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Abstiact

\We present an analytical treatinent of quadrupole mis-
alignment effects for the Argonne Advanced Photon Source
(APS) 200 — AfeV” electron hinac. The results of numerical
modeling with TRANSPORT [1} are discussed.

I. INTRODUCTION

The APS electron linae focusing system consists of three
magnetic quadrupole triplets to guide and focus a LT 4
beam with final energy of 200 A/ ¢1” on a. positron produc-
tion target. Adequate positron yield requires a small elec-
tron beam emittance which means that a beam size of less
than 3w nust be achieved at the positron production
target [2]. An ofl-centered electron beam at the tungesten
target will have at least two effects. First. it will cause
positron capture into the pulsed solenoid located immedi-
ately after the tavget to be deteriorated. Second. it will
produce wakefields in the disk-loaded acceleratling struc-
tures leading to emittance growth and beam breakup [3].
Jlere, we will only discuss the first effect and give a crite-
tion on the heawn centroid variation in ferins of positron
capture into the pulsed solenoid.

1I. MAGNET DISPLACEMENT ERRORS

The eguation of motion in the transverse plane in the
presence of a nel displacement error 8, is
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where 1% = 455 and j is the phase advance without space
charge and D is the length of the period. If the beam
is centered when it enters a misaligned magnet, then the
solution to equation {1) is vhtaimed as

(2)

2(s) = é[1l — cos (s — s;)]

and

3

At the end of the misaligned magnet period, the offsets of
the heam centroid are given hy

2'(s) = &é sin w(s —s;).

2,y = 8[1 — coskD] (4)

angd

n:f:! = késinkD (5

where D = Sf = 8.
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The beam offset produced is equivalent to an injection
error for the motion throngh the rest of the focusing sys-
tem. Thus, equations (4) and {5) can be used as initial con-
dilions to describe the trajectory in 1he perfectly aligned
section beyond the displaced magnet [4]. The resulting
equation is

x = 8§} —cos k(sy —si)cos x(s—ss)+

xésin k(s; — s;)sin k(s — sy) (6)
or
r = dfcos k(s —s;)— cos k(s —s;)] {7)
withs = & and 5, = -Jﬁ-’—- , equation (7) can be wrillen
as
x =25 sin(g)sin(%)(s —5,) (8)

If two adjacent magnets are misaligned by §; al position
s; and by 82 al position sa. the centroid trajectory down-
stream of the maguets can be writlen as

.M. R
x = 26, sm%sm-’ﬁ(s— s+
inlsin 2 (s — 5
282 sin ) sin D(s s2) (9
For n successive misaligned magnets, one has
r= 226 sm[ )sm(—](s 5¢) (10)

i=l

If the misalignment errors are known, one can calculate
both the displacement and slope of the heam centroid at
the end of the n magnet period. If the misalignment errors
are random. the displacement and slope of the centroid
trajectory through a system of n magnels are given as

z =sin (—)s Z?é sm( )cos( )s,]

i=1

cos(—)s‘ Z‘Zﬁ sin{=- )<m('—)5‘.] (1)
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and
= ‘B (%)s [‘2_:26,- sin(f—;)cos(%)s,-] +
—<m(—-)s {226 sin{= )sm(-—-)q,] {12)
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The square of the amplitude of the heam oscillation after

.

s

e

DISTRIBUTION OF THIS DOCUMENT 1S UNLIMITED




DISCLAIMER

This report was prepared as an acoount of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or uscfulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence hercin to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



passage through n magnets is

o

1? = 2 x! 2= Y 248: si ‘E)COQ(’_I)S' -+
d- =2 +(H) = '—Z; &; sin 5 ) cosl5)si

[Z 96; sis 1(5)53!1(%)3,‘] (13)

Alter simplifying. this can he written as

d* = 4sin® Zér + ZZé,,éq cos —(s,, —5,)
r=1 y=1p#y
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For a set of n independent. identically distributed rant(lonz
errors, the average of the distribution for each magnet is
<& >=0 fori= l...n
and
<8 >=< 7> fori=1,..,n

Each possible set of the n magnets will give a different
value for d. Taking the average value over all sets gives

) 0 p#£0
< ‘\1'69 >= { ) ! #

6 p=gq
i 2 Y 2
< d” >=4sin” g < & > {15)
or the rms value is
Arms = Weme /1 si0(5) (16)

with

brme = (< 67 >)}

I1I. MaGNET RoTaTiON ERRORS

If there are random errors in rotation of each magnet
about the axis of the fncusing channel, there will be trans-
verse amplitude growth. The change in transverse ampli-
tude (say in .’ phase space) is calculated by considering
the Courant-Snyder invariant, 1V, delined as [5]

17,

’3 = e + 20,002 4 Pt {17)

The change in 11, for A successive magnets with rotation
error €. is [3]
n
811, = 372080 ea + B 2k mabaann (18)
A=l

The change in radial amplitude is a maxinmm for the case
A=A, = %, where 9147, = BuarWVey- Expressing

.2, y. ¥ i lerms of the amplitude and phase of the
transverse oscillutions, one obtains 5]
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where ¢, is the sum of the 2 and y starting plases, p is
the phase advance of either oscillation, and the subscript
or superscript A refers (o the value at the A magnet. There
is a value of ¢, for which equation (19) is maxismm. For
this value and with the asswpiion of uncorrelaled errors
&x. will s value €. one has [5]

1
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IV. NUOMERICAL SIMULATIONS

Misalignments of the electron linac focusing triplets were
studied using TRANSPORT [1]. Quadrupole triplels were
randomly misaligned (assuming a Gaussian distribution)
with gz, = 0.3 mm and o,y = 20 mrad. Three
cases were considered: (1) lateral displacenient. {2) rota-
tion around the transverse axes, and (3) quadrupole lield
gradient errors.

Ten statistically independent. sels of misaligned triplets
were produced for each type of misalignment. The per-
turbed trajectories were then caleulated using TRANS-
PORT [1]. The rins deviations of the heam centroid along
the electron linac were calculated. Figures 1 and 2 jllus-
trate the beam centroid Auctnation due to displacement
and rotation errors respectively.

V. SUMMARY AND DISCUSSION

The capture of the positrons into the pulsed solenoid lo-
cated after the positron production Larget depends on how
well the electron beam is centered on that target. If the
electron beam spot is displaced from the center of the tar-
gel by &p, in order to have a 90% caplure, §p shonld be
~ (0.1d {d = bean diameter). This criterion sets the lim-
ils on Lhe misalignment. tolerances. Equation {16) shows
that the standard deviation is proportional 1o rms error
and grows as n¥. Figures 1 and 2 indicate this relation.
The simulations also show that the random guadrupele
displacement errors have stronger effects thao the rotation
errors. This is lo he expected when the quadrupoles are
arranged as symmetric triplet. The magnelic ficld gradi-
enl variation on quadrupoles is specified 1o he better than
U.1%. Sinmlations indicate that no significant. heam degra-
dation occurs at this tolerance level. Simulalions indicale
that a parallel displacerent error tolerance of 0.3 mm and
an axial rotation vrror tolerance of 2.0 mrad are acceptable
(see Figures 3 and 4).
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Figure 1. Fluctuation of beam centroid due to random
displacement. error
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Figure 2. Fluctuation of heam centrojd lue to random
rotational error
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Figure 3. Beam size (x) profile variation due to field
gradient error.
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Figure 4. Beam size (v) profile variation due to field
gradient error



