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Abstract xs- relative deviation of energy from equilibrium
values;

The report describes the calculational technique of Xs - deviation from equilibrium value of a phase,
beam emittance in the electron storage ring with due - azimuth coordinate.
account of betatron and synchrotron oscillations. The The matrix A describes an operation of
formulas for estimating the electron distribution functiorelectromagnetic fields of the storage ring in a linear
in the 4-D phase space are derived. The beam emittanc@pproximation taking into account the synchrotron
calculated for the case when frequencies of betatron aratliation. The matriyA is periodic, A(6+2r) =A(6). Y, -
synchrotron oscillations are of the same order. It is showncomponent of a force vector describing an operation of
that the emittance calculated by the present formula@gdiation quantum fluctuations. Let's take into account in

differs from that given by Sands. (1) only the most essential component of fluctuations,
namely fluctuation of energy Ys; by putting
1 INTRODUCTION Y1=Y2=Y4=0Q

o ) Using the results of work [2], it is possible to write a
The tendency of evolution in electron storage rings tgationary distribution function of particles in space of

RF systems with a higher frequency and amplitude Qmponents of the vectatxy,xs X Xs).

accelerating voltage is now observed. As a result, the 514 g
synchrotron oscillation frequency increases. Thus, there jg(x) = [(271)41)6;”@[”1(9)"]‘1/2eXp — ZG/_mlxlxm ,
a problem on the boundaries of applicability of g_ 2im E
approximations, which are supposed for calculation gp)
qulllbrlum sizes pf an el_ectrqn beam in storage rings. A here Gl_ml _ inverse matrix ofG;, . The matrixG,,,
main approximation, which is used in theory, is the - ) ] ]

submission of movement in a horizontal plane as &€ Periodic solutions of the matrix equation:
superposition fast (betatron) of oscillations which weredGim - [A(e) G(6,0)+G(6 9)A+(9)ll +5,. 02 ©),3)
not connected to a modification of energy of particles, andd@ T ’ - EmEm

slow (synchrotron) of oscillations. This approximation is The sign “+” - means a transpositiad,, - Kronecker
based on the supposition, that the frequency afymbol,o;=0,=0,=0. The valueos - intensity of a noise
synchrotron oscillations has significantly less frequency a§ calculated in a number of articles [1, 3, 4];
betatron oscillations. It is possible to assume, that fary,(6+2m)=0(6).

higher frequency of synchrotron oscillations this The performances of a stationary cumulative

approximation can be of no use. distribution function, moment of the 2-nd ordéxx,, ),
are determined by the formulas [2]

2 MATHEMATICAL ALGORITHM _

<xlxm> = lim Glm (4)
The present work is devoted to development of B S o
mathematical algorithm for calculation of stored beam The existence of limits in (4) assumes availability of

sizes in a horizontal plane taking into account of betatr@ asymptotic stability of solutions of the equation (1) for

and synchrotron of oscillations coupling. Yi=0. . _ _ .
The equation of electron motion in the storage ring can The matrix of solutions of the equation (3) is
be written as [1] symmetricalG;,, =G,,;. From 16 equations (3) fot,
dx, 4 10 equations are independent @y , Gyo, Gza, Gas Gio,
0 z AmXm =1, (1) Gy G Gii . Gu Gs For convenience we shall
m introduce labelsG;; =y, G = Y2, Gaz = Y3, Gaga = Vs, Gz
dxy = Y5 G13 = VYe, G14= Y7, G2z = Vs, G2 = Yo, G35 =y10.
herex; = 20 ; dy 10 R
.. A o —= )3 anyj +an5nj (5)
X, - deviation of an electron from equilibrium orbitin ~ d6 ;=1

a horizontal plane;
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According to the restrictions introduced for 3. Elements of matricianZ are calculated with the
componentsyY; and introduced new labels, distinct fromhelp of expressions (7) the cofactorketh element from

zero will be only magnitudes. the third line of a matriciar# are determined.
The solution of the equation (5) can be presented as 4. The cofactor ok-th element from third line of a
10 6 matriciant Z are determined.
yi=epzp tepzip te ez t kZIZIka(T)dT 5. The periodic functions which are includedZjpand
_10 09 ¢ are decomposed in Fourier series.
6
y2=cpzip tepzn tateppzaio Y 2ok [P (T)dT 6. The integrationf¢, is made.
k=1 0 0
.................................................. . 10 2]
0 8 7. The calculation of the sum§ z [¢,(r)dr and
Y10 =c€1210,1 +€22102 -+ 1071000 * Y 2104 [Pk (T)AT. o k=l 0
k=1 0 passage to the limit fd - o« are made.
(6)
here the functiong, are elements of matriciaz
equation, composed from solutions, (5) for 3 CONCLUSION
0, =0(n=12....10), and ¢, 203(9)D%et||z||’ The mathematical algorithm for calculation of stored
beam sizes in a horizontal plane is developed taking into
03(9) O K2(9), K - curvature of equilibrium orbiDg - account of betatron and synchrotron of oscillations

cofactor of k - element in 3 line of matriciang. coupling. It will be used for the modelling of beam
Matriciant of solutiong for the equation (5) it is possible dynamics in new storage rings which have large
to calculate as follows. According to [5] general solution§ynchrotron oscillation frequency with DeCA code.

of the equation (5) foo,=0 looks like
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Let's formulate main stages of calculations: [6] P.l.Gladkikh, A.Yu. Zelinsky, M.A.Strelkov, The

1. With the help of programs "DECA" [6] are application package DeCA for calculating cyclic
calculated matriciant M and Floquet-parameters accelerators. Proc. PAC93 Conference (Washington,
(M2 =l £y, Hze = 15 £iw;). 1993). o
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From (7) it is possible to choose necessary elements a[r%
to make matricianZ for the equations (5). By virtue of an
asymptotic stability of solutions of the equation (1) Yor

=0
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