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C,BERNARDINI: Numerical celeulations on the influence of
the radiation fluctuations on the bean's
intensity for wealk focusing synchrotrons.

Tn the Ffollowing, some numericdl calculations will De
performed on: |
s} the maximum amplitude of the synchrotron osoillatidns

acecepted by a given RF system.

b} the root mean square amplitude set up by radiaﬁion.

The basis for a) can be found for instance in Bohm,
Foldy, Phys.Rev, 70,244,1946, or Persico, Suppl.al Nuovo
Cimento,2,X,459,1965. .

The bagis for b) is the work by Kolomensky and Lebedev,
CERN Symp. I.

In appendix a method is given Tor evnlunting some Kolom
mensky-Lebedev's integrals. ' "'

The results are collected in fig.1 and, to avoid the rea-
ding of -the paper, which could be gome-what tedious, I will
give soon the meaning of the graphg:

1) The full line represents the r.m.s. amplitude,of synch.
oscill. due to radiation fluctuations ag a function of |
energy, both for the isalian and Caltech machines since
the difference in radf (a factor 'ziﬁ ) does‘ﬁot mattor

 with the used scale. , 360 4

2) The datted (- ~ ~ ~) lines represent the maximum amplifti-

de of synchrotron oscillations for the Caltech synchrotron.

There are the 50 and 150 kV (peak-voltage of RPF cavity)
linesg and algo the end point of a similar curve for 200
kV (marked o at E = 1500 MeV). ’
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3) The datted (=2 —;-4)“lz‘nc represents the same ag 2),
for the -italian mnohlne in the 50 &V case, Bnd points
for 60 to 100 kV are marked A at the E = 1000 MeV line.

Maximum amplitu&o of the synchrotron oscillations (radial).
Symbols:. i '

R = radiﬁg ofihe'ﬁfigoipal orbit;@ﬁ_a'magnetic sector

x = RF harmonic nﬁmbéri . R B

n = fisld index

T = lenght of = étraight,éection
A=14 21 '

U = peak RFRvoltaﬂe
B = energy
y§==synchwonous phase

Xy= moximum allowed oscillations amplitude

T = accelerantion time lenght

t = time
w = t/T
Ey= moaximun energy

flw) = _B_ = 1ﬁgnetic cycle waveform

u o= ZT'AA’/E ';{2’ ¥ & where:
L = rodiation energy loss per turn
With this symbols, Xy is given by the following formula:

Aﬂ4-wéf {?Cao,gf-Q}ﬁ §pw}ﬂ-f“j&M4>ﬁ////

e YA ¥z
R/ m) » = 2
Lo = ﬁ?é (1-4) € * ‘*"“){“’ Y7,

where

For pract1Cﬁ1 purposes

M= 207 "(1’6;2"' lng d’fi‘f - 555” ‘?-/[ (M/"“)
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with: R in meters

T v geconds
Ey " BeV
n " keV

Caltech nachine:

flw) = w R = 375 enm n= 0,6
By = 1.5 BeV A =1.26
T = 250 nmsec k=4
then
= 0,57 + 120 wh kev
/ —
Cy = 0.153 i Vg em , U in kV
Italian Mochines
f{w) = %(1—ooséﬁﬂ : R = 360 en n = 0.6
By = 1 BeV A= 1.21
T = 1/40 sec k= 4
then
u = 3.5 _af "+ 24.6 4 (w) keV _
U /. .
Co= 176.4 dw ((;f/g) /Zcm, , U in l;V, E ind MeV
Tor not too J:ngh}z?’fl the function V
S2B) =(2m )20 éﬂm%“?;/m%)

ig given with a very good approx1matlon by

JZ[}&’)“-V ~AA Y+~ A2

The approximation ia valid at least for & é}% < 0.6

R, M.S. amplitude of rddiqtion~induood Gyﬂchrotron oscillations;
As can be eagily seen (s. appendix) the R.M.S. induced am-
I .
plitude \,P3 > ¢ is, at the end of the acceleratlon cycle,

a linear function of the energy

et tn 28 Rx
<Ss2 32V3 “me (1-n)(3- i) mc*) /(""’)




That is, for the synchrotrons we are dealing with

<giyhaggeE v <9 A

in cm, B in BeV,

Appendix I -

In Kolomenski and Lebedev theory one has to evaluate
integrals like that appearing in the following formula

nt Y .
oyl M 3
X5 = ’[""'-w)b// (w ) cw’ ei;o/_/vzz//w'ydarj7
This con be approximatily done as follows:
w; k i y . N
put ﬁ:/ /%rﬂdw-’ nnd }"{'S) 2//‘3(/@) , then

-NYs -5’

<x> = (w)/wwe s’ =
-)2-*—-/3 7‘(5 s”)e”

Mf?d"f
if JV.S'.'&-}.‘&"

o
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Ltesme S s [Trg-522 )e ™ Sets v

e, _ﬁ%}'}-.-- = w
N M

That is ( 2
rMe 42 ‘
2 ,
<X>*;;:'//W)
In the case of the synchr. ascill.

NZ__ _g 3“94“\—. 7 g,v)
AT 5k1 e

apd, for f(w) =

v o 2
‘/‘\/.,sué

4

I~y ezc( £
. AE, RE(me

As can be scen the approximation starts to be good, for
~our cascs, at about E = 500 MeV,



