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NUMERICAL COMPUTATIONS OF SPACE CHARGE EFFECTS
IN A POSITRON AND ELECTRON STORAGE RING.

~ M. Bassetti

Laboratori Nazionali del CNEN, Frascati (ltalia)

In this computations we simulate the interac-
tion effect between two beams with the following
‘approximations:

‘a) thin lens approximation;

b) vertical effect only, supposing the beams are
sheet-like; '

c) each beam schematized as having 1000 par-
ticles.

The points on ‘the shown diagram (see Fig. 1)
are obtained by a computer in the following way:

At first we take'2 groups of 1000 particles on the
z, z’ plane, whose density follows the law:

- L attan
p(z,2) =pe — 37

where z? und Z2 may be given,

- .To every particle of the two groups is applied
a matrix simulating the machine zone between on
interaction and the next one.

(1= s)c’osp. (1 —e¢)senp| | zu ‘

.1 Zn

z5) — (1 —¢) senp

(1—c¢)cosp| | zt,|-
o T2l
Then to every particle is added or substracted (the
‘'sign is taken at random) an angular discontinuity
Az’ as if it had been applied in a preceding sec
tion chosen at random (the choice is made among
50 poss1b111t1es)

]
22+ 22=Az"

n=1..50

Z3) Zi & Zy

z8; 7y * Z4

- [3]

Let us suppose now that there be no beam-beam
- interaction. In this case applying many times
(> 1/¢) the operations [2] and [3] the two group
of partlcles reach a mean steady distribution with
a gaussian distribution which has a mean square

(1]

width is

Az;
2ve

indipendent from initial conditions.
In our calculations we have generally assumed

Az = 4,2 x 10~
e= 6Xx10°

<#>"=

and we have also considered a case with

Az = 1,715 X 10~*
* e=10"

With these assumptions it results

<zZ:>" =27 x 10}

After [2] and [3] the programn computer the lu-
minosity, defined by

An} Any
L=Jps; p-dz=2X —Az=1X
Az Az ! Az

An}! Ani

In the absence of interaction we obtain

NZ
L= =104-10°
R VR < 22>

Let us suppose now that there is interaction, In
this case, after [2] [3] and {4], berofe reemploy-
ing [2] we calculate the interaction as follows.

For each of the 1000 particles of either group
we calculate the difference between the number
of particles of the other groups which are above
and those which are under the considered parti-

where N is 10°

- cle and we add an angular discontinuity given by

Zi = z4 + (rpf —ny) - DE, electrons

[51

ziy = ziy + (0] —oy) . DE_ positrons
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where DE, e DE_ are proportional to the p051
tron and electron currents.

Even -in this ‘case, after. a certain number. of .

interactions (> 1/e) the beams reach a steady sta-
te and we calculate the mean valus of L on so-
mothing like 50 successive interactions.

In the diagram is plotted the quantity L. = L/L.
under the hypothesis DE.=DE- =DE as a func-

. tion of p and DE. ‘ : |

Most of these points have been computed with
the 7090 of Ispra in 1962 and have required nearly
10 sec per interaction,

Some points have ‘been computed over again at
the CDC this' year (1,3 sec per interaction). in or-

107 2 4 6 8W° 2 4 6 BW° 2
Fig. 1 - ‘

4 6 8104 2 4 6 8109 DE.

aer to control the influence of ¢, < ' >'* remain:
ing inchanged, and to study the lumm051ty fluctua-
tions between interactions.

On every curve.of the diagram is marked the
value of p (betatron phase angle between successi- .
ve interaction regions modulo ) and the AQ per

interaction, calculated for the natural beam cen-
tral density as follows:

senit DE N
)—-u

AQ = (1/2x) cos'(cos,p.———ﬁ,
V2rz?

the vertical segment indicates the order of magni-
tude of the fluctuations; this has been computed

. only for the interesting cases.
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