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Abstract

We discuss in detall our proposed [1,2] method of obtai-
ning colliding J'e - ana &§¢ - beams with high energies amd
luminosities using the designed linear accelerators VLEPP and
SLC with colliding e*e” - besms at the energies 2E = 100 GeVe.
The intenge & - beams are obtained by 'backward Compton scat-
tering of laser light which is focused on the electron beams
of these accelerators. This paper contsine the scheme for
conversion of en electron beam into a § = beam, the calcula-
tion of the conversion coefficient and of the total and spect-
rel J@ - ena ¥¥ - luminosities. To get the luminosity £ ,,,
L”.- " ﬂee y one needs a laser flagh with energy —~15 J,Jﬁld
a pulse duration ~30 ps at a repetition rate of 10 or 180 Hz.

Such parameters seem to be achievable on the basis of the cur-
rent technology:

The luminosity distribution over the de - or &4 - inva~
riant mass is broad. Offered is the method of monochromatizati-
on. It demands an increase of the laser flash energy (with a

possible increase of pulse duration) and leads to a decrease
of luminogity-

We also describe a method for calibrating the total and
gspectral luminosities.

The background problems are shown to be easier than in
e"e” = collisions. Some examples of interesting physical pro.
blems for d’e - and 08 - collisions are enumerated.

I. INTRODUCTION

1. In the brief communications [1,2] we show that,
uging the designed linear e+p' - ¢colliders VLEPP [4] and
s L c[5], one cen obtain colliding de - and 44 - beams with
approximately the seme energies (2100 GeV) and luminosities
(~103° 4 1032 om %~ ") as ete” =collisions.

This paper contains a detailed deseription of the conver-
gion of an electron beam into a § -beam, the calculation of
the conversion coefficient, the main characteristice of the
Je - ana 800 - collisions and the problems of background and
luminosity calibration. :

o, The §¥- ana de - collisions are presently studied

on the ete™ - accelerators in the reactions ete™ > efe” ¥yt
ete” X s where the ¢* 1s virtual photon (see, e.g. [6/)+ The
continuation of such experiments is plamned for the accelera-
tors of the next generation [T.Bj. However, the effective lumi-
nogities of those J ) - and &8%e - collisions is considerably
lower than the luminosity of the e'e - collisions. The propo-
ged direct ¢4 - and 4@ - collisions will allow one to conti-
nue the investigation of the same problems as in virtual pho-
ton collision and at the same time, will permit new studies*gf
objecte which are practically inaccessible by other methods .
One may meke, for example, a detalled investigation of W:E-

- bogons and their gauge vertices in the reactions Je-Wy ,
->W'W’ fe>WR2V of perturbative pomeron structure in
QCD, of gluon jets ( n"*ggj, of photon structure functions
in the nontrivial parameter range, of the nature of the total
cross section growth at high energy, and of possible new par-
ticles, etc.

* The main results of these papers are contained in report [3}.

it Thig is due to the large luminosiiy as well as
to a better background conditions with the proposed scheme.
The comparison of this scheme with the equivalent photon sche-
me is given in Appendix A. :



Therefore, the physical problems which can be investiga-
ted with these devices are no less interesting than those in
the ete” - collisione. They, in fact, represent an important
addition to the problems which are studied in pp, pp, ep and

ete”™ - collisions.

3. The paper is organized as follows. In sect. 2 the sche-
me for obtaining the g - beams 18 described and an estimation
cf the convergion coefficient of electrons into photons is
given. In sect. 3 the energy and angular distribution of the
high-energy photons are described and the possibility of their
polarization is discussed. The converaion coefficient for dif-
ferent bunch parameters is calculated in sect. 5. In sect 6
the total luminosities Ly, {yy and the luminosity distribu-
tion over the total c.m.s. energy of colliding particles
is eslculated. Since the W -distribution is quite broad, a
monochromatization of these colligiona is useful for the de-
tailed investigation of the W - dependence. Such & possibili-
ty ie discussed in sect. 7. When the laser flash energy is lar-
ge, some other processes in the conversion region become im=-
portent (besides the basic Compton effect)s Their role is disg-
cussed in sect 8. The results obtained are illustrated by a
number of examples for SIC and VLEPP in sect. 9. In gect. 10
the possibilities of using this scheme with the different type
of the lagers is discussed as well as the possibilities con-
nected with a change of the electron bunch parameters.

It is known that background conditions for experiments
with the colliding e'¢” - beams of VL EPP and SLC are
rather difficult [4,5,8]. Por the proposed §€ - and Jf -

- colligions this problem is easier. In Appendix B the main
background processes zre discussed and it is shown that they
are not dangerous.

The proposed scheme demands the calibration of the total
as well as spectral luminosity. A method for such a celibrati-
on is suggested in Appendix C.

Having completed the present paper we received the pre-
print by C.Akerlof "Uging the S L C as a photon accelerator"
(University of Michigen, UM HE 81-59) which appeared after our
paper f11 and report f3] « He has proposed the scheme which is

gimilar to ours. However, his estimations of the laser energy
are too optimistic (his values of the laser flagh energy are
10-100 times lower than the correct ones).

2« THE PROPOSED SCHEME. PRELIMINARY ESTIMATIONS

1« It i8 clear now that obtaining of colliding ol
-~ beams with the energy E > 100 GeV is most perspective at
linear accelerators [9]. Such machines are being designed now
in Novosibirsk (VLEPP, E = 100 4 300 GeV [4]) and in Stanford
(SLAC Linear Collider or SL C, E = 50 + 70 GeV [5]). To ob-
tain the de - emd ¢ - beama, the next features of these de-

vices are important:

&
a) the bunches will only be used once ;

b) the repetition rate of the accelerator cycles is not
too large (V = 10 Hz [4] or 180 Hz [5]},

c) the hig:h luminosity of these devices Leew‘J}V-HV /ﬁfy
~10°2cn 2 o~ wi1l Dbe provided by means of the very small
bunch gize (the effective beam cross section at the interacti-
on point 5}ff = (1 ¢ 21-10‘7 cma, the bunch length f; =
= 2 # 3.6 mm) end the large number of particles Ngz in bun-
ches.

2« On the VLEPP and SIC the electron bunches are prepared
for every colligion anew. Hence, if one succeeds to convert
all electrons into photons and one congerves the beam size,
then the luminosity of the dJ@ - and ¢¢ - collisions will
be the same as for e'e - collisions (moreover, this luminosi-
ty can even be larger, in principle, than in the ete” - colli-
sions, because the e'e” - luminosity is restricted by the ef-
fects of besm-beam interaction which are absent in the 4@ - or
§Y - colligions).

It is the main feaﬁure which distingulishes these accelera-
tore from the usual e’ @ -~ gtorage rings. In the latter high
luminosi}y is provided by a number of collisions (~ 10%¢1011)
of the e and e = bunchesg. If one converts the electron bunch
into the & =bunch on such accelerators, we will have one col-
ligion of the §€ - or && =bunches only. As a result, the
luminogity of the_de 5 °F ¥¥ - colligions will become less
by a factor 10821010, which is a ratio of a storage time to
a revolution time.



The photones of high energy & ~ E are suggested to be ob-
tained by backward Compton scattering of laser light which is
focused on an electron beam. Such a method 1s well lmown DD}
and has been realized, e.Z«, in refs. E11,12L However, the cone-
version coefficient of electrons to photons k was very emall
in all these experiments. For example, in ref. [121 k-m""'@

In our papers [1,2] it was found out that a small size of elec-
tron bunchee of the VLEPP and SIC will allow one to get high
enough photon density (%o provide Kk~ 1) at a moderate laser
flash energy A ~15 J.

3. The proposed scheme is shown in fig. 1: the laser light
ig focused on an electron beam in the conversion region £ at

some distance 8 ~ 10 cm from the interaction point 0; after
scattering on the electrons the high-energy photons follow
along initial electron trajectories, i.e. they are focused in
the interaction point 0. Electrons are bent by a magnetic field
B~1T. The obtained ¥ -beam is collided downstream with the
oppositely directed electron or the eimilar § -beam.

Let us now estimate the conversion coefficient k. If a la-
ser bunch is focused in such a way that the area of a focal
spot ,S‘ coincides with the area of electron bunch cross section
in the conversion region, then it is sufficient to have S/G
photons to overlap this area and to provide k~1 (& is the
Compton total cross section). The laser pulse energy needed for
this aim ie

A 2o Tl ("
where &), is the energy of the laser photon (it is assumed that
the electron and ¢ -beame are short enough. If the laser pul-
se energy A is congiderably less then f}ﬁ s the conversion co-
efficient

ke = .ﬂ., , ) (2)

For estimations we use below
Wp= 1417 eV ( A = 1.06pdm, neodymium glass laser). (3)
At E = 50 ¢ 300 GeV the Compton cross section is

¢ = (2 +4) 10725 %

J

Bige1. Scheme of obtaining of the eolliding Y@ - amd ¥Y -
Deams .

w

Fig,2. Kimematios of the Compton scattering.



At & = 10 em the electron bunch area .S , transverse to the

colligion exis, i6 approximately 100 times larger than the ef-
fective area in conversion region 8, ppy iee. S~ 102 cm both.
for the VLEPP and SIC. From here one obtains, sccording to (1),

A, ~ 10 J
{therefore, the laser flash aantaina ~ 10 photons). The cal-

culation (sect. 5) confirms this estimation of A, at pulse
duration T £ 30 ps.

4+ The photon energy sbeo_trum is broad enough in the pro-
posed scheme. One can achieve the not-able monochromatization

of the §& - ena &¢ =collisglons using the kinematic peculia-~

rity of the Compton scattering - the lower photon energy the
larger ite emission angle. Therefore, if the distance b 1s
large enough, then in the. interaction region the hard photona
have soaller tmmraal glze then softer ones, and the relati-
ve cuntribntim af ha:rd photone into luminosity increases.

3 m&z AND ANGULAR DISTRIBUTION AND
~ POLARTBATION OF mrmm: PHOTONS

In this section we present some useful formulae for the
Compton effect (esee, e.ge, refa. [13 10]} in the kinematical
region under conglderation.

1« In the conversion ragiun & phnﬁnn w.l.th the energy
@, ~ 1 eV is scattered on an electron with the emsrgy
E ~ 100 GeV at a emall collision angle o (see ﬁg. 2}, In-
gtead of £ , w, and the energy of a matturad phﬂ'tm 8.1t
ie annvanj.ant to use the dimensionless quantities

§Ee, & of X r-u A
’c*m"fa Sn-éﬂéy"’": EM=?+-¢a {_4}

X =

where h" is the mazximum energy of the scattered phatnn .
The total Compton oross section is

The quantity o7g ¢t JX~7  ip the total c.m.ss emergy of &
laser photon + b incident eleciron system. In the e under
conglderation this energy is nof lerge, ~ (1.3¢3)MC°.

T e

8
o [t L- Bl e g o 2ol
¢, = o (€%/mg r")ﬂ =2.5-10"2 ¢m®
For X > 2 it is described by a simple formula (with the accu=-
racy exceeding 13%)

- Eﬁ'{ﬁ,,x_,,a) (5b)

Tha energy spectrum of scatiered photons is defined by
the eross pection (see fig. 3)

; 2
1 dG . _ 2% [ e My by
Gy = 3= 5 E”*-e-ﬂ Y9 @ | (6a)
For X 5 1 and W>&u/2 we have
2 d
de, = 5 55 (6

Tt ig geen that the energy distributlion of Ecat:hereﬂ phutnns is
rather broad with the maximum close to @, o The fraction of
photons with the emergies w ~ (U, grows with £' emd W,
growihe.

The energy of a scattered photon depends an.ita emission
gnzle O relative te the motion of en incident slectrom (mes

fig. 2} as follows

. Z
el m, €

o e T . .. (73
W= .= vx+1 .
A+ (676 } 3 5 £ ;

Photona which move &b tha anglaa g < 9@ heve 'liha mer.gian
W Wy f& s .
The angular di:trihutiun of acatteraé. p]wton: .‘m d.sfinan

by the cross section: -
e o Ses Yy 4 G2,9180) S

i 2 &
df, - w6 Civ(6/6,0% ] ° + (978}
It han e very sherp peak.in the dirautim of the imeidemt slec-

| H(GJ = (8)

' %ren moment fums In the vimnx ot O=0

2

du . (8]~ 46 (7. o 3 _EBH"\‘ R g
42y 'd.ELau (4! ﬁﬁk}, "'D'_-H (xei)oed ™ e (8a)
Hence, the angaﬁ.ar size of 1_1@' ra_gimx of high yhatun, dengity 1o

- 94./7- 311&:-

. The abeve- rmmnlﬂ are. illu.atratnd in tahlt 1¢ Por the

_' aaseﬁ under congideration helf or more of scattered photons




Table 1
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Y= WIE

# .
E i
: laser Y= _QE”.; %; ¥ = ﬁ E _95'! 3
GeV m3 e GeV | ™ FE &, 1077 rad
al ol ) 0,896 24 0,47 1,56 1,4
P I Ivab| .69 % 0,73 .07 2.0
o0 | W 1479 64 0,64 1,20 0,85
el 2,69 | 109 0,73 1,01 | 0,65
0. | 2 8,06 134 0,89 0,577 | 1.0
}DO NJ 5.3? 253 'D.B‘I- O, ?2'1 014’5

%) Nd - neodymium glass laser, wl, = 1.17 eV
b) 3 Nd - neodymium glass laser with frequenecy tripling,
mﬂ= 3.5 aV.

-5
fly into angular range 9‘-9,.‘-“5-. 10 rnd and their energies
are W>w,, /2 = [024—=045)E .

?« Polarization of scattered photon.

If lasger light or

an electron beam are polarized, then the scattered photons
have considerable polarization degree £’ as well. Table 2

Table 2

What is polarized and

Polarization of the scattered

how photons
linear
2 X
y ——
linear = ,>x+2 >
£ £ =t i I 2
< -y)2Lex,y) \p, Y -
laser 3 3 3G X (1-¥) (% (4 _ymj » Hxez
light circular elrcular
£ =4 2, (x-t-?.JE-f-l-r-l-HJ“](r _,}9
éz 2 2 g x?(4-9024F(x,0 et
transverse no
longitudinal circular
electrons (:, E"—a; 25;,{4_9*, [4_&,(“2]_”]2}
X b o x (4-9)* £(x,9) |

11



presents the f’ values obtained after szimuthal averaging.

If the laser has the linear pnlarization é‘ y the scat-
tered photons have the linear polarization £ which has the
minimum at ¥= l‘ff!"-lj £, decreases with Jt’ growth.

Tf the laser light has the circular polarization &,
the scattered photons have the circular polarization é-! which
changes very gquickly in a small ¥ range:
E,=-& ot y=03,= X(x+4),&]=0at Y= xf(x+2),
tﬂ* é at Y20 ®

If the electron has the longitudinal polarization &
f
the scattered photone have the high circular polarization &,

st all values of X under consideration; at Wp> &), /2 we
have 0.4 %5 < & < & (atx» 2).

4. BEANM CHARACTERISTICS

4e1s  Electron beam

In the converzion scheme congidered it is preferable to
have electron beams with a round cross section. A density of
en electron bunch Mg usually has the Gaussian character, i.e.
it depends on the distance ¥ from the axie 2 as
exp C-I"/Té) - The r.m.s. radius tz of the electron beam at
the distance from the collision point is

' | a
T = & Jq.,. gi/ﬁe (9
Here d_is the r.m.s. radius at the interaction point 0, ﬂe
(beta function at the interaction point) is defined by the

accelerator focusing system.

In all the cases considered below lengths of an electron
and laser photeon bunches f and Er"c"r: are small in compari-
son with the distance © , so that Yo = const in the con-
version region. Therefore,

Ne _-r¥re g
HE-—: 1_1‘-;‘;3 FE (? ._C—U " (10)

. #*
where NE ig & number of electrons in a bunch. Linear density

¥ In the VLEPP project (4] F!' (f}=-f{mif—£? at fa,f-s’f-f 0.5 em |

4

12

FE('-?-LJ is normalized by the condition
_IFeit)_dE ;-
It is geen from here that

[:e(ﬂj o 'f/fg-

(11)

(11a)

We will orient ourselves to (close to each other) parame-
ters of et beams which are given in the VLEPP [4] and SLC

[5] projects, see table 3.

Table 3
VLEPP [4] s1C [5]
Total snergy 2E, GeV 200+ 600 100 + 140
| ES -2 -1 2 cap 0 =)
Luﬂ.nuitr[,gg-‘ﬂﬂe«ﬂe- /seﬁ‘: em 8 10° 210
Repetition rate V , Hz 10 180
[Wumber of particles / Bunnh, 1912 5-1010
iPransverse size seﬁ_ . 10~ 7cm? 1 5
in the collision
region dp=V26,=20; , um 1,25 Te8
Bunch 1mth,£e = 2 Gi s CH 0'}6 0‘2
Beta function in the collision
rﬂSj.'un ﬁe. ¥ cm 1 015

%) yithout collision effects which, ace-nrding to ref. [ 5]
- luminosity.

lead to threefold incresse of the e'e”

402, Laser beam

To provide good focuging the Gaussian light besms are usu-
elly used in powerful lssers for which ( of.(10),(11))

A ~ri/r2 :
AL ¥ 2+ct)
Ny =rrtw, © F(

(12)

(here the number of photons Afw, is exprausad vie the laser

flesh energy A).




The r.m.s. radius f; depends on the distance 2 %o focus
and the focal gpot radius r:t‘r in the following way (see, e.g.

[
. —27A%

The quantity QEI/P!’ is an angular divergency of the la-
ser beam, it is close to a relative aperiure of the lense used
for focusing. The laser beam cross section ares st 2= % Fg
is twice as large relative to that in the focal plane (a3

Z = 0)s In other words, Eﬁr is the length of the region whe-
Té conversion can effectively occur. For a Gaussian shape of

the beam one can realize a diffraction limit of & focusing at

which [14] o0 &

2
= -—-—-—-E L]
,/; 1 ;Y (14)
Parameters of gome sontemporary lasers are presented in tables
4,6,9. Point out, for example, that at Q@ = Eﬂjtm the length
Eﬁl = 0.5 cme. At & laser flash duretion X’E‘ = 10 ps the length

of a laser bunch fx": CT=0.3 ¢m is comparable to that of the
electron bunch.

5« CONVERSION COEFFICIENT OF ELECTRONS TO
HIGH~ENERGY PHOTONS

5s1s General formulae

In this section we calculate the conversion coefficient
k (i.e. the average number of high-energy photo1s per one
electron) for the case when the energy of laser 1lash is not
too large (k<< 1). In this case a total number of electron
collisions with laser photons Mt is defined by the well-
~known formulae, and

ke Soat_ 205 fnen, dvdt (15)
e e

R
Here 2‘-'*’1{._'- U}] is the velocity at which electrons and pho-

tons approach each other and 6‘;_ is the total Compton eross
section (5).

Since the density of laser photons na,. is proportional to
the laser flash energy A, expression (15) can be written in the

14

form (2) k= A /A, . Therefore, the problem of k ocalculati-
on is reduced to the problem of A_ calculation.

Eq. (15) gives good approximation at A< Aa/f + At Ai Aa
the repeated collisions and other processes in the conversion
region become important - gee gect. 8.

Let us substitute expressions (10),(12) into eqs (15)
agsuming (for the simplicity) the head-on collision {-‘x,“ 0)
end assuming that the centers of both beams pass the focus C
simultaneously (at ¥ = 0). After integration over radius one

2 2
gets k—'ﬁ— , ﬁa=‘gr_._&;axwg’
@ <
9=2 f Fe{2-ct)Fy(2+ct)dz c dt (16)
1+ 22/ 2 (1+ F2/ak)
Scales of FE(%} and F;fi) eltering are i and {: s therefo-
re, J - value strongly depends on the relationsghip between

Ee ) {3 mdﬁﬂ,,/d+rg'fﬂ;'

5s:2. Short bunches

P £ 2

1 -+
2{5‘5 \/ﬂ- Fe/Qy - te™% (17a)
lasger bunch sizes do not vary during the converaion ‘I_:ime, i.e.

we have a collision of two cylindricsl beams. The result does
o
not depend on Ffunctions! Fe or F shapes 3

A # ﬂ'(ré-ﬁ-ﬂijwn‘ _E (17b)
2
One can see that?:-tn decrease An it is useful to decrease ¢ -
However, one should keep valid condition (17a). Besides,
eqe (17b) is only valid for k:(d: /I"EL (at a,< e ) since only
electrons travelling st the dlistance less than qa, from the
beam axis effectively take part in the converuiun.f -

* = : ey
In other words, under condition (17a) one can negleet the _
tezﬂ?z-i’ifﬁ ({+rf/az ) in the demominator of the 1!:.‘163:‘?!11%15)_#
after that infegration over #-ct sndp+ct with thomﬁmi of
(11) gives J = 1.

15
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53« Long electron bunch

In this case {4 ;

> [y, 2P i+ r2/a} (182}
and conversion occurs on the length ~ 2f3 in the vicinlity of
the focus during the time ~ {?ﬁ;"‘”ﬁéjfi necessary for the laser
bunch to pass this region. Hrmce; only ﬂ-w'\fe {fg‘f' ‘iﬁg- .3/ f?_
of electrons cen take part in the conversion, i.e. the approxi-
mation (15) i's only valid at k <{fg+‘fﬁ:‘/fa_¢

From (17} one geli.::aﬂ
J = 2% p, ¥4 + g:fag- £ (o), (18b)

Prom here, teking into account (14}, one obteins

ﬁ iy "ﬁ &
e 2¢, F
Let us note that at ﬂﬁ'} Ye¢ @ value of Ac varies only slight-
ly with the growth of ¢, inside condition (18a}, i.e. up to
a,~yAal,/4m ®hiy faat can b lained as foll Th
£ e & e eXxXp as ] OWEae e
probability of the electron collision with the laser photons
is k~ﬁ'¢r'l ﬁ s and since n5=-=: G‘EE and the conversion
length is 4 ﬁf;’“a: {14}, then K =~ const:

Viertias - (18c)

At ay>le using (11a) and (18c) one obtains the conve-
nient estimation

13 G, /
Aﬁ Sy "E'?—fj = 51 -E','.._ ffcmj ¥ (184)

S5e¢4s Long photon bunch

In this case

Eh': cr >, , 2 g’H + Rt/ ax (19a)
and the result cen be obtained from (18b - d) by simple substi-
tution of Fple) vy F_€0J .

J = 2xp F (o) Vi+rdra>’ (190

¥ The main cﬂiﬁributicn to the ir;tegr_atlf {Jf(iﬁ} ifi'_ glgﬁr: bfrﬁ.
distances |2\ 4+ V-‘FQF and[F+ctTi = smaller than |
So, Fﬂ{g-.:-t} can’gex geplﬁceﬂ byFE, (e} , that gives {18b}.

1

e E Ll : _ hely .3 %
Aa"z_q: ﬁmj h'g/al 20, =63 o, f‘{aan_ (19¢)

The important distinction from the previous case consists
in the fact that here all the electrons effectively take part
in the conversion, l.e. approximation (15) is valid up to
k ~ 1.

Hote that in this case the conversion coefficient is de-
fined, in fact, by the lager power P= AT .

Pl o s ilig i —.EE.—! s 2-fﬂ‘” W".ﬁ 194)
= R Pn" L 2a. L :
(ne can show that if condition (19a) is not fulfilled,

the laser power E necessary for obtaiming k ~ 1 is only lar-
ger than (19d).

DeDe Intermediate cases

In intermediate cases result depends on the linear densi-
ties f—;t!] and F;(i} of electroms and photons along the beam
direction. Por example, in the case whem both bunches are long

and thelr lengths are of the same order (fe-t:,»ﬁ,ﬁﬂgla"

it is easy to get
J=2xpftrrgsay, [RIF 2z (20)
Let us congider two simple models.
In the first one both distributions are uniform:

F(2)= % ot (2] £ le

9 3
[ A

After substitution of these functions in (16}, one obtains:

J:Ei'—-ﬁ:[ﬁlmfan‘&; —Slmffanii - i-t,, '_*EIJ, - ile2 ! (211)
1 W

E(EJ= -;; at 121€ 5{_ (21a)

Ty TR
In the other model both distributions have Canssiam shape
222

o= ",;“P(-% . f—}(*FEf;“B o ok

In this model

17



Js)= 2 (e dx I/‘g:. v va(te « by)
W) 4e52x2 0 © Py rrgad

The graph of the function Jﬁ:} (22b) is given in fig. 4.

(22b)

A numerical investigation of J (21b),(22b) shows the fol-
lowing: the approximation of shori bunches (17) is good up to
§ & 1 (in both models > 0.75 at J < 1). The long bunch
approximation is well suited only at sufficiently large & -
-values. The deviation of 3 from asymptotie formulae is less
then 20% at 6 = 10 only. For all §- values J are emaller than
thelr asymptotical values corresponding te (18),(19).

.5.6- The minimal value of Ag__

The minimal A, value is obteined in the case when a ra-
dius # of an electron beam is small, and photon bunch gizes
are small as well. This variant was considered in ref. (1 5].
In thies case the long bunch approximation (18),(19) is valid
and the result depends on'the electrdn bunch length f only

. - 'hc.f

o ZQFfOJ '213‘;_

This estimation for A is velid c}nly under the conditions
(talring into account (18),(14)):

f‘r =cvet, i i JAL,/80% . (23b)

""*[’ (cm) J (23a)

5¢7+ Beam colligion angle olo# &

All the previous calculata.on's were carried out for a
head-on collision, ®,= 0 ., This can be realized using sphérical

mirror or lense with = hole for electron beamss: It BN ococur
that for some technical reason o o¥ @ is more convenient. Lei
us discuss briefly how Kk depends on &, (a,f“ f-(n*-'#ﬂ

For short bunches at of, < max(arfﬁ., e/p;).thg;.cor}garsmn
coefficient practically does not differ from egqs. (17).

In the long bunch case the simple calculation similar to
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that giving (16) leads to eppearance in A (18),(19) of the
additiunaé ractorj ’ whera
f""‘ j—-—' t N ﬁh P
f'f.} ) Dol {243
!

(here :l" ﬂ'/ﬁx is en engular size of the laser besm, L,{%/
is the Bessel function for imaginary argumenih At e, £ Eﬂ' the
value nf_,l' %= 1, at consgiderably larger anglesj.-.,,[j‘-afﬂ ,/‘5{ .

Hence, in both casee one can, in principle, dispose -bhe
lager focusing system outside the electron beam, snd get appro-
ximately the seme conversion coefficient as for & =< @ .

6. LUNMINOSITY

Bele Phveical procegses and reguirement
to luminogity

From the point of view of requiremenis to luminoslty and
ite spectral distribution in &¢ - and @ - colligions one

can single out two groups of procesages:

a) Processes with final particles flying at large angles,
g0 that invariant mass of a syetem can be determined by reacti-
on products. Such processes ere due to the small distance in-
teraction. Thelr cross seatitms gre small enaugh
~ (ol /m, € )55 (othic /E ) e 10734410738 cn? end emootnly depend
on the energy (excluding the threshold region). For their in-
vestigation the maximal available lumincsity is necessary but
not monochromatization.

b) Processes for which a sufficiently good monochromatiza-
tion is upeful. Such are, e«g., processes due to interaction
at large distancep. Their eroegs sections are large, but drop
repidly with the growih of transverse momenta of particles.
The detection of all reaction products flying et small angles.
is a very difflcult task. Therefore, here monochromatic colli-
gions are very useful, but not high luminogity. Another exzemp-
le is a new particle production with evident threshold or reso-
nant behaviour. Por example, the 5 -2wW'W sross eection inc-
reasesa up to the half of ite asymptotic value in the energy
range 10% above threshoid.

6e2s Qualitative congideration

The luminosity of ¥¥ - and & - collisions is defined
by a number of particles and beam sizes in the interaction re-
glon. The length of the & - bunch coincides with the length
of the electron bunch fg "+ Its size in the interaction region
is larger than that which the electron bunch could have.

The photon motion affer conversion consists of that along
initial electron trajectories, which focus at the interastion
Tegion, end of that in the transverssl direction due to the
angular spread of scattered photons, which is of order of &g s
The last motion incresses the focal spot as

ASecq 01", |
-E?; - ( ) )0 {25}

Qualitative characteriatiu of §€ - ena 64 - collisions differ
considerably for p¢<4 ana 53‘»4 =

At emall values the totsl luminosity of the Je - and
¥d - collisions can be close to the luminosity of the e'e¢ -

- collisions, but spectral distributions are broad. For large

f p» ¢ollisione become more monochromstic but the total lumino-
sity decreasga.

Below in this section only the case f‘g‘ﬂt 1 is congidered.

5s3s The total lumincsity

As -fz' €<1, then in the interaction region the J - bunch
has the pame transversal size, length end ﬁ - function as the
electron bunch could have had. Therefore, the total luminosities
of the 4@ - and Y& < colliaions are equal to

B Y (26
whe¥e Lye is the luminosity whioh e'e” - colligieons could have
bhad without tsking into account charged beam collision effects

1n the interaction region. If the electron bunches are short,

i{e < Zfa s 88 it takas plece for accelerators considered,
hen

ksm'qmg t.? case le>2f,,¢T | wheh length of the & -bunch
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— E"“A’e:
Lee zgra:ﬁ (27}

6ede Spectral luminosity

The number of scattered photong with the energy in the

range from t to+ew is (ef(5),(6)) dl 'de - - T T - T .
) } de KeL
= N K 9% g kM {(x,x2) 22 _— = {{TeV

= ewdn R oot : a3 g
Subetituting dWV, for N.E'f- into (27),(26) one finde luminosity
distribution in §# - collisions over the J& - invariant
mass Wae?—‘.fﬁﬁdé’ ¢ -
dLHE ; £ » , Wr@ m (29} A

222&:;—.@& +(NJE“‘“}1 é:-‘—-—--—-ZE_ ':VJ;-E:,- : 9

ol 2
This function is shown in fig. & (the curve for £ = 0}. Lei
us note that the luminosity is concentrsated in the region of
large WK o For the laser (3) and E = 50 & 300 GeV the ramn-
ge a*e - Ma’e) containsg 70 ¢ 80 % of the total lumino-

Bity. &
Similar calculations for && - collisions give us " 3
gy i Wy Wa) dewy dow 0O 04 02 03 o4 05 06 07 O8

dL 5 k L.E ‘F(xl e J’F(xj -_-_) . E # ' (30a) z=w.»l{2E

Prom here the luminosity distribution over §§ - invariant Fig.5. Spectral luminosity of the 53 —collisions at

mass W“ \f*m,tw, is 1 gza(,‘s,[a.fai. Curves a, b and o correspond to =50, 150
AL Et dy Wk and 300 GeV.

d;a— zk‘iLet S-F(x vl&(x,y)g'- ; 2‘; ., (301) ]

2/ S
Graphs of this functions for various yx are given in fige 5.

In the whole ¥ - range under consideration the luminosity dis-
tribution over wl&' is very broad.




7. MONOCHROMATIZATION

Tele Definition, different variants

In the consgidered below methods of the luminosity monoch-
romatization, the distribution dlL/dW both for &@ - and
¥¢ - collisions has a maximum near the maximal value of the

invariant mass W,, and a long tail in a soft part of the
gpectrum. For such asymmetric distributions it is reasonsble
to define a monochromatization degree as a ratic of the range

of inveriant mass AW , containing .elf of the luminosity,
to W,

I db ‘,gwf=--[__ (31)

—ﬂ‘lﬂ?

\1'

To provide the colligions to be more monochromatic one
can, at first, increase the ensrgy of a laser photon L, .
This poseibility is discussed st the end of this section.

Secondly, - and it is the main method we have proposed -~
- one can increasse the digtance ﬁ between the cnn?arﬁic}n anﬂ.
interaction points. When the parameter (25) f = (66, faeJ »1
is large, then the gize of the photon beam in the interaction
region is mainly determined by Compton scattering. It results
in monochromatization. However, in this case at fixed conver-
sion coefficient the necessary laser flash energy (17) grows
as €% gince the electron bunch radius in the conversion regi-
on is proportional %o 4 (9) (the laser bunch radius should be
increased accordingly). s

We assume below the electron bunch o be short (&“{-zﬁe Je

Besides, in ocur calculations the finite lengths of the conver-
gion region Ecanu' ~ min {2
on region ﬂin'k -\-PefE are not teken into account. The detalled
caleculations show us that the account of these finite lengths
leads both for je- and ¥~ collisions to the small rela-
tive variance of luminogities and monochromatization iegrees

%2 Considerably better monochromatization is obtained at the
scattering of polarized laser light on the polarized elec=-
trons -~ gee 2 Iorihcoming paper.
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, (8tly)/2.7  and of the interacti-

el

32}

Te2e le- colligions

At SJ"))"‘ the electron bunch cuts from the broad § -
-~ bunch an area of radius ﬂ s lee. Only the photons scatte-
red at the angle less then @y :’Q collide with the electrona.
These photons have energles :Ln the renge AM*(%f‘ﬂ.]a% (7)
close to W, . Therefora, the J@ - monochromatization degree
'?I'E ~ Ata_f:..}m ~ f’ « In accordance with this the total num-
ber of photons colliding with electrons is (see. (28),(6))
ANy ~kNg £0,% )A0/E ~ 2k No &, /o f’- , Lees the total
luminosity is

L.!'E ~ ¥ dNa,NE/JI'n; ~ 4 k Lee fa/d:_ fi

Let us congider in more detail the case of finite P o
Let dﬂ,f F'jand olM (F) be the number of electrons and photong,
crossing the area ol%p around the point ¥ in the colligion
plene. The contribution of this area into the luminosity equals

dNy (F) d Ng (¥)

(33)
drr

dlye =V

'.Ehe alectron beam in the interaction regiun is described
by the relation (ef.(10)) '

AN, (F) = ,%3;

- r3¥/rd

d?r, (10a)

To deseribe the ¥ ~beam it is necessary to consider the pho-
ton motion from the conversion region taking into account the
distribution of the electroms in this region over their direc-
tions and distamces from the axis. The photon with the energy
&  was radiated at the angle &= €, {@,../w)—f to the initi-
al direction of the electron momentum. Taking this into acco-
unt and averaging over the electron angular distributions, one _
obtaine the simple expression

25



2R
N ()= § PN (785) L 4% 4o,
" (34)

-ty

=8 flw, /w)—1 {m%ﬁw?=

Substituting (10a), (34) into (33) and integrating over ¥
end « one obtains

d el fu;.[(‘i-«l)]-;]dm £~ a7 9

Hence, it is easy to get the luminosity distribution over H‘:J sk

dL; : .
dz =22kl fx )“P{ ff*")?“ 1J f_} (36)
and the total l;m’linogity N

Y ‘HM
L™ klee 5‘((";’)“P["(?")§_“]d5- (37)

(the function £{X,¥) is defined in (6)).

At g-m one can obtain from here the known results (26),
(29).

Graphs of the spectral and total luminosity and the mo-
nochromatization degree lzu(Sﬂ are pregented in figs. 6,7.
It is seen that with the f‘— growth the decrease of the total
luminosity is due to diminishing of the spectral luminoeity in
the soft part of the spectrum only.

With the f) - increase at fixed ¥ the monochromatization
improves quickly. E«gs,for X = 2.69 and f" = 10 the monochro-
matization degree ? = 3.4% is close tc that of the initial
electrons beams AE/ & ~1%. The corresponding luminosity

L“-a 0.21 Lgg » iee. it can be large enough.

At §9eo from (36),(37) and (Ba) it is easy to obtain
the asymptotic formulae (in accordance with the above estimati-
ong)

s e |- D)
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Fig.6, Spectral luminosity of the ¥€ —collisions (36) for

£=2,69 (B=50 Gﬁﬂ', Weo = 3.5 eV or E=150 GeV, wio =1.17 &V)
at different © —(gﬂo/ﬂe)z
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Fig.7. a) Dependence of the total € - luminosity on the
parameter @2 =(g&afae)z
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Fig.?b) Dependence of the monochromatization degree for the
¥€ - collisions on @2 .

th2a [ 2D+ (3R)02
'Z“= _J;)T“ f!

These asymptotics are valid only sat r‘!}) X + b.

+] D= x+6. (38)
b

T3 t}'_ﬁ’ - colligions

Here the resulte differ essentially from those for the

Ye- collisions. Let us begin from a qualitative considera-.
tion. At ?’.:: 1 the ¥ - beams spread in the collision plane
on a large area and in each of ite points the photona with the
approximately equal energies collide. The main contribution o
the luminosity is due to the region of high photon density,
1.e. due to photons scattered at the angles 0.£ Gy, =0, /fx+6
(see (8a)). Hence the energies of these photons are in the
range AR~ (Oc¢ha, /6, )W, =W, /(x+8), cloge to_ . In contrast
with the ¥@ -collisions, this Aw is f -independent (at
large enough j’ )« Thusg, at f".:b XK+ G there exists the asympto-
tic monochromatization degree

Wha Lol oo b
}?u s w_ X+ 6 (39)

In this case the number of photons in every J -beam taking
effectively part in the ¥ - collisions is AN, ~ kN f(X,3,)*
rAR/E ~ 2kNg 6, /(2+6)0, (see (28),(6)): It is interes-
ting to note that in the wide range of values X = 1420 thise
number ie practically X -independent, = 0.2&'#! « The-
refore, the total luminosity in this range is

as {ON, Jt klee
P p _—L———— Fa™ A -+ 6 -

If f* is not too large, one has to take into account the
influence of the transversal electron beam size. That gives a
spread of the photon energy in every colligion point dw/w ~
~ (aeffeﬂ )* =I-’"1 + Therefore, the asymptotic monochro-
matization I?:; (39a) is achieved at th-ﬁb x+6  only.

Let us go from estimations to calculation. By repeating
the calculations of subsect. 7.2 and uglng for both beams
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expression (34) we obtain for the spectral luminosity
e des, d el =¥
dl = E tee do. dg, (ﬂ-wmw“),,
of Gt dw, dw, 18 2 f \/(;;'f)(wl ‘f)' e
Wpe | ®m sy
. exp [—- ( o + , 2) ‘;! Jafwiafma

where I,("‘) ies the Bessel function for imaginary argument. From
here, the luminosity distribution over the §¥- invariant
mass W"aa,= Yw,w, has a form

Jrm 22 219 ) Yo )
gi-f= 22k*L e, g&(;ff’y)ﬁx’%) L (r/(”"ﬂfr’)m

_f Hm Noi J P: ‘_{-! = EJ;I", e
’“”‘P[(s"';l“z)z]y-i? 2 < x+1
and the total 1um1nyﬂnitr' is
Lyy =kl §™ fex,9) £0x, %)+
5 5 (42)

. I | T )fi}
Y Ll -2
. I,(Qlﬂf_‘{)(gr_”) P—"P[ (.y, * 9, %/ 2 fdy dy,
At P00 the kmow results (26),(30) can be obtained from
(41),(42).

Graphs of the spectral and total luminosity as well as the
monochromatization degree i, (31) depending on f? are presented
in figs. 8,9. It is seen that with  —growth the soft part of
the spectrum decreases faster than the hard one. Just for this
reason the monochromatization improves rapidly ap to f’-vx-f-s' "

At this value for all curves in fig. 9*

g 4L e ~ 45 n2s Y2 4y’ ) (43)
& ety Tor S (S’ /'?aa’)

At the further [ growth the luminosity decreases rapidly

(as 'p""’] and the monocromatization degree decreasses very slow-
ly, approaching to 7“", the spectral luminosity tends to the
func tion 24

2 In the interval P"Wh- near W,, the integral of luminosity is
= 0.035 kL, P (At p*«4 such integral in the same range
is -~ 0-055 k"l_"}i
The numerical analysis shows us that at fzgr_ X+§& the maxi-

me of all dL_, fdufnr;urves are at w,, = w_ ~ {?n.. ?;me,
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Fig.8. Bpectral luminosity of the 3 ¥ -;cﬁiusiana (#1) for

X=2.69 (E=50 GeV, W, = 3.5 eV or E=150 GeV, wWo=1,17 eV)
at different 92=(f&/ac)*
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Fig.9 b) Dependence of the monochromatization degree for the
5¥ —collisions on QE .
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¥ hid i ektlee [*-Ff!,%)f'

#——— :
da £ Im (44)
Graphs of this function are shown in fig. 10. e

With the help of this function the agymptotic values of
the total luminosity L‘:‘; and of the monochromatization degree
Ig;;, are determined. In the range X = 1 ¢ 20 they are appro- ) ; ' J ' ' i T T T "
ximated (with the accuracy exceeding 5%) by simple relations ‘ OF a4l iz Wo= 1.1TeV 30

P 2
5 e as 0.8% : K* Lee

It is in good agreement with estimations (39).

= 50GeV 150
Je4. Is 1t useful to increase the energy of the E

laser photon “s for improving the monochromatization? 5+ 4

For the #e - collisions & good monochromatization degree
'?n, in principle, can be obtained for arbitrary values of ),
by f increase (see (38) and fig. Tb). As it 1s seen from
figss 6,7 with W, (i.e.x) growth at jll fixed the monochroma-~
tization improves but slowly enough. It is interesting to obser-
ve how the Je - luminosity changes with variation of &, at i | ) i | | I
fixed values of Yye ond laser flash energy A. It turms out that 0 01 02 03 o4 05 06.07 08 09
Ly, is weekly sensitive to the «J, —growth. E.g., for e = 7% 'Z.=Wz-r/25
the variation of @), resulting from X variation from 1 up 10, ‘

4

Fig.10. Spectral luminosity of the ¥¥ ~-collisions (44) at

the luminosity decreases by factor i.5. This conclusion ecan al-
¥ ¥ . Q%= (86a/a0)*>> =x+6.

80 be obtained from asymptotic eqs, (38) which give, with the
-4

account of (7), (17b), LJ.E“A(‘“K )’?re (here the fact that

A, = T (rg * a} Yw,/q, acxf"'/{x-t 1)6, is taken into account).

For &8 -collisions there is the apymptotic monochromatiza-
tion degree Q;; (45) which is weakly «J, dependent. E.g., ’Z"‘;
changes only two times when X grows from 1 to 10. At the same
time the luminosity at fixed A decreases by factor ~ 100 (sin-
ce L;‘ o< [+4) (Enx+ 0.5)/x* (x+3)]2

Therefore, the increase of W, does not improve congiderab-
ly the monochromatization, but requires the increase of the la-
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ser flash energy for keeping the luminosity. In addition,

at X> 4.8 the production of the ete - pairs in the colligi-
ons of high energy photons with the laser photons becomes eg-
sential (this process is discussed in sect. 8 and Appendix B).
This process results in the decrease of the number of high
energy photons. At X< 9 , their energy spectrum becomes smoo-
ther then fig. 3 shows; at X> 9, the hard part of the spec-
trum becomes sharper, but in both cases the conversion coeffi-
cient decreases notably and undesirable background arises.

Te5. Study of energy dependences
without monochromatization

As we have geen, the monochromatization of collisions
results in decrease of the luminosity. Therefore, it is uge-
ful to note that some spectral information can be obtained,
in principle, without monochromatization. One has to carry out
a set of measurements with small variation of maximum photon
energy wm and then to perform "differentiation" with respect
to W, + The necessary variation of W,,, can be provided by
changing both the electron energy E and (if possible) the

angle o between the initial photon and electron momenta
(see (4)).

8. CONVERSION AT A & A, . PHYSICAL PROCESSES
IN THE CONVERSION REGION

B8s1s Slowing down of the k growth

The formulae of sect. 5 are valid when the collision pro-
bability for any electron is small, i.e. at A< A_, with A
growth at A},An the conversion coefficient increases slower
then that predicted by simple linear relation k=A/A;

If every electron meets the same number of photons the
conversion coefficient would be equal to k=4~ EXP(‘A/An),Ta—
king into account beam inhomogeneity modifies this gimple re-
sult. E.g., in the case of short bunches (17) with the Gaussgi-
an distribution of the transversal density the zonversion co- -
efficient for every electron depends on distance F from the
axig, kK(F)=4-exp [-A fAn[Ir"}]- After averaging of this expres-
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gion with the transversal beam density (10) we obtain
1 -
o - opl- g1
P

v= Ac./nmr

(46)

)U-= ﬂz/""l

- According to this eq., for vV =1or 2, the ma:ciuum values of

k = 0.4(or 0.58)are achieved at @) = 0.53 fg (or 0.75f%).
(Cf. k=0.37 or k=o0.510at ay=8a).

8.2. Repeated collisions

With 2 growth the repeated collisione of scattered elect-
rong with the laser nhotons become more and more essentiel.
The additional soft photons are produced in these repeated col-
ligions. As a result the low energy part of the spectrum is
growing. The angular spread of these photons is broader than
that of the photons after the first collisions, therefore, they
interact with the colliding beam with a smaller probability.

8.3. Process Y& > e'e”

Almost in all the considered E and & values other pro-
cesses in the conversion region are unessential due to high
thresholds. With E or «), increase the firsi process to appear
is §¥—> e*e™; a high energy photon can collide with a laser
photon in the conversion region with a crestion of 8w pair.
In our problem, where the highest photon anerg,r is EX/H""&’
the threshold of this process (%W, )‘fmtf-"} corresponds to
X>2(1+/i)= 4,8 . Por the neodymium glass laser (3) that
corresponds to the electron energy E == 270 GeV.

At small excess over the threshold the cross section of
this process (B.5) grows up to Qww, = J’m:_r.:*, where it is
about 0.7 ﬁ" . This value of wW is reached firstly at x=8.9
(where the Compton cross section is 0.54¢)). Therefore, at
4.8 € x £ 8.9 the more energetic photons are effectively kno-
cked out from the beam which leads to softening of the spect-
rum. With X growth from 4.8 to 8.9atb A;-,Luita role becomes
more and more essential.
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B.4. Region X> 8. Pracess.rl.-i-aa*'e”.,

It is doubtful whether.the ¥ values: grea%er than 8 dre
of real interest in the near future ( ef. table 1). However,
we would like to discuss ‘hére, for completenese, ‘'essentidl fea-
tures of p}vslcal processes in this region.

First uf‘ all, at X > 8.9 the low energy photons ara kno-
cked out from the beam more often than the hard ones due to
the process ¥¥ ®eTe™, That leads to sharpening of the spect-
rum in comparison with -this obtained at- a single Compton scat-
tering. At x5> 9 the ¥ »e¥e”™ cross section exceeds that of
Compton scattering (5) not less then twice. This Yeads ‘to es-
sential restriction upon the maximum value of- the ccnvers‘ion
coefficient for the high enérgy photona. '

Secondly, at x::- 8 produc'hidn c-f ’ché é""\e - pairs becames
possible in the cullisinn nf an electmn with ﬁ laser photon
(ed = eete™), For laser (3) this corresponds to E > 450 GevV,
in the case of frequene.:,r tripling -t E > 150 GeV. At all mo-
derate values of ¥ the e & - ee+a ~ cross section is emall,
~o G, , and can be neglected. ‘Hith the growth of ¥ +this
eross section increases slowly (B.9) - in contrast with the
decrease of the Compton cross section. However, even at
X =100 it equals i3 only and the role of this prncaaa
in the cs::-nversicn iB emall enough. ; b

.,.
g ¥

9. MATN RESULTS FOR THE SIC AND VLEPP

In the tebles presented below the examples of the essenti-
al quantities are gathered, characterizing the conversion, &§&-
and ¥ ~collisions for SIC and VLEPP with the use of neodymium
(Nd) glass or garnet laser (3) - the moast powerful modern solid
state laser, Symbol 3 Nd corresponds to laser (3) with the fre=-
quency tripling ( &, = 3.5 eV or 4 = 0.35}4-!“], which allows
one to increase the maximum energy of the scattered photons w),
For powerful laser (3) the frequency tripling with efficiency
of about 100% is realized in a number of experiments (e.g., in
ref. [16] the efficiency is 80% at A=30J),

The prﬂsent-ed values of A allow one to determine the con~
veraion due to the imown energy of the laser flash A by simple
relation (15) K =A/A, at A< A2, At A>A,/2 the effici-~
ency of an additional energy contribution decreases, cf, sect.B8.

9,1, Choice of

The distance © Dbetween interaction and conversion regions
should be determined by some compromise,

On the one hand, with E increasging the croass section of
the electron beam (9) and P‘, are growing as well. The typical

S ~dependence of Ania shown in fig. 11. Moreover, the J =
beam {transversal size in the interaction.region grows with the
growth of & due to engular spresd of the scattered photons,
Thie results in decreasing the luminosgity even at fixed conver-
sion coefficient.

On the other hand, with £ growth, collisions become more
and more monochromatic (ef. sect. 7).

At last, one should take into consideration that € should
be sufficient to bend electrons from the interaction region by
a moderate magnetic field R ., On the way € +the electron with
energy B is shifted across the field B by the distance

15 B(T) §2 (em) (47)
Ecoav) I
Fo -~ !. € beams the field E should change the direction betwe-
en conversion points, and for @~€” ~beams the field B might
be uniform,
9.2, Maximum luminosity (without monochromatization)

Table 5 contains the main characteristics for the case of
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Fige11. Dependence of the laser flash emergy A, (22) on the
distance between the conversion and =ol].1.sion reglions
u.i:ct‘nfe » Wo = 1,17 eV. Curves:
a) VLEFP, E=150 GeV,a; = 20 wum ;
b) VLEPP, E=150 GeV, Qy =/c 3
c) SIC, B=50 GeV, Qy= 20 m ;
d) BIC, BE= 50 GeV,Qy=le¢ .

small enough & , when the maximum Je - and §J ~-luminosity
can be obtained. The spectral luminosity is shown in fig, 6 for
the ¥e -collisions (curve at ¢=0 ) and fig, 5 for the ¥y -
collisions,

At first sight it seems, according to (16), that by decre-
asing ﬂ.x and I, one can obtain A,=0. It i=s not so., There
exists the limiting value A, (23), only depending on the length
of an electron bunch fg and the value of Compton cross section,
These limiting values (0.8 and 2,3 J) are presented in table 5
together with restrictions (23b) (The difference of these A, va-
lues from the minimum wvalues of A in fig, 11 is due to the cur-
vers b and 4 are obtained under addi‘blonal requirements f - J ’

ﬂ'= fe ). It is seen that in these ceses £<0.6em or b cﬁcm :
i,e. t0 provide the neceasary deflection at such small distances
is either impossible or very difficult.

The choice b=5 cm for SIC and 10 cm for VLEPP and B = 2T
provides good magnetic deflection A/d’e 2 &, This value of devia-
tion is sufficient for the suppression of the "parasite" €€
and de collisions (for details see Appendix B).

We have chosen the focal spot radius Olz—"'-‘ﬂﬁym. Such va-
lues of axha.»:l been obtained in a number of experiments with la-
sers having the energy A and pulse duration © of the necea-
sary order of magnitude, see table 4, It occurs in this case
that ﬂa_ﬂ I“E for SIC and @, > ¥y =13amfor VIEPP,

Table 4
Ay 7 14 50 25
: A ps 140 2000 100
Ay » m 17 25 50
reference [1 ‘?a] [ 1 '?b] [’1 ?ﬂ]

At the chosen paremeters 6 , a. , fp and {f T £ f. the
short bunch approximation (17) is well suited.With T growth
the energy Aa grows as well, and the result begins to depend
on the density distribution of electrons along the beams. The
presented T values correspond to the increase of A  for 20
- 30%, The values of Aa in table 5 are calculated in the Gaus-
gian model of linear density (22), In model (21) with uniform

a1




lin
ear dz?alt} the corresponding values of A are slightly
smaller .

Table 5
. laser -::' A(B=21)| Wy | g r!| T oo Lo
GeV M m GeV | um DS Jd
2 5 15 20 30 1
=150 Nd 24
: § <0,6| ¢0,2 ¢3 <7 0,8
it
S5 > T i 15 36 | 20 100 | 85
100 Nd 10 30 64 | 20 25 14
10 20 20 25 17
~q [150 Nd 109
Eg <3 <2 b TN N e
: 200 Nd 10 10 253 | 20 25 24

The necessary repetition rate ¥ =10 or 180 Hz is realized

up %0 now at somewhat smaller energies than in table 5 - see
table 6,

| Table 6
A, J 207 5 0,2
V , Hz 10 7 1000
A um 1406 0,7+0,8 0,249
reference | [18] f19 | [z0]

9¢3. Pogsibilities of relaxation of requirements to lasgera
It is useful to note that there exists notable reserve to

reduce demands upon lasers in compamscn with the results of
table 5,

*
) The presented value of A, for E = 150 GeV and 8: 10 em

is approximately half as large as the cautious estimation of
ref, [1] .
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Flash energy /A and repetition rate V . The rate of had-
ron production in the ¥¥§ -collisions is proportional to the
product ’Jﬁlﬁ' *h. . The croaa section of the reaction §f —»
hadrons G, !—."' (s. @40~ em® , that is 45 orders of mag-
nitude larger than that for @*e” ~anninhilation in the same re-
gion of energy. Therefore, the J’d" -collisions are of great
interest already at L,, & 40~ 1.¢, - S

A=f{+2)F , V= 480 Ha  (SIC), ¥=40 Hz (VIEPP) (48a)

or

A=10J,
Time duretion of laser flash T . In fig. 12 the dependence

of An on ¢ is shown, calculated in model (22). (Model (21)
gives similar curve), It ia seen that as 4 decreases, the va-
lue of A, decreases but slightly. With € increase the value
of A, grows slowly at first, and then A_®€T (19) (here A,
hecnmea § -independent), Correspondingly, the required power
of a laser P decreases with ‘T increase and then becomes
constant {19&]. In particular, at €=41nS§ and A= 60T there is
quite acceptable conversion coefficient k=©.3. This fact is of
interest because some lasers which are perspective for obtaining
high repetition rate (with w, 2 4eY ) operate in the range of
T2 ing (see sect, 10).

Focal spot radius @y . In fig.13 the dependence of A.
on the focal spot radius @ calculated in model (22) is
shown, It is seen that Aﬁ s 8 minimum at a certain value of
@,< T . With @, decrease, the energy A, grows due to the
decrease of the conversion length, At ‘::B grcmrth, the energy,d.
grows as ﬂ,; (see (17b)).

Beams, If the diffraction focusing has not been achieved,
i.e., the valueﬁa (13) is smaller than that given by eq. (14),
then in eqs. {16)=(19) one should use just the real value of
/‘; . As a result, the range of validity of the short bunch ap-
proximation narrows and it becomes invalid for the obftaining of
results at § = 5210 cm, The correct formulae for long bucnh
approximation in this case are (18b), (19b), i.e., (18c), (19¢c)
should be multiplied by 2M®y/A@ .

If the beams are not Gaussian, then all the results pre-

J= FHe (SLO) | v=o4 He (VLEPP). (48p)




Fige12,
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Dependence of the laser flash energy A (22) on the
flash duration T at Wo = 1.17 eV, Curvess
a) VLEPP, B= 150 GeV, Ip = WVpum, Gy = 20um ;

b) BIC, B=50 GeVp=&y= 20um .
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Pige13 Dependence of the laser flash energy 4,(22) on
the leser focal gpot radius Ay at T =le yto=1.17 eV.

Curves:
a) VLEPP,E=150 GeV, I ﬂ13’u111;
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gented here become estimations only.

9.4. Monochromatization of the d@ =~collisions

The main data for this case can be found in figs. 6,7,11.
Some of the characteristic figures are presented in table 7 for

Note that for obtaining the monochromatic Je~ and ¢ -
collisions the lasers are needed with the flash energy exceed-
ing that without monochromatization by factor 10--50. However,
here one can use the lasers with considerable larger pulse du~
ration T~4n§ , i.e, to use new types of lasers in comperison

Table 7
E, | Wy, RJE, g, asle, Lye |7, |L0
GeV GeV % ck | um |Flee | P8 J
50 24 | 10 17 60 0042 200 | 120 SIC
70 29 10 19 65 | 0,46 350 {150 | Y =180Hz
150 109 5 45 55 | 0,29 250 | 150 VLEFP
300 253 60 | 80 (0,3 | 450 |400 | V=10H=z

Table &
E. wm’!i ,E”f 5, ﬂazr, E"J'-:? ?; Aor .!
GeV GeV | % cm | um | k*lee| P8 1V |
50 24 20 32 i 5 o e 1000 400 S0
70 39 20 27 130 | Qg1 10007 590
150 | 109 s e 58 752 | 0,08 400 250
4 VLEFPP
300 | 253 15 77 96 | 013 700] 60C E

laser (3). A good monochromatization is attained at not too lar—
ge velues of & , We have chosen in the table the monochromati-
zation degree B - 10% for SIC and 5% for VLEPP for the ener-
& A, not to be too large, For A, calculation we used the
short bunch approximation (17). The upper limit of € was cho-
sen as T<YB /c for which the energy A, for no more than 20+ 30%
exceeds the value A_ given in table (in this case parameters
(32) occur to be small). Note, for example, that at VILEPP ener-
gy E =150 GeV and A = 50 J the monochromatization degree
%y~ 9% 80d the luminosity [, = 0.1:L o, can be obtained.

Here further improvement of the monochromatization degree
is possible by increasing 8 vbut at the cost of luminosity de-
crease (fig. 7) amd A, growth (fig. 11).

9.5. Monochromatization of the 8§ —collisions

The main data for this case can be found in figs, 8,9,11.
Some of the characteristic figures for laser (3) are presented
in table 8, We have chosen in the table the wvalue = 20%
for SIC and 15% for VIEPP, having in mind that as § “m, the
monochromatization improves very slowly, but the luminosity ra-
pidly drops. As above, for the calculation of A we used the
short bunch approximation (17). The upper limit of T was chosen

from the conditions that the parameter (32) is smell mtt‘rﬁ/c.
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10. POSSIBILITIES OF REALIZATION, PERSPECTIVES

10.1. lasers

So, by comparing tables 4 and 5, we see that it is possib-
le to obtain kK~ 4 in single pulses with the existing lasers.
Data of table 6 show that obtaining of the necessary repetition
rate at such flash energies seems a solveble problem. Apparent-
ly, similer problem in this range of flash energies has not
been raised up to now, In particular, in the laser thermonucle-
ar program, where the same Y~ 10--100 Hz are needed, the main
problem now is to obtain the largest energies in one pulse.

For the monochromstization of the ¥ = and &¢ =collisions
considerably larger values of the energy are needed - see tab-
les 7 and 8. However, such energies do not seem unreachable, In
teble 9 we present parameters of lasers [21], developed in the
framework of the progrem on the laser thermonuclear synthesis
(for multibeam system the energy of one beam is given). All the
lagers, except Asterix 3, are made on the basis of neodymium
glass or garnet, the latter operates on an iodine vapours.,

Tt is useful to note that one can use 10 ™20 synchronized
lagers with correspondingly smaller energies at the same repe-

47



Table 9

Neme of the laser (country) A, J 7 3 P8
Argus (USA) ' 1000 30 + 1000
Gekko (Japan) 1000 100 -+ 4000
(England, Oldermaston) 500 50 -~ 1000
Asterix 3 (¥RG) 300 — 2000 | 300
Mishen 2 (USSR) 250

tition rate or with the same energies but lower repetition rate.
Of course, for realization of the proposed scheme special
lasers should be designed, In particular, one can gpeak sbout
lasers on neodymium (in glasses or garnet) discusesed sbove,
The first promising results sre obtained on lagers using
Cr in alexandrite [}9} (see table 6). These lasera are perspec-

tive for obtaining high repetition rate due to high heat conduc-
¢lvity of alexandrite thet makes cooling eagier,

Gas lasers (eximer lasers on Xe ([ . KrF and lasers
on iodine vapours - see Aasterix 3 in table 9) are of interest,
Here, the large flash energy can be obteined and the cocling
problems restricting repetition rate are much easier than those
in the solid state lasers. However, the pulae duration of such
lasers ia 21ns =0 far,

The lagers o Cﬂ.‘._ have all the necessary parsmeters A .

Gt @, » ¥ . However, their wave length A= 10ﬂm(wgz eieV)
is too large and i, $03§€at the energy region comsidersd,

Finally, one should point out the wery interesting paper
[22] where the laser on freoe electrons of the same beem is pro-
posed to realize the acheme we have proposed [‘I » 2] Ueing such
8 laser one has a number of adveantages: herve only the accelera~
tor itechnique is used, beam lepgths sre in sccordance a.nd ths
rroblem of synchremization is simple,

10.2, Eleciron beams

Up tc now only the lesey possibilities were discussed, It

is clear, hewever, thpt__.gi:ﬁtm beams for the fe =~ endg ¥ .
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colligions should be prepared differently than for the g¥g™ -
collisions, In particular, it is preferable in the preposed
gcheme to have electron beams with round cross section but not
with elliptic ones as is assumed in the VIEPP project.

Begides, instead of the positron beam one can use an elec-
tron beam. o

In the € € -collisions the beam sizes in the interaction
region cannct be made very small due to the charged beam inter-
action, The J€ = and I wcollisions are free of such effects
and, therofore, their luminosity can be larger than the lumino-
sity of the e'e -collisions.

Congider a few examples of luminosity dependence on the
beem paremeters. Instead of @, and Fe , We uge ﬁe and
emittance

§w ay fajf.-s-ﬁ . (49)

essuming thet (B is & more flexible parameter than & .

The necessiity of the magnetic deflection of electrons afl-
ter conversion restricts from below the distance b at the le-
vel 5«10 cm, It is seen from table 5 that at such f the ener-
&y ﬁ% is not too large. Therefore, it is natural to assume the
conversion coefficient k= A/4, to be fixed, Under this condi~-
tion the luminosity byg , by ﬂ= (dfigV", i,e. they cen be in-
creaged by decreasing ﬁﬁ o Hmmver, at jag £ f /2 the lumi-
nogity growth glows down,

lMore intersting possibilities arise in the monochromatic
gituation when the parsmeter £ can be changed, Ag we have
geen in subsect. 9.4, the values of A, are large enough, there-
fore, it is natursl to consider the energy A t©o be fixed, Ho-
reover, We assume the menochromatization degree ¥y 1o be fix-
ed which is defined b:?’ the parameter (see sect. 7)

o w@) L Ler (50)
Eﬁi
To determine A, one can use here the short bunch approximati-
on (17). A% a,=€ e the energy A, o< 532{’]52 In this cage, in
accordance with (50), the energy A, o< &2  and the conversion
soefficient K= A/A,oc2™? gs well do not depend on € and
P'E , and the luminosities are

Lye < ANE/&y 5 Ly < ANS/E%P0 . (51)
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Hence, as before, the luminosities L, and L yy cen be in-

~ ctreased by decreasing ﬁt s however, in this case the increas-
ing of A is not needed. As before, the growth of the lumino-
sity slows at fBp S it .

Let us emphasize that luminosities (51) strongly depend on
the emittance & . Even a little decreasing of & leads to con-
siderable LJ’* and Lyy growth, Therefore, one cen try to get
the gain in the luminosity by decreasing g even at the cost
of decrease of the number of electrons A/g in the beamn,

We would like to thank V,E,.Balakin, K,G.Folin, A.S,Gainer,
A.M.Kondratenko, A.M.Rubenchik, E.,L,Saldin, V,A.Sidorov, A.N,
Skrinsky, V.D,Ugozhaev, T,A,Vsevolozhskaya, M,S,Zolotorev for
very useful discussions, We are very thankful to A,S,Gainer
and V.D.Ugozhaev for the composition of bibliography devoted to
powerful lasers,

APPENDIX A. COMPARISON OF THE PROPOSED SCHEME
WITH THE EQUIVALENT PHOTON SCHEME 2

In the usual e*¢ -collisions one can investigate the ¥ @ -
and ¥*¥"-collisions as well ( ¥ is the virtual photon) by me-
ans of the scheme of figs. 14 and 15 (see review [23]).

Here, in principle, the viriual photon energy w is l1li-
mited by the electron energy E only, and, therefore, &« may
be larger than the real photon energy in the proposed scheme,
Besides, by means of virtual photons one can investigate the
crosg section depaﬂﬁence on the “nhctcﬂ magsea”™ tf.‘ « However,
the corresponding 3" - ana ¥ X" nlminosities are small both
at large W and especiglly at large iq .

The main part of equ:l.valent photons consists of almost re-
al photons with small fﬂ;_i + However, in the main region
w,/adwlw_ at k~1 the luminosity of the proposed scheme
is by some orderaz of magniitude larger than that of the equiva~-
lent photons both for the §€ - and &§ =~collisions,

The spectral luminosity for the process of fig. 14 is

dlys, =1L, dn{ﬂmLM“‘ d*’(g ~y + Lv*){n j.";a (A1)

where ¥= /& and. Cir --..h‘ls; for the processes of hadron
production, In contrast with dLee (29) the luminosity

dl,se decreases with“¥ growth (cf, fig. 3). The ratio of
these luminosities at ¥=¥, is

dlysg /d¥ - o S B, i Trm e - (4.2)
deg /Y (g Y YN k6, ---m.ﬂ = 400k

Spectral luminosity-of the equivalent photons (dbly%/dY)/Lee
as well s that of the proposed scheme (dlgﬂfdsj/lﬂ.e = £(xy)(68)
are presented in fig, 16 for E = 150 GeV and w, = 1.17 eV, 1%
is seen that they are equal at very gmall Y = 0,033 or w =
= 5 GeV (note that &) = 109 GeV). The ratio of the ¥"¢ -lumi~
nosity integrated over Y¥2>Y.,/2 to that in the Je -collisions
is (0,065+0.025)/k for E=50+ 300 GeV.

The ratio of the ¥*¥™ and ¥¥ -luminosities is still
much pmaller. The X—lumiuaalty (cf. (A.1)) i8 a'Luﬂ'r# = L,u"
dn(yydn(y) end hence we have (see [23])

*] In Appendices we use the units where 'k =c=1.



Fig.14. The ¥®¢ - collisions in the efe™ - beams.
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Fig.16. Spectrs. luminosities for the 5€ - and ¥*e

ons at E= 150 GeV, o = 1,17 eV.
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a 34 R g
gt . - I
The graphs of this function and the fumection (dL,,fdzJ/k‘uan}

are presented in fig, 17 for the abovementioned example, It is
seen that the luminosity of equivalent photons is very small at

large 2 . For example, at 2 = 0.6 the ratio ol Lypnyw /JLH?

~ 40~3 /K2

APPENDIX B, BACKGROUND PROBLENMS
Bs1. General remarks.
It is known thsat -i:hera is a number of dangerous backgro=-
und processeg in the e'¢. =collisions at high energy [5 8 24]
They have two main sources, First of all, the electromagnetic
fields of E""-'bu.nches of SIC and VIEPP are very large ( ~ 10
100 T), The motion of the particles of the ¢olliding bunches
in such fields results in emission of a large number of photons

with the energy ~1 GeV (at VLEPP), The interaction of such pho=

tons with the electrons and photons of the colliding bunch re-
sultis in & large number of background events,

In the sacond line, a lot of usual electromagnetic proceg-

ges in the €%e . =-collisions have quite a large cross section,
Eafle s

ot? dm &fe E‘ g o
Tere “setey T ?ﬁg o~ ’ (B.1)
3 o 2
- - —— e (o 5]
EE'I-E.'-F l+'l‘ E+'E m‘l &. mE 1 )

These cross sections are many orders of magnitude larger than
those for processes of interest,

For the proposed &¥ ~ and Y€ -collisions the backgro-
und situation seems much more favourable., The first source of

background is absent, begides, the main background procesges in

the §§ =-collisions have amall cross sections, However, there

are edditional background processes which are connected with the

proposed conversion scheme, It seems that one can make them not
dangerous, Let us discuss the laiter queation,

B,2. Removal of electrons after conversion
After conversion the electrons are bent by the magnetic
field, If they etrike the walls of the vecums chamber, that

>

r
r ; y , T T
| dLag/dZ
f K= Lee
!
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{0'F | =
i dL/eYdz
10°F Lee g
0° :
o INERTE A '
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Figel17. Spectral luminosities for the ¥¥ - ang X¥© J.w-cullisi'-
ons at E = 150 GeV, Wo = 1.17 eV.
I
b
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would lead to,s large number of background events, To avoid that,
one should remove them from the system, using the fact that all
of them fly in one plane (independently of their energies), So,
it is sufficient to enlarge the vacuum chamber in this plane,
The width of this part of vacuum chamber must be wide enough to
avoid the collision of the slowest electrons with the chamber
walls,

Let us estimate the minimum electiron energy. After the ba=
gic Compton scattering it is not small: a &

o e s T A - e _ 60 geV (B,
‘Em'.n"'E m’“"x+1=4*4fx :'59""!:..1‘";._1&{1\!3 £
The scattered electrons can again collide with the lager photons,
The minimum electron energy after h Compton collisions is E/(nx+1)
x &é,/n  , i.e, almost £ -independent, Neglecting the energy

dependence of Compton cross section, we obtain the estimation of
the probability for the N ~fold collisions

P: k_h e-k - ._A—. . (E'B}
hl ) Ao

The number of electrons which have M -collisions is PW’E s dae,
for VIEP? (N,=10%) it is smaller than 1 at n= 15 and k~1.
For laser (3) the energy of these electrons exceeds the value
3.5 GeV, When these electrons pass the distance 24 = 20 cm in
the magnetic field - 2 T, they are bent, according te (47),
at the angle < Ymrad, This very quantity determines the necesg-
sary width of the vacuum chamber,

B.3s Compton scattered photons striking chamber walls

The photons which scatter in the conversion region at lar-
ge angles, can give the background events striking {the vacuum
chamber walls., However, in this case their energies are small,
and all of them can be absorbed by a thin leyer of absorber, In-
deed, according to (4), the energy of the photon which flies at
en angle 906, is mell: w= ‘rw‘, /8% , and the number of
the photons with 6>0,,{, is k Np (o, /6. J(2my /fgm;,,ﬁ If we
choose small enough value of ﬁmh‘ = S mrad, we obtain w <
€200 keV for laser (3), and the number of these photons at £ =
= 150 GeV does not exoeed 19'-'6kag.

Bs4, The 3§ ete” process in the conversion region
When the value X = ‘IEwdimé grows, some other processes in
the conversion regien become important (besides the basic Compe
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ton scattering) - cf, sect. 8, The masin of them is the E+-E'-pr0-
duction at the collision of a high-energy photon with the laser
one, Inveriant mass of this system ia W= J‘fuu' « Since

w< Ex/(x+4) , the threshold value of W= 2Mg can only be achiev-

d at
Tl X> 2(4+yZ) = 4.8 (B.4)

The total ¥ => €'€ cross section is Xy = Hwed, /me )
4q ook Jp + X~ q
e e

YL w '] (B.5)
— L f"‘"—' f"'_
o;a-ie"'e"' (‘xa') Ap A’

For Xa,:r 410 we heve (with the accuracy exceeding 20%)
~ 40, (B.6)
Opyrete = ]ﬁn (-ana, =4)
This cross section grows from the threshold at Xa_,z 4 up to
X, ==& , where it equals 0,36, , after that it decreases, Al~
ready at X = 6.8 (when X, £ & ) for the most high-energy pho-
tons the cross section (B.5) is larger than the Compton one (5),
end the Y¥ - ete” procegs changes egsentiaslly the high-energy
photon spectrum,
The minimum e or &~ energy is
;E ’ = 2de (B.T)
ML 4 *m
i.e. it is large enough., Moreover, it is larger than the minimum
electron energy after the first Compton scattering. The escape
angleg of e are very gsmall
6, < 2Wo 405 (B.8)
e
After the magnetic deflection these electrons are removed toge-
ther with the Compton ones, For the removal of positrons it is
necegassyy 10 enlarge the vacuum chamber in the direction symmet-
ric to electrona,
The electromagnetic fields in the conversion region are
very strong, this can lead fo notable nonlinear effects [251.
In particulsr, the ete” ~production is possible even at
X < 4,8, However, the number of such &'€ -pairs at the quanti-
tiea considered is some orders of magnitude smeller than at
4,8, and the e¥ energy is large enough,

. Be5e The collisions of deflected electron bunch with the
elecirona and photons of the colliding bunch
The electrons which conserved their energy E have the
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minimal deflections, They have Gaussian distribution with the
r.m,s radius ~a,. (The electrons with lower emergy have lar-
ger deflections and they are unessentisl), Due to the deflecti-
on at the distance A (47) the collision number of these elec-~
trons with the electrons of the colliding bunch decreases by a
factor exp (- 42/2":)1"01' the #e -collisions and by a factor
exp(- 24%/ag) for the ¥J -collisions. For the figures of tab-
le 5 the minimal value of A./GI‘ =4 , which corresponds to
exp (-~ 8%/2a3 ) ~ 40~

In the scheme of the ¥¥ -colligions much more dangerous
are the collisions between the deflected electrons with the pho-
tons of the colliding bunch, which fly at the angle @24/ £
inside the solid angle ﬂ.ﬂﬁ'ﬂﬂzfgl « But 'I;he energy of the=-
gse photons is not large, W= W *lfP.,/H" "'f%/a' and the effecti—
ve luminosity of these collisions is small ""kl"f‘k)i'.ee (88, "ﬁ) fﬂéﬁj
In these collisions the process 28 —» e €€~ hes the largest
cross section, ~ Y-10~26,m (see below). From here one can ob-
tain that the number of such events per one collision £ 1072
for SIC and £ 2 for VILEPP, besidea, w < 0,5 GeV and the ener-
gy of every e* or @~ is less than w .

B,6. The collisions of positrons from the collision

fegion with the electroms of the colliding bunch
(for the 3¥ =-collisions)

At X » 4.8 the process ¥§ = e*e~™ in the conversion region
produces a lot of positrons (see subsection B,3)., They are bent
by the magnetic field and can meet, in principle, with the de~
flected electrons of the colliding bunch, It can give the back=
ground processes of the (B.1) type with very large cross secti-
ons, However, the maximum energy of these positrons &, =@ il
(B.7) is congiderable less than E . Therefore, they do not
collide with the most dense part of the electron bunch whose
electron energy is E . For example, the energy 'qur<160 GeV
in the last case of table 5, hence ,the most high-energy posi-
trons fly at the distance &=45d, (at B = 2 T) from the most
high-energy electrons, As a result, in the collision the beam
regions with low densities will take part, and one can hope that
the processes (B.1) do not give a considerable background,

Nevertheless, if the number of such events is large, one
can exclude them, if we mske the magnetic fields from both sides
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the energies under consideration
unimportant.

of the interaction region at some angle to each other,

B.7. Physical background in the )@ -collision, The
Bethe-Heitler processes fe - e¥e e ,de-s>utue
In the ¥@ -collisions the process of the lowest order in

ol = the Compton effect - has the small cross section (5) at
€ 10733 m®, and it is

The main background process is Bethe~Heitler production of
the e*e” -pairs with the large cross gection .
rengterem Zhouey (tn 452 _ 109) _ 4. 107"
fese'ec €  gm mE 42
The main contribution in this cross section is due to the
region where the Iincident electron almost conserves its momens-
tum and the produced particles fly along the photon momentum,
The transverse momenta of the produced particles ( e* and e
or },cl* and /u,' ) k'_”_ and kz.i. almost compensate each
other. The distribution over the transverse momenta of scatter-
ed electrons pL—*—-k kzland over the effective mass of the
produced pair W has a form (at Pirx wtaYEw)
de _ 4ut3 (’En. w2 ) Pi (B.11)
a&uw’-" w9 mg /) Lpi+me WY/ (4Ew)?* ]2
After muegrationlwer P, we hTe
do _ (&q. 16E°w _4)(% w _1) qu»w;m (B.12)
dw?
From here one can easily obtain the praduction cross section of

the pairs with the effectlve masges larger than We (at mfﬁwﬁﬁff‘d)

M 9‘6.&"‘&;"
= = - (B.13)
o{WoW)= g I 0 e

*) With logarithmic accuracy one can describe the cross sections
of the reactions xe-fl‘.’E (f’-f‘;f ) by the relation of the

(B.9) type B gt e
— e— .._‘.J . {ECIID)

ﬁ}e-.r! < § Ea ;;. i me 7y

It gives at w~E~ 50+300 GeV

-3 a -
Seaprp-e ~ 210 em, Coypep-g~2.10 Fem',
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The effective mass of the ??- -pair is VJ=U Waf where
&€ is the energy loss of the scettered electron. Therefore,

eqe (B.13) is the AF -distribution as well., In the same way,
if the scattered electron has the transverse momentum larger
than p, the corresponding cross section haa the form of the
(B.13) type with Wg-vpj, o AB & Tesult, at af 2 1 Geg or g,
21 GeV the crcss section decreases by a factor of 107 at le-
agt.

If the €* (or & or 4* ) flies at the angle §,<&<af2
to the photon momentum and with the energy & »s5, » the cor-

responding croass section is [24}
ﬁdj g E£2 (B.14)
C(2>Eh,058) = T &’;EE& :
Therefore, ag &4 8 2, 1 GeV the crose section decreases by a
factor ~ 10", i,e., this background can be excluded if we do not
detect e* with small energies and flying at small angles,
Other beckground processes (yo-» prp-e » pese'eeee ks
have much smaller cross sections and can be neglected together

with the Bethe-Heitler process,

B.8. Fhyeical background in the JF -c0llision, The
PrOCeRE ) -® Ete ete” .

In the [y} =colliesions the process of the lowest order
in & -— '8 f““’j' f=e f.«f"‘? ~ has the small cross section
(ro?f oy Wy ) &(w,wi /m ) £ 107%% cn? at the energles
under consideration. s

The main background process is the production of two g'e” =~

pairs [26} $

L]

of -30 2 (Ba15)
= — L. ¥ ch,

The mein coniribution in this cross seetion is due to the regi-
on where every @%e” -pair flies along the mtum of "fheir®
photon having smell inveriant mass ~Z2me and total transverse
momentum ~ My o Any removal from this region decresases very
sharply this cross section end makes it unimym’_d;ﬁn'b {in she way
similar %o that for the Bethe~Heitlex procesa, "_:aa'é;ta BaT)o

APPENDIX C, LUMINOSITY CALIRRATION

The proposed schame demends the calibration of the lumino-
gity. This problem here is meve difficult than in e'e” r@p

&0

—

or gp colliding beams because in our case one needs the ca=
libration both of the totel and the spectral luminosity.

Cel. X€ ~collisions
For the calibration of the )& -collisions one can use the
@*e"- or MH*M”  -pair production ( ye »e'e"e » JPE Je
We described them in subsect., B.7. Let us remind that the total
cross sections of these processes (B,3), (B.10) a2t the energies
under consideration are weakly energy dependent and are o
for ye-eé'ee and ~ 840" cm for fe-»H*4"e process,
The produced particles fly along the photon momentum and their
total energy equals wW ., Therefore, the total luminosity
is proportional t¢o the total number of produced electrons or
muons, and the distribution over photon energy (the spectral
luminosity) coincides with that over the total energy of the
e'e” -~ or th,ﬂ' -pair,
The apectrum of the produced particles is (c¢f, [13])

i de E
w3 Sp(cteeetan)(hitl - g). @

Here !:e oru 5 €x - 1is the t -auerg, w= & +E-,

To obtain the spectral lumincsity, it is sufficient to mea-
sure the energy spectrum of 4 or e* , but muone are more
convenient due to small background,

Une can also detect the electrons or muons which are scat-
tered at the angle 10-100 mrad, If the M% or et f£ly at the
angle 0>8, and with the energy & >&y4 , the correspmﬁh?
cross section (B,14) is = 10 2%m® [.E (&!V}M(&EV)%]

It gives, e.8., approximately 1 event per second for SIC at
k~d , &y ~1 GeV, 6y ~ 30 mrad,

Studying the processes with smell cross sections, one can
use for calibration the Compion effect., Its cross section ia
(after integration over scattering angles of electrons Oe > By )

1.3 '!EJ ST L £ (C.2)
G'“""EE 2 (geV?) 5% 9&
The incident phntﬁ energy ie determined in this case by the
energy and the escape angle of scattered electron,

e #9;,,:#.4‘).

Ce2. ¥y =-collisiomns

For the calibration of the [ff —-collisions one can use the
processes Jy—>e€'ee%e” (§ = 6,5.107 -30 cmEJ or yy-»pipete
(€= 5.7-10722 cn® EET]} The cross sections of these proces~
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sea do not depend on the energy. The particles of every pair fly
along the momentum of "their"™ photon and the total pair energy
equals the energy of this photon., (For comparison, point out
that among the processes of interest the yy-» hadrons trensiti-
on has the maximum cross section u;‘.,,,={'z+¢}-fa"":m' )

As in the previous case, to obtain the spectral luminosity,
it is sufficient to measure the energy spectrum of 4% or et ,
At x> 4.8 the positrons become unconvenient due to the back-
ground from the process (¢ —» e'e” in the conversion re-
gion (c¢f, also (25]).

Studying the processes with small cross sections (e.g., the
quark jets JYjy-» gf’ ), one can use for calibration the pro-
duction of one %€~ or w*a~ ~pair, Their cross sections
are (after integration over scattering angles #> &y )

€3 = o R.S'fﬂ-Sfrmt 4 (C.3)
f—=ete- JE2puvy- = 'y put B
=7 Wrr [ 6-:‘/#) &y
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