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1 _ Experlments have been gomg on in the past months w1th
the small storage ring AdA( ) a.fter prehmmary tests in Frascatl( ).
 operation at higher 1nten51ty became possible at Orsay wheré an elec
tron Linac provides better injectionpverformances. We got a certain
amount of information on stored electron beams duri ng this time and
we thlnk that a number of conclusmns relevant to the problem of buil
dlng such a kind of machine can now be drawn. So we want to extra-
polate from AdA all those considerations we beheve are of general in
Aterest in thls f1e1d Slnce the injection method and the design of the ma
ch1ne we used are qu1te pecullar to AdA( ), we w111 not recall them.
- ‘ We want to summarlze the effects we are aware of, both
experlmentally and theoretlcally, concernlng the propertles of the
beams in on e"e” or eTe” storage ring. Since reactlons between colli-
dingbeams are our main task we will discuss only those properties af
4fect1ng the reaction rates; that is, "target' propertles '

The connection between detection rates and cross sections
is g‘lven by a factor that we wr1te in the form »
(1) no= ,é Len
Here n is the detected number of events per unit time, per interaction
reglon, kf is the frequency of the RF cav1ty, k the harmomc number;

6" is the total cross section (where it exists) and 7 isa geometrl-

cal efficiency factor of the apparatus detecting the reaction products



(so, for instance, for a two body reaction, 6% is the differential
cross section 1ntegrated over the solid angle deflned by the detector
of the final partlcles) The main quantlty we are concerned w1th is

the luminosity L, 'an inverse area, deflned as
(2) L= /nl(x, z) ng (x,z) dx dz

where nl 9 isthe two d1mens1ona1 transverse den51ty of beam 1
(2) overaged over its 1ong1tud1nal extent Often, a quantity S is intro
duced having the 51gn1f1cance of common transverse area of two colli

ding beams:

S T NyNg-
: where N1 2 fnl 9 (x,z) dx dz is the total number of p.articles in
beam 1 (2)

‘The computatlon of S could be comphcated by the circum-
IVStanc'e that the beams are artlflclally required to cross at an angle (by
means of electric fields); we will refer in the following to the simple
case of head-on collisions in order to avoibd‘ t;edicus'.geometrical cons_i_
derations while enphasizing the more physical aspects of the 'proble m.
2. As far as we know, the luminosity L is determined :ma_inlyk
by the followmg effects
« - Interactions Wlth the residual gas in the vacuum chamber
/3 - Interactions with the radiation field (synchrotron radlatlon ‘
and its fluctuations). '
7 - Interactions of one beam with the other .
cr Interactlons between partlcles in the same beam (more pro

perly, in the same bunch)



€ - Interactions with steady or RF transverse' electric fields.

“All of these top1cs can be easﬂy treated or found in the 1i

’ terature, we just. summarize them here adding a few comments

o~ The resuiual gas produces mamly 11fe time effects - the
i "e - atom scatterlng could also produce betatron amplltude spreadlng
but in every practlcal case th1s process occurs 1n the single - scatte ‘
ter1n,g reglme( ) and does not apprec1ab1y affect the luminosity.
Lifetime effects are due to: bremsstrahlung, s1ngle scat-
- tering, inelastic collisions. For each one we introduce a cross sec~
- - tion for destructive processes 6 'deffned aS"the"cross section inte-
: grated: over all processes of that kind removing a partlcle from the

fbeam, then the llfetlme 1: will be given by

” 'where N stays for the nurnber of atoms of spec1es i per unit volume
in the" re81dua1 gas Often air 1s assumed as the. re51dua1 gas in the
' 'doughnut but one has to be careful on this p01nt

The 6's are the followmg

Bremsstrahlung L K (B) ¢1 (In -E - "%)
. | . N 6\ » 4’32 z‘;'i
Sﬁcatterm_gg\ o | ‘.i‘(S) -, 57 62,2
: | . gy 2 mc.2
‘Inelastic -collisions §(Iy=2xr_ Z, '
: . ‘ i } e i E
Here o 2R
%. = 81In (- 73 ) S
i 71/ 137

i

energy of the particle = ¢ me?

)
i



£ = RF energy acceptance " -
Zi = atomic number for'species i
r = Lorentz radius of the electron

1[9% is the i’ntegra‘l of'1/94, © being the scattering angle, over all
those angles a-ssociated with betatron amplitudves larger than the size
of the vacuum chamber - when the doughnut is elliptical and the ma-

chlne a weak focusmg one- ,
: 32

7. Zh 4y

- - .The 27t X’'s are betatron wavelenghts and a, b are semiaxes
of the doughnut. However,  the injection system someti’mes-complicates'
the definition of the shape of the actual obstruction leading to scatte-
ring losses; this is not very important since the scatterlng life time is
usually long as compared with the bremsstrahlung one. Furthermore.
radiative corrections make 6‘(8) even smaller since in 6 (B) we al- |
vready accounted for some of the scattering processes o

A very useful numerlcal formula occurring in all of these
pressure = dependent effects is the one relatlng N to the partlal pres-‘
sure p, at 300° K '

N, = 3.55 x 1016pi‘ em™S

p; being measured in mm Hg. - ‘ N
Measurements of life time in AdA at low stored intensity

(where the gas bremsstrahlung should dominate) have gi'ven a value

of 50 h at a pressure 3.5 x 10"10 mmHg ( on the Alpert gauge, placed

near the pump); the life time seems to b'e quite insensitive to the ener

gy as expected but the agreement with the assumption that the res1-:

dual gas is malnly air is: poor (the lifetime is a factor of 2 short er).

,4 - Interactlons with the radiation field influence both the

life time and the gize of the transverse areas of the beams. Multiple



effects dominate here and the ‘calculation:s are'not so easy to pe rferm
as in the prev1ous cases. A formula for the 11fet1me is well known and
has been reasonably conflrrned by measurements( ) (a trouble is con-
nected with the practlcal dlfflculty of measurlng accurately RF. peak

voltages to whlch the 11fet1me is very sen51t1ve) The lifetime is g1ven

RF' <y ,

where £ 1s the energy acceptance as in (o( ), ¢ is the dampmg con-
stant of the phase oscillations and U 1s an exc1tat10n energy assoma »

ted w1th radlatlon fluctuatlons The ratlo

£ G-)A &
Uy . AX £,>H(¢s

where o is the momentum compaction, A the circumference factor,

H’(.<,25 )=2cotg P -T +2P

eV
“sin qbs = E -
Vis the peak RF voltage, and E = '55641/‘ 20 = 104 ,MeV. ‘
e

‘This life time effect is a minor trouble prov1ded the RF

power is blg enough for the maximum energy of operatlon of the ring.

» Also, the beam size is influenced by radlatlon»flu-ctuatlons:
we believed till recently that »this was the only cause- for the beams to-
spread around the synchronous particle (at leas-t when space chazrge is
unreleVant)-hut there is experimental evidence confirming only the pre
vision on radial dimensions; whereas the vertical dimension seems to
be larger than rxpected. We will come back later on to this point and
give now the r. m. s. Jlinear sizes as derived from radiation fluctuations

alone
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v.p. g 2T€ the r. m. s. vertlcal radlal betatron radlal Synchrotron

d1mensmh, /5 ‘s and 1;‘/ are conventlonal betatron amplltude func
tions and closed OI‘blt functlons as glven by Courant and Snyder( ),
is the local curvature of bending magnets, n the f1eld index: F1 is de

fined by

f = <LV (L) T >

( ‘A/ means derivative with respect to the arc levnrghvt).' .Eventually
<¢Z>1/2 is the r. m. s. angle of emission of a photon with respect
to the parent electron dlrectlon pro;]ected on the vertical plane;
<5 1/2 is proportional to 1/3’ so that d, is energy ‘independent.
~-One-must:remember that the distributions of the inva-
riants of-the oscillations are gauslsian whereas the distributions of - -
‘displacements are not gaussian; this has.some relevance in determining
the target factor through formuld- (2) §é1.. »
As a rule, the vertical r. m: s. dimensions as-derived
from (4) ar-e_in,vthe;m_‘iéron, range, whereas the radial r. m. s. .‘ dimen-
‘sion_s_;(obtained‘ by folding betatron and synchrotron contributions) are
in the millimiter range. |
Y- Interactions of one beam with the other can give als_o_life |

‘time and size effects. L.ifeltimes are now dependent on stored particle -



number, ‘so it'is better to use the Toss rate for "each‘ beam as a Signi-
ficant quantity. ‘Although these effects are small, they could be impor
tant smce the 1oss rates are Just proportmnal to the same target fac- -
tor occurring in formula (1). The two _relevant\effects are single sca_t_
~tering "and*bremSStrahlung; the rates can be .g'i‘v'en as in formula (1)

o '.ack?;z)j‘f B

where now a factor 2 appears in place of %— since every in'teraction
reglon along the rmg contr1butes 6~ is the cross sectlon for the de

b do Znz
structlzyea process.bcont‘rlz utlng o 7

: SRR ‘ , S 7l
scattering b = 4 "——?‘262

| o 6
bremsstrahlung 6; = 3 ,57 ([ir 422 -Z)//h - —/) +
_ & LTy
ALy E]

Symbols are the same as in pr;ev,ious. formulae. When the pressure is
low enough to make the scattering from residual gas. negligible' this
beam - beam scattermg process could be used to determlne the lumi- |
nosity via life - tlme measurements as a function of internal d1aphragm
aperture We have not yet tr1ed thls procedure requlrlng long and accu. |
‘rate 11fet1rne measurements o | |
A The 1nfluence of beam beam 1nteract10ns on the beam si-

‘:.ze .1s very comphcated to descrlbe on one hand there are coherent ef-
fects of the space - charge type and these can be descrlbed by self con‘
51stent methods connectlng the electromagnetlc flelds to the current-
'-charge d1 strlbutlons producmg them and on Wthh they react On the

other hand there are incoherent effects of the multlple scattering type



Actually the problem .is ithe» same however it is viewed
from two extreme approximations.. The space charge has been stu
died by numerical methods using a. computer( ;), leltatlons appear .
on the luminosity malnly because of beam - beam separatlon A sim
ple and reasonably -good approx1mat10n has been given by. Amman
and thson( ) showing the main features of the effect: when the tran-
sverse surface density in a beam is bigg'e‘r.than a certain limit the vv
1umin081ty deviates from proportlonahty to NINZ ”The limit depends
on comphcated machlne parameters and we will not give here the re
sults The mtenmty at Wthh AdA usually works is far below thls spa
¢e charge limit. E ’ ”

The other extreme, the multlple scatte ring case (comple ‘
tely incoherent) should also give rise tov51ze effects more 1mportant

‘than the radiation fluctuations. The result of the calculations on it can
be expressed as |

~ 2/5

. a( ‘ a Na, ¢
5 - L= —7ha
(5) e N

~ where d'vlf 2-' is the r. m. s. height of beam 1 (2) and

Q_J‘»_ [,37) z : —ﬁ- &)h —_——9?‘-.

T4 "éb 3'2 Sv 3 Omin

'dh is the r. m. s. rad1a1 width of the beams (unaffected by thls process)
S)v the vertlcal dampmg constant other symbols are as before : 9m
1s a screemng angle we estlmated to be of the order of 137 r /d' where
d is the 1nterpartlcle average dlstance in a bunch (as a matter of fact
d is of the same order of the vertical r. m. s. sizel). The reason why”
this effect can be competitiVe with radiation fiuctuations is that it oc=~

curs (compare the gas seattering case) in the multiplevscattering regi-



me due to the smallness of the screenlng angle determlnmg the. total
cross section: thls is also-a possible weakness of the result we quo-

ted (form. 5) since the multiple scattering condition
(137)2 %2 Mo o,
4 ar.’. 9/: w dV/,z /’ : v

is very sen51twe to the badly known | Q-m.

Once agaln ‘we had no. exper1menta1 ev1dence on this ef-

tfect we W111 come back later on thls p01nt

o cr— Interactlons of partlcles in the same beam seem to give
the maln 11fe t1me effect at hlgh 1nten31t1es The process we refer to
is the Coulomb scattermg of two electrons or p081trons in a bunch in

| Wthh momentum is transferred from the rad1a1 to the 1ong1tud1na1 mo

( ). Asa result a pair of partlcles red1str1bute their own energles
and they can happen to exceed the RF acceptance and go 1ost Calcula-
- tions w_,ould be very stmple to do were it not for some averages of po-
wers of inverse relati_v‘e,momenta,of_two_'particles requiring the use

'i._'\‘ofa computer | : , | N - : | | |
» A sn‘nple order of magmtude estlmate neglectlng relat1v1-
E _ st1c effects and usmg approx1mate (gauss1an) momentum dlstrlbutlons

(9),

glves for the rate of partlcle loss’
6) o ‘_ AN, Vf'?ézc /MCZ) 2 e Z/ £ }
O T T (T Ty U Tey )

‘Here L is the volume of ‘a bunch as defined fromfthe iinver'se, of the

average particle- density; 1/ d q-is the average value of the inverse

relative momentum and l(x) isdefined by
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where-C =:0.5%7. ;. is the Euler-constant.:~ . .. . -~ & 0 oo

(10)

o We haVe., now more refined.calculations™ ,.sho’wi;ng,\the, :
substantial correctness of this formula within some ten percentio- .-
ver a wide energy range around BeV energies. Multiple effects ha
ve not yet been carefully.eva_luated but they seem no.t.j’to contribute
apprec1ably in th1s range. v -
From the exper1mental po1nt of v1ew, the s1tuat1on has -
st111 some uncertamtles we ascrlbe essentlally to the poor knowledge v
of the vertical size of a- s1ngle beam now it 1s perhaps the right po1nt
to discuss this matter. As it 1s well known, the natural coll1mat1on
of synchrotron radlatlon sets a 11m1t on the source size we can mea-
sure by optical means; sthis 11m1t seems to be generally far b1gger
than the vert1cal he1ght we can ant1c1pate on the basis of radiation flu-g_
" ‘tuations and beam - beam multiple scatteriné (form. 4, 5). On the g :
“ther hand we have Vsome;manageabl’e' effects dAepen‘d'i?n'gon‘ the same
‘parameters which determme the 1um1nos1ty and thus the vertical size:
‘beam - beam reactions at low momentum transfer (such as 27 anmh1
1at1ons e+e scatter1ng) and the lifetime effect due to Coulomb 1nterac
tions in a bunch that we ]ust ment1oned in thls é (form 6) The lat
bmter is presently the best known one from the’ exper1mental po1nt of v1ew,
and the conclusions we can draw from those measurements are as fol
lows: the 11fet1m.e is longer than expected both on the basis of rad1at10n
fluctuations and‘the crude formula (5) for multiple scattering effects
Moreover. ‘the energy dependence of thls effect disagrees with what we
could foresee, because the measured values behave as if the vert1ca1
size depended linearly on the energy; finally the results seem.to be in
dependent on whether the lifetime is measured with a single stored |
beam or two beams (remember:formula Sigives sizes depending : on

Our present interpretation is that there is, in AdA,an ef-
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fective radlal - ve rtical coupllng producing' the ob served ‘behaviour.
But this now is a conclusmn 1nvolv1ng machine parameters quite dif
f1cu1t to account for and we cannot generallze to the behaviour of o-
ther storage rlngs “As a matter of fact the luminosity in AdA seems
to be domlnated by this coupllng effect; it reduces the possibility of
observmg beam - beam reactlons of the clean type like 2 ’3’ annihila
tions at forward angles, since the rate is cons1derab1y lower (by the
way, we recogmzed that 2 bremsstrahlung, ‘that 1s et +e” —s
e+ + e + 2 7 has comparable rates with 2 ?’ annihilations and
both processes contrlbute to 2 9’ events due to 11m1ted resolvmg power
of ’(T detectors) / “

" To get an 1ndependent and statlstlcally s1gn1flcant measu-
rement of bearn helght we must perform observatlons on some reac- -
tlon hav1ng a faster rate than we needed before the dlscovery of the ’
main 11fe - tlrne effect as we ant1c1pated e+e scattermg seems the
most prom1s1ng one and we.are orlented on th1s field w1th AdA. We
‘are in fact trylng to detect scattered partlcles first and later on we
would 11ke to measure 11fe tlme effects of the beam - beam smgle '

scatterlng ty’pe 1f pos51b1e

. £ The presence of electr1c flelds could influence the 1um1—
n051ty smce they can separate the paths of the two beams (either for
e% and e /in the same ring or for e e in two. tangent rlngs) In fact
this is a useful effect allowing for beam crossing at an angle when
" needed. Sources of these fields can be provided by introducing suita-
ble plates in the 'v'aCunr"n chamber but we refer here to unwanted ac-
cidental electric asbimmetri es: influencin'g' the luminosity. |

‘Vertical fields are more likely to be dangerous‘ by displa
cing the median plane by an amount comparable to d‘v, the beam size.

These fields could be due to various sources:

a) d. c. fields occ'urring*biecans_eof"poor shielding. We
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are almost sure that no such field can exist in the vacuum chamber.
of AdA since there"are no in'sulateid components in it. HoweVer, one
.must remember that even a fie_ld. of the,order_ of 10 volt/cm c-an"gii-
vedisplacements of the order of ten microns (in AdA at 200 MeV).

b) RF transverse fields due t_ovcavity misalignments.
This too we believe is not a very serious problem (in AdA the syn-
chronous phase is falrly small and thls greatly helps to reduce the |
effect) ,

c) F1e1ds due to ions in the v1c1n1ty of the beam path If
1ons were present due to 1ne1astlc collisions of the beams with the
re81dua1 gas, they could make apprec1able effects only if trapped by
the beams themselves ThlS would produce an increase of the local
pressure and as a consequence the 11fe time due to the residual gas
-should be both pressure and 1ntens1ty dependent We did not observe
any such effect in AdA » |

d) Image effects on the metal env1ronment of the beams
These are not spec1f1ca11y electrlc effects since 1mage currents can
contrlbute a magnetlc part A crude calculation easily shows that
these effects are at least an order of magnitude smaller than obser-
vable. There is also a somewhat sophisticated effect due_to ret,arded‘
images(ll), providing a mechanism for thevblow up of a single beam
via the compensation of the betatron damping; but we did not see any
effect of this kiud with AdA, prob'ably beCause of the inherent non-1i ‘
nearity of the magnetic fi‘elid. ‘ ' - |

3. : Asa cohclu'sion, we want to say that the list of effects

we have given in the preceeding §  could be incomplet’e: it reproduv-
ces our present knowledge of beam properties as can be extrapolated
from experiments with AdA. The main restriction of experimental in
formation is the limited energy range (from 50 to 200 MeV); other 1

mitations are the maximum intensity attained (4 x 107 particles in a



- beam) and the weak focusin_g field. We did not report detailed numeri
cal results (that can be found in the quoted literature) because these
are more relevant to the -srvn'all ring AdA than to high énergjy machi-
nes. E'ventual'ly; we believe that the consistency of the data we dispo
‘se of at present is fairly good and encourages in p_roceedihg further
with storage ring machines since these ‘data do not show ahy failure

"in principle' of the main idea.
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