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A dedicated storage ring for the synchrotron rediation ia
specified with the brightness of the source b '2’3]. PFor the
given values the particlea energy E , ‘atored current I
bending radius £ and mean redius of the maschine R rthe'
maximum brightness can be achieved by the choice of betatrom
oacillation frequences \)'x.. \)z and lattice structure defining
the forms end values of the amplitude functionsd(s .s)x(.s),

The development of the correlations between the space and
anguler distributions of the electrons Oz, Ox', &;,8,' and ais
niler paremeters of the phqton distribution 6*8’61'8 is complis
cated according to the leck of the corresponding enalytical
relations. That 1s why the oriterion of the betatron osoilia—-
tien veluas selection [2_’3] corresponds to the minimum of the
électron beam crosas-section dimensions, which requires & sup-~
plementary investigation. Besides, for the prasent there ia
no qualitﬁtive determination of the source brightness, which
permite to define the source optimization as a whole. o

‘. This report presents the resulta allowing to find the ana-
lytical criteria for the optimization of the betatron oscilla-~

y

.ﬁ.n..mlw_anﬁ_the,. latilce parameiers for the Jedicated. ato-
N .



rage ring.’

The source brightness, which 1s a storage ring parameter;
is independent of the beam c_ollimation, and, hence, we can
choge a2 such a parameter the photon density at the origin of
the coordinates X,, X'O . In fact, lét the photons emitted
from the equivalent source be arbitrarily distributed in the

phase plane X, X at the point S, of the design orbit,

2
the tangent to which at & particular polnt coincides with the
core of & symmetrical 2d wide collimator spaced at ? trom S,
The projection of the slit at the phase plane (fig. 1b} is ob~
tained by a linear transformetion ‘
?
Xo= =L, M

]

X,=x
Photons emitted from the limited plane unit of ihe projection.
of the sliit shape the _SR beam. The collimated system with ar-
biirary parameters 8 - and 2d &gives the photon coordinetes
X,= 0, x,l-: O in SR beam. To &chieve the meximum photon densi-
ty st the origin of the coordinates X,,X, we have optimized
the storﬁga ring parameters of the periodicel magnetic system.
The calculation of the source brightness, i.e. ‘the photon den-
aity at (0, 0 ) point is carried out by summing up the photon
number at the shaping area of the beam of emitted photons,
The radisl oscilletion o, =’ of the electron distribution
function at the phese surface at any point of the asimuth co-
ordinate S 18 known (see [1]" ) to be determined by the
‘normel rule V ' —
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One & contour of this distribution is described by the

equation of the ellipser

2 . 12
x 22 x x 2
= + ={-7°,

&Gyt - Sx &' 6x‘a-

(3}

where ‘{. is the correlation coefficient, @, &,' is the elec
tron distribution dispersion on the phase surface. Using Ku-

rant-Snider's invariant +he formulsas (3) may be presented as

2 . . :
.Km,(s)x‘*‘adx(s)xx*px(S)&:' =Ex, (4)
where o, B, ¥, eve Twiss' elements matrix of storage ring
periodical magnetic system, E, is the radial oscillation

emittance related to &, and &,' by the expressions

6= () = (Ew- ﬁ’x(s)) (5)
& (S) = (B’ ¥, (3))™

Teking inte account (4), the formulas (2} takeas the form

(%, oc+ao( XXt h x )
P (ax,x)= A aEx (6)
e asrs
The disfribut:.on of photons emitted by the stored elect-
rons at the unit arc dS from dx dx' surface in the dx'
engle, according to (1) léoks_like l
a 1 t
. N (X -, A) gy (1)
B(xx)=I,R (= =) -’5——1—'—-d9’-dx dX,

where Iu is the electiron current density at the center of thg

crogg~gection distridution of E(i)_, I is the strencth of

-5



H
stored current, Nk.j is the polarized photon number at the au.\i1
face orbit as defin&;d by the formula (1):

W)= Bt TaS B T Koy (35 (1) ], ¢

where !.]J = X,— xl is the anglé' between the electrons movament
and the emitted photon directions, A, 18 the chardcteristic
length of the SR spectrum wave, ¥ = E_/mce,‘ Kalb ia Besssl's
function, h  is Plank's constant. -

To obtein the totel Aistribution of the radiation R(X.X,)
at the 'phase surface X,,,x.' in the orbit center, where the ‘
SR beem is shaped, the expression (7), ‘2llowing for (6) and
(8), should be integrated in the limits of the range S, S,
and over o¢' in the limits of * oo .

The coordinates X(S),X‘(S) are trensformed into Xo, X,
uging the expressions

Xo= X(8) - (s- s)x(s>+‘i§’> .

-x(5)+3 Ss

Taking :E.nto account (9), the exprassion for the denaity

.

distribution of the radistion of sn equivalent source takes

he
the form & e

‘e 1 t
s, x.us.)t;-a-gi_;2 J¥eredfXoraske -%—-) sxc+p,

I X, - ek
P(X,,X Ed :f"“ e Tx){ de'ds (10>

S,

In particuier, for the sourqe brightness we Have

A.dXod X,
2ar E

B (0 0)= (11)

6
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To obitain the quelitative value of the brightneas end de-
termine its dependence on \)x and \72 we must numerically |
integrate (10) and (11) using preliminary tabulated values
S),ﬁ)x(S),ﬁ;(S)and Ex for Va, vz selécted values.
Analytical criteris which may limit the opticel frequency
gearches, can be obtained ix; thé following way. According to
(3), for smsll 4S5  the emission for all points corresponding
i:o the ordinates X o of the electron distribution is summed
up at each point '-Xlo on the ordinate of X, when inequelity
AS(:C‘+-A§§) << &, 19 fulfilled and the values ofdx(S),ﬁx(S),G,c(S’
gould be taken unchsrigeable. Thus, the emission at any point -
'ﬂx°. X.‘o at the ,SR‘equivale_nt aource phase plene is obteined by
integrating the distributi‘;gn (2) over. X, . C'onfining to one
& contour for the direct ellipse case (dx(S,)= O) the pho-
ton disti‘i‘bution function at the phase surface Xeo, Xo  will
be described by

Xo |
Ry (%o, X )= aﬂégﬁ 26 o 2‘;2),. SR

where ¢’(\““ & e) 18 the probability integral , being a fagt
falllng function, which will venish at X 6: . For this
reaaon the expected phoior summed distribution will be narrowe:i'
then the électron distribution along the X, core. This con-

clusion has s principle nieé‘z‘ling, for it permits i:o approximate



the SR source by & point source.

Ascording to the formulee (11) and (13} it followa that
the source brightness ig inversely proporilonal to the radial
oscillations emittence E . which is detarmined by the ampli-
tude and dispersion functions end their derivatives for the .
given giructure of the gradient periocd [4]

2
%:%=Ex=cx<}f>m% | (14)

whers

_ 55 6o
Cyrmm -y (15)

<}E>ma=ag-f I féxri T)dS (16}
In (16) the 1ntegration is teken over only those parts of the
design orbit which are in the bending magnets.

Using & good approximating for K -functions [4]

- dApye L'l “n
| q(s)z(_{:)"- B (s) .
we shall obtain

E “‘CE \) ~ Cy \5)5: (18)
From (18) it follows that the maximum brightness corrsponds to
the meximum value of —1§;= § . Hence we can iake E as &
brightness criterion. The snalytical exp:g'ession for § pare-
- meters of FODO symmetrical structure can be ohtained by appro-
)

ximate formulae.for Sﬁt ""‘M,me\n{

8.



¥ sin(Me) _ (19)
Pac:*:-‘x—et‘ Sin UU) :
e"‘): 2L 18 the cell length, N  ig the total

. where =
pumber of cells in the ring. From (19) by a good approximatior

the quantity 557; equals:

p s (20}
w fhm(p)
and the expression for \f ia read

N2 e _» {21}

= m— 5N
§ 83,_2 L ju ju

Replacing [ = _E.%B_ in (20} we shall obtain

N2 {22}

§:mjuasinju,

Akl

where R is the méan radius of-the storage ring. Analyzing
(21) for the given values of N ¢ and R we have the maxi-
mum source brightness at .~ 131%. According to (18) the
absclute value of E eleo allows to detemiqe the quantita.
tive messure of the sourca brighiness. Az is seen from {22)
the source brightness at the gived R . ig proportionel to
the t‘otaI' mﬁnber of cells. 3o for the generation of SR beams
in dedlcated storage rings, it is necessary to provide the
maximum value of N . To compare the brightneaa of & number
of oper&tional, constructed and des;gned SR 3ourcqa we present
the values of E in Table 1. )

It is easy o show tl_aat foz: an agymmetricel FOBO system
the oriterion of brightness E je:

2 o



- N Sz sin Mo (23)
8+cos M, - COS My

where M is the vertical betatron shift per cell. From' (22)
is seen that the source brightness slightly depends on M, « So thy
optimization of the number of vertical osclllationa per turn
is achieved with the minimization of Py mox vhich defines the
amplitude of vertical ‘betatron cscillations. In accord with the
calculations for fiy = 131° Ibl""ﬂ- reaches its minimum value neaﬁ
f”z‘ g0°. For this case the regd.on of the optimum choice m?_)uZ
1s in the vicinity of juzxno , according to ihe. resonance
diagram 4] . ' '

According to (12) the source brightness also depends on
the beam formation length AS . This can be eagily obtained
from the condition . . o _

A8 _ Bt . (24)

: R
or taking into mccount (5)

28 = PlE; ¥x (Ss O e
As is seen from (25), the source brightnéss is achieved at¥ma:’
points. To test the obtained analytical ceriteria the summery
“photon‘ current was oompnted, wsing -the formula (10), for the
pa.rametera of the designed storege ring ERSINE of the Yerevan
l’hysics Inatitute [6] . In Table 2 we give the velues of bright-
ness Ps, and the criteria of E for diagonal pairs of O
and V; values as well es the values of electrons end pho-
tons distribution perameters &:,, O - The data confirm the
correctness of brightness criterion choice. From the data 1n

A0



colums ‘@, and 6; it is seen that the distribution of
the equivalent SR photon source narrows down as compared with
the electron distribution obtained by the formula (13).

The dependences of P,,,,§ , [‘)z maxs ﬁ’x min 5 jba max o0 the
vertical betatron oscillation +), are presented in Table 3.
The dependence of P,o on '03 coingides with the dependence

3(02) devermined by the formula (23) for the criterion of
brightness of the asymmetrical FODO structure. '

The dependence of f%e(s) and f(S) » respectively on the
valuee of [ (s ) end ¥ (S) for xu582a.nd\) = 5.8 ia
presented in Teble 4. As is aeen from the table, the bright-
ness eriterion, when jb-x 18 replaced by _E).x(s). reproduces
on the change of P (S)along the ezimuthel coordinates. This
allows one to use the criterion of E(S) for the cell optimi-
zation with a view to achieve the required source brightness

at the given points o: the orbit.’

11



Table 1

2
Facility Y szu?)” fb?:{;“ \ﬁz%
gsr U7} ] %254, | 3 1.2 37.92
: ygpps 18] 9.29.5 12 w5 | 125
ports 9] . Te25,5 13.5 1.4 6.96
—— 9.75,7 26 1.4 6.87
e M 6.255 5 | 12:25 2.56 5.275
| ERSTNE [6] 5.82, g5 | 17-55 1.2 3.613
; sppar 112) 5.25, 4 14 2.5 3.277
vov Ring 03] | 3+3%1.32 12.5 1.1 o162
{ paresbury U4} 3.25, 95" | 325 0.8 0.634
! g
Table 2
e L 10| Bt 10° | Prmar | Bymin [Po 107 5 25
L Ve |ty | ey |G | () Keeos) N
| e.ssgg | 64113 0.375 | 32.958| 0.572 1.88|2.799
618 | aoos | 0.567 | 21.525 | 0.932]2.273 | 3.401
5.82 3.816 | 0,720 | 18.612 |1.123 |2.314 |3.468
52, 1o | 4217 | a.208 | 15.114 |1.527 |2.198 3.348
8 g5 | 4-996 | 1.718 13,901 | 1.818{2.027 | 2.931
42 [ 7a07 | 3.9 | r2.5T1 |2.355 11.718 | 2.250
385, | .48y | 4.598 | 12.233 [2.370 |1.498 2.03

12



Table 3

. ‘ 20 2 G
Px max Px min f’z max |Ro" 10" [&3,- 10 3 Yed
: ' -1 -1, = .
oo e e e o) |BF
6.8 | 19.076 | 1.107 | 29.05 | 2.247 4.053 | 3.358
6.2 | 18.721 1.124 | 20.23 | 2.282 | 3.928 3.413
5.8 [ 18,612 | 1.123 | 17.25 | 2.314 | 3.816 | 3.432
5.23 | 17.92 1.165 | 14.71 | 2.363 | 3.65 3.549
4.85 | 17.55 1.184 | 13.73 | 2.402 | 3.527 | 3.616
4.2 | 16.876 | 1.221 | 12.92 | 2,476 | 3.307 | 3.743
3.8 | 16,452 | 1,246 | 12.85 2.526 | 3.174 | 3.827
3.2 | 15.831 1,283 13;37 2.602 | 2.982 | 3.958
" Table 4
10 e
Lattice Points P=x (s) Bec(S) Re 10 E:g—i
™) wipagl| * Ple)
(%M pag
Bending magnet | entrance | 14.8 0.89 1.93 | 2.289
after ¥ lens middle 10.87 | 0.88 | 2.31 | 3.1
| exit 7.45 0.89 | 2.87 | 4.54
Bending magnet entrance 3.5 | 1.78 409 9.64
after-D lena middle 6.92 1.7 .2,98 | 4.9
axit ' 14.63 1.71 2,33 | 2.9

11
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