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The Effecta of the Straight Ssections in Mark V.

Tihiro Ohkaws

University of Illinois and

the Midwestern Universities Reseerch Assoclation Yl

The astraight sectlions in Merk V affect both the Iorced
motion (equilibrium orbits) and the wave length of betatron
oscillations, If we insert the straight sections along the
_Bpiralsg keeping the scaling feature of the orbitég thers
are ne serious difficulties, However; it is impractical to
design such straight sections containing the cavities and
injection equipment,

B ¢, 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 may be small when the
‘1¢ngths of the straight sections are very smallg
: The influences of the straight sections on the forced
motion and the wave length of betatron oscilla%ions are
eétimatod roughiy in the following articles.

L) Fareed Motion

Two straight sections having length € are inserted at
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the opposite sides of the circumference as in Fig. l.
We define s as the distance along the
reference gir@le r = Ty from a refere
ence point 2t the edge of one straight _i )
section.
In the absence of straight sec-
tions, we assume the equation for the Figo 1
forced motion, neglecting centrifugal

force and higher order terms in the magnetic fieldy, as folleows,

Xy ‘ b3
g = As(em)-no) | e —D (1)
- and xp 1is
A
Ay ML NE-) (2)

If the straight sections are inserted, equation (1) 1s modi fied

to the form
aﬁ&f__
s, - NEY) | (3)
where A |
Fl&)= 0 PR % TR
r_(,,)=%mmm>-${unm rl< A < L-¢
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neglecting the rringing field,
Since the magnet structure still has the peried L of 8, F(s)

may be ei:‘pandéd in 2 Fourier series,

FAY= ) ((Gn A Ins + Enm?ws )

i i ‘ . RJF
G "‘L‘_—f F’(/.S)Mz”ﬂzi o A
o

3 AE 27
by = z’f [(8) cos Tns otk

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

Qn = = e p [P lOb P Siclreadicenl ]

P 7
ol LM\? [Mj°+wj—W$~ Mf,,-m#h-mg_}
g n ¢ ‘ 5 (4)
b = ave[ ““_‘POT:*FCM‘J?, N Mﬁu—rwﬁ,rwJaJ
J

= m?[ l—%Pa-f:%Pf*%jz_-r ﬁja—;+m?!—w_zj

where

e N
F—ZII(M+ l.__S), _?—..:-ZTT(n._.;._ﬁ___ . g"_—z—/_-—g
Po= TM+NI=T™ME | § = T (n-N)=1iud
b= 2T N = T8 5 _or mmn)= T

po= T (M+N) , 5. = MM =—A)
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Now Xp 18 given by
! a
Xy =—A _._(2( “Mf}_‘ms.ricm 'ns)) (9
The amplitude of the forced motion has the ordsr of magnitude

[Zi i JJZ (6)

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

of - S o The first terms are

n % N
N4+m = even WL 26?? zNM'J\
{ it ol (7)
bk e e
mha A?
N4+m = odd Bk o . B
n=pn

Oy = c.asso—-/\{g\m‘?— o (8)

bM ~ 4§»%3;-£IAﬂ{EJ{f — le? §:

The second terms of ay and bN’ represent & phase shift

and can be eliminsted by introducing aphase shift of the
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ridges between the vwo naives of the circumfersnce, namely.
. Bl at 7y, +l<c A <L-2 with LI .-
In this way we eliminate the second term of sach of (8?

and get for the amplitude estimate

y . o & 1A

Ao~} 3 g (adabd) +3 i
_ S‘ ) ’P\.L—f-l\/z / é/{ (?)
e i ;E ne m= a2 ]

"N
For example N = 5 for a model gives
E e B 2 5\

Since the smplitude of unperturbsd motion is ~ Eg the

ratio of the increase of amplitude to the original amplitude

is given by
AN~ 1758 (W=35)

If we introduce a finite ( >>'g\} phase shift of the
ridges bestween halves of the circumference, the N ¢+ n = odd
terms do not wvanish, With a phase shift of T, the N ¢ n =
evén 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 codd terms exist,
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In the actual magnet, the straight sections are not fisld
Ti+é€ “
free and the integrals j and h/. have a value
T Lo
of the order of 5\ . It may be possible to modify the
fringing field to such a shape that the above amplitude of

the foreed motion can be reduced,

B) Betatron wave length

Since the forced motion is deformed appreciably as treated
in (A), the wave length of betatron oscillations will be
affected greatly. Eowevers this effect 18 not considered
here,

There is anothar source of perturbation on g~ from
ingserting the straight sections as reported in tﬁe 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.thet the length
of the straight sections is much smaller than the sector length.

In Laslett's linearlized equation for Mark V

LY o [:A + BeaNs + C wwaNe vV =0

olg?
A"_"’Q"/“‘J‘M B"i C___’__(Ez___-
& N (eti) oW T E A (k)
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Fig. 2, the new ssector (whose length
i8 2 T in units of T ) consists of

the focussing and defotussing part

=Te MURA=TO=2

rep laced by t & NO for conveniences, so that we have
&y
ate T (por Micest + pacoszr Jv =0
A B C (10)
h;ﬂ—':‘-“_ = -— 2 5 em——
/ NJ' 7 /MI NZ s /u /\J”z"

If a straight section is inserted in a sector as in

2TA

with period 27 of £t and the : —> T

field free part having the width

2T A

in units of T o : Fig.2

C=(I-a)T

Equation (10) becomes

‘v
'Ci.

G(T
G (T)

o

|

U
s

)

+ LTIV =8 (11)

Xo + N, GsedT+ N,CotafT ¢XT L W,

G L7 <yl

Grilr )= Aot >‘ft"?"{('2“-2_M)-+—a\z_<f~*'5.2a\(‘(*-zw¢)

"G-r27’5< £ % B
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whers

This equation is written in the following form by ex-

panding in Fourler series

J

E F(Tt)v =0

(12)
Flty= Qo+ 2 &' /T + T b AT

Go= Mo (1=4)

T
< ad'=#£G(T)Md‘TOfZ
ime L2

o - T G MJZ‘ AT

0

'Appiying the smooth approximation to equation (12),

dz - ” |2
;"_'(_!?_"f' [Qo"'ZLZ(_};: *7%)}\/=O (13)
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is obtained and 0~ is given by

)% [ v (Y 4] ()
&4

277

The coefficients aj and bj are given by

. Ty i : : .
'ITGJ —--:l— A,w\.ZTTa/d G o )\,[o—(;;.—gdmﬂ'dd C(-sdf(oh-d)’r,q-vd 4}+°7:5'-A~7:/ZJCO32(,¢U'»,_@.AB

+ Az[ilijmw‘am{ewywm ma b +2,T;,T'“"*"d"ﬂ“°f‘a -1

(15)
7T£'=->.5’(f—cnzrr'4)+}\[___ﬁ*’ WA A / ,
d d J LPTyast wwﬂ*“y‘ﬂ{“d? s sl 7,14

+ M. %M i At g4 f - 2;;-//%@‘4 poa G- 4]

In the case A << 1, al 1 aj and b except 8y and a,

J
are of the order A eand A v o Hence if only first
order terms in A are kept in the expression for T , only

LY and 12 need be considered,
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- e A A
Q= N + 2a [*)\o—z-ﬁoﬁt;ﬂ-zfmgal-»f%rqj |
= ; _ N (16)
S A Tas [“Ao“)"“’lf:“ﬁuccnz‘rf“é‘\’v«n%%]
Then g3  is given by
BN DT S |
(Z)= rot 2 2 Fahiom o,
| 5 Mzl — %5 /\Q”
’ 1~ N2 = A oo ?T,"—;_—‘Co}t"(?’]
A B* ¢
==t = ==+ 4 2AB AC
N 2N*# ENE [ ( N* "L’V?'> N N#-—'E;
Be 82 BC c?
T eR T NS‘%?.Z’ N*mj?’*}'ﬁ“%(‘”(l}
or
i
;:f:[??_ J W5 B‘ oy (44 BB o2 208
N 2 +;%q1 N TNE T T A

i Bc
“RNT) — ey -/F?Crajz/‘ ,

N* N

- C‘“"'T/_] G
If two straight sectlons are ingerted in the circumfer-

ence as in (A), L  becomes
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i s A % G‘r
i (HZ)[ R}z— g,\,#] z?); +(§ 2 (19)

N = even

&) = &)

U= Lo+ < [2A 8", C* 2AB AC
rz“‘-'—-zﬁ .JXZ N* NE N TN R

BC
+E‘7&”T’ @%mz‘c, 59 32‘_—— ?—?‘J
(20a)
where 2
- A B _c?
U}fa ’\}[F-#-ETSLT?N?_J)I
N = odd
Since the 7% in each straight section differ by
T » we get
Y - ]'{(o'#‘ - [ 'rB‘ U
N‘ Nt (20b)
B2
v S vy 04T, ]

They are written as follows, using 2 4 ™~ N&

N = even



=12= MURA=TO=2

2&' o= J—‘-g-\ 2A L 4B * 2AB 4c  BC
4o LNz s A/“ Nt T NF T HERTY
82.

B¢
Cof2T) — Zcen3y — Cleper 1 (21a)
T Ne /V“ <O l

N ® odd

2
Y-l = Ng[i’ﬂ “ ‘*32.'_ ¢ AR AC

#Lko N e T R T R 0% (21b)
. -
Example for a model W‘*wq’-{;]

N-—-'-S' R=abt ‘37-":60

2 ’

o = /1295

Y— Y= Sozo [ozgo?-—o 0876021, -0 ,©0023Y "‘35‘-7',]8(22)

In this case the odd terms i.e. cos7 , cos 3’(7 s In 7%
are much smaller then cos 27 term, Hence the part depending
on 7, in the L} — Yo can be reduced by inserting
the straight sections in each quadrant of the circumference
- since N {2 odd end cos2 7 term is eliminated by a phase
shirft ® /2 of the ridges,

The above estimate is only ‘the part due to the field
free space in a sector and I mey be greatly changed by the
deformation of the forced motion and the edge effect, It will

be more effective to use Illiac 1in order to examine these

effects.





