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M. Bassetti
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Frascati, Italy

Abstract,

Three methods for varying the magnetic
structure of a storage ring at constant betatron num-
ber Qg, in order to vary the natural beam dimensions
are discussed, It is also shown that beam-beam inte-
raction in the thin lens approximation, and’dipole or
gradient errors can be interpreted as magnetic struc
ture modifications of the kind discussed. B

B

Introduction,

Ir colliding beams storage rings physics,
the functionl
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¥ being the periodic solution (continuous with its deri
vative) of equation
" 1
x + K{(s = —— 2
(s) x o(s) @)
is particularly important. The local value of H{(s) at

the crosgsing point is simply given, due to the symme
try of the optical functions, by

. w2
H, = e (3)

and its averagevalue in the bending magnets is given by

w1 ds
H= - J o(5) H(s) (4)

The importance of H and H_ stems from
the dependence of beam dimensions at the crossing point
onthese parameters (we assume Jg = 2, Jy =J, = 1),
namely

2H
= g P
o =0 Bx[1+gz+H] (5)
2
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¢ being the coupling parameter between radial andver
tical betatron oscillations ranging from 0 (no coupling)
to 1 (maximum coupling).

In order to obtain a satisfactory behaviour
of luminosity in the low-energy range, it is necessary
to increase the beam cross-section at the interaction
point. It is apparent from 5) and 6) that this can beob
tained by the increase of H or of H, (high ). In this
paper we propose a resonant method to control para-
meter H2

It is convenient to transform formulas (2)
and (4) by means of the Floquet transformation

7N =
‘\/_B? (M
) ds
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Formulas(2)and(4) become:
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Starting from a symmetry point, the right hand side of
(8) can be written as

(o'}
2,3/21 _ )
QBTGP - 2 A cos kp (10)
k=0
and the solution of equation (8) is:
% ok o (11)
n = 55 COS
k=0 Qx k

It should be kept in mind that the independent variable
in formula (11) is ¥ and not s.

Resonant methods,

It can be seen from (9) and (10) that, keep
ing Qy constant, H is a function of coefficients Ay, in
particular of those corresponding to k values near to
QX: this observation suggests that, to control H, itis
necessary te have a degree of freedom in the ring ma
gnetic structure allowing to modify the value of coeffi
cients Ak near to Qy.

The machine magnetic structure can be va
ried in three different ways, which will be illustrated
referring as an example to the structure of the preli-
minary project of Super Adone 3 , and namely:

A) Variation of the standard cells and the low-f§ inser
tion relative contributions to Q.

B) Modification of the standard cell dipole term 1'/g(s)4,

C) Modulation of the standard cell gradient function
k(s).

In our example we have 32 standard cells,
each beginning from the center of a straight sectionin
between two defocusing quadrupoles Qp and two inser



2.

tions defined by the conditions to which they must sa-
tisfy.

A) Starting from a configuration with Q,=10,2 (8.2
from the standard cell and 2. 0 from the two low-g
insertions), the total standard cell contribution to
Qy is raised to 9. 2 and that of the two insertions
decreased from 2, 0 to-1, 0, thus keeping the total
value of 10. 2 constant. We also assume that thein
sertions do not contain bending magnets,

In addition to producing the low-8 at the
interaction points, the insertions must allow to ob-
tain:

1) Variable Qx values
2) Fixed Q, values,

In this case we do not want any matching
between the 9 values at the end of the low- § inser
tion and at the beginning of the standard cells: the
periodic solution of equation (2) must be calculated
on the whole machine,

Let us consider the quarter of the ring,
extending from symmetry point A to low-§ point

B at the center of the experimental straight section.

Function 4 can be considered as being the sum of
two terms: the first () is a solution of eq, {2), as
applied to the standard cell only: if g1 were propa
gated inside the low—B insertion, it would have a
non-zero derivative at the crossing point; the se-
cond term (¥3) is a free betatron oscillation, who
se amplitude at point A, is such that at points Bits
derivative has the opposite sign with respect tothe
derivative of 9;. The sum of the two terms is still
a solution of eq. (2) and represents the total 9. The
increase of H is due to 95,

The behaviour of H and of the momentum
compaction @, as a function of Qyp (contribution
to @y of standard cells) is shown in Fig, 1, In this
case the degree of freedom-is Qxp .
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B)

The variation of the standard cell dipole term 1/¢

can be obtained by replacing parts of the bending
magnets with straight sections and viceversa, This
can be achieved by introducing either a high
superperiodicity (e. g, a superperiod of 4 standard
cells in which the length of each magnet is slightly
changed) or a low superperiodicity, equal to the
number of insertions in which some whole standard
cell has the bending magnets replaced by straight
gsections,

As an example we refer to the periodic
structure described above and consider a 4-cell su
perperiod. We assume that the magnets of the first
and of the fourth cell are .2 m longer, and those of
the second and third cell , 2 m shorter than thoseof
the normal structure. The natural degree of free-
dom of this second kind of magnetic structure would
be the lengthening of the magnets, and is obviously
impossible to adopt in practice: the lengthening (and
shortening) of the magnets will therefore be kept
fixed and equal to . 2 m; as one degree of freedom
we choose the standard cells contribution to Q. the
total Qy being kept constant, by properly varying
the low—ﬂ insertion contribu’cieon to QX. The same
2 conditions of case A) and a third condition, name
ly (3) maiching of the gstandard cells ¥ value to that
of the low-8_insertion have to be satisfied,

This condition requires that some bending
magnets exist in the low-§ insertion: the bending
magnet radius must therefore be changed, to com-
pensate for the additional bending angle of the inser
tion magnets,

The behaviour of H and of the momentum
compaction a . as a function of Qx are shown in
Fig. 2.

‘The variation of the standard cell gradient func-

tion K(s) is suggested by the observation that in for
mula (10) function f{B) can be modified either by
changing the dipole term 1/ ¢ (s} or function B(s)
(which is influenced by the gradient function K(s)),
It should be pointed ocut that according to (7) the
change in B{s) entails a change of function "fi(s)
so-that functions 1/ @ (#) and f(P) are both modi-
fied,

We introduce (as in case b)) a superpe-
riod of 4 cells, In this case a degree of freedom
is obtained in the following way: if we call K
and Kpy the values of the gradient function in  the
focusing and defocusing quadrupoles of the first
and the fourth cell, the corresponding values in
the second and third cell are replaced by:

Kp(l-p)
KD(1+p)

P can be easily varied by properly varying the
quadrupole currents, and the low-f insertions
are very simple, because is sufficient for the in
sertions to correspond to-an identity matrix to ob
tain the proper matching of functions f(s) and p(s).

Among the three possible kinds of struc-



ture modification, this:seems-to-be the.most:pro-
mising, and will therefore- be- analyzed:in some.
detail, : .
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We assume Q_=Q, =10.2. The behaviour
= b
of 'H and ¢, as a function of p are shownin Fig.3,
‘while Gy the maximum r,m. s. radial dimension
divided by the energy (in GeV) along the periodic
structure, and o, the maximum r.m,s, verti-
cal dimension on the coupling resonance are sho
wn in Fig, 4. In order to get an idea of the regui-
rements onthe low-f insertions functions f§,,
B, and the off-energy function .y, evaluated at
the beginning of the.low-f insertion are shown,
as a function of p, in Fig. 5. The .same gquantities
for Qu=Q, =11,2 are shown in Figs, 6,7,8. Itcan
be seen from Fig, 5 and Fig, 8 that beam dimen-

sions can be easily increased by factors of the or-
der of 4,

Effect of beam-beam interaction -on beam dimensions,

I:et A and B .be the same points defined
above, Following the optical model, we assume that
beam-beam interaction ean.be described by means of
a thin lens defined by the approximate tune shifts &

. X
and §, inthe radial and vertical planes,

Liabelling with -an.-asterisc the functions
modified by beam-beam interaction, it is easy to ob
tain the following formulas®,
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We want to show how the interaction en-
tails a variation of H with a mechanism similar to
A), At point B there is a thin lens with an intensity
given by 4w§ /B : the derivative of function ¥ (s)
at point B must therefore be given by eq. (15) in or
der to mantain the required symmetry. On the other
hand, nothing has changed in the ring, magnetic struc
ture except for point B, so that the difference bet-
ween functions i and ¥ ¥ can only be a free betatron
oscillation, symmetric with respect to A and with
an amplitude such as to have the right derivative in
B. The difference between %, and w and the varia
tion of function f(s) modify the value of H. The va-
riation of H, g and B g shows that beam-beam in-
teraction (in the thin lens approximations) strongly
changes the beam .dimensions, It should be pointed
out that for § '81»{10-2 the quantity 2:rv§ has a va-
lue of 0.5, All these effects strongly change if Qq
is near an even rather than to an odd integer; the
choice between an even and an odd integer is there-
fore difficult: as an example with Q, even, the longi-
tudinal beam-beam limit is less severe but the value
of ¢ at the crossing point is strongly decreased,

Effect of dipole or gradient errors on beam dimen-
sions,

For completeness, we want to point out
that errors in the dipole function 1/ @ (s) and in K(s)
can be interpreted as applications of methods B) and
C): it would seem that the methods we have descri-
bed do not apply to the case of a single dipole pertur
bation, which gives an error orbit in the form of a

betatron oscillation along the ring, but it is sufficient

to make a transformation into the reference gystem
of the error orbit to°get a term 1/g (s) on the right
hand side of eq.{2), which represents the bending ef-
fect of the off -axis quadrupole modulated by the beta-
tron oscillation: the situation is therefore similar to
that described in B),

In Adone a vertical error orbit6 due to a
single dipole perturbation with a maximum amplitude
of 2 ecm, gives, for Q, = 3.05 a value of H leading
to the same vertical dimensions as full couplmg For
the case of gradient errors, it can be shown that the
maximum tolerated gradient error in the experimen-
tal magnetic detector (MEA), which is equivalent to a

§ value of 3. 10-3, entails a 12% variation in the fun
ctlon y for Qy =.3.05: this can be seen from (14), ta-
king into account that there is only one perturbation,
This perturbation therefore excites a betatron oscilla
tion in 4, with an amplitude equal to 12% of the unper
turbed 9. The 4 value at two successive crossing re
gions, about half a betatron wavelength apart, differ
therefore by 25%.

Conclusions,

In this paper some resonant methods to
coritrol beam dimensions through the variation of the
parameter H defined by (1) and (4) have been illusira
ted. Among the 3 proposed methods, the third, name
1y a modulation of the gradient function K(s), seems,
to be the most promising.

Studies on this sukzje‘ct have been also car-
ried out at SLAC, by D, Helm?,

Obviously, this solution for beam dimen -~
gsion control must be compared or integrated with other
proposed methods, like the high ¢ value at the cros-
gsing point and the variation of Qy with energy, as pro
posed initially by F.Amman8 for the Super Adone pro-
ject, and adopted for the SLAC 15 GeV electron-posi-
tron storage ring p‘r'oject9 and for EPIC 0, for which
the variation of J, and J,, (partition numbers of beta
tron damping constants) or a vertical H, are also pro
posed,

The first and the third methods, in particu
lar the third, can also be applied to existing machines,
In ref, 11 experiments on Adone with a configuration
of 6 shunted quadrupoles are described. It would bede
sirable to make sirnilar experiments at other machi-
nes in order to look for possible difficulties not at pre
sent foreseen, o
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