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Abstract the beam radius, the variation of the line charge density
A and relative velocityv,can be found in [5]. The

The end effect in a bunched beam is caused by @4 erosion process and formation of head and tail

space-charge forces, which accelerate particles at shown in Figure 1, whetg=\(eghyre,myy? is the

bunch head and decelerate particles at the bunch ta”s&\ce charge wave velocity, wit, the beam center
occurs in high-current linear accelerators and rings [welocity. ’

In the University of Maryland Electron Ring (UMER) ' gefore reaching the “cusp” point, the expanded bunch
project [2,3,4], the energy of particles at the very ends pf, he restored by an “ear field” produced by induction
a rectangular bunch is 15% different from that of thﬁaps. After the bunch is contracted back into a
main part of the buncthssuming a negligible transverseyqciangular shape, it will repeat the expansion. Thus, the

space charge effect at the edge of the bunch, 0gfe gy of the head particles vary periodically from 1.5
dimensional single particle calculation is performed by ga\/ higher than the beam to 1.5 keV lower than the

matrix formalism [6] to estimate the ratio of particle |°S%eam, with the same time-average value as particles in
due to the end effect. Two possible cases are examinggl

_ _ : : _ : > main part of the beam.
with no induction gap, and with three induction gaps. If
three induction modules are used, for a small number of
turns, the particle loss is less than 0.15%, which is small
enough to be acceptable. Simulation by code CIRCE [8]
is in progress.

1 INTRODUCTION

A compact electron ring, UMER, [2,3,4] is designed and :
being developed at the University of Maryland for A EF H
transport of a low-energy, highly space-change
dominated beam in a circular lattice. A 10 keV, 100 mA,
50 ns electron beam is injected into the ring from the
injector. The ring has 36 dipoles and BBDO focusing AEF H
periods to keep the beam along the designed orbit.
When a bunch with a rectangular current profile is
transported, the strong longitudinal space charge force
causes an edge erosion and large energy spread [5].
Three induction gaps are used to restore the pulse shape.
The energy of the bunch edge varies periodically due to Figure 1: Bunch expansion process.

the longitudinal expansion and restoration. In UMER,
the maximum energy difference between the edge and 2 MODEL USED IN CALCULATION

the main part of the bunch is as large as 1.5 keV, whigh i1ig paper, a simple one-dimensional model is

is 15% of the beam energy. This large energy differengg,e|oped to estimate the ratio of particle loss due to the
leads to a serious deviation from the desired beam orBjty effect, It is supposed that the transverse space charge
when these edge particles go through a circular lattiggtect can be neglected due to the relatively small line
with dispersion: Also, the focusing_ function Ofc;harge density at the edge of the bunch. And the
quadrupoles, which depends on the particle energy, Wlnitydinal space charge only changes the energy of
be different to the edge particles. Therefore, the he%‘articles, and therefore, the focus function of

and tail particles have different behaviour and may Qﬁjadrupoles and the bending radius in the dipole. The
lost. , _ _ particle motion is tracked by the matrix formalism [6].
.Fc_)r a rectangular bunch W|th_a uniform velocity The hard edge approximation is made for the
distribution, when the beam length is much larger than quadrupoles and dipoles. The focusing function of the
guadrupole is determined by the energy of the particle at
the time it passes through the quadrupole. The particle
gets a kick in the horizontal direction when it goes
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through the dipole; the strength of the kick depends on
the particle energy. A MATLAB program is written to
calculate the particle trajectory by using the matrix
formalism' Il | —©— Acceptance
The particles whose oscillation amplitude is larger L | B Matched beam
than 20mm are considered lost, and whose amplitude is s [ ' ' '
less than 20mm will remain in the beam pipe. By
varying the initial condition(x,x') of the particle at
some longitudinal location z and observing the
maximum deviation, the stable area in the phase space at™
the location z for that particle is obtained. After
comparing the stable area with the matched beam - |
distribution in the phase space, the ratio of particle loss
at the position z is known. Several particles were picked ey Lo
up in calculation according to their longitudinal positions ;= .7 T . o s 10 1 2
in the bunch. These particles are marked in Figure 1. X (mm)
Th?ge?;e;:?ﬁrﬁé TESSCIE’OL&‘” A, ta.” E, and tail F.‘ Fd'gure 2: Matched beam distribution and the acceptance.
gaps in one revolution an
12 FODO periods between twaljacent induction gaps.
One period is defined as from the middle of the long
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{mrad)

80 T T T

——Stable Areaof Head A

drift section to the middle of the next long drift section. 60 | -—e--Stable AreaofHead E | - - - 7 v v vt - - _

Matched beam : _—;

The matrix elements are as following [6]:
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With ._ Bq . Figure 3: Stable Area of Head A and Head E, with 3
mcBy gaps.
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Where 5 _ AP is the relative momentum error. . ' ' ' '
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3 CALCULATION RESULTS g f ' B ' ]

E 0 -

The matched beam distribution in phase space is . | - e - 1
obtained by TRACE-2D [7]. It is further supposed that ™ [~~~ %" "X~ " "n=m 0777 007 7
the beam is uniformly distributed inside the ellipse of the -0 |- - L ’+'S[ab‘ema'mm Y
matched beam distribution in phase space. oo b koL leel | iniSubeAreaorTale h
The acceptance is obtained by sending an ideal ; et Malched beam i
particle with initial condition (x,x) into the FODO W T T

lattice, and observing its maximum amplitude of
betatron oscillation. The initial conditiong, x') which
corresponding to maximum amplitude of 20 Mnkiq 0 4: Staple area of tail A, tail E and tail F, with 3
compose the acceptance ellipse. For 10keV ide pS.

particle, the acceptance is shown in Figure 2 (the large
ellipse) with the matched beam distribution (the small
ellipse).

X (mm)

In order to know the ratio of the particle loss, the
stable area is compared with the matched beam
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distribution. The stable area of the head particles and tailln some experiments when we care more about beam
particles are shown in Figure 3 and Figure 4. The ellipspssition, the induction gaps will be changed into
are corresponding to the initial conditiofx,x') that resistive beam position monitors, resulting in no periodic
causes 20 mm deviation; so the particles outside of tRBErgy variation. In Figure 5 and Figure 6, the stable
stable area ellipse will be lost. area in this case is compared with that of three induction
) ) ) _gaps. From the comparison we know that the stable area
From Figure 3, the ratio of particle loss for particlgs |arger if there is no induction gap. The ratio of loss is
head A and head E are 0.4 and 0. So the ratio of partigi@ajier compared to the case with three induction gaps.

loss in bunch head is less than However, this model only applies to the first three turns
#of particlesbetweemE o\ _ 4 2o 04— 1 504 before the “cusp” point. After that the model is no longer
#of particledbetweermAH correct.

From Figure 4, the ratio of particle loss for particle tail Simulation by code CIRCE [8] is going on. But there
A, tail E, and tail F are respectively 0.5, 0.3 and 0. 96 no final result yet. The first author would like to
the ratio of particle loss in bunch tail is less than acknowledge Bill Sharp of LLNL for his great help in

) ) using this code.
#of particlesbetweenAE 5+ #of particlesbetweenEF

#of particlesbetweenAH — #of particlesbetweenAH 4 SUMMARY
=3.7%[0.5+ (125% —3.7%) 0.3 = 4.5%

The calculation results show that the end effect is not of
There is 5% of particles located in the head and tail. Sggrious concern in UMER. In the case of no induction
the total ratio of particle loss is less thamyaps, for the first three turns considered here, the particle

5%x4.5% +2+5%x1.5% +2 = 0.15% loss rate is negligibly small. In the case of three
induction gaps, less than 0.15% patrticles will be lost for
Iy S S SRR EEE a small number of turns. This number is small enough so
| e res ot tead a sgaps L2 that no special arrangement is needed to overcome this
[ Swebe reapfiead A o 0ap C ] effect during the initial operation of UMER.
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Figure 6: Comparison of stable area of particle tail A in
2 cases: with 3 gaps and with no gap.
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