._“.‘“

MHCTUTYT SAEPHON ©U3UKW
CO AH CCCP

V.E.Balakin, I.A.Koop, A.V.Novokhatsky,
A.N.Skrinsky, V.P.Smirnov '

BEAM DYNAMICS OF A COLLIDING LINEAR
ELECTRON-POSITRON BEAM (VLEPP)

NPEMPUHT UAD 79 -79




BEAM DYNAMICS OF A COLLIDING LINEAR
ELECTRON-POSITRON BEAM (VLEFP)

V.E.Balakin, I.A.Koop, A.V.Novokhataky,
A.N.Skrinsky, V.P.Smirnov

Institute of Nuclear FPhysics,
630090, Novosibirsk, USSR

Abstract

To obtain high luminosity in colliding linear electron-
positron beams the very dense singles bunches of particles
and antiparticles must be callided; In addition, to provide
the needed mannchromﬁticity a bunch length must be about 1 em.
The possibility is studied to create the bunches of ~ 10'2 par-
ticles with a radial phase volume of ~» 100 cm.rad in a 1 GeV
storage ring for their injection inte the accelerating structure.

The forces écting on the particles of a single bunch in
the acceleratiﬁg structure are caleculated. It is shown that
by selecting the longitudinal distribution of a bunch it is pos-
sible to extract a significant fraction of the energy stored
in the accelerating structure at a comparatively high monochro-
maticity of the accelerated beam. .

The traneverse forces appearing upon deflection of the
bunch from the centre of the system lead to instability of a
bunch motion. A method is found te suppress this inetability.

An analysis is made of the requirements for the placement
precision of the accelerating structure and focusing lenses,
which are necessary for obtaining the needed phase volume of

the beam at its outlet,



¥

BEAM DYNAMICS OF 4 COLLIDING LINEAR
ELECTRON-POSITRON BEAM (VLEPD)

Tl.l"- EQEE lakiﬂ ¥ IaﬁoKGUp 3 4!51. ‘YUr.HDVthatBRE ¥
A .Skrinaky, V.P.Smirnov

Institute of Nuclear Physics,
630090, Novosibirsk, USSR

To obtain high luminosity {L~ 1032 per shot) an electron
or posiiron bunch of f\«"~1012 particles with a longitudinal di-
mension of £~1 cm and a phase volume of Ew “JL‘ZJ'T cm must be
injected into the VLEPP accelerating structure.

In prineiple, a particle beam with these parameters may be
produced in the storage ring by using radiation damping. It is
known that the phase volume determined by the quantum fluctua-

tions of synchrotron radiation strongly depends on the frequency

of radigl hetatron oscillations v . In a smooth approximation:
D 2
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where ,ﬁ.— is the Gcmpfﬂn wavelength of the electron, y-—the re~
lativistic factor, ﬁ/ﬁ'-— the ratio of the average radius of the
storage ring to the "magnetic" one., The required value of 8

ig readily attained if, for example, )} = 103, V = 10,

E/E = 2,0,

However at very high beam density the effect of multiple
particle scattering of a bunch (the Touschek effect) must be
also taken into account /1/.

If the constribution of scattering i./a decisive,
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where Tg-is the clagsical radius of the electron and the
coupling factor of the vertical and radial oscillations is taken
to be equal to ﬁﬂ?J‘. Since the dependence of & on y in

the case (2) is much weaker compared to the case (1), the value
of \). found from the equality condition (1) and (2) will be
optimal:
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Assuming the validity of formula (2) we cbiain for lumino-

gity per shot:
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where K = 10 is the longitudinal compresseion factor of the

‘bunch prior to the extraction and the indices L and f denotes
the wvalues of BH ~-faetor at the beginning and the end of accele=-
ration,
Bstimation for Yi= 4-10%, ¥ =2.10°, R = 2.10° em,
RIR =4, ¥ =102, £ =10cm, ¥ =20 (Vour = 16) yields:
& w390 gy ohe = 0BlaSDRC

in the accelerating structure are determined by the radiation

em™2, The beam dynamics

field. Indeed, the total field in the structure can be represent-
ed as the sum of radiation fields proportional to the charge,

and the accelerating field:
f - ?fu.u. +£yfmf. .

The energy extracted is

W = % fﬁ"*‘”ﬁ' z ?zfasﬁ.
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where q}*-ls the charge of the bunch, Ezugd-the average field

amplitude radiated by a unit charge, and é?sggqﬂ“tha average

accelerating field amplitude. Thus, to accelerate the largest

possible charge in a given accelerating field, the radigted

energy must be minimal, and since this energy is proportional

to the number of diaphragms per unit length, a & -structure is

optimal, The time pattern of the lines of force of the electric

field of a charge traveling past a diaphragm, which was found

by integration of Maxwell equations by means of the difference

rethoc according to Lax's scheme /2/, is shown in Fig.1.
inalysie of the fields for an extracted bunch shows that

by selecting the longitudinal distribution of charge and the

phas. of inlet into the cavity it is possible to provide high

energy monochromaticity. Thus, for a structure in the 5-cm

range with an effective accelerating fileld amplitude of 1 HMeV/cm

and a charge of 10"° electrons distributed according to the law

& = @ SINT
where lfr = 1 cm and the effective charge size is & 0= 0.36 cm,
the relative energy spread is 1% for 90% of the particles, Here
the extraction of stored enefgy is 18%, and the total amplitude
is reduced by 17%.

A graph of the energy diﬁtrihution along the bunch ageinst
the sinusoidal background of the accelerating field and the
charge distribution along the bunch (the doi-dash line) afa
shown in Fig. 2a. It should be noted that for a charge equival-
ent to 4 x 1!2"‘FE electrons distributde, as in the previous case,
with parameters Z: = 2 cm, the energy extraction is 45% at a

4% non-monochromaticity for 90% of the particles.



When the bunch is deflected from the axis of the structure

nonsymmatric fields whose reverse reaction leads to the appear-
ance of transverse forces are radiated. For small deflections
we may confine ourselves to fields with a Binglé variation in
azimuth, and the field amplitude is proportional to the charge
deflection.

The transverse force, averaged over the period of the struc-

ture, may be represented as the effective gradient
— frl!:: {; -‘5;
G(2) &S, (£, (022)-Hyp (0,2 8)az
~ay 3 e B ¥ r = ’
el =2 -2
 where S ~ is the charge deflection, & =— the period of the
structure, and £, = the coordinate in the bunch.
A graph of the gradient upon deflection of a bunch as
a whole and the charge distribution are shown in Fig. 2b. A
calculation showed that the magnitude of the gradient is pro-
portional, to good accuracy, to the value of the relativistic
dipole field_at the edge of the aperture in the diaphragnm,
i.ee, it is inversely proportional to the square of the radius
of the aperture, and as in the case of longitudinsl forces i=s
proportional to the number of diaphragms per unit length of
the structure. To reduce the wvalue of the gradient = J -struc-
ture with large apertures in the diaphragm therefore must be
used.
A characteristic feature of the action of iransverse forces

iz the fact that the field radiated by some section of a bunch
acts only on the following part, i.e., the magnitude of the

force acting on the "tail" is determined by the deflection of
the "head", This interaction leads to a rapid increase in the
deflection of the "tail" when there ie a slight initial deflec-
tion of the "head", i.e., an instability is observed analogous
to that of the sequence of bunches in the linear accelerators /3/.
Focusing with quadrupole lenses does not suppress the in-
stability. In this case the "head" of a bunch acts on the "tail®
with the frequency of free oscillations in the focusing field,
the frequency being determined by the lens gradient and particle
energy. This lesds to a resonance buildup of the oscillations
of the "tail". To suppress the resonance instability a spread
over the frequencies of the oscillations must be introduced.
This can be done by introducing a linear particle energy distri-
bution over the length of the bunch. By starting from general
concepts of the character of the instability it is possible to
obtain the following estimate for the wvalue of the needed Bpreaé%ﬁ/
dd i linfo | R
R T T

where ﬂ,-— is the wavelength of the oscillations, E—- the par-
ticle energy.

A numeriecal caleculation was made of the motion of particles
of a bunch in the structure with allowance for transverse fnrces;
The calculation confirmed the qualitative arguments. shown in
Fig,3 is a graph of the relative phase volume of a bunch at the
exit from a 1000-m accelerator section &s a function of the energy
spread, As can be seen from the graph, the sxcited. phase
volume depends on the sign of the spread, It turns out
that to suppresse the instability, or more accurately, to
prevent the saction of +transverse forces from resulting

in an increase in the initial phase volume, an initial



spread of +10% must be introduced, and as acceleration proceeds
the spread may be smoothy decreased to +3% as the energy changes
from 2 to 100 GeV, since the effect of traneverse forces decreas~
es with increasing energy. For the same reason the spread can
be reduced in the final section to the minimum wvalue with an in-
gignificant increase¢ in phzse volume.For our calculation the
magnetic structure with the increasing wavelength .f)"‘*’ E v W
taken and the energy spread decreased with the sncrgy -~ E ?’sr
according to the above formula.

It should be noted that introducing a linear energy distii-
bution along a bunch is not inconeistent with the requirement
of high monochromaticity, since by having a uniform distribution
it is possible to obtain the required linear distribution by
shifting the phase of entry inte the cavity.

An analysis was maede of the influence of the imprecision
of lens placement on the excited phase wvolume. With allowance

for adisbatic damping in the structure with increaesing distance

( f""i/é—:’] between lenses, the phase volume is
- 4X
/ﬁ / } LS J’K

where L_r- ig the sccelerator length, &* the initiel distance
between lenses, and }’-—- the relativistic factor. For the para-
meters L = '105 cm, fa = 10 cm, and 3’%’ = 50, to obtain
& phase volume 5 ~ 5 x 10 =3 cmerad the tolerance for lens place-

ment is 4 X~ 1 micron.

Fig.1 The time pattern of the lines of force of the electric
field of a charge traveling past a diaphragm.
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Fig.2 (a) The energy distribution of particles alomg the bunch
and the sinusoid of the accelerating field (the dot
line);

(b) The distribution of the gradient of traneverse force.
The charge distribution along the bunch (the dat-
dash line).

1 = E (MeV/cm)
2 - G (De;’cmz)
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Fig.3 The relative phase volume of a bunch at a 100-GeV
exit from the accelerator section as a function
of the initial energy spread.

(2)-relative change in phase volume
(b) - "head-tail" relative energy apread, %



