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Section 1

’ In this note we will compute the correlation between the
beam parameters at the output of a magnetic channel and the errors due
to the channel assembling and to the variations of current supply.

In other words we will compute the effects of a displacement
of any element on the final beam features,

Mathématically speaking this computation is equivalent to a
computation of derivatives of certain quantities with respect to some pa-
rameters. ‘

For each of the two phase planes we will consider the follo-
wing final beam parameters: '

a) - center coordinates of the ellypse that envelopes the beam, Y, Y';

b) - R, X defined as: R = a/b; X =c/b (see tig.1);

¢) - absolute maximum values of the displacement and the inclination, for
a non centered ellypse, defined as:

Y = VE(R+X2/R) + l Y |
max

Y = JE/R + | Y |
max

(1)



where E = ab is the emittance.
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FIG. 1

Likewise the parameters variations we consider are:

d) - variations of the drift spaces lengths;

e) - variations of the quadrupole lenses or bending magnets current sup
plies;

f) - rigid displacements of the quadrupoles or rnagnets that we will sub
divide into translations and rotations. :

To compute the effects of the above mentioned errors we
will proceed in the following way: ‘ ' '

making use of the well-known matrix method(l) the channel is first tra-
ced assuming magnetic elements without errors so that we can obtain the
theoretlcal values of the varlables defined in a), b), ¢).-

Successively the channel is traced many tlmes every time
1ntrodu01ng a small but finite variation (such as in d), e), f)) for the sin-
gle element, | :

Such Varlatlons are obtained by suitably modlflyng the com—
putatlon correspondmg to the element we are con51der1ng :

: ‘In such a way we obtain the varied final parameters, which

: together with the theoretical ones allow us to compute the derivatives of
“the final parameters with respect to the varied parameters (properly spea
king such derlvatlves are 'incremental ratios' )

) " The method we will use to treat the rigid_displace_ments is’
too rigorous and not consistent with the first order treatment of the chan
nel, but we have adopted it for two reasons: '

a) - It is easier to draw a rigorous formula than a good approximation;
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b) - The formulae we have deduced are true also if the analytical treat-
ment of the channel is computed in a higher approximation,

Section 2

The computation of the effects caused by the variations we
mentioned in e), d) is easily performed because it involves only the chan
ge of the magnetic element matrix,

Thus the variation of a drift space length only produces in
the corresponding matrix the simple change:

1 £
0 1

1 !+ AQ‘
0 1

A variation of the current supply of a magnetic element is
equivalent for relativistic particles, to a percentual variation of the par
ticle energy (because of the Lorentz force) and in this case the matrices
are easily modified,

Properly speaking if the current supply i goes into i(1+ Ai/i)
the constant k of the quadrupole matrix becomes k(1 + Ai/i) because it is
proportional to the magnetic field; whereas in the third-order bending ma
trices, one must introduce a Ap/p = Aifi.

Section 3

; On the contrary the computation of the effects caused by rigid
displacements of magnetic elements, is more difficult.

To define such displacements we shall assume a right-handed
reference system solidary with the element. We shall also assume that the
origin of the systems is coincident, for quadrupole, with its central point,
For a bending magnet the origin of the reference is taken at the central
point of the principal orbit. The reference axes are oriented as in fig, 2,

As shown in fig, 2 we call T, the reference placed at the in
put face of the element; T, the central reference, and T3 the one placed
at the output face of the element.

For what follows it is useful to compute the coordinates of
the origin and of the unit vectors of T1 (T3) with respect to T2‘
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FIG. 2

We thus obtain for each kind of element (see fig, 3):

1) - Quadrupole - (We indicate the element lenght with Q:)

XA=O. xB=1.
yA=0. yB=0.
Sy T -. 54 sp = -.5°4
(2)

xc=0 xD=0.
yC=1. yD=0.

= - =_. . +
S .54 55 5. £ +1

2) - Magnet - (We indicate the deflection angle with « and the radius of
curvature with r)

- - - _ o %X
X, = -r(l - cosz) Xg r(1 cos(;)+ cos 3
Ya = 0, Ig =0,
s, = -r sen‘:’—k S .= -r seng(‘- senc—>S
A 2 ‘ B 2 2
29 ‘ o &, oK
) X~ = -r(l - cos§) ?{D = _r(1 - cos§)+ seng
yC =1, yD = 0.
s = -r seno—( S = -r seno—< + cos‘o—(

2 2



To obtain the coordinates of the same points with respect
to system T3 it is sufficient to change, for the quadrupoles, the sign
of %, and, for the bending magnets the sign of «,

FIG., 3

Section 4

With Ty, T,
displaced elements.

9 -’f3 we indicate the coordinate systems of the

We define the displacement of the generic element giving
the 5 transformation of the displacement of T2 with respect to 'I‘2, i, e,
giving three translation parameters Pgs U4 1y, along the three axes, and
nine direction cosines forming the rotation matrix: : s

S T3
R= | v, ‘5‘2 I3
- Y Yy |

Such parameters have the following meaning: -

Py 9% tX center coordinates of T2

projections of the three unitary vectors of T, onto the x
axis of T2

with respect to T2

i 2"’0“3'

1 arz JB projections of the three unitary vectors of :,[‘_2 onto the
axis of T2
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‘fl ‘/2 ‘793 projections of the three unitary vectors of Tz onto the z
axis of T
2
We will consider the following kinds of displacements of ?2
with respect to Ty: '
A) - Rotations
In this case one always has -
Py = 0 Oy = 0 t x 0
and also:

1) rotation through an angle V’X about the x axis:

1 0 0
R = 0 cos 'f’x -sen Y
0 ‘ e oS
sen 'fy c ‘/y

2) rotation through an angle ‘/y about the y axis:.

cos 0 sen
kPY $p.‘)’
R = 0 1 0

-sen Vy 0 cos Y’y ]

3) rotation through an angle Y’S about the s axis:

cos Y -sen ¢ 0
R = | sen ‘fs cos %s 0
0 0 1

B) - Translation

one always has

1 0 0
R = 0 1 0
0 0 1

and also:

" 4) translation through a lenght A x along  x axis
I)t = AX q* = 0 tx = O



5) translation through a lenght Ay along y axis

px =0 qx = Ay t* =0
6) translation through a lenght As along s axis
= . = =
Py A = 0 ty = 4s

Section 5

Since we are dealing with rigid displacements, when the
parameters defining the displacement of T2 have been assigned the ones
Ty; T3 are also defined. -

In the present section we will calculate the transformation

law between the initial systems T, and T,.

From the above considerations it is clear that when the ele
ment considered is displaced, the four points A,B,C,D go into the four
points A', B',C', D' whose coordinates with respect to T2 can be calcula
ted by the @ transformation defined in section 4,

If, for example, we apply @ to A we have:
byt gty v s,

+
qx+ J1XA+ cgzyA crsA

3

XA'

(3) YA

FORE R E S S PR N

S

Likewise for B',C', D',

Let us consider now the points A, B,C, D, A", B, C', D', ... it ierevecnss

as vectors whose components are XAJAC,SA’ Xp yB Spese3Xar Ypr Spre .-
and let us write them as A B C A' B!

By means of suitable differences we obtain the following vec

tors:
(B - K) unitary vector of T; x axis
('6 _ ‘A‘) 1" " noon y 1"
(5 _ ‘K) " " monooon
(4) - - ' —
(A' - A) difference between the T, and Tl origins
- e : —
(B' - A') unitary vector of x axis of le
(’6, . K,) 1 n n 5 ] "o

(D' _ X,) 1t 1 1Al s 1" i tH



Let us now consider as un-known terms the parameters of
the transformation & that makes us pass from the coordinates x, y, s
of Tl to the coordinates x, y, s of T1 of a point P.

= oA T 5 1

| X x*+ 1x+ /51y+ 718

: : = + X+ ¥+ El

(5) | Y=yt A, EH AT T,E
s:

+ A X+ 'y + s

keeping in mind the meaning of (5) and the above given definitions (4), we
obtain: '

x, = (B - K)-(B - %) o = (B B -7)
v, = & -B)C -7) %, = (B - &) - &)
s, = & -R)(B - %) x, = (B - KB - &)
A & - A8 -A) 7, = (D -AN(B - 1)
A, =@ -EC -5 7, =@ -E)C-%)
Sy = (€ -END - 7, = @ -E)-@ -K)

The indicated inner products can easily be computed in the
T2 system using the coordinates as in (2) (2') (3').

Let us remark that the @ transformation connects the coor
dinates of two different points A, A' referred to the same frame Ty; the
F transformation connects the coordinates of a same point P referred
~ to two different frames (Tq, 1)

Section 6

In this section our task is to calculate the parameters of
the generic particle at the input face of the displaced element in referen
ce Tl"

The particle before entering a magnetic element follows a
straight path (assuming the rectangular model, as we do) and thus we can
write the trajectory equation in T1 as:

= 4
X Xg + xos

(6)

MAE A R



9-

where (xq, x', Yo ¥y',) are the four trajectory parameters and s is the
curvilinear abscissa,

If the center of reference Tl is displaced with respect to
T1 by a vector whose components are X, yx sy and if Qi, 72, '?‘3 are
the direction cosines of the ¥ , 7 plane in Ty the equation of this. pla
ne in T1

(7) | ~?1(X-xx)+ 4'2(y—yx)+ 73(8'515):

the intersection of the straight line (6) with the plane (7) gives us the coor
dinates (referred to T,) of the particle input in the displaced element,

Neverthless ih order to calculate the slopes of the tangents
to the path in the displaced element it is more useful for us to write the in
tersection of (6) with a plane parallel to the F 4 one, at a distance \5
and that has equation:

(7) YV -x)+ UWyly-y)+ T ls-s) =3

we thus obtain:

xo( T+ Toyy) - Yo ToXptx T yx, + 72yx+ 73Sx+ %)

x = vt +
71xo ?2yo 9'3
+ 7 x') - Loy + + +
(8) = yo( 9'3 lxo) *o 9’1y0 yo( 71Xx 72yx 9KBS:w: F)
r 4+ [ :
/lrlxo ’723'0 73
+ + - - 7T
. 7x Vv, + Tas, :5’ N g
'+
7% 9’2y + 7y
Let us now specify exactly the displacement we are consi-
dering. :

- __Keeping in mind that the direction cosines of the unilary
vectors of T have been labelled dl, A, 0< ﬂ Ve, 9 ﬂ ._Qi,
@' 7 1n order to obtain the input coordmates f respect to Ty
we must perform the inner product of vector l(X—Xx) + Jy-yge) + K(s- sx)
(i. e, vectorial distance between the computed 1ntersect10r_1>and the orlgln
of T1 with the unitary vector of the f axis of Ty (i o4y + °( +% 0(3
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o e
and with the unitary vector of the % axis of T, (i /31 +j vAZ +E 3)
respectively, : ‘ ‘

We thus have:

| 7 - ﬂl(x ) X’k) * /‘)z(y ) Y*) * _ﬂS(S ) S:t)

v(l(x - X:L'_) + o(z(y - yx) + °(3(s - s*)

.

: ' In order to compute the derivatives E' ’7' we must derj_
ve the eq. (9) with respectto 5.

So doing we have:

<y 3

ﬁ' x(') + o(zyé) + L
= 5! ] +
Tixpt VLt

(10) '
f ] :
7' _ /51x0+ﬂ2y0+A3
- '
71X; * qzyo * 73

~

The formula (10) gives directly the slopes in the input face
- of the displaced element whereas to obtain ¥ 7 we must introduce in
formula (9) the x, y, s values given by (8) assuming a vanishing ‘f .

Section 7

It is now interesting to compute the jacobian of the transior.
mation corresponding to the input face of the displaced magnetic element.

¥
”

v;”
Vi

We can thus compute by how much the jacobian differs from
unity, Let us remark that the transformations (8), (9), (10) are non-linear,

n

( ] '
;‘Xo’ yO, XOJ }’0)
. ‘ f f
7 (xo, Yo XLs 31)
?l(x y,x',y)
g OJ OJ 01 0

/ ' t
,7 (XO’ yO, xos yo)

Consider the usual expression:
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fxo o fyo }XB yy;
'7x0 ? Yo Y X(') 9 yz)

J = |
B T O
o v, T Ty

Where with the subscript we indicate the derivative., From
(10) we deduce that the derivatives }" 7' with respect to Xo’ y0 are ze
ro, and we can write:

J=(‘5axq”7yo- }fy)(f 7y 7 ;y)

After a rather cumbersome computation we have:

(f"o Ty, 7, 535 (7,+ Ty + ;%)

r' |,'_ ,1' l' _ ' 1 , :
(5, T3y 7=, v = Tyt Ty T )3

follows:

1

(11) J = : 1 13
( 73+ ’a'zyo-'- 71}{0)

Analogous formulae hold for the output face of the element.

Let us note that if in (11) we consider the amplitudes of the
rotation angles as first order infinitesimals (like yo and x(') in first or
“der approximation) it follows that J, neglecting the second order terms,

is equal to one consixently with the linear treatment of the channel,

~ Would actually be contradictory to take into consideration

. the second order infinitesimals at the input and at the output of the displa
ced elements and then to assume the determinants of the transfer matrices
of such elements to be equal to one,

In any case the effect of (11) is negligible for a magnetic chan
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nel if the particles go through the element only once.

Let us now remark that such a development is not applica
ble to the circular machines if one considers the second order terms.

It remains to be noted that the result (11) gives, is not ge
nerally speaking in contraddiction with Liouville's theorem which deals
with the whole phase space.

The problem becomes more interesting if we are dealing
with a circular machine and if the effect caused by the errors is due to
an arbitrary configuration of the magnetic field,

For example this case arises in the FFAG machines‘whevre
the magnetic field, as compared to that of a traditional machine, is fol-
ded along spirals.

It is clear that in such case one is in need of a different ma -
thematical procedure,

Two recent works(z’ 3) should be useful in this respect, the
first concerning Liouville's theorem and the general problem of the sta-
bility, the second the motion of a charged particle in a magnetic field,

Section 8

In the last section we have computed the values of the par-
ticle-parameters at the input face of the displaced element,

Applying now the well known matrix-method we obtain the
particle parameters at the output face of the element,

To apply the matrix of the subsequent drift space to the di
splaced magnetic element we must compute the particle path parameters
in a P point of the x,y face of T, (see fig, 4),

FIG. 4
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As shown in fig, 4A and 4B it is clear that, in general, the
point P of the x, y face of Tg is not a point of the path; nevertheless P
is always the intersection of the tangent to the trajectory at point Q of
the displaced element, with the xy face of T3.

The same is true for the input face of the element, although
the latter case looks easier, But such a difference is only apparent since
reversing the direction of the particle on the traJectory the two cases are
interchanged.,

According to what we said the computation is very similar
to the one of section 2 - 3,

More exactly to obtain the transformation that connects Tg
to T3 one must do all the computations of section 2 (as seen ealier it is
enough to change the sign of £ for the quadrupoles and of « for the ben-
ding magnets),

Then one must compute the inverse transformation, i.e,
the transformation that connects the coordinates X, 3}, s of T3 to the x,
y, s of TB'

One obtains:

= + oL ol
X p!t + 0(1x 2y + 3s
' =q + +
(5) M ﬁlx + ﬂ!zy ﬂ'3s
S =

+ + Dy +
t ’Jlx 5Y ’&’3s

where the rotation matrix is the transpose of the rotation matrix that ap
pears in (5), and:

- Y
Py X% T KoYy 35
(12) U =~ B X = oY - ﬂssx
by == 0yxy - Ty - 758,

To obtain the particle parameters at the input of the follo-
wing drift space it is now enough to apply the formulae of section 3 chan
ging the vector (xq,x!,y,, y§) with ( ‘g £ 7f’ ’7 f) and the trans-
formation (5) with the transformatlon (5')
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Section 9

On each of the two dimensional phase-spaces the beam can
be described by the parameters of the enveloping ellypse,

That is, one assumes that in the four-dimensional phase
space (x, z, x', z') the whole envelope is the product of two indipendent
~ functions whose arguments are respectively (x, x'), (z,z').

Assuming for example, that in the two phase planes, the
ellypses are as shown in fig,. 5 the beam, in actual space, has a non con
tinous external envelope, whose intersection with the xz plane is a rec-
tangular surface from every point of which 002 paths, contained within
a solid angle with rectangular cross section, start (see fig, 6).

§ x 4,

P iU
N AN

FIG. 5

N

Such a solid angle vanishes for the outer particles.

- For a clear undestanding of how the situation develops from
one section to the next let us first of all consider the trajectory of each
particle,

As long as the channel is errorless, the final position of a
particle in the xx' plane only depends upon the projection, onto this pla
ne, of its initial position; the same is true for the vertical plane, Allthis
still holds in presence of translation errors, or lenght variations of drift
spaces or energy variations., But when there are errors due to rotations,
the two phase planes are no longer independent.

% That is to say (see section 3) that
z the trajectory of a particle depends upon
s all four initial coordinates, in both phase
Lo planes,

L-L—:/ Considering again the ellyptic enve-

lopes, as a consequence of what we said
before, it is clear that: :
/ 1) - the developments of the initial ellyp-
se (in each of the two phase planes)

depend upon the initial conditions that
one assumes on the other plane,

xq

FIG. 6
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2) - Since the transformations of section 3 are non linear, an ellypse
does not remain one as a geometrical locus,

Referring to point 1) we note that initial points, internal
to the envelope, are transformed into internal ones and external points
into external ones in the whole phase space (since the transformations
between initial and final points are continous). Therefore in order to -
see how much the final envelope is changed, it is sufficient to study on
1y points (of the initial envelope) that satisfy the equations:

f(x, x') 0

0

glz, z')

Considering only envelope points, the initial conditions to
be examined reduce from e04 to @3, Besides such conditions reduce
again to 0o 2 since the initial envelope is the product of the two 1ndepen—
dent functions f and g,

Given the philosophy of our computation it is useful to group
the initial conditions into ool ellypses; i, e. the ellypse f(x,x') =0 together
with the ®l points which satisfy the equation g(z,z')=0 and, viceversa,
the ellypse g(z,z') =0 together with the 0! points which satisfy the equa
tions f(x,x')=0.

We furthermore note that the effect mentloned under point
2) can be neglected since, a posteriori, the variations of the final ellypse
parameters, due to channel errors, give small effects and therefore an .
accurate quantitative evalutation of the change in the shape of the ellypse
is not justified in view of the difficulty of the computation,

However, even though we neglect point 2) the computation of
the effects of the errors of a magnetic channel on the final ellypse para-
meters is very complicated,

We have therefore chosen to start the computation with a fi
nite set of points on the ellypse at the channel input and to then reconstruct
the ellypse by means of the transformed points at the channel output,

Section 10

'In this section we will describe the practical method we
used, For each initial ellypse we chose the 8 intersections, of the ellyp
se with the axes and with their bisectrices.

In the four dimensional phase space we have considered the
64 points obtained relating the 8-point sets to each other among themsel
ves, .
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Let us indicate each point with a two figure number, the
first figure indicating the point (in two dimension) of the first ellypse
(see fig. 7) and the second one the point of the second ellypse,

At the channel output we have considered the following
8-point transformed set:

11 21 31 cesesece 81

12 22 32 .u..... 82
18 28 38 ........ 88

to obtain the ellypses of the horizontal plane, and the following 8-point
set: :

11 12 13 ..., 18
21 22 5 S 28
81 82 83  ........ 88

to obtain the ellypses of the vertical plane,

Since we, (according to what said before), neglect the chan
ge of shape of the ellypse, 8 points are sufficient to describe such a geo-
metrical locus. We have used such points in the following manner (see

fig. 7).
| . )

v
FIG. 7

For each set of 8 points we have defined the center P. of
the ellypse by the weighted average of points 1, 2, 3, 4,5,6,17,8, thgn we
calculated the centered ellypse through the points:

g - —

P -P » P -P P .-7D
Q. = 5 -2 6 377
1 9 Q - Q =
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Now to obtain the equation f(x,x') of the ellypse it is suffi
cient to compute the determinant:

x2 x x' x'2 1
-2 2 .
X 1 . 1

Xl ‘Xlxl Xl 1 i

=0

xz ‘ x_ x! x’2 1

2 272 2

2 2

] ]
x3 x3;(3 x3 1

To compute the effects of the channel errors we have used
the following procedure.

The channel has been first traced with errorless elements,
computing the trajectory of the 8 points,

At the ,channel output, (as‘ we said before), we define:

a) - the center coordinates of the ellypse
b) - the R and X parameters
c) - maximum half-displacement and maximum half-inclination,

For each kind of element error the channel is traced follo-
‘wing the 64-point paths and the parameters a), b), ¢) are redefined as
said before, Such parameters will present small variations compared
with the ones obtained for the errorless channel. This enables us to com
pute the incremental ratios that we w111 consider as derivatives,

Let us now remark that the computed derlvatlves should al-
so be used to shift the beam at the channel output as much as one wishes

Section 11

In this section we will give some remarks about the subrou
tines used by the program : :

1) - DM
2) - QM
3) - MH
4) - MV

The subprograms transform the vectors at the input face in
to vectors at the output face applying the element matrices of drift spaces,
quadrupoles and bending magnet,
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: They are used in the block diagram at points marked 1, 2,
3,4, 5,6, -

5) - SILVA :
The subprogram calculates eight bi-dimensional vectors by
means of the E, R, X ellypse parameters as said in section 9. It is used,

in the block diagram at pomt 7 both for the initial horlzontal ellypse and

for the vertical one,

6) - ELLI
The subroutme computes the ellypse pararneters (Y Y', R, X)
from a set of eight points using section 10 formulae,

This program is used at point 8 of the block diagram.

7) - FORVE o
This subprogram, making use of the two sets of eight bi-di
mensional vectors produces 64 quadri-dimensional vectors as said befo-
re (section 10), This subprogram is also used at point 7 of the block dia-
gram, All of the following subroutines are used at points 5 and 6.

8) - DEF :
This subprogram according KEK values, defines the three
translatlon (KEK=4, 5, 6) and rotation (KEK=1, 2, 3) parameters of the di-
splaced element (as said in section 4 for the & transformation). On the
contrary for KEK="17 this subroutine introduces the quantity Ai/i # 0 for
the purposes have mentioned in section 2,

9) - COOR ;

_The subprogram computes the initial and final coordinates
referred to Ty and T3 for bending magnets and quadrupoles, According
to what said in the second part of section 3,

10) - CALCO
This subprogram computes the parameters of coordinate
transformation 9' of Tl(T ) into Tl(TB) by means of section 4 formulae.

11) - SPOST
Such a subroutine computes the vectors at the input (output)
of displaced element making use of section 6 formulae,

12) - RICO ;
Given the transformation that trasforms a system A into a

system B, the subprogram RICO computes the transformation that tra-

sforms the system B into A, according to formulae 5');12) of section 8,
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Section 12

We will now present a sample program output,

The example refers to the transport channel which transfers
the electrons (positrons) from the Linac to the machine "Adone'., The chan

nel consists of 7 bending magnets, 14 quadrupole lenses, and 20 drift spa
ces,

The elements constituting the channel are first described row
by row as they are geometrically placed into the channel,

On each row the following parameters are written:

a) - for magnets:
field index, radius of curvature, tangent of the slope at the input face,
and at the output face, geometrical deflection angle (degrees)

b) - quadrupoles:
strenght (which in tin lens approximation coincides with the agy ma
trix element), lenght of quadrupole

¢) - for drift spaces:
lenght of the drift space,.

The final errorless parameters of the beam are typed next,
Another set of rows is written after this.

In each row the values of the derivatives of the two center
coordinates, the R, X quantities and the two maximum displacements,
with respect to varied parameter are typed,

We have defined the latter six quantities in section 1.

On the right of each row there are:
a) - the order number of the channel element

b) - the type of variation:
RX, RY, RZ rotations
TX, TY, TZ translations
VE variation of the current supply
VL lenght variation,

c) - the channel element type:

MG bending magnet
TD drift space
QP quadrupole

d) - the phase plane
O ‘horizontal
v vertical,
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Section 13

1) -

3) -

By now analyzing the numerical results we deduce that:

the variations of the dirbnensi'o»ns of the final ellypses are negligible;
this may be deduced by comparing the first and 5th column with the
second and 6th,

One sees that either the differences are small or, in case
the results of the first and the second column vanish, the results of
the 5th and 6th columns are negligible in absolute value,

This may be interpreted by saying that the displacement of
one element is equivalent to the addition (subtraction) at the element
input (at the element output) of a vector which has little dependence
from the input conditions.

However, in case one wants, to take into account the ellypse deforma
tions, we list below the cases for which the deformation is more rele
vant.

For the quadrupoles RZ, VE and T7Z are effective (notice that
VE and TZ do not shift the ellypse center),

For the magnets RZ and TX are irrelevant,

About the center shift:
For the quadrupoles only TX and TY produce relevant effects,

TZ and VE, are indeed ineffective, RZ has only a small effect (though

non zero, as we are in phase-space), while finally RX and RY give op
posite effects at the element extremes, ‘

For the magnets TX and TY whose effects however, are smal

‘ler than for the gquadrupoles (because of the low field indices are impor

tant. VE and RZ have little importance.

; From the data reported below one can observe for istance that
a 1 mm x-displacement of element 37 (quadrupole with a5y & - 1) produ
ces a horizontal displacement of about 5 mm of the ellypse center,

On the other hand a similar Y-displacement of element 21

‘ (quadrupole with agy = 0,77) shifts the ellypse center vertically of

about 9,35 mm.,

As far as the slopes are conserved we call attention on ele-
ment 23 (quadrupole with agq = 0.74) that, with a 1 mm x-translation,

shifts the center of 2.19 mrad, and on element 21 that with a 1 mm
y-translation shifts the center of 3.2 mrad.

The effects we have reported are the largest in absolute value,
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4) - One element is particularly sensitive to the VL variation (the 361:h

drift space 70 cm long).

In this case a 1 cm variation produces variations in the el-
lypse dimensions of 0.24 and 0.1 mrad (horizontally) and 0.4 and 0,23
mrad (vertically).

In conclusion one must be careful with translations perpendi
cular to the channel for quadrupoles and for bending magnets,

For magnets there aife also small variations of RZ in hori-
zontal and VE in vertical that produce relevant effects,

The authors are much indebted to F. Amman for his help-
full criticism,
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