width of 
t h i s  r eg ion  depends on c4h-d~ . However , the 
z m l a r i z a t i o n  .- can n o t  f l i p  f u l l y  through an i n t r i r i s i c  s p i n  
I iepolar iza t ion  resonance due t o  d i f f e r e n %  be%atron ampli tudes of 
the beam par t ic les .  Note t ha t  F ig .2  f o r  24 4- 9 and 48 - LJ 
zhows s i m i l a r  larger d e p o l a r i z a t i o n  r eg ion .  

One i n t e r e s t i n g  r e s u l t  from the p r e s e n t  c a l c u l a t i o n  i s  
t h a t  n e i t h e r  the o s c i l l a t o r y  reg ion  nor s ide-peaking are 
3bserve.d i n  t h e  c a l c u l a t i o n .  W e  thus conclude t h a t  the 
Dsc i l l a to ry  behavior  ob ta ined  from r e f .  1 i s  spur ious .  0 
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:? igure Captions: 

:rig. 1 Taken from r e f .  2 .  The experimental  p o l a r i z a t i o n ( u p p e r )  arid 
the tkieo:retical r e s u l t  u s ing  the t r a n s f e r  ma t r ix  method 
(lower. p a r t )  are shown as a f u n c t i o n  of t h e  quadrupole 
f i r i n g  time ( 8 ,  ) i n  r a d i a n  as the ang le  of the 
particles around the a c c e l e r a t o r .  a = O  i s  chosen t o  be 
the relso~zanee pos i t i on .  

b t a i n e d  from r e f . % .  The AGS o p e r a t i o n  d a t a .  These d a t a  
does not  r e p r e s e n t  the b e s t  run .  They are used f o r  the 
ca l ib ra t ion  f o r  the AGS polarized proton  o p e r a t i o n .  
Note that a s t r o n g e r  resonance s t r e n g t h  i s  apparent i n  
r e g i a  II f o r  the resonance at 24 c LJ and 48 - P . 

X g . 3  The p o l a r i z a t i o n  i s  plo-t-bed as the f u n c t i o n  of the f a s t  

t o  be %Be resonance p o s i t i o n  as tha t  of F i g . 1 .  The 
p o l a r i z a t i o n  i s  obta ined  through s o l v i n g  t h e  system of 
l i n e a r  d i f f e r e n t i a l  equa t ion .  I n  comparison wi th  that of 
Fig.1 , ne  can conclude t h a t  the o s c i l l a t o r y  s-tructure and 
the side-peaking are spur ious .  

quadrctpole f i r i n g  time ( TWETA1) , where 8 = 8 is  chosen 



- 9 -  

0.2 
0.1 

-0.1 
-0.2 
-0.3 
.-0.4 
-0.5 
-0.6 

0 .  

__ - _  T (OLD GAUSS CLOCK TIME) 
8400 8600 8800 9000 

- 
- - 
- - 
- - 
- 
- 
- 
- 

I- - 
- 

6 
- 
- 

1 1 I 

N cn 

0.6 
0.5 
0.4 
0.3 
0.2 
0.  I 

0 
-0. I 
-0.2 
-0.3 
-0.4 

-8000 -6000 -4000 -2000 
81 ( rad)  

0 2000 

r 

. - ' .  - _  
c . . .  - -  

! 



F 

I 



'SOdaS9J<- 0- LVUHl 
(PDJ) 1 vptu 

(sFu=nocll) 
L- c- 9- L- 6- 1 I-- 

- 1- 
- 6'0- 
- 8'0- 
- La- 
- 9'0- 
- 9'0- 
- P'O- 

- Z'O- 

- 1.0- 
-0 

- 1'0 
- Z'O 
- E'O 
- *-o 
- 5'0 

h 
I: 

I - 9'0 
- L'O 
- 8'0 
- 6'0 
-1 

0 

c 


