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Abstract mation of diagnostic signals, and collimation systems. The

numerous simulation features are all built on top of a basic

Céﬁgoi%hfc:??;ﬁcsspas:ém?r:gg S;Tg'%?;;:;ﬁ} bseet%:rff) (6 phase-space variables) tracking engine using transfer
P ' ’ gs, Matrices to represent the magnet lattice.

?urren rterfé'kviily \f,:\;\r’] sslm:(iztlgga(r:ogeii Zprrjtlalgﬁts)tli t;) :::w:lo Recently, the first self-consistent treatment [1] of trans-
9 P arge n Y verse space-charge was added to the code, using the stan-
tron or accumulator/storage ring lattice. Recently the pr

(ot} , . X . )
T . dard field-solve/particle-push integration method to incor-
gramACCSIM used for accumulator-ring injection studies 8rate space-charge forces in the tracking. In addition to

and other applications, has been upgraded with improv onventional FFT-based field solver, based on routines

trar|1§v|ersFe space chafrge ml?/ldFezll_s. Onﬁ udsmgda Conr\]/entlogétributed byACCSIMusers at BNL and ORNL [3], a
multiple- ﬁutr)lgg;rans OrI”.‘( | I-)||£nl\/(|at (I) a.nh anX]E €I USHew Hybrid Fast-Multipole solver has been developed. It
g]\?e?v?(fv\\,/vofythgir iaﬁt]g]mu;'npt(;f ( X g&%)snrmm' q teran combines a Particle-In-Cell grid with a Fast-Multipole field

P ation In t code, we evaluation, and can offer advantages in speed and/or accu-
present tests and observations of how well various spacg,

cy in cases such as few-turn betatron stacking or multi-
charge phenomena can be reproduced by the HFM mOdetI&r'n injection with halo formation. A comparison of the

computational efficiencies of the two methods can be found
1 INTRODUCTION in Reference [4].

In the class of tracking codes devoted to multi-particle sim- 3 TESTS
ulations in synchrotrons or accumulator/storage rings, there
are several that incorporate space-charge effects, butin tine 2D, the only exactly solvable distribution is the
past the use and development of these codes have been pchinsky-Vladimirsky distribution. For simplicity, we
tailed by the intensive computational resources required Bjave run cases approximating ‘smooth-focusing’: one thin
the space-charge algorithms, which for most applicationgigmatic lens every 10° of betatron phase advance, and
have escalated the codes to the supercomputer realm. one space charge calculation at every lens. The rms sizes
Recently, the need for such simulations has increasétl; andy are calculated and an FFT performed on these.
due to a new generation of intense-beam proton machinEsen with no seeding and matched initial distributions,
that are under study, in the proposal stage, or under cotere is enough numerical noise to give clean spectra. See
struction. These machines must reach new intensity frofiig. 1. Runs were made for equal andy-emittances and
tiers and be able to operate with extremely low lossesor fixed bare tune in: (1o, = 5.817) and varying tune iy
which sets a new standard of accuracy and generaligy,,). The tune shift in all cases wasv,, = 0.175. Fig. 2
for the simulation codes. Fortunately, at the same timshows these tracking results as points. The curves on this
the available computing resources, on the desktop or digure are the theoretical envelope eigenmode frequencies
modestly-priced compute servers, have increased dramajiven by the well-known formula[6, e.g.]
cally and have spurred a new effort to refine and extend the

simulation codes. Vo= 205, + 21/§y — S0 Avy +
We have utilized one such codACCSIM to explore \/ 2 2 \2
) . . +4/(2 -2 Av,)2. 1
some space-charge phenomena with various simulated par- (205, VOy) + (s Are) @

ticle gns_embles inan idea!ized continuous—focgsing mgdq+he agreement between tracking and theory is strikingly
Application to a real machine, the CERN PSB, is describeghod. For comparison, we also show twice the bare tunes
in another paper{1]. and twice the incoherent tunes.

In 1971 Sacherer[5] proved that the KV envelope equa-

2 TRANSVERSE SPACE CHARGE IN tions apply to any distribution, provided that the beam size

ACCSIM is replaced by twice the rms size and the emittance by 4

times the rms emittance. Although the resulting equations

The codeACCSIM2] has been used to study injection andare still correct, they are no longer closed, since rms emit-

accumulation scenarios for a number of different prototance is not a conserved quantity in the presence of non-
rings, both existing and proposed, as well as being applidihear forces. In practice, however, this turns out to only
to miscellaneous simulation tasks such as rf capture, estiause difficulty if one wishes to study the evolution of an

0-7803-5573-3/99/$10.00@1999 | EEE. 128



100

Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

elo]

80

70F

60

50

40F

30F

20F

— X
-y

100

90F

80

70F

60

50

40F

30fF

20

—X
-y

10k 10

-

11 111 112 113 114 115 116 117 118 119 12

0 M N
11 111 112 113 114 115 116 117 118 119 12

Figure 1: FFT spectra of rms envelopes for KV casd-igure 3: FFT spectra of rms envelopes for gaussian case

10,000 macro-particles. The bare tunes are 5.847and with 10,000 macro-particles. The bare tunes are 5.8%7 in
5.894 iny. The tune shiftis 0.175. and 5.894 iny. The rms emittance is the same as the rms

emittance that was used for the KV case. This results in a

» peak incoherent tune shift of 0.35.
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Figure 2: Envelope mode frequencies found from track oy

ing KV beams with 10,000 macro-particles (points) com-

pared with theory (curves) and twice the bare tunes (soligigure 4: Envelope mode frequencies found from tracking

and twice the incoherent tunes (dashed) plotted against bgggussian beams with 10,000 macro-particles (points) com-

tune iny. Bare tune inc is 5.817. pared with theory (curves) and twice the bare tunes (solid)
and twice the incoherent tunes (dashed) plotted against bare

tune iny. Bare tune inc is 5.817.
unstable distribution. This was testedACCSIMby sim-

ulating a gaussian beam. See Fig. 3; the spectra are not as
clean as in the KV case, but the modes are still identifipscillations. All the particles in the KV distribution there-
able. These are the points denoted as ‘+'-symbols in Fig. fore lie on the lineJ, + J, = constant. In fact, the finite
Again, there is good agreement with the theoretical tunegsolution in tracking a finite number of macro-particles re-
given by eqn. 1. sults in deviations from this rule so that eventually there is a
Another test is against the known fact that the KV disdistribution inJ, + J,. See Fig. 5. The width of this distri-
tribution is stationary. This artificial distribution is an in- bution is plotted in Fig. 6 as a function of turn number. We
finitesimally thick shell in 4D phase space. Knowing thesee that the extra emittance grows quickly to a level which
matched distribution, each particle can be assigned an ‘agaries as the square root of the number of macro-patrticles,
tion’ (J; in z andJ, in y), which is in fact the emittance and thereafter grows only very slowly. This is an ‘acid’-test
traced out in phase space as the particle undergoes betatimmthe tracking method, since the KV case has hard edges
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that require very high resolution to maintain. Tracking witH4] F.W. Jones, “A Hybrid Fast-Multipole Technique for Space-
similar parameters and gaussian distributions, for example, Charge Tracking With Halos Workshop on Space Charge

yields no detectable diffusion.
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Figure 5: Numerical diffusion of an initial KV beam.
40,000 particles, of which only every #thas been plotted.

Diffusion of 188mm-mr matched K-V emittance shell
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Figure 6: Numerical diffusion of an initial KV beam of
emittance 18&mm-mrad, for three different numbers of
macro-particles.

4 CONCLUSION

Tracking with the new hybrid fast-multipole algorithm
shows good agreement with analytical results.
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