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‘s It 18 clear now thet obtaining colliding gte~ beams with
the energytﬁﬁ/z = 100 GeV is only perspective ot linear accele-
rators, Such machines are being designed now in Novesibirsk (VLEPI ,
E = 100+ 300 Ge¥ [1]) and in the USi (5Li¢ Lineer Collider (SIC),
F = 50 GeV [2]). Below we show that it is possible on their
ground to realize colliding XJ' and aVE’ beams with high energy
and luminosgity. -

Fliysical problems which can be studied in J'J and J*e ccllisi-
ons are no less interesting than in a¥e” collisicn; the:,r are ime
portant as an addition to the prableﬁs te be studied in foya) ,EP
and @€~ collisione on accelerators of the next generstion. In
comparison with the two-photon physics in @%@~ collisions the pro=-
posed version is much richer in its poasgibilities,

€s High energy photons can be obtained by Compton scattering
of lager light on an electron beam. This method is well known [3}
end hag been realized at SLAC [4]. However, the conversion coeffi-
cient of electrons to photons k was small ( k-—-— 10~7) and the
number of photons obtained was only sufficient for experiments with
& stationary target,

In this work we found out that at VIEPP and 310 it is possible
to obtain photons with the energ;? Ww~F and in_amuunt close to
a number of elgntrona at sufficiently good light focusing., It ap-
pears possible owing to a number of new properties of these beams:

a) the beams will only be used once and the rate of repetiti-
on will be low (10+200 Hz );

b) very small beam size (length 0.1+ 1 cm, sgquare .of beam's
cross section ~ 10~7 cmz);

c) high energy of electrons (50 4+ 300 Ge?}..
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The suggested scheme is shown in Fig. 1: the light of a power-

ful lager is focused on an electron beam at some distance 5 from
an interaction point 0; the created energetic photons follow aslong

initial electron trajectories of

to the interaction point; electrons are bent by a magnetic field.

3. Below we present a few useful formulae for scattering a
photon with the energy w, ~ f.Er],,"'r by an electron with the energy £~
100 GeV at e collision angle &{ [5,3]. The main fraction pho-

tong fly aloan, <lectron trajectories af small angles 8¢ | . Their

energjf l ; o
_(f_ ) W . WYE W, ws(ale)+mE <
'.H-(/E i = (1)
= (15 +2.5)m,

The energy distribution of ascattered phoions is defined by cross

Ii

gection ( B is a clasgical radius of an elec-trun} (see Fig. 2)

df 2‘5::: [ J F= (2)
The fraction of photons with the energy clase to W, grows with

E  and @, growth, The angular distribution for photons is
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easy to obtain from (1) and (2). The region of 9.5-_'9#,5 ‘fﬂ Hiﬂ(
(fooe W2 Uam/i? ) gives approximately half of the cross section,
If the laser light or the elec-‘:mn.beam are polarized, scatter-
ed photons have significant (0,14 1) polarization as well.
4, Let the electron fly the way f in the region with the
dengity of laser photons # y ther the conversion coefficient

via laser power

and & radius of laser beam _.f"a, one findg k::f’zfp/m'w.c)- {fi/-':;;)

To obtain the maximum K. the laser light has to be focused in
the conversion region A (Fig, 1). Taking as f the dist nce
where the crogs seciion of the laser beam ﬁcws by 2 one cbtains
for a G&uﬂﬁi&féﬂh&p& ©of the beam f/ .2 /A (6] Then

P m'f.r
Pg |2 : P S .
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At £ = 150 GeV and Ldp'—"- 197 ei/ pne hag § = 2.5 ° 'IO"EEC:mE and
-Pl? - 6'1011’ W -

Apparently, in tho conversion peoint f;

.

iz no smeller

thrn an electron radius r; (E,]' y le€e

s nfl), rreys @ e BN o
To provide for each electron the conversion length no smaller
than f the collinion angle teiween laser and electron beam
mist be £ 26 [P . At last, the duration of a laser
flash T has to exceed the time necessary for the beam of the

length !‘; to croa:r the conversion region of the length 2!1

le+4l - {48

=
¢

5. For egtimation we use the parameters of VLEPP: ﬁe=2_,#'"r :
le=fecm , g=tem  ,£=150 6el ana w =117l ()= Lospm-
necdium glass laser),

After the conversion high energy pnotons move along electron
trajectories and are focused in the collision point 0. An additi-
onal broadening mrises due to the angular snread of photons at the
ievel < gﬂ «» The conversion place has to be chosen far enough .
from the intermction point to bend electrons by a magnetic field
B , on the other hand, the additional spread of the photon be-
am in the interaction point Mis;, has to be smaller than e for
keeping luminosity. At ;= 40¢m both requirements are easily sa-

tisfied (for B ~ 20kG). Then, According to (4),r,(f) = 20m.

*) Radius of focal spot f} ig defined by the distraction con-

dition r~F.AfD , where F  is a focal distance of the lens,

D i r e o1 diameter ir the lena.

-
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Taking = r@{é’) , we get /=ﬂ.25cm » ieea Ta710 5 (see
(5)). This defined the energy of a laser flash which is necessary

for K=1:
A= P Ty = 40 1, (6)

This value can be decreased by varying parameters 5 ,ﬂ and 1',_

Note that there exist much more powerful lasers [?], but theix
repetition rate is small as compared to the necessary one = 10 Hz
[1] or 180 Hz [2] The further progress in this direction is pos-
sible due to works on laser thermonuclear fussion where the same
rates are needed,

Let .u.s note that one needs such a value of energy 4 (6) to
provide the whole conversion of electrons into photons ( k:‘:f )
If one uses the lagers with energy /i of order of magnitude lower
than in (£), the conversion coefficient is of 0.1 order. Even
undexr such conditions the appearing possibilities to investigate
the physaics of f”f - and J’E‘ -collisions are very rich. In the
firet line, it is connected with the fact that the yy-—= hadrons
cross section (~ 0(2/’"; ) is larger by a factor 10 %~ 5"05 than
the ete  — hadrons cross section (-~ szffz )}, to study which
the accelerators with colliding € €~ -beams are being built.

6. At g‘: ae/*s'ﬂ the luminosities of ye and )y collisions

are L kLee » L“ ~ R%AEE (Z’EE is the luminosity

e~
of ete~ -ccrlliaiana}.( In principle, /_’:“, can be larger than
Lee aince there are no problems with the coll.. ion effectsl In
y@ collision the luminosity distribution in 'SJ"E: YwE coin-
cides with dﬁ"/a'u: (see Fig. 2). For Yy  collision the lumi-
nosity distribution in WEY=UQ'MJIHJE is ghown by the solid line

in Fig- Je
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The notable monochromatization can be cbtained by increasing the
d! stance 3’ (at the expense of luminosity decrease). In the te
esase only photens with scattering angles 0 < aéﬁ{ take part in
tae collision with electrons, i.e. with an energy spread ﬂtﬂ/u?ﬂ*
~ ({Ig/é’ag)i . The luminesity distribution over an for
y colligion in the case (3503231‘ ﬂ': is shown in Fig, 3 (the

dashed line)

Ts In the puggested scheme of J§ collision the main back-

ground process {Jﬂ-E+E"E+E’ is not tze dangerous unlike e*e™

T

colligions where there are many bae'kgrauna problens,

A more detailed consideration of the discussed problems, in-

clusing calibration and energy measurements, ecan he found else- Y

where [ 8],

We are very much grateful to V.E.,Balakin, T.A.Vsevolozhskaye,
1. 8. Zolotorev, A.M.Rubenchik, A.N.Skrinsky, V.D.Ugozhaev and E.G.

Folin for useful discussions.
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