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INFLECTOR IN SHORT STRATIGHT

TINTRODUCTION

Report EL/TM/17 gives the reasons for investigating this inflection system,
in which, with the NINA mognet lattice and focussing order, the beam enters the
synchrotron in 2 long straight and passes through the stray field of a D-magnet
before reaching the inflector centred on the middle of & short straight (Figure 1}
This report summarises the effect of the stray field on the bedm.

Report EL/TM/18 gives the distribution of apertures and inflection parameters
for electron and positron beams with and withour bunching. From this we take
the maximum radial end vertical acceptances of the synchrotron to be 23 X 10-6 mrad,
(2,3 cm mrad) and the maximum momentum deviations in the injected beam to be
L 1.65%.

An initial calculation showed thot a particle with momentum deviation of
- 1.65% sterting on its displaced equilibrium orbit in the synchrotron would have,
working backwards, & displacement of just under 50 om at the end of the long
straight after passing through an inflector of angle 20 mrad (for a particl; with
synchronous momentum) and through the D stray field. This is around the clearance
of the F magnet we require and we therefore consider an angle of 20 mrad.

The problem is essenticlly to trace particle paths through the D stray field.
The method used is to assume an ideal bean transport and monentun matching system.
We can then take ideal pathslleaving the inflector and trace them backwoaxrds through
the inflector and D stray field. A Mercury Autocode Programme has been written

which analyses both the rodial and vertical motion through the D stray field.

METHOD AND DETAILS OF CATCULATION

Radial Motien

Consider a particle of momentum D entering a magnet physically similar to the
ideal synchrotron magnet but with & aniform field B, with initial radial deviation
and angular deviation A and =& relative to the ideal orbit (Figure 2%, The particle

will describe an arc of a circle, radius
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where B0 is the field required to move a particle of synchronous romentun P,
on the ideal path, radius ﬁ%. With O as the origin of an XY co-ordinate system,

the centre of the circle radius s will be P(XO, YO) where

- i A - o o
X, (“,.O + A) - pcos i
Yo = jV51n-E .

Relative to O the equation of the circle will be
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(x - XO) + (3’ - YO) = 'f..'

which, substituting with polar co-ordinates r, © gives
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#(8) is tho snguler doviation of the path from the ideal path at angle ©.
(1) and (2) thus enable us to find the radial deviation and angular deviations of
the path from the ideal orbit at angle €, or more important in this casa, cnable us
to calculate © and $(e) when the radial di5plécement has reached a certain value.
This is the basis of the radial path tracing.

The magnet median plane of the D is divided into arc strips of small width
(Figure 3), inside which the vertical field (i.e. the field normal to the plane)
Bz is assumed uniform and equal to the mean field across the width. The initial
displacement and angular diéplacement of a path at the beginning of the D are
calculated (for determination of these see below) and the strip in which the

displacement lies is found. The instantaneous # and thus Xo and Y are
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calculated and the step in 8, ;1@, needed to bring the path to the edge of the strip
is determined by a reiteration process. The displacement of the edge of the

strip and $(A®) then become A and X for the next strip. This is continued until

i‘ge = Qm, the angle subtended by the magnet.
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This final matrix is analysed to give the effect of the stray field on the vertical
motion about the particuiar radial path. It is apparent that the vertical motion

will vary with radial path. Tuis is one of the effects we are investigating.

CALCULATION OF INTTIAL RADIAT, DEVIATIONS AT ENTRANCE TO D

Phase space contributlons

The betatron oscillation amplitude functions, the ;ﬁfunctions, for the radial
and vertical directions give the orientations and shapes of the acceptance ellipses
at any point in the magnet lattice. The sizes of the ellipses are of course
dependent on the acceptances. The eliipses at any point transform themselves
into the ellipscs at any other point on novring bowards that point.

Moving in the direction of the reversed beam, the ellipses at the end of the
¥ magnet previous to the inflector (Figure 1) transform themselves, in the nermal
case,lto those at the beginning of the D by traversing the short straight. Ve
require to see the effect the inflector has on these ellipses.

We deal here only with particles with synchronous momentus. The radial

transfer matrix for an inflector with uniform vertical magnetic field is
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where ¢ is the length of the inflector andjéiﬁ the radius of curvature of the paths
in the inflector. @ is then the inflector angle. This matrix gives the oscilla~
tions about the péth of a particle which started on the equilibrium orbit.

1f @ is small, so that cos @ ¢ 1 and sin @, the matrix becomes (neglecting

3 {/fa which is also small)

- -

,
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This is the transfer matrix for a length ¢ of straight. Thus the inflector,
apart from deviating all the particles by the deviations produced on the central

path, acts exactly 1like the free space it has replaced. The radial phase ellipse

k.
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at the beginning of the 5 will thus ba the normal e tut wivi it sentlo shifted

in phase space. The: centre of the yhase ellipse for particice with syachronous

st

momentum at the begirning of the irflector would be defined by the synchrotron

orbit. In this case the centre of the ellipse ab ths D would be defined only by

the deviations produced i the central path at the D by the inflector.

For a particle with noa-synchronous momentum the centre of the phase ellipse

prior to the inflector would be defined by the deviations of its cispilaced

equilibrium orbit at

that point. The centre of the eilipse at the D will then

be dafined by the sum of the deviations produced by thae inflector and of the

deviations of the displaced orbit, at the D.

Inflector contrikutions

Tf the inflector, length.ﬁﬁ, noves particles with synchroﬁous monlentum on

paths of radius # ,

leave the inflector

such a particle which started on the synchrotron orbit will

and arcive at the D with an angilar deviation of o = fV};.

If & is small the deviation of the pith at the end of the inflector will be

. t/2, and if the inflector is centred on the stddle of the short straight the

devia%ion at the D will be w L/2 where L is the length of the short straight.

Thus the centre of the radial phase ellipse at the D for particles with synchroncus

pomentum will be defined by

T HL/2 G.02 . 50 = lecnm

4]
n

20 mrad.
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The effect cof the inflector is momentum dependent. The deviations produced

at the D on the central path of the phase ellipse for particles of momentum p will

be given by

= Po r o £1 te 1 Py (3)
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Displaced egquilibrium orbit contrihtions

The displaced ejurlibrium orbii sew o particls with nomsnium O szt the D

is defined by

r, = 1.393 &/, om dsre fp = p - B, ()
3$fPU is expressed
as & percentage
1
rZ = - 3'435’\*1)/}?0 mrad . (6)

The initial radial displacements sperated on by the programme are then
ealeulated as follows:
. ~ A . i3 -
1. TFor a series of values - -ﬁgMpO iz the range - 1.65%&_4&9/@0 Lo+ 1.65%
the central displacements ol vhe phasc ellipse =i the D are calomlated from (3),

(&), (5) and (6)

e} 2
r! = r! + ! .
o 1 2

2. A pumber of points on the radial phase ellipse at the D are salccted.  These
are shown in Figure k, (The deviations shown are those relative to the central
path.) For each value of iip/po, the devistions of each of these points are added

to T, and ré. This gives a series of initial displacements for each value of
4p/p -
RESULTLS

Radial Motion

Figure 5 gives the displacements, coming out of the D; of the centres of the
radial phase ellipses for various momenta.
The graph of r_ agninst 2p/p  is 2 straight line up to &p/p =+ 0.5%.

Above this the deviation is small (atfxp/po ~ +1.65% the deviation from the
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straight line is + 0.125 cm). Hith=&p/po ag a percentage:
roo= 9.595 + 1.175 -QP/PO ¢ (7)

The plot of r) against)ﬁp/po is a gentle curve. If 2 straight line is
taken between.ﬁp/po = L 1.65% the maximun errvor is +1.07 mrad at =&p/po = +0.2%%.

With this arrangement

ré = 40.450 + 3.667 A'p/po mrad . (8)

Tﬁus a linear momentum dispersion system in the beam transport would be
adeéuate. However, from (8) and (9) the radial width of the beam at the F due
to momentum spread + 1.65% would be 8.22 cm (19.70 - 27.92 cm).

Passage through the D stray field does not destroy the elliptical distribution
in phase space but makes the shape of the ellipse leaving the D strongly momentum
dependent (see Figures 6, 7 for the extreme cases)., The ellipses become more
elongated with increase in momentum. There is also a tendency for particles
which started on the surface of the original ellipse at the beginning of the D
to accumulate at the extremes of the ellipses leaving the D.

Approximate parameters may be assigned to the ellipses leaving the D. If
it was arranged that the incoming beam at the D should have those corresponding
to the ellipse Ap/po = 0, the emitténce would have to be increased to 3.64 cm .
mrad to include all the ellipses - 1.65$;~$p/p0'$. 1.65%. However, computation
of the common areas of the ellipses relative to that for ‘5p/po = 0 showed that
if the emittance were kept at 2.3 cm.mrad, 93% of the beam coming within 4 = 2.3,
-6p/po - * 1.65% would be accepted (see Figure 8). This may be reduced by
a factor arising from the movement round the ellipse mentioned above.

The parameters of the ellipse ‘ﬁp/po. = O are (in the direction of the

reversed beam)

1)

7,775 mrad/cn

® = -1.655

}i: 0.478 cm/mrad.

Using the methods developed in EL/TM/14 this ellipse transformed back to the

T magnet would have
f¥= 2.513 cm/mrad
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and the maximum radial extent would be (2.3 . 2,513)2 = 2,40 cn. Thus at the F
the minimum clearance of synchrotron orbit would be 17.30 cm and the vadial extent

of the beam 13.02 cm.

Vertical Motion

The vertical transfer matrix was calculated for each radial path above,

Using these and the parémeters of the vertical ellipse at the entrance to the D,

the parameters of each vertical ellipse at the exit to the D could be calculated.

For each momentum considered this gave 2% different sets of parameters, posing

a problem for analysis.

This was approached as follows. Teking the veytical ellipse for the central
path ﬂp/po = O as the standard:

1. +the areas of the vertical ellipses for the central paths -1.65; é&p/po %
+1.65% common with the standard were calculated.

2. For each momentum the areas of the 22 vertical ellipses correspoanding to the
original points on the radial ellipse common with the standard were calculated
and their mean value taken.

The results are shown in Figure 9. The mean ccmmon area over the momentum

range in the central path calculation is 69%, that for the other nas: 97%.

Thus it may be said that the vertical acceptence will be constant acroos tue radial

phase ellipse, and that if we define the vertical ellipse, at the L, ¢f the incoming

beam as the standard above, 68% of the beam with vertical emittance A = 2,3 cm.mrad
will be accepted.
The parameters of the standard ellipse at the D are (in the direction of

the reversed beam)

¥ = 16,557 mrad/cm
&
/2

Thus there will be a cross-over at a distance

4.3318

n

1.19375 cw/mrad.

L= &0 288 5 m.

X 1.6557

beyond the D, i.e. 0.88 m before the F, The beam a% the F will thus be diverging

in both directions.
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TNFLECTCR IN LONG STRATGHT

We ealculate here the reguirements of an infisctor in the long straight
which will give a clearance of the synchrotron orbit at the beginuning of the
¥ comparable to that obtained above with the inflector, inflection angle 20 mrad,
in the short straight.

We take the minimum distance of the inflector‘from the D to be 50 cm. In
the direction of the reversed beam the displaced equilibrium orbits are divergsni

in the long straight. At the T

£ = 1.969% cm / 1%
R = 2,17 mrad / 1%.
Then clearance of the central path of the radial ellipse 1Ep/p0 = -1,65%
at the F will be
. { e ‘f Ap
r o= 430- /2 /% +1.969 = o
8 - Py P,

where ® is the inflector angle {(rad), 7 the inflector length {em) and =95/pc

a percentage. With an inflector length of 1m  this becomes

r = 255% - 3.25 .
Now in the other inflector system this clearance would ve 19.70 cm.

Thus for the same clearance we require

ol = 19,70 + 3.25
255

0,09 rad.

We take = 100 mrad, At the end of the inflector

1.5353 cm/1%

0,721 cm/mrad.

”~
X
for

Thus good radial aperture required is

9.




0.1 . 50 1
a = —_———— 1. L L] » L * 2
oS * 1+5%53 . 1.65 4 (0.721 . 2.3)

+ 8.725 em .

——

i

At the end of the inflector %5v_ 0.8681 em/mrad

i)

but at the beginning jﬁ‘r 1,220 cm/mrad.

Thus vertical aperture required is

a
2

o'
i]

(1.22 x 2.3)

f1.69 em .

At the F, displacement of central path
aP/PO = ~1.65% is 22.25 cnm

displacement of central path

Ao/p, = +1.65% 15 27.86 ca.

jgr = 1.4290 om so maximum radiai extesnt of beam duo to betatron ssoillations
is (2,3 x 1.429)% = 1,82 cm.

Thus minimum clearance would be 20.43 cm with the radial extent of the bLeanm
9.25 cm.

?{r = 4,0 mrad/cm. Maximum divergence due to betatron oscillaticns is
(2.3 x 4.0)% = 3,15 mrad.  Thus divergence of beam at the F is * 6.73 mrad
< 3.58 from momentum'spread, negiecting momentum dependent effect of the
inflector).

For the vertical motion at the F eﬁv(in the direction of the reversed beam)

is +0.7716 and.?f: 0,4 rad/m. Thus there will be a cross-over at a distance

= 0.7716 = T1.93 metres,

beyond the beginning of the F. At this point the perpeandicular distance of the
centre of the beam to the continuafion of the syachrotron orbit in the long
straight would be 44.3 cm, which together with the curvature of the magnet
would give a clearance of over 50 cm over the synchrotron orbit in the F.

(This neglects any curvature arising from the stray field of the F.)

10-
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CONCLUSION

It is apparent from the foregoing that the system with the inflector in the
short straight has only one advantage, that p01nted out in BL/TM/1?, i.es that
the tolerances on the inflector switch-off do not need to be as tight as in the
other systen. The drawbacks of the short straight inflection are:

1) the decrease in acceptance due to passage through the D stray field

2) the difficulty of obtaining an 1nf1ector with a sufficiently good field .

when its transverse dimensions are comparable to its length

3) the extreme width and apertures required for beam equipment.along the

incoming beam,

1.
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TABLE I
Radial Range (cm) (%/cm) n
4.8 to 4.8 -2.292 - 4761
4,8 to 5.6 ~2.50 - 51.93
5.6 to 5.9 2,67 - 55.40
5.9 to 6.275 -3,20 - 66.48
6.275 to 6.8 _3.714 - 77.14
6.8 to 7.5 4,50 - 93,48
7,5 to 8.0 -5.90 -122.60
8.0 %o 9,0 ~6.95 =144 4o
9.0 to 11.0 ~7.60 -157.90
11.0 to 12.0 -5.80 -141.30
12.0  to 12.5 -6.30 -130.80
12.5 to 14.0 -5.234 -108.70
1%.0  to 14.675 b by - 92.32
14.675 to 15.7 -3.806 - 79.05
15.7 to 17.5 ~3.028 - 62.90
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