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ABSTRACT

Tune Jjump through the spin resonance for the polarized
proton 1s studied by solving the system of the linear
eguation. We found that the speculative side-peaking of
the tune-jump curve does not exist. The oscillatory
structure obtained via the spin transfer matrix has also
disappeared.



.} Introduction

Tune jump through the intrinsic depclarization
regonances is unavoidable for the polarized proton operation in
~he lower energy region(E % 10 - 20 GEV). There has been many
esrperimental results(ref.l) in the past few years from the AGS
polarized proton operations. Theoretical calculationzs(ref.Z)
Thased on the spin transfer matrix method(rsef.3) has been used to
obtain the polarizatiom vs. the tune-jump time. Fig. 1 taken
Jrom refs.2 and 3 shows resonable agreement between the
eczperiment and theory. It was noted that the side-peaking in the
axpermental result can not be understood from the calculation,
hesides the theoretical caleculation shows oscillatory behavior
not obszserved in the experiment. These oscillatory structure may
arise fron the difficulty in the calculation of the confluent
hypergeometric function in that specific region(using the
asymptotic series)(refs.2 and 4).

More recent experimental results(Fig. 2) of
1985-15986 AGE experiment however do not exhibit the side
peaklng It was argued(ref 5) that the side-peaking may result
Jrom an 1ﬂdppropllateftuned power supply for the fast tuning
ﬂuadrupolcw

In this short note, we shall report the result of the
*alculatlon onn the spin tune Jjump through an intrinsic
depolarization rescnance via the differential eguation solver
‘DEABPM) . Section 2 briefly reviews the problem and section 3
discuszsses the result of our calculation.

2.) Polarization with tune-shift model

A tune shift is obtained by firing a special set of
guadrupoles, which shift the tune of the machine upward or
downward suddenly and then decay linearly to the norminal ftune
ralue within a charachteristic time t . This tune shift can
e represented by a simple model for resonance tune shift as

g= AY +oly(@==®,) e,g0<0,
ACkpzY) = 1)
0O othervnse
where oy :.ABD/Qezvéﬁ = Au/wﬂt corresponds to decay slope
of the Jjumping guadrupoles. At © =06, , the guadrupcles were
Fired. At © = 0, , the tune of the machine is back to its

nominal value.



Let us assume further that the particle iz accelerated
uniformly with

o @)

Gy = (GY) . oo

YESonnen,

wwheres 0L is the acceleration rate. For AGS, 0L =4.86e(-5) with
e measured in radian, which corresponds to 160 KeV energy
gain per revolution. The parameters for the tune jump is glven
as follows:

Ay = 0,2 (2)
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In the present study, we shall use the resoconance strength of
GY¥Y =y resonance, i.e.

E = —.007862 —L 9.00004

calculated from DEPOL(ref.8) with normalized emittance
E« = 8.03 pi-mm-mrad.The polarization of the proton can be
‘ calculated from the system of the linear eguations: '

%% = - GY1) s, + [Imm@i] S

Z_‘% = 4 Gye) s, + [Rce] s )
dS; . ‘
= - [T.ow]S,— ERSCHEH

with the depolarization resonance function expanded into a

Jourlier series(vref. 6}. ,

S = o~ CHEY) (pE+AED 4 ip(+6)(F)
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e shall study the tune Jjump of & single resonance, i.e. only

one term in egq. (5) will be important. When the accelsrator is
sperating at a constant tune, the dominant resonance fregquency
Are

Kyi8) = (kp=v)@



tthich is a linear function of 8 . When the tune of the
acecelerator is shifted according to that of eg. (1), ths
resonance frequency becomes

d Ky -
'chQ = V= AV + o, (6-8) 6)
Thus
‘ 2
Ky = 28+ L oy (0-8) + Comshast (7)

The consgtant of integration in eq.(7) is indeed irrelevant to
~he final result of the polarization( Similarly, either form of
2q.(68) can be used).

The system of the differentizl eQuation (4} can then be
solved easily by the differential equation solvers. We shall use

~he double precessicn version of the program DEABM with Adams
methods (ref . §).

3.) EResult and Discussion.

Fig.3 shows the polarization as a function of the tune
Jump time(THETALl). Note here that the second peak does not
appear at all. There are three distinet times 0, 9&, and Gb
which characterize the spin tune Jump (ref.l).

_ AV
1o, = fa &>

SGd”%J = av( éL¢2i

Region I corresponds to successful spin tune Jjump, where the
quadrupole firing time is Qe <9,5 0 (see also fig.l).
Region II corresponds to 0, < O, < Bq ;where the effective
acceleration rate is «w-w, . Smaller acceleration is the
main reason of larger spin flip in this region. The width of
‘this region depends on o =0y . Howewver , the
wolarization can not £flip fully through an intrinsic spin
depolarization resonance due to different betatron amplitudes of
the beam particles. Note that Fig.2 for 24 +VY and 48 - U

shows similar larger depolarization region.

One interesting result from the present calculation is
‘that neither the oscillatory region nor side-peaking are
shserved in the calculation. We thus conclude that the
sscillatory behavior obtained from ref. 1 is spurious.
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ure Capbtions:

the theoretical result using the transfer matrix method
(lower part) are shown as a function of the guadrupole
firving time ( 6, ) in radian as the angle of the
particles around the accelerator. ©:=0 iz chosen to be
the resonance position. ’

.2 Obtained from ref.l. The AGS operation data. These data
does not represent the best run. They are used for the
calibration for the AGS polarized proton operation.
Note that a stronger resonance strength is apparent in
region II for the resonance at 24 + V and 48 - )

.3 The polarization is plotted as the function of the fTast

guadrupcole firing time (THRETAl), where 6 = 0 is chosen

to be the resonance position as that of Fig.l. The
polarization is obtained through solving the system of
linear differential equation. In comparison with that of

Fig.l , we can conclude that the cscillatory structure and

the side-pesking are spurious.
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