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Summary

A thorough study of the Y angd T mesons,
which manifest themselves in the e e =~ anni-
hilation of colliding beams in the form of
narrow regonance peaks, ls the urgent problem
in elementary particle physics., The rate of
generation of these mesons 1g dependent on
two parameters: the luminosity and the energy
interval within which the total engrgies of a
particle interaction lie. If the e e colli-
siong are arranged in a standsrd way, the
magnitude of this interval is determined by
the energy spread of particles ingide the
beam and isg tensg, hundreds times larger com-
pared with the energy widths of the regonan-
ces. Ap a result, oglx a very small part of
the events of the e¢"e interaction is accom-
panied by the resonance production of mesons,
and the remaining events give the nonresonan-
ce background. Monochromatization of the to-
tal energy of the particle interaction in a
storage ring, suggested at the Novosibirsk
Institute of Nuclear Physics, permits one to
increase, to @ considerable extent, the meson
yield and to simultaneously increase the ra-
tio of the resonance effect to the nonreso-
nance background.

Monochromatization Method

In order to carry out the monochromati-
zation of the total energy of the particle
interaction in a storage ring, it is necegsa-
ry to make a large gpatiasl energy expansion
of the beams at the colligion point, as this
ig schematically shown in Fig. 1, and to ar=-
range the beam collisions in such & way so as
the elecirons with an energy higher that the
equilibrium one interasct with the positrons
with an engrgy lower than the equilibrium and
vice versa *“. It is essential that the loce-
tion of the instantaneous orbits of the par-
ticles at the collision point is strongly
connected with their energy and, hence, the
total energy of en interaction of each pair
of particles E¢da equal t062-EO with an ac-
curacy up to (6-€.)°/€,~107°Eg "(E and Ey
are the current &hd eduilibrium energy, Tes-—
pectively). Such an arrangement of an elect-
ron=-pogitron interaction is referred to as
the monochromatization, and the experiments
with use of 1ts properties are referred to as
the monochromatic experimentsg,

Let us describe the monochromatization
principle indicated above from a quantitative
point of view. To do th%s, et us find the
differential luminosity ‘ H

€

fé‘:.? ﬁm Pt 28660 P.CX 2,8)dxdzde €D

-186-

+ -

Lot e & E,-a £
£o £,
£o-s £ Eoral

L
s
Fige 1.

where fo is the revolution frequency,
é¢=Ee-2F0, 8= E-Eo |, Ps isg the distridbuti-

on functlons 2 ,
) @b g2

- N2 083 5262 .0 262
fi (27!)56,:556'2;55_ e § e Gz? e

Here the signs (+) and the (=) are referred
to the positron and electron beamg, respecti-
vely; N stands for the number of particles,
&g ig the rme energy spread, Sre(Cee) is
the » m & horizontal (vertical) betatron si-
ze at the colligion point, ‘¥« (:) denotes

the horizontal (vertical) dispersion functi-
on at the colligion point. In the expression
for © , the fact is tskem into account that
the energy expasnsion of the electron and po-
slitron beams ig made in the verticsl directi-~
on and in the opposite sides. Ag 8 result of
the integration of (1), we obtain
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and §; is the rme spread of the total inter-
action energy during monochromatization:

“{?65 e (2)
(L4 & /633 )"

Thug, in monochromatic experiments the ener-
gy resolution is improved by a factor of
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compared with the conventionel technique of
electron-pogitron collisgions. There is no
difficulty in showing that for very narrow
regonanceg the rate of their generation inc~
reagesg by the seme number of times. The pe-
rameter will be referred to as the gain
in energy resolution.

With A»>4 , the expression (2) can be
reduced to the form

G, = {f%ﬁ% E. (3)

It is clear from the above expression that
the monochromaticity 1s obitalned the better
the higher the energy dispersion, compared
with the betatron size, at the colligion po~
int. This ls connected with the fact that
the betatron oscillations of particles mix
the different energies inside the beam, the-
reby worthening the monochromaticity. Hence,
to schieve a good monochromaticity, & large
Y¥; needs to be created at the collision po-
int, not increasing substantially 63 . In
view of this, the special iqsertion chema-
tically depicted in Pig. 2.' This optical
ascheme will now be referred to as the'mono-
chromatization scheme! The figure presents
only the elements of the scheme, which are
of importance for understanding of its ope-
ration: electrostatic skew-~quadrupole lenses
and magnets. The lenses which carry out the
uniform vertical and horizonital focusging are
not ghowne

Fig. 2. Monochromatization scheme.

The operational principle of the mono-
chromatization scheme is the following. Len-
gses §; and S4 are located in an integer num-
ber of the half-waves of the vertical beta-
tron oscillations and induce a local excita-
tion of Y2 . The arising of Yz on the secti-
on between S, and S, is, indeed, equivalent
to the rotation of the plane of radially-
-phage oscillations from X - to # - direc-
tion. The angle of rotation grows with inc-
reasing Y, and decreasing 1; « Together
with the phase oscillations, the betatron og-
cillations also change their directions in
such a way that the betatron gize is the
largest at the maximum of Y over the verti-
cal direction. To eliminate thisg, the lenses
S, end S3 are included in the scheme, which
are placed exactly in one half-wave of the
vertical and horizontal betatron oscillati-
ong with respect to the lenseg §, and Sy and
compensate for their influence on the betat-
ron motion. For this reason, the betatron
motion remains non-perturbed throughout ex-
cept the sections between the lenses 3, , S,
and‘ss,sq . Lenges §, and S, have the swit-

ching on polarities opposite to those of
lensgses S, and Sy. In order thaet they have no
influence on ¥, , the ¥ is made equal zero
before the lenmes $,and S, - Due to the in-
gsertion of additional lenses and magnets in
the scheme, the appearance of a large Yz at
the colligion point when keeping a small ver-
tical betatron size becomes posggible as g re-
gult. It is worth noting that it ig the mag-
netic field that carries out the required
energy expansion of the ete” beams at the
collision pointe.

Limiting Energy Regolution

In the monochromatization scheme the
value of ¥. at the colligion point is cont-
rolled by means of skew-guadrupole lenses.
The Y2 increases ag the focal distance F of
the lenses decreases. However, the vertical
betatron size @z¢ increases, al the collisi-
on point, with a simultaneous increase of an
This occurs becauge of the fact that on the
gsections with megnets M, and M, there are the
Y2 ~function and its derivative ¥ , which
are different from zero and the normal beta-
tron-oscillation modes rotated with respect
to the axes &, and €, » Therefore, the quan-
tum fluctuations of the radiation lead here
to an additional excitation of the vertical
emittance afy . If, for example, there would
not be the initial vertical emittance &zo
then the 63 and ¥ would grow, at the colli-
sion point, in an equal extent and the value
of 6, , according to eguation (3), would not
change with decreasing F ., Under real condi-
tiong with the availability of £zo, the
growth of ©Oag occurs, at the beginning, mo-
re slowly than te and, hence, the Sp de-
creases. This continues until the contributi-
on from the magnets M; and My to the vertical
emittence becomes dominant.

After that, the Gp
becomes independent of the force of the lenw
ses and achieves the game limiting value as
in the case without €20 . This limiting v%lue
can be estimated according to the formula's
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where A, me?  ig the Compton wavelength and
rest energy of sn electron, R is the mean
radius of curvature, Ljz 1s the distances
between the lenses S, and S, , and Yxo 18
the value of ¥ 8t the entrance of the mono-
chromatization scheme. The limiting value of
©; 1is attained at & small focal distance

of gkew-quadrupole lenses, which satisfles
the condition

F<02f
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where $z and are the average values of
the beta- and - functions, respectively,
in the standart cell; and E£xo is the hori-
zontal emittance. The condition (5) is the
gimpler the less the initial vertical emit-
tance &, In order that this emittance be
small, it is necessary to eliminate the Yz -
-function and the coupling of betatron os-
¢illations in the main ring.
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In principle, there is the posgsibility
of further decreasing 63 compared with (4).
In an analysis of the expression (3) it is
eagy to note that en additional Improvement
1s possible to achieve, by increasing the
decrement of the verticsl betatron oscilla-

tiongls3:
d
&= {EJ%M—-—-T—E E. (6)
z

wherecﬂz- is the new, and Jgathe'old*decre—
ment of the vertical betatron oscillations.
If one uses the wiggler with an alternating
magnetic field By, it is possible to have

0y Y1
P = (4 G5

Here Pw is the wiggler length, {BFY is
the mean square of the field in the storage
ring, and 11 ig the perimeter.

It is very essentisl that the quantum
fluctuations of the radiation in the wig-
gler would not lead to a direct increasp of

£2o » For this purpose, the WYz and
functions have to be made exactly equal to
zero in the wiggler. With equation (6) ta-
ken into account, the limiting energy reso-
lution (4) can be rewritten as follows:

Y5 R b g&
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Por the VEPP-4 the estimates show that the
wigglers will help to obtain G, less than
the widths of these resonances in the ener-~
gy range of the ¥ and ¥.! mesons. It ism
probable that this will ensable theilir inter-
nal structure to be resolved,

Beam~-beam effects

The influence of the beam~beam effects
on ﬂonochromatization ig analysed in detail
in *, As pointed out in this paper, a large
vertical expension of the beamg over energy,
corregponding to the arranged monochromati-
zation, makes for & certain weakening of
the nonlinear resonances occuring upon pe-
riodical motion of the particles of one
beam through the nonlinear fields of the
gpace charge of the particles of the other
beams,

This is due to the fact that upon monochro-
matization the betatron size Gig of the

beam congtitutes only a small fraction of
the total size Gz . As a result, the nonli-
nearity of the interaction 'force'! on the
gize of the betatron oscillations of parti-
cleas is much lesg than in the usual case
when G3a~+0% . At the same time, for a good
monochromatization to be kept, the pertur-
bations caused even by the linear component
of the field of the beam's space charge turn
out to be dengerous. Indeed, upon acting the
beam-beam effects, it is necesgary that the
perturbations of the electron Y- and posit-
ron %+ dispersion functions, which are ini-
tiated by a field of the colliding beam, be
small. This is of importance both for the
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satisfaction of the bagic condition Yt =~ ¥z~
gt the collision point and for the smallness
of ¥3 in the main ring. If Ye+# ¥z~ , then
the ingtantaneous orbits of the particles
with equal, in magnitude, and slign-opposite,
deviation of the energy from the equilibrium,
ceagse to coincide, and the vertical emittance
of the beam raises when appearing Ye in the
main ring. Both these factors make the ener-
gy resolution to degrade. In the linear ap-
proximation of the colliding beam field, the
logs in energy resolutiﬁn can be egtimated
by means of the formula

M5 3)=MA 28 (53 )miy 30k, ] o)

where Ao is the gain in the absence of the
beam-beam effects, $uiais the parameter of
the space charge of the positron (electron)
beam, and V@ is the vertical betatron tune.
The p dependence of the % , calculated ac~
cording to formula (8) at Ao = 11.5,3+% 5~ ,
and : = 0.6, ig demonstrated by graphlin
Fige 3. Graph 2 on this figure shows the de-
pendence found numerically with allowance
for the nonlinear nature of the force of the
colliding beam. Ag it is clear from the figu-
re, the linear approximation describes the
realigtic situation in a proper manner. On
the other hand, thisg means that, heving com-
pensated only the linear component of the
'forcet! of the colliding beam, we can subg-
stantially weaken the influence of the beam-
~beam effects on monochromatization.
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Such a compensation is possible to make with
the help of a quadrupole lens with the focal
distance f=-$:/483 ( Sz is the beta-functi-
on at the location of the lens), which 1s
placed exactly in one half-wave of the verti-
cal bgtatron oscillations from the collision
point”, The optimal compensation 1s achieved
when the 'force? of the lens constitutes 95%
of the 'force' of the colllding beam. This
case is demongtrated by graph 3.
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periments covers a few major aspects. Let us

indicate some of them:

a) Complete reconstruction of the experi-
mental straight section of the storage ring
with the change of its geometry and the ins-
tallation of new elements of the magnetic
gtructure, including the optics of the mono-
chromatization scheme.

b) Replacement of the MD-1 detector with a
vertical magnetic field by a detector with a
longitudinal field., This 1s connected with
that the quantum fluctuations of the radia-
tion in the MD-1 magnetic field will result,
during monochromatization, in raising the
vertical emittance of the beam and, hence,
in worthening the monochromaticity.

¢) Remounting of the cells in the main
ring, in order to obtain the small vertical
beam slze. In the course of monochromatiza-
tion, the correction gystem, based on the
skew-quadrupole lenses, which are placed in
the standard cells, is planned to be used.
To this end, the magnetic blocks of the cells
are assumed to be moved apart, by removing
some cells and placing the correction lenses
on the sites available., The new sextupole
lenges can be installed here, as well,

The design parameters of the 'monochro-
matict! VEPP-4 are listed in Table 1. The tab-
le presents the approximate experimental
energy £, , the gain A with the beam-beam
effects and the possibility of thelr partial
compengation, the r m 8 spread of the total
interaction energy Sy 9 the vertical beta-
-function Pg at the collision point, the lu-
minogity L., the beam currents I required
for this luminosity, and the linear tune
shift % at these currents.

Table 1.
Eo Gain G B= % T L
Lo 9
GeV keV cm (mA) cm™%,s8
145 10 45 7  0.01 0.5 1028
1.5%) 23 20 T 0,01 1.5 541028
5 10 500 7 003 20 1021

*) with wigglers
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