LA -5 b

MURA -TO=-2

¥

14+

il ]ss—

The Effects of the Straight Sections in Mark V.

Tihiro Ohkawa’

University of Illinois &nd i
the Midwestern Universities Research Association®¥®

The straight sections in Mark V affect both the forced
motion (equilibrium orbits) and the wave length of betatron
oscillations. If we insert the straight sections along the
spirals, keeping the scaling feature of the orbits, there
are no serious difficulties. However, it is impracticeal to
design such strsight sections containing the cavities and
injection equipment.

If ordinary radial straight sections are used, the
scaling feature of the motion is lost and the shape of the
orbits and the wave length of betatron oscillations vary with
radius. However, this disturbance mey be small when the
lengths of the straight sections are very small.

The influences of the straight sections on the forced
motion and the wave length of betatron oscillations are
estimated roughly in the following articles.

A) Farced Motion

Two straight sections having length { are inserted at
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the opposite sides of the circumference as in Fig. 1l.
We define s as the distance along the
reference circle r = ry from a refer-
ence point at the edge of one straight (]
section.

In the absence of straight sec-
tions, we assume the equation for the

forced motion, neglecting centrifugal

Figs 3

force and higher order terms in the magnetic field, as follows.

X4 : b5
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If the straight sections are inserted, equation (1) is modified

to the form

Xy

A A2 - ]:(A> (3)
where

A = ———AW.(QD(Y)— N—&) o Eradble

F(A)= 0 T, <A < Th+L

T(A)—ﬁw(w >——<4 V) Tr1l< A < L-¢

F(£)= o P e T )
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neglecting the fringing field.
Since the magnet structure still has the period L of S, F(s)

may be expanded in a Fourier series.

F(a) = Z (Qn/&o:«. i’z’n/s -+ Enm?ws )

L
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The coefficients a and b, are evaluated as follows:

n
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Now Xp is given by

i bn
c-A(T_S)—‘(Z( 5_,__1;%%7{71:)) (£

The amplitude of the forced motion has the order of magnitude
)
G 2 bw\l ]L
[ 21 Gy &y (6)

Assuming<§<Z 1, the above a, and bn are expanded in terms

of 5\ o The first terms are

m*x N
N-r-m: evem e 2(,%(? NMJ\
{ o (7)
M=, N?
N'\"\’\—_—‘Odo{ Q‘\r\‘\' l)M’\ o
n=nN

c(l\/ i _CMSO_?UA/S\MSD_ e (8)

b,\/f\/ Mj’—;MJ\QDf_Wfi—\

The second terms of ay and bN represent a phase shift

and cen be eliminated by introducing aphase shift of the
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ridges between the two halves of the circumference, namely
g— P T 8 at 7r,+l0<c A <L-£ with L~ .
In this way we eliminate the second term of eesch of (8)

and get for the amplitude estimate

A el IR S

NEN
s o i = __% xifh/z & 7§_é)£ 7)
nEN ki fe e
For example N = 5 for a model gives
A~ o7 &
Since the amplitude of unperturbed motion is «-Zé the

ratio of the increase of amplitude to the original amplitude

is given by
AN~ 1285 W=5)

If we introduce a finite ( >>’g\) phase shift of the
ridges between halves of the circumference, the N + n = odd
terms do not vanish. With a phase shift of T, the N + n =
even terms vanish instead. Alsoif the sign of N is changed
in half of the circumference, i.e. the direction of ridges

is changed, then p and g are interchanged and both N & n =

even and odd terms exist,
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In the actual magnet, the straight sections are not field

mité o

free and the integrals Jﬁr and \/ 5 have a value
e %

of the order of S\ ° It may be possible to modify the

fringing field to such a shape that the above amplitude of

the forced motion can be reduced,

B) Betatron wave length

Since the forced motion is deformed appreciaebly as treated
in (A), the wave length of betatron oscillations will be
affected grestly. However, this effect is not considered
here,

There is another source of perturbation on g~ from
inserting the straight sections as reported in the previous
reports, MURA TBE/DWK - 1, DWK - 11, The matrix method was
used for obtaining the estimate of the effect of the position
of the straight sections relative to the ridges in these
reports. The same effects are examined by using Symon's
smooth approximation assuming that the wave length of betatron
oscillations is much larger than the length of a sector or of
a straight section. It is not always necessary. that the length
of the straight sections is much smaller than the sector length.

In Laslett's linearlized equation for Mark V

i;;"kle + BeoNs + C waNe V. =0
A=W1/~—’—QL/—W—)—Z~ _ T C\_/__(&L)Z,
Z 4% kr) , BTW ., CTZ paw)
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® is replaced by t = N6 for convenience, so that we have

d*v
;[-Z—'z'*‘(/Ao-r/*/cmt +/Azao12t il

A

S Ly RS (10)
S e

If a straight section is inserted in a sector as in

2TA

Fig. 2, the new sector (whose length
is 2T in units of T ) consists of

the focussing and defotussing part

with period 27T of t and the —> 7T
M Y -, e
field free part having the width
2T A in units of T o FPig.2
C=(1—a)T
Equation (10) becomes
dv
.t G(THv =0 (11)
(¥
G = Ao + N\, @WAT+ NpCot2 T 0< T <7
G (t)= 0

G <T < Trand

G(t)= Aot K ad ((‘-zm)-q—;\lccﬂ 2a(T-27a)

T T <27
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where

This equation is written in the following form by ex-

panding in Fourier series

o8 4
FE i L (12)

Fl(t)= Qo + E‘id'md'l‘—rz‘b'md‘t
Qo = Mo (1=-2)

2
e -‘,;' f G(T)eea) T AT

A K
d=7—7/ CT(T)/wy't AT
5]

Applying the smooth approximation to equation (12),

2 2 2
;’;‘/,_"' [QOTZJ’Z(—%’*?—@)JV:O (13)
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is obtained and 0~ is given by

I [ s re d_éf)j (1)

The coefficients aj and bj are given by
TR =-— A"A»'wzn* 4+ A |=Lasnga c(ﬁf(ol'r NG+ ‘4}-.— el TGO Sy
il y et Y gYO T A g A v e

+ N —:—:__(}.M"D'ACQ’S{@QTJ‘)T,—F T;‘A}-f—?o(——/(:/?ddtnfdm{(b{y‘)?l-ryldfj

(15)

A .
b = "’C‘9 [—-Cco2m) s e ) ' B :
] (/ J ( ng)_-'_}\f[aﬂ"(}' Ml_ldd,évw}@[y)z‘/.,.,(,/aé*o/_j A"""gQW[((Oly‘)(_f/TJ'A}}

g oy a4

In the case A << 1, al aj and bj except aq and a5
are of the order A& and A Vv o Hence if only first
order terms in A are kept in the expression for T , only

&1:L and a2 need be considerede.
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P NE S LA
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(17)
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)
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Ty C"‘/-T/J XD,
If two straight sections are inserted in the circumfer-

ence as in (A), K becomes
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- - A BL CZ y" ()\t
(M 2)[ F —'\7’_ ] i E;T_>I ‘f‘(?L:'L_ = (19)
N = even

<_§I;C>I g (-;%-)g

Pa)
gt 2B B y[ZA tB, S _AB_AC
2 q. T 7
St t]z N* NF NE TN vE
BC RC ci
N‘I-CMTI X/%an‘c, /\/s‘mi?‘—-%‘/ CMSL‘Y;J
(20a)
where
e B CERE
Ve N[NZ‘*ZW*S’N*J
N = odd
Since the (4 in each straight section differ by
T » we get
i 2 T
U= Yo+ A PBT C 4B A
fA_B_l ] e N‘* NF T v
RN TN, (20b)
B2 _OF
N<Lc6£2<l 4_4/‘, Co>¢- L,j

They are written as follows, using 24 7 N&

N = even



~12= MURA=-TO=2

3 2
B o Tl M[ﬂ+ 4B Cc*_ 2AB pc  AC
S g il T R T

AL I LS e e Y (21a)
N / W el G —= —%I/—(,‘c@%‘(\lj a

C&'QZ;

N 2 odd

2
U-Y, = No [il\ 42 ‘/152_’_ 2 2AR  Ac
/V?.

4L, e /\'/—9 - /\7' e /W‘co)zy (21b)
CL
' - —$ oy
Example for a model /% 971]

N=F k=86 , +=g0

/ ’

o = /129§

l&——%ozz‘2020[Q2307-Qoy759n23-—qaaozjﬁco¢ZJ8(22)

In this case the odd terms i.e. cos{ , cos 3@;, in T
are much smaller than cos 22; term. Hence the part depending
on T, in the L} — Uy can be reduced by inserting
the straight sections in each quadrant of the circumference
since N is odd and cos2 77 term is eliminated by a phase
shift T /2 of the ridges.

The above estimate is only the part due to the field
free space in a sector and l/x may be greatly changed by the
deformetion of the forced motion and the edge effect., It will
be more effective to use Illiac in order to examine these

effectso



