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1. The particle interaction during beam-beam colltsion in elsctron

: Pllﬁ pggnuﬁmqu BY PHOTORN IN INHOMOGENEOUS EXTERNAL FIELDS -positron linear colliders occurs in an electromagnetic fiald produ-
' ced by the beeams. This field turms out to be especially intense in

the sc-called supercolliders where the particle energy is £> 1 TeV.

VeNo Bader, V.M. Katkov and V.M. Strakhovenko As a result,first, the quantum processes in an external field turn

Institute of Nuclear Physics, Fovosibirsk, 630090, USSR out to be essential ( radiation, pair préduction, etc ) and,the
second, the cross sections of the main quantum electrodynamics
processes are drastically modified compared to the case of free parti-
FEeSvrie s ¢ cles. At present, widely discussed is an important question of the

The prdduntion of electron-positron pair by a photon in a rediation energy losses under these conditions ( see Refs./1/ to

-fiuld of a bunch of charged perticles has been considered taking /5/ and literature cited ). The present paper deals with an electron
into aceount the field inhomogencity and und aeffeets. The results -positron pair production by a photon in inhomogeneous field of
obtained are applied te the :anaidarntiun of the pruceau in the beam.

alaetran-puaitrun colliders. The general tﬁeory of pair production by a photon in an external
field is given in Ref.6. Using this theory the pair preduction pro-
bability for collider can be presented as a sum where the main con-
tribution is given by a constant ( along the particle formation
length ) field approximation and additional ccutributions are owing
to field gradients and end effects, i.s. the very effects which have
been actively discussed in the problem of radistion (see Refs. A/ to
/5/ )
The behaviour of the pair production probability in a constant
field is determined by the parameter (A = & = 4 )
7
%= 2 WiEwk . = 2 K
H. (1)

where K =(a) tDﬁ) is a photon four-momentum, E‘V is an electromag-
netic field tensor, P E ‘F'(VTXH) E E H(HE)

“ E and H are electric and magnetic rielﬂs in the lab.system and

H,= e o hATREEY Oe.

Similarly to the case of radiation problem, the pesulte of an
analysis of the pair production by a high energy photon in aligned
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single crystals became important for understanding of the process
in colliders, because in crystals under certain conditions the
constant field approximstion turne to be appiicable and inhomogene-~
ity effects are slso essentisl /7,8/.

2. The general expression for the probsbility of electron-pogitron
pair production by a photon in an arbitrary external field has the
fellowing form ( /6/,see also /7/ )

e (Z;ii s e [ £, - - /)j y

here

52 (ke -], e o5,

£
w-¢ 8re the energies of the created particles, ==

Ihﬁra & ,éx
. I(t‘) = p(t)/g
are &efgned in Eq.(1).

The prnﬁabilifies of 8 photon radiation by charged particle

is the velocity of one of the particles, e and #1

and pair production by a photon are interrelated by the substitution
rules. In particuler, the formula (2) is related to a photon redia-
tion probability, and, in this case, one should take inte sccount
that dw = dI/.) , 4l is intensity of the radiation. In the case
whers only relativistic particles ( with smell outcoming angles )
are¢ involved in the process, the substitution rule is still falid
for the probebilities integrated over angles, in particular, for

the spectral distributions /6/. The corresponding formulae are mutu-

ally derived from easch other with substitutions:

%) oo — & zc’fc‘.‘:
= (3)

The spectral distribution of the probability over an energy of one

E— - £ Gid iy wdad

>

of the particles of the produced pair may be obteined with the help
of these substituticns from the formula (&) cf Ref./5/

5§ dédL
e X [ LAk - ))j

(4)
1

where f}; £z .Eé

;HI;’ LU&:L

olt - Jt#)- £
~g) jd “ /4@) 4 jm,w .

where all the nﬂtaticna used are defined in the nqs (1), (2).The
formula (4) represents the contribution of a certain trajectory of
produced particle and its velocity v(t) depends (implicitly) on the
coordinate of a production point T, over which averaging should be
made. For the crystals this procedure is performed in /7/. For the
case, where photons are moving 1n the directian oppoaitu to the beam
¢ of charged particles, it is reduced to the averaging over the dis-
tribution of photons in the transverse plane. In this sense the
formulae given below ( as well as formulae in Refs.1-5 )deseribe +he
process for a certain impact parameter.
From the formula (7) of Ref.5 (see also formula (25) in Ref.?7)
for the field slightly varying alnng the particle formation length
we get: {f’ (z’-r‘aex(c-x_}) ‘V’;E x.= &4, s f /2 )

“Ié G(Vh

of
& \Egeot g {ﬁK‘%(A) SK%Q"J’@ “3/bl* ﬁ(f’(wjb)’

Ko, 0)-5 K, O). f(W’é +5(5(w-73)j K-

(6)
4 wherg E =R =V, vis the velccity of counter-travelling beam,
m'w ¥
::éﬁEEﬁbI ,_E = eF /m, K, are the MacDonald functions. The first

two terms give the constant field limit dwF and all the remained

Egrms is the correction taking into account the field inhnmageneitTL

Fnr the description of the beam radiation as a whole the formulae
of Ref.5 should be also averaged over the distributicn of irradiating
particles in the transverse plane.
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y ~along the particle formation length. Similarly that 28 in Ref.S5 one

can evaluate the relative contribution of these corrections in %q.(6)
; 2 2 o
: 2
(dufg_a(uf;//;;a); ~ ep/./ﬁ";_. + Cp é;:‘f; /5, 7

: whera 5&_(5}_) is longitudinal (transversal) dimension of a beam. As
in the case of radiatiomn, the second term in Eq.(7) related to the
field transversal inhomogeneity,turns to be of the order DE/('i + D)
(wvhere D is a disruption parsmeter) with respect to the first term.
At DK1 it can be neglected. Let us now consider the first term in
Eq.(7) related to the longitudinal inhomogeneity of the field. let
us remind .th.ﬁt the erprééaion (EJ contains the integration over ¢
and a&_&;‘fﬁw. If @€ <1, the integrand in (6) is exponentially small
_( I,I{}«}N a')' at A 1 ). In practice, this agymptotics can be
extended up to &2 £ 1, when formula (6) is valid at f«s‘. At e > 1
we have -:1.-\, s 80 the condition ‘a?(f}}) (tﬂ /E}'E) should be fulfilled
for Eq.(6) applicability. Since the main contribution to the integ-
ral is given by the region -3€(¥/~1,then at fgﬁ’ﬁé one can use the
formula (6), but atﬁ;’éﬁ, one should return to the formulas (4).

3. Let us diecuss now the end (boundary) effects in pair produc-
tion. If é(éﬁg, &< éi (S;! is the beam longitudinal size, & is
the charscteriastic length of an inhomogeneity region on the beam
boundary), then from formula (4) or from formulae (10)-(12) of Ref.5
with the substitutions (3) we can obtain the following formulae for

the spectral distribution of the pair production probability

ASe/de = dup/dé + duy /de
(8)
whers cle/ﬂa is given by the first twoc terms of formula (6) and

dnb/dE. gives the end effects{ of W, :-"ﬂf'-tfb; +¢"{“-r.éf )

j;&; f{ggﬂ x) + o % (,5-::)_/[ C-rﬁfe//;m;v/& (V) +

&

ch(‘?”{) Rilr)- Q({T))]} 2

&@)*,Sw%)dﬁ’ Y= e SF’@)JL‘ iﬁ'(/jw(z/q/z“
{i QEE ng&_z) F(ﬁ) f«_ﬁ/j/ﬁ(’/ C = 0.577216..

S

R(t )= [ V) x_p-_({-f;g)];sh Zf ST)- 2 )_4 'fi @ %)~

-§E)f f} Rilbn)- V& )snfote ) £ & %r%_)l
R, (t) = Wi 2sin [@°E)e3/12 fi_/ (10)

For the details of calculation of the probability (9) deseribing
the end effects at pair production with a power accuracy one can
refer to Appendix A of Ref.5. It is essential that the characteristic
gize of a field inhomogeneity is ineluded in Eq.(9) only in a func-
tion [(#)whilst the remained functions depend only on the field
asympﬁctical behaviour. This ¢ircumstance simplifies substantially
the calculations. In Ref.5 the end effects are calculated for the
fields of the type: F(t) = F (t/6 )°F(t), F(t) = F (6/£)( n22 ),
F(t) = Fﬂexp(-tfﬁ“ﬁ.'F(t) =_Fﬂexp(-32/2§§3 = Foexp(-étgﬂgf}. The
spactfal distribution of peir production can be obtained for all
these types of fields from the corresponding expressions of Ref.S5.
Given here are only the probabilities for some characteristie cases:

a) a step=like field

A dby ot _ of Qate-z) + /X% ""ij o eeet-) H‘ﬂ/jﬂ

dX” Jor ~ d= _F

where X = % 1 X = r.JeFO/m y C4 = (8/3)In2 ~ 1n3/3 - 2C0/3 = 2 =
= « 0,903.. . The regions where the fieldsis switched on (i) and
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sawitched out (f) give the szame contribution.
b) Gaussien field F(t) = Fﬂexp(-EtE/c;-}.
Performing the substitutions (3) in formula (24) of Ref.5 we have

Eﬁif = J%f' g?:zjé-;;) +.£5552+1ﬂ?-:ﬁjszfkfi(:Eﬁifliﬁaf? :tﬁ212;;ézﬂ)*

= Cz]}, o S M ?‘2{5}@) o o
12

The numerical integralfgﬁp = = 1.137 18 introduced in Ref.5. The

=5 I-?Iﬁ‘;; $ s

probability (12) is calculated with an accuracy of up to terms’xEEE}.
For obtaining the total probability for pair production one has
to carry out an elementary integration over the particle energy

in Eqs.(11) and (12). As a result we ﬂbﬁﬁiﬁ:
2l st 7
”‘*&fﬁ(ﬁwj&# Gg) s ey = 3}:[’5 (2:{%&2/5;)%;‘/)

(13)
where Cz = C4 = 17/18 = - 1.847, Cy =Cy = 5/3 = - 3,381,
4, Tet us nﬁw consider the contribution into prdhability of the
palr production mechanism in a constant (along the particle formation
length) external field (the first term in formula (8)), We find for

the Gaussian distribution(t) =20, ﬁxp(-EtE/ 'Fz) at 2.5 1:

i T L7 o - B e o).

- %0 5052, 0.903V8 2 (2+ C )]
Ce : ; ' ~ ()

WESDS Cp =/ ~Ing/8 « 0/2 = 0,312, o The Tiret teik 1u's curly
brackets in Eq.(14) corresponds to the iggiation over time of asymp~-
totics for the function dwF(t)th at ECG¥$1 and for obtaining the
second term one already needs the full expression for dw.(t)/at

'(the first two terms in Eq.(6)). For comparison, let us give the

8

relative energy losses owing to the radiation in the magnetic brems-

strahlung limit (see Ref.5) for X (t) =X exp(-Etg/ﬁ‘:) at ,)(ﬂ).)‘l:

(af/ -{\@?[( F(/)(jf)f/ @7(_/_ )}

:f, L 0.9B3VEA, (1-Co/l )],

where in this formula 10 = E/mE, C

0, S’é&)(
(15)

¥ =(1nZl + C/2 - 1/8 = 0.438.
Let us give a numerical example. In a "standard" supercollider
5 TeV having Gaussian distribution
sy = 5«10~ em, &, = 4x10 7 cm;

electron beam with an energy & =
of density over all coordinates € =
N= 1.2:408 céllides with the photons with an energy ¢«J= 5 TeV. In.
this case 2 = 4600 snd for 2¢,=2¢, ., We have wp = 0.122 . Let us
remind that the relativé energy insses for the supercollider mentio-
ned are ('ﬂg?é )F = 0.120. We want to attract attention to the fact
that the difference between numerical factors in the main terms in
Eqs.(14) and (15) dﬁea not exceed 39,.Under the same conditiony +he
end effects (Eq.(13b)) are wb:=s1x10”5.and the second term contribu-
tion in (14) is (A wy) 22.2x1072,

Thus, similarly to the radiation losses, the main contr “Yution
at high enefgieé is given by the pair production mechsnism i =

constant external field.
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