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At present the electrorn storage rings, dedicated as a syn-
chrotron radiation source (3RS) are designed and built in many
accelerstor centres. The main parameters of such facilities
are: the brightness of the sodrce, the characteristic wave -
length A‘ the number of independent rsdiation -~orts, ih# bezn-
life-time, etc.

These parameters are formed by various systems of -he
storage ring. bne of the most important systems of the ring,

which defines the values of these main paremeters is the =ag-
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netic system. This paper deals with the main criteria
permit to choosethe lattice structure and betatror numbers in
order to achieve the optimal velues of tiae ebove mantioned 3R5
perameters, The investigation of the depezndance of this pzra-
meter on the lattice structure and tune values are performed
based on the design of Yerevan Physics Institute synchrotron

radiation source,

The Main Optimization Criteris
1. The SRS Brightness -

wMccording to (3] » this parameter determined s the ~hcism
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depsity at the origin of coordinates of the phase space(x,x', )
Y+¥') of an equivalent SR source, is inversely prcportional to

-

the horizontal emittance Ex of the beam at given energy g and
bending radius P . The dependence of Ex"' on the betatron
tune values \7 and O for the FODO structure im finely
described by the parameter }f OL/<)3,,) with £B>= 2—(} '9",.)
where B, is the betatron function. As is shown in (3,4) the
meximal brightness of the SR source for the FODO structure
is achieved when the horizontal and vertical phase advance per
cell 18 M, = 131° and M= 110°, respectively. In general
Ex strongly depends on the lattice structure, too, This permit.
to increase the brightness of SR source by optimizing both

the lattice structure and betatron tune values.

2. The Power of RF System

The required power of storage ring RF system is defined
N
by the peak RF voltage V which is necessary to compensate
the energy loss 4 per turn, This RF voltage is given by (1]

n

V: U° .

esiny;

where e-1s the electron charge, lgg is the synchronous RF phase
ahgle which is determined from
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Here F(lﬁ:) is the monotone decreasing function [i] Ge is the

mean square energy fluctuation, €., is the maximum energy




deviation, R is the mean radius, K ig the harmonic number,
Ey = 1,08.108 ev, o is the compaction factor defined by means
.of the integral over the bending magnets:

i -
oL =Zr_@”£'7(g)dg | (3

where 7(5') is the off-energy function. The ratio Gmes/2 O¢
is taken such as the quantum beam life-time, limited by energy

oscillation 2 : _
€ T, & 2 ”

{

be greater than the designed overall life-time [1,2}

It is seen from (1), (2) that the less is the compaction
factor o( s the higher is the acceptable value of(&and,hence
the less the required power of the RF system.

3. The Aperture of Vacuum Chamber

The R.M.S. size of the electron beam in the storage ring
is defined as [1]

€2= C1Koz ﬁ/,,,qg.fﬁ(-") + .———-,ZZ(!) ‘ (5)
S lThEE t oeas
v»}ﬁere d;, is the Lorenz factor, C? =38‘! . IO-'BM and

”mg-‘ﬁfnié‘ (7°+(p7'-387)%) s ®
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The formula (5) is independent of the finite aperture of
the vecuum chamber A, the presence of which limits the life-
time of the beam, That's why the chamber aperture is taken
such as to obtain the quantum life-time due to the betatron
osclllations

—2
z. 25 2 2.
L= 7 -;\%m—x Q'X/O<A/26:‘M“ 2 m

will be greater than the overall designed time, where C, is

the betatron oscillation damping time. Using (7) one can

write for the given ZTg¢

A = My @-max (8)

where Ay 1is the proportionality factor which should exceed
10 [i] Mo less important for obtaining the limitations on the
length of quedrupole L is the problem connected with exact
determination of constant magnetic field gradient within the
given aperture, It was shown empirically [5] that for the
nonlinearity less than 1% within 75% of the lens aperture the
condition L/A 28.2 should be met, taking into account (8)

L28.2 K;6;max ’ V (9)

One can see from (8) and (9) that small values of O, reduce
the required "good" field aperture and allow to decrease both
the aperture of the vacuum chamber and the length of quadru-

pole lenses,
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4, Tolerances

‘or the ztable operation of the storage ring it 1is neces-
sary to soften the tolerances for sustaining the parameters near
the celculated values, as the real magnetic systexz may be asere
formed only with finite accuracy., These tolerances are also
the function of the lattice structure., The most importsat 22
them are the transverse displacement of juadruposle lenses ani
the errors of their gradients, which lead to distortions of the
equilibrium crbit and tune shifts, respectively. |

The magnitude of these tolersnces may be estimated by meane

of the following approximate fqrmuiae [o

28y
SU= —2:——- ZZJ érL/c 5

(19)

6-6\ = l/_r; Bf[u CS—‘)L()

where U:(X,é), B  _is the magnetic fiela, 8¢/, 8 G are
the tolerances for rms values of %the lens displacement and
the gradien: erroras for the given equilibrium orbit distortion
SZ/c and tune shift Sou « The values of ﬂ, and Ca are
defined by:

D= /5277 ] (Pumen 2,6 ) *
Cu= (2 pi)

(1)
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#here n=- is the number of quadrupole lenses,G': is the field’
sradient in the i-th lens, f3 . is the mean value of the beta-
tron function in it. According to (10) at given rigidity 8p
large values of @a and Cq lead to the softening of these

tolerances.

3. Chromaticity.

In order to eliminate dependence of tune shift on the
energy opread in the stored beam, sextupole lenses are set.
Their length and longitudinal coordinates are chosen to minimize

B

the required strength ’S'.}—-— which are defired by [I]

5= (6,053~ 6 0) / et (A)
= (8,0, - 6, %)/ det(A)

(12)

iere ‘1,4enaluated in[?J are determined by the lattice struc-
ture, and the elements of the matrix A are the integrals ove:

she sextupole lenses:

j7ﬁ dz fgjs, JF

ai;)=
A= _{rzfsio/s f?ﬁeo/-s (12

The strengths of the sextupole lenses are most strongly
influenced by Q,0p;~ G,3°G2, which can be approximately eva-

luated by means of the expression




x=7max7rn:n (_pmeJ}émax—ﬁxmtn?gr- "’ﬂ) (14)

It .ould be noted that according to (12) the sextupoles can't
be placed on sections with z:o because they lead to the un~-
limited lens strength. The vzlue of & 1s determined by the
lattice structure and betatron tunes \),, !\)E . That's why
the optimization of the lattice structure requires the minimi-
zation of the sextupole lens strength,

Besides the above mentioned main criteria,when optimizing
the lattice structure it's necessary to take into azcnunt the
ratio of the orbit length to the total length of the bending
magnets and quadrupole lenses. This parameter determines the
lengths of straight sections, which are necessary for the ar-
rangement of sextupoles, kicker and septum magnets of the cont-

rol system, etc.

5., The Computation Program
N

In order to calculate the main parameters ot the storage
ring a FORT.AN-based program OPTIL was used, As varied pera-
netere the lattice structure and tae betatron tjune Q,) Qe
vvere chosen, 10 examine arbitrary lattice structures a set of
numbers N«iﬁf)is introduced, which gives the sequence of the
elements: bending magnets, quadrupocles, sextupoles, ets, The
calculation of machine parameters is performed in four steps.

1) For given betatron tune values, a system of two trans-~

cendental equation in the gradient of gquadrupole lenses are
determined,




’
e

2) The betatron and off-energy functions and their deri-
vatives are calculated, In ordier to simplify the celculations
an additional matrix MM, (s) is introducéd, that has the form
of that element in which the anplitude functions are compuied.
It permits to redu2e the error accumulation due to large num-
ber of equipartition., The length of the additional element Le

iz defined as

Ly=Leptos , (15)
LeJ:Lef —4s,

anere [Igf is the length of the real element, 4,5 is the azi-
nuthel step size.

3) All the intezral characteristics are- calculated, inclu-
ding the natural tear size 6;' s the momentum comﬁaction fac~
tor o , damping coefficients, chromaticity, etc. The intro-
iuced arrays /7(§/A{) and IBZ{QM?C)give the mmmber of equipar~
titiop of I-th elements,ﬂ(rj and <its length 51(1), which
allows to calculate all the integrals with desired accuracy by
decreasing the azimuthal step as=B8BL(I)/M(T).

4) The calculations of the sextupoles, kicker magnets, ayn-

chronous phase, Toushek's life-time, etc,
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5, rhe Cptimization of the lattice 3Structure for the

Zlectron Storage iing of Yerevan Pnysics Institute

four mein lattice structures were chosen for the investi-
gation of the beheviour of above mentioned parameters on the
lattice structure for Yerevan electron storage ring EZRSYINE-1,5.
The calculations have been carried out with the following
design parameters of storage vf’= 3,27 m R = 10m,E°=1,8 GeV
with the bending magnet and quadrupole lens lengths¢;,= 143G,
(ﬂ = 0,4,respectively. The calculation results are presented
in Table 1,
The POBODQ30 structure is shown in fig 1 with the ampli-
tude functions, calculated for the betatron tune values
{& =3,25 and qa= 2,15, corresponding to the maximum
;prightness for the given number of cells, K=8, This version
is noted for smell field gradient with the minimum number of
the quadrupole s,which decreases the value Lg/}_“and allows
to have two long straight sections in lattice, The sextupole
lenges have small values, too, However, a large beam size re-
quires a large aperture of the vacuum chember and respectively
the increasing of thg quadrupoles'length. Simultaneously, the
large value of ol increases the required rf system power., The
source brightness is the worst among the versions under investi-
gation,
In Fig.2 together with corresponding lattice amplitude
functions we show the CFOBODO structure which allows to have
16 cells in the orbit with slight decrease in the La /Lcratio.

1




The choice for optimum frequencies O)\ = 4,25 and 04.: 3,15
#as stipulated by the necessity to heve possibly smaller field
gredients in :he quadruvpoles. In this version some criterial
parameters are considerably improved: smaller values of Oxmax
require respectively smaller good field region in the magnets,
the small value of ®{ decreases the required rf system powel,
smell beam emittance increases the 335 brightness. is is seen
from Table I, the tolerances for transverse displacement for
the given version are the weakest among the discussed ones,
But due to the comparably small length of long straight sec-
tions, the sextupoles may be arranged after ™ period. ag 1is
shown in fig.2; The celculations indicate that due to small
¥ this arrangement of the sextupoles gives the sextupole
strength up to 20"°m. The remeining eight streight cections
may be used for the arrangement of rf cavities, kicker end
septum magnets, etc,

The triplet FDF arrangement is shown ir fig,2 with the
calculated smplitude functions for the betatron tune
values Vg = 3,25 and §E= 2,15. This lattics type with
the long straight secticn L°= 2,15m. meke thiz version most
suitable for the installation of wigglers =nd undulators. a
useful reduction is acnieved both in the enitfance Ey and in
tne momentum compaction factor L . hs confiuretion of the
vertical betatron function is quite suitable for zn .niulstor,
as its vaiue remains constent through the lowz strazigzht sec-
tion, On the other hand, the ratios between the horizontal
‘and vertical beta values imply that the chrométicity control
is likely to be tricky., Besides, the aquadrupcle have high

12




Tield gradient., The calculations show thai criterial para -
meters for the FDF system is better than for DFD,

For an achromatic arc lattice it 1s required that the
cff-energy function 2 and 1its derivative Q’ must be zero,
everywhere, except the region between two bending megnets.Such
an achromatic arc lattice is shown in fig.,4. Here we also pre-
sent the calculated amplitude functions for the tune values

0' = 6,25 and 3§, = 2,15 which are located in the second’
range of the stability. The criterial parameters (see table 1)
for an achromatic arc lattice are better, However, there are
a lot of drawbacks in this type of lattice:

1) the operating range of 9, and ¥, is very small and
the storage ring is very sensitive to errors,

2) the chromaticity is very difficult to be ccntrolled,
due to the shape of the betatron function. -

3) there is a -little place for the sextupole, kicker
and septum magnets,

4) the gradient values in the quadrupoles is high.
According to table 1 gn optimal lattice structure is
QFOBODO type. However, due to the small straight séction.its
performance may cause some technical and technological diffi-

culties
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