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C. Bernardini, G. F Corazza, G. Di Giugno, G. Ghigo, J, Ha1ss1nsk1( ),

P. Marin(*), R. Querzoli and B, Touschek(X): LIFE TIME AND BEAM SI
ZE IN A STORAGE RING (Subm1tted to Physmal Review Letters for pu-
bl1cat10n)

We wantto report on-measurements of the life time of stored
beams carried out with the Frascati et e~ storage ring (A.d. A,) at the
Laboratoire de 1'Accelerateur lineaire of the Science Faculty at Orsay.
The design parameters of the ring have already been published 1) as well
as preliminary results ~about operation at a low stored intensity' 2) '

The use of the Orsay Linac as injector allowed the storage
of -a. big enough number of electrons to observe the. following effects

W1th a small number: of stored electrons (less than 10, 000) -
the life- t1me is of the order of 50 hours correspondmg to a residual (a1r)
pressure of ~ 5 x 107 10 torr, The ‘vacuometer reading was 3,5 10~ 10
torr, : :

() - Laboratoire de 1'Accelerateur Lineaire, Orsay.

(x) - Istituto Nazionale di Fisica Nucleare, Roma , :
(1) - C. Bernardini, G, F. Corazza, G. Ghigo, B. Touschek: Nuovo C1men
‘ to, 18, 1293 (1960).

(2) - C, Bernard1n1 U. Bizzarri, G.F. Corazza, G. Ghigo, R. Querzo
li, B. Touschek: Nuovo Cimento, 23, 202 (1962).



The life-time =t depends on the number N of partlcles in the
: beam It can be fitied by ' ‘

) Lene 2
- To

where a(E) is a strongly energy dependent parameter A best f1t illu-
strating (1) is shown in fig. 1.

-The energy dependence of o(E) is shown in figure 2. In the
interval 100. < E < 207 MeV this curve can be fitted by

5 5 = COnst.

2y _ @ (E) E

‘ a(E) has a maximum at about.-70 MeV. Below this energy
the life- times increase very rapldly Life-time measurements below
50 MeV were not carried out because of the dlfflcultles in reveahng the
"synchrotron radlatlon at such low energles '

The life-time of a given beam is independent of the presence
of the other, so that the effect described must be interpreted as a self :
1nteract10n - of the particles in ‘each bunch

A theoretlcal explahatlon of the effect can be glven in the fol B
'lowing manner, We observe thatin a "natural beam' i. e, in a beam the
dimensions of which are deflned solely by the fluctuations of the synchro
: tron radlatlon the momentum distribution is subJect to the 1nequa11ty

(3) sq >> 6q, = &g

(The. latter equality is one of order of ‘magnitude). Here 6qis the RMS

of the radial momentum, = §q, the RMS of the vertical momentum and
§q, the RMS of the longitudinal momentum, the latter being measured in
the system in which the bunch is at rest. The inequality (3) holds. above

-acertaincritical energy (of the order of about 30 MeV in AdA). The Mgl

ler scattering between two electrons in the bunch can now lead to a tran

sfer of radial momentum into 1ong1tud1nalrmomentum and it is 1mmed1§

‘tely seen that if the acquired longitudinal momentum is bigger than Aq =

= Ap/’y, where Ap is the (central) momentum acceptance of the radlofre v
- quency in the lab system and vy = E/mcz, any such scatterlng process

will lead to the loss of two particles, For, after the scattering process

the forward scattered electron will have too much, the backward scatte-

red electron too little energy to be contained within the stable reglon of

the radiofrequency. : ' :

Taking advantage of the fact that the motion of the particles
in the system in which the bunches are at restis non relativistic - at’



V‘Ieast for moderafely small storage rings, ¢ (B) can,vb,e détehhined expli |
“citely and one obtains: : : , I

@ @ L(x).

jHere ro =2.8 10"13 cm is the Lorentz radius, c the veloeifyr» of light, V

is the volume of the bunch (measured in the lab. system), k is the "har-
" monic index'' of the ra_dlofre_quency. The parameter x is defined by

)2

G R = (
D N y 6q

and L(x) is a function of the radial momentum distribution. If one assu-

mes - incorrectly - that this distribution is Gaussian one obtains for x + O

_llmL(x)——(log % -C - %)

: (6) x>0

‘whereC =0, 577is the Euler constant. Insertingv the most probable values
“of the 4parameters and choosing for V the "'natural' volume (i.e. about
'5x10"*cm” atan energy of 200 MeV) one obtains a value for a (E) which
is about 40 times larger than the values shown in figure 1. It can also be
shown that in the region E > 100 MeV (Where (6) is certainly valid) the
emplrlcal equatlon (2) should be replaced by _ :

(2a) o ' - a(E) E+4' 5 = const. -

This canbe séen as folloxir‘s The "'natural volume varles' as E2 5 “8q as
E2, Ap2 as E and the factor L can be approximated in this reglon by,,
const x E, : : ‘ : :

~ This qualitative ‘disagreementr can be completely removed if
one assumes that the actual volume of the bunches is about 40 times big-
ger than the natural one and that this enlargement of the volume is due to
a coupling between radial and vertical betatron oscillations, The last as-
'sumption makes sure that (2) holds and not (2a), since in the case of cou '
pling 'V varies as E3- 5 and not as E™* '

‘The function L(x) also gives a qualitative descr1pt10n of the
dev1at10n from (2) for energies below 100 MeV. This deviation is due to-
the fact that with decreasing energgf the width of the momentum distribu-
tion also decreases (x goes as E™°), For x =1 (at about_ 38 MeV in AdA)



the longitudihal momentum transferred in the majority of collisions is 100
small to lead to the loss of particles. A detailed comparison with experi
mentis rendered difficult by the following circumstances: the momentum
distribution of the natural beam is not.Gaussian; if x 1 it is further mo
dified by the fact that it is no longer true that most Coulomb collisions

lead to the loss of particles, The behaviour of o(E) at high energiesis
not subject to these uncertainties, since all the processes which lead to
the loss of electrons come from the centre - and not as in the case of low
energies from the tail - of the momentum distribution,

~_Thereis further supporting evidence for assuming that the ac
tual volume is considerablylarger than the natural one. At about 200 MeV
the natural height of the beam should be about 2p, Multiple electron posi
‘tron scattering should bring this to about 10 if the ring is charged with
‘two beams containing 107 particles each, Since we have shown that o(E)
is insensitive to the presence of the other beam it follows that the effecti
ve height of a smgle beam mst be considerably larger than 10p, This is
also borne out by the - as yet not conclusive - evidence on the frequency.
- of 2y - annihilations, which strongly suggests an effective beam height of -
more than 25y,

Our thanks are due to Dr, F. Lacoste for his help in instal-
ling AdA at Orsay and his collaboration during the first runs of the machi
ne, ’

We want also to aknowledge the help of the Linac crew and par
v tlcularly of Dr. B. Millman and Dr L. Burnod.

Flnally we thank Prof. A, Blanc Lapierre for his hospitally
and 1nterest
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FIG, 2 - Plot of the rate d'(E), as defined in eq, (1) of the text, versus
 the energy of electrons in a beam. ' '
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