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Abstract 90

In the recent polarized proton runs in the AGS, a 5% pa 80 (3 ; Snake on
snake was used successfully to overcome the imperfe 013 8 Snake of
depolarizing resonances. Although some depolarizatic i

intrinsic resonances are expected, the level of the def 607 % ® {'

ization does not agree with a simple model calculatior S 5o

spin tracking program is then used to simulate the rea S L

larized proton beam in the AGS. The results show that, S 07 s

to the linear coupling introduced by a solenoidal 5% pa T 50

snake, the polarized beam will be partially depolarized. k5 *

at the so-called coupling resonance, which is related tc — %7

horizontal betatron tune. The synchrotron oscillation « 10 ¢ ¢ )
affect the beam polarization to a smaller extent. Gv=v, T 3 Gv=#-y, Gy=12+v,
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1 INTRODUCTION Gy

) ] . Figure 1: The measured absolute value of the vertical po-
The acceleration of polarized beam will encounter depc  |arization atGy = n + 1 up toGy = 22.5 (solid points).

izing resonances whenever the spin precession freqt  The acceleration rate is aboutl.1 x 10-5.
exactly matches the frequency with which the protons
counter depolarizing horizontal magnetic fields. In the
cent polarized proton runin the AGS, a 5% partial snake €n,95% in the AGS is about 2530 mm-mrad; the accel-
was used to overcome the imperfection depolarizing r ~ €ration rater is 1.1 x 10~%; and the resonance strengths
nances [2]. Fig. 1 shows the measured absolute value« of 0 + v,, 24 — v, and 12 + v, given by DEPOL [3]
vertical polarization a6y = n+% uptoGy = 22.5 (solid  for aey = 10m mm-mrad beam are 0.0154, 0.00062 and
points). For these measurements, the betatron tunes w8054, respectively. With these numbers, the polarization
setat, = 8.80,r, = 8.70, and the acceleration ratevas ~ after crossing each of the three resonance%are —0.94
aboutl.1 x 10~°. The pulsed tune-jump quadrupoles Werest( 4, % = 0.90 at24—w, and% = —0.61’at12+1/y,
not used in this experiment. As shown in Fig. 1, the depgespectively. They are different from the measured values.
larization resulted only from the three intrinsic resonancesihys a spin tracking simulation is needed to understand the
located atiy = 0+, 24—v,, and12+ v, whichthe 5%  spin dynamics when a partial snake is inserted in the ring.
partial snake could not overcome. The observed level of pEpQL [3], a program written by E.D. Courant, calcu-
depolarization at the intrinsic resonances were -65%, 63¥4tes the depolarizing resonance strength by Fourier anal-
and -49%, respectively. ysis. The inputs of DEPOL are the outputs of a machine
Although some depolarization at intrinsic resonances aggde such as MAD or SYNCH. DEPOL is simple but it re-
expected, the level of the depolarization does not agree wigfyjires a smooth lattice condition which is not satisfied by a
a Simple model calculation. When CalCUlating the intrinSi(ﬁng with a snake inserted. Moreover, there is no way to in-
resonance depolarization, one has to take into account thgde the effect of synchrotron motion, and linear coupling
beam distribution. Suppose the beam distribution is Gaugffect of a solenoidal snake. So a spin tracking program is
sian, the effective polarization after passing through the refeeded to analyze the data obtained from the AGS partial
onance becomes, snake experiment.
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(1) 2 SPIN TRACKING PROGRAM

)

A tracking program SPINK [4] is used to track the polar-

where P; and P, are the polarization before and after the/2€d Proton beam in the AGS. The idea is to track a group
resonance crossing, respectivelyso) is the resonance of protons, randomly generated with certain distribution in

strength with rms emittancey, and a is the resonance the phase space, through the machine lattice. Each pro-

crossing rate. The measured normali# emittance ton is c_haractenzg—:-d by four transver_se coordinates, two
longitudinal coordinates and three spin components. Or-

*Work performed under the auspices of the U.S. Dept. of Energy  bit matrices are built from a TWISS file, output of MAD.
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Figure 2: The comparison of results of DEPOL and SPINKrigure 3: The simulation of crossingy = 0 + v,

for intrinsic resonances. The acceleration ratased for wherer, = 8.80 andv, = 8.70. The momentum spread

SPINK is4.5 x 107, & = 0.0026 corresponds to emittance 0.8 eVs. The trans-
verse emittances, = ¢, = 300 mm-mrad. The final po-

. . . . . larization P = —0.63, which agrees with the experimental
Spin matrices are built for each piecewise constant mag: e p . — —0.65 within the error bar-0.05. The ac-
net, which includes bending magnets (both separate fungéleratiegﬁ ratevis 1.1 x 10-5
tion and combine function), quadrupoles (both regular and ' '
skew), snakes, rf cavities, spin flippers.

SPINK can be used to check the strength calculated kyerse phase space and a parabolic distribution in longitudi-
DEPOL if the resonances are well-separated and are ngd| phase space are used in the tracking. The tracking re-
too strong. The first condition insures that the polarizatiogults forQ + vy, 12 + v, and24 — v, are plotted in Figs. 3,
is stable at the beginning of the tracking. The second co@-and 5, respectively.
dition should be met to avoid complete spin flip.

Suppose the initial polarizatioR; is 1, then the reso- L0
nance strength can be extracted from the final polarization g|
(Py) simulated by the tracking:

0.6

2a . (14 (Py)) 04

Jex| = J—?n—Q : @
where(Py) is the average of the polarization over a number§ ooy
of turns after crossing the resonance. & o2}

An example is given for the AGS lattice without partial
shake. The betatron tunes are set ta/pe= 8.717 and
v, = 8.766, respectively. The same TWISS file is used as ¢
inputs for DEPOL and SPINK. For the imperfection reso- -osf
nances, the random error is chosed\as 0.3 mm. For the ) ‘ ‘
intrinsic resonances, the particle is chosen on the boundary 205 20.70 20.90

. . . . Gy
of the 107 mm-mrad normalized emittance. The intrin- _ 4 The simulation of Crossire — 12 where
sic resonance strengths are plotted in Fig. 2. The results |]gubre ' eg. ion is th r@z_ +Vy’h
SPINK for the imperfection and intrinsic resonances agret € beam condition is the same@s = 0 + v, T € mo-
well with those of DEPOL. mentum spread = _0.092 corresponds Fo emlttance_0.8
eVs. The final polarizatio® = —0.47, which agrees with
the experimental valug,,,: = —0.49 within the error bar

+0.05.

The SPINK program is then used to simulate the real po-

larized proton beam in the AGS. In the simulation, the be- Figs. 3 and 4 clearly show that there is an extra reso-
tatron tunes, acceleration rate and the normalized longitnance adjacent to the intrinsic resonance, which causes de-
dinal emittance are chosen as the experiment values; apdlarization. This additional resonance can be easily un-
for the simplicity, the two transverse emittances are set derstood as a linear coupling effect. The solenoidal par-
the same value = 30r mm-mrad. A group of 200 parti- tial snake introduces considerable linear coupling between
cles randomly chosen with a Gaussian distribution in tranghe two transverse betatron motions. Due to the coupling,
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Figure 5: The simulation of crossirtgy = 24 — v, where Figure 6: The simulation results fo, = 8.80 andv, =
the beam condition is the same@s = 0 + v,,. The mo- 7.70.¢, =&, =307,6 =0, = 1.1 x 107°.
mentum spread = 0.0038 corresponds to emittance 0.8

eVs. The final polarizatio®® = 0.83, which is higher than . ) . o
the experimental valug,,,; = 0.63. of 0.3, the ratio goes down to 0.03. This ratio makes it im-

possible to cross those strong intrinsic resonanges i,

12 + v, and36 + v) at a single speed without losing po-
the vertical betatron motion also has a component with tHarization. A novel energy-jump method has been tested in
horizontal betatron frequency. As a consequence, the bedh¢ AGS to cross the coupling resonance and the results are
will see an additional resonance, the so-called coupling resimmarized in [5].
onance. Besides the linear coupling effect, the synchrotron
motion also affect the beam polarization but to a smaller 4 CONCLUSION

(ranxeti?atli ;;z results show good agreement with the EXPERS shown in the simulations, it is clear that depolariza-

The simulati Its fa24 h in Fia. 5 tion level after crossing the strong intrinsic resonances is
€ simuiation resufts — vy @Ie SROWN'IN F9. 5. 46 1o the combined effect of the coupling resonance and
The coupling resonance is very weak as expected and th

. isible effect. Th ted hiah depolarizati chrotron oscillation. The coupling resonance strength
IS no visible efiect. The unexpected high depolanzalion oy, e gecreased by separating the betatron tunes. How-
Gv = 24 — v, is believed to be caused by the commdencee

. . = . ver, separating the two tunes for more than 0.5 unit does
i A(SStT‘?nSLtloln;zr!ler\g/;\yh(ForA_G%;O 8,{;’ \.NT'.Ch not help. Spin tracking is a very useful tool to understand
corresponas 1oy = 1o.22. €Ny, = o.7, the Intrin-—— 4, o experimental data and to prepare for the future exper-
sic resonance is located@ty = 24 — v, = 15.3). Further

. : . g _iments. Further simulation is going on for the AC dipole
simulation study is needed to understand this depc’lar'zﬁiethods[G] going P

tion.

The c;oupling resonance strength can be decreased_by 5 REFERENCES
separating the betatron tunes. Thus it seems that the lin-
ear coupling can be diminished by well-separated betatrdtl T. Roser, inHigh-energy spin physics: 8th international sym-
tunes. The betatron tunes of the AGS can be separated by Posium.ed. K.J. Heller, Minneapolis, 1988, AP Conference
more than one unit, so a simulation with = 7.70, vy = Proceedings Nal87(AIP, New York, 1989), p.1442.
8.80 is performed (see Fig. 6). Although there is no depof2] H. Huang, et al., Phys. Rev. Left3, 2982 (1994).

'afizatifg aTG71= 0+vs §77(~)70' get?m gep(JI|a(izatFi0nlhapl' [3] E.D. Courantand R. Ruth, BNL report, BNL-51270(1980).
pens atGy = 1 + v, = 8.70 and the depolarization leve .
is about the same as the one with = 8.80,v, = 8.70 [4] A. Luccio, BNL Report, BNL'524_81(1995)'
(see Fig. 3). Because there is only one coupling elemer®] H- Huang, etal., These Proceedings.
the solenoidal partial snake, in the AGS, the coupling kick6] M. Bai, et al., These Proceedings.
has all Fourier componentsy = N =+ v, and with the
same amplitude. Whichever Fourier component is closest
to the vertical betatron tune, it will pick up the strength of
the intrinsic resonance and become the strongest coupling
resonance.

The ratio of the coupling resonance strength to the intrin-
sic resonance strength with a 5% partial snake and 0.1 unit
tune separation is about 0.06. With a larger tune separation
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