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Abstract

A)

To describe a charged particle beam in an accelerator, macro-particle method is widely used in numerical simulation.
In order to analyze the effect of number of macro-particles on the resolution in the phase space distribution, particle
pair transformation, which is a transformation to reduce the number of macro-particles, was defined. The particle pair
transformation was applied to two dimensional uniform circular distribution, Using the transformation, the resolution in
the virtual phase space distributions, z-E, and y-E,, which are calculated from the static electric field caused by the
particle distribution, was analyzed. In the analysis, random algorithm and quasi-random algorithm were used to generate
the initial particle distributions. The random algorithm occasionally generates a particle pair, whose distance is extremely
short, and it causes strong electric field. It increases the virtual emittance in x-E, and y-E, spaces. When the number
of macro-particles was reduced by the particle pair transformation, the average particle distance was extended and made
even, and the virtual emittance converged for both the random and the quasi-random algorithms.
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Figure 1: Description of charged particle beam by macro-
particle model. The mass-to-charge ratio is a conserved
quantity.
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Figure 2: Particle pair transformation for one dimensional
particle distribution.
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Figure 3: Particle pair transformation for two dimensional
particle distribution.
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Figure 4: Two dimensional particle distribution on x-y
plane before and after two pair particle transformation. The
numbers of particles are 16384, 4096, 512, and 128. The
initial distribution is a circular uniform distribution gener-
ated by quasi-random algorithm.
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Figure 5: Particle distribution on z-F, space for two di-
mensional distribution before and after particle pair trans-
formations. The numbers of particles are 16384, 4096, 512,
and 128. The initial distribution is a circular uniform dis-
tribution generated by quasi-random algorithm.

9 — DB OELEK (random algorithm) TH Y, Z D
BNTIIRL IR (63 2 T 7 < Wbz - P R

DINRLRIPERSINAHEE L H D, K412, HEEL
BUCHER LI I I R )BT oo & & D

ZEORLA- A (BRI i =0,2,5,7) ZR~d, —
B R ML A KT T 22, R MRS OTn L
ZEWbnd, K40 p-y ERSABEE LT 2-E,
ZEMmAi Lok ER S IRt KS5IERT L9

PASJ2015 THPO031

«10¢  (a)i=0,n=16384 <10®

S (b) i =2.n=4096

Vertical position, y (m)
Vertical position, y (m)

Horizontal positon, x (m)‘( 10"

(c)i=5,n=512

Horizontal positon, x (m)X 10'4

ot @i=7.n=128

Vertical position, y (m)
=3

Vertical position, y (m)
=)

3 0 3 s

0
Horizontal positon, x (m)X 10t Horizontal positon, x (m)x 10'4

Figure 6: Two dimensional particle distribution on z-y
plane before and after two pair particle transformation. The
numbers of particles are 16384, 4096, 512, and 128. The
initial distribution is a circular uniform distribution gener-
ated by random algorithm.
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Figure 7: Particle distribution on z-FE, space for two di-
mensional distribution before and after particle pair trans-
formations. The numbers of particles are 16384, 4096, 512,
and 128. The initial distribution is a circular uniform dis-
tribution generated by random algorithm.
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Figure 8: Effect of the number of particle pair transfor-
mations on average of areas on z-F, and y-E, spaces,
(az + ay)/2, for two dimensional particle distributions in
Fig. 5 and Fig. 7.
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