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The nonlinear space charge effect of bunched beahmarge bunched beam with each of different longitudinal
in linac is one of the important factors that induces tlthstributions such as waterbag and parabolic distributions
emittance growth due to the conversion of the field energgmbining with each of different transverse distributions
to kinetic energy. In this paper, using a cylinder model sfich as Kapchinskij-Vladimirskij (K-V), waterbag (WB),
space charge in linac, we derived the internal energy foparabolic (PA) and Gaussian (GA) distributions, and gave
bunched beam with some nonuniform space chargerves of the corresponding emittance growth.
distributions, such as Gaussian, waterbag and parabolic

distributions in both longitudinal and transverse directions.||. SELF-FIELD ENERGY FOR BUNCHED
And the emittance growth caused by these nonuniformities BEAM WITH LONGITUDINAL

's worked out. NONUNIFORM DISTRIBUTION
|. INTRODUCTION

A cylinder model of space charge is used here to

] ) present a space charge in linac. In the waveguide of a

. The nonlinear sp.ace charge effeclt .|n a Chargﬁﬂac, assume the cylinder model to be symmetry and let

beam is one of the basic factors determining the begg cylindrical space charge g be set in the central position,

dynamics in many intense beam facilities, such as Frﬁeand +L/2 are boundaries of the bunch in r and z axes
Electron Laser (FEL), Inertial Confined Fusion (ICF)respectively

Heavy lon Fusion (HIF) and some microwave devices. According to the cylindrical density distribution

Theoretical and experimental studies on the intense begmy e potential induced by some nonuniform distributions

ha\{e already regar.ded nonuniform charge. distribution a1°’nahef.[3], using the formula for calculating total stationary
major cause of emittance growth, a nonuniform beam hayg 4 energy in linear medium as

higher field energy than the equivalent beam, and the 1

particle distribution will become uniform. The difference in W:5f9¢df > @)
potential energy is converted to kinetic energy as the

distribution tends to more homogeneity. A  generglherep stands for the charge density,the potential and
relationship between the possible emittance growth agtkrdrdddz. we can get the self-field energy corresponding
excess energy is given in Ref.[1]. Formulae for calculating each of different longitudinal distributions combining
the nonlinear self-field energy of aage charge bunchedwith each of different transverse distributions.

beam with nonuniform distribution in transverse direction

in linac are given in Ref.[2], and hence emittance growl Longitudinal Waterbag Distribution

caused by nonuniformities is discussed, but in the above

discussion uniform distribution in longitudinal direction is For transverse K-V distribution we obtain the self-
assumed. Therefore, it is necessary to derive formulae fild energy as below:

calculating the nonlinear field energy of a space charge 180222 = J2(kD)

bunched beam with the nonuniform distributions in both A q 1 o o 2)
longitudinal and transverse directions and to calculate the T mellb?iT (ka)'Ji(ka)

possible emittance growth caused by the nonuniformities.
Using a cylinder model of space charge in linac, we derividdnere the subscript in which before the comma presents
formulae for calculating the self-field energy of a spadéansverse distribution and after the comma longitudinal
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distribution, a is the radius of the waveguide, b and L aterresponding self-field energy as below:

the radius and length of the cylinder, respective(ix) is PR -k2a?
the Bessel function and katisfies the equationg(Ka)=0. o007 9 7 ez A4, - (11)
Let C=kL/2, A,, stands for Teoti=1 (ka)yJi(ka)
wb:i_i+i 1+l—(1+i]2e‘cshC} ) As L/2 tends to infinity, above formulae for
15 3¢?2 ¢*)| C c calculating the self-field energy retrograde into those

formulaé” with correspondence to each of above referred
For transverse WB distribution we get thalistributions combining with longitudinal uniform
corresponding self-field energy as below: distribution.
_288g%% (kD)
Wwb,wb_ 4 612 wb *
meolb® 1T (ka)Vi(ka)

) l1I. EMITTANCE GROWTH

For transverse PA distribution we have the In uniform beam the cylindrical space charge holds
the self-field energy as bel&ly

_ 2%~ 12(k1b)

corresponding self-field energy as below:

_10368g%% < J5(h) c W, - A (12)
pawb™ 6 2 wb * ( ) kv, LbZ - 4 42 kv 2
ne lb® I (ka)sIl(ka) meolo L (k@) Ji(ka)
For transverse GA distribution we obtain the
corresponding self-field energy as below: whereA,, stands fdf!
2 = “kfa? A =1-Lecanc (13)
99 e A, . 6) Y

ga,Wb: 21T€0L =] (kla)Zle(kla)
Now let W, be equal to Wy, then an equation

can be described as below:
B. Longitudinal Parabolic Distribution U=W,-W,, (14)

For transverse K-V distribution we get thevhere the subscript n may be (kv,wb), (wb,wb), (pawb),
(ga,wb), (kv,pa), (wb,pa), (pa,ap), or (ga,pa), respectively.
- ) U, is the difference between the nonuniform distribution
_ 20g°a* Sy (kb) A (7) and the equivalent k-v distribution in the self-field energy.

corresponding self-field energy as below:

Froe 71TEoLbzl=1 (k,a)“Jf(k,a) ” The excess field energy is transformed into particle
transverse kinetic energy as the distribution inclines to
whereA,, stands for become more homogeneous, causing emittance growth.
_{_ 3,63 954 2835 2835_ Provided that W, would be expressed as the relative
pa c? 2ct 2¢6 2¢7 2Ct meas.urer.ner.n qf the excess field energy in nonunifor.m
715 3 3 2 (8) density distribution of a space charge bunched beam, using
——5(1+—+—2] e CshC . the formulae of the self-field energy, for some different
2 ¢c distributions we can get W,

distributi h h The general formula for calculating the possible
Fodrl trans;;e;rsr; W8 'Strl'o l:tlor_‘ we have themittance growth caused by a space charge with nonuniform
corresponding sefi-lield energy as below. density distribution is given in Ref[1]. The relationship

 320g%4 S (kD) 4 between the possible emittance growth angWy is

“”’*”"_775801,;,4,=1 (kﬂ)ﬁ-’f(kﬂ) pa * described as beldW
€ U, ko2 _; 15
For transverse PA distribution we obtain the =1+ —-1f| , (15)
. . €, 2W,| i2
corresponding self-field energy as below: i 0k
_ 11520g%5 ¢ J(kp) 4 (10) whereg, ande, are respectively assumed to be initial and
papa 71':80Lb6 = (kza)s-’f(kﬂ) pa” final value of emittance,kepresents the external focusing

constant and ;kthe initial focusing constant. Substituting
For transverse GA distribution we get thad/W, into eq.(15) and assumirngb to be 0.3 in Gaussian



distribution, we can obtain curves of the corresponding
emittance growtle/e; versus the ratio b/a. As/k, equals

0.3, figure 1 shows the possible emittance growth
versus b/a for either waterbag or parabolic longitudinal
distribution combining with each of different transverse
distributions such as waterbag, parabolic and Gaussian
distributions, figure 2 shows the possible emittance growth
&lg, versus L/a for K-V transverse distribution combining
with each of different longitudinal distributions such as
waterbag and parabolic distributions. In additional, from
eg.(15) we find that the possible emittance growth also
varies with the ratio K, As an example, figure 3 shows
the possible emittance growtlie; versus b/a for Gaussian
transverse distribution combining with either waterbag or
parabolic longitudinal distribution when/lk, is equal to
0.1, 0.2 or 0.3, respectively.

Figure 3: Emittance growth/g; vs b/a for transverse GA

4

distribution combining with either WB or PA longitudinal
distribution.
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Figure 2: Emittance growth/s; vs L/a for transverse K-
V distribution combining with different longitudinal
distributions.



