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ABSTRACT

Regarding the initial et, e~ as a sources of partons
(e+, e~, v), we obtain the distributions on invariant
mass of system @ produced in processes ete —
—ete '@, et'y®, yyd with detection of et’e™’,
et’y, yy emitted near the beam’s directions. Radiative
corrections are taken into account in principle to all
orders of perturbation theory (in leading logarithmical
approximation). Polarized and unpolarized cases are
considered. Estimations of number of W%, WTW—, Z,
produced are given and they are of order 10* = 10° for
annual luminosity integral { Ldf~10*pb~".

Additional hard photon spectra in narrow resonan-
ce production is obtained for the cases of large and
small emission angles (in c.m. system). The «reversed
radiative tail» in photon spectra may be a test of a
resonance. We discuss also the tagging conditions of
charged particles.

© Hucruryr adepuod ¢gusuku CO AH CCCP

The next generation of e*e™ colliders with energies above the

current energy of LEP, i.e. up to \/E =200 GeV will be aimed at
learning both the interaction of heavy vector bosons W=, Z, Z’ and
the search for the bound states of top quark. Expecting numbers of
events per year at a luminosity L~10**cm 25! are about 10° for
W+, WtWw—, Z%, Z°Z° production and of order 10® for the proces-
ses with an additional photon production. An account of radiative
corrections (r.c.) seems to be relevant especially in the case of the
narrow resonance production where higher orders of perturbation
theory (p.t) are essential.

In this paper we propose a simple method with suificient accu-
racy for a calculation of cross sections of the above mentioned pro-
cesses with an account of r.c.: we use the parton approach. Distri-
butions of partons (e™, e™, y) in the initial e~ or e™ are determi-
ned by Altarelly —Parisi—Lipatov (APL) equations [l]. We put
them as well as their approximate solutions for polarized and unpo-
larized case in Appendix A.

We may consider the initial particles (et, e~) as a sources of
partons and write down the cross section of creation of some
system @ in e*e™ collision in form of Drell— Yan process [2]:

oia(S) =Y Y Vdx{deaD2Mx,$) D2, (xs, S) 620 (Sx1xa) . (1)
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Where the structure function Df;‘?”-d(x, S) describe the distributi-
on of partons of the kind A with the helicity A, energy fraction x
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and momentum square g% up to S into e with helicity A; 6 ;4.5(S1)

is the cross section of partonic subprocess.

We believe that using the different tagging conditions of scatte-
red particles at small (to beams directions) angles e*’, y one may
extract the different 6. One may use (1) for estimation of number
of events. Choosing A=B=1y one may write down (1) in unpolari-
zed case in form

5

as A seed]d Sq 2 5
0{53=E’:Ss_1.l i ‘[s;}cpw(g—), 5=f-u,—1), L=lIn-2, S=4¢?,
th
Pu¥) =@+x) In— —23+x) (1=, (2)

obtained first by Brodski— Kinoshita— Terazawa [3]. It’s known

that the expression (2) have a low accuracy (~20%) [4]. The rea-

son is in the fact that the contribution to (2) go from the region

Si~Sm= (Zm)‘ where the renormalization group (used to obta-
a

in @) don’t work.
Much better accuracy ~1% will have the distribution on invari-
ant mass square of produced system

ate——=atg=tD 2
do SuS) _ By (ﬂ)gw—-w{&}! SRt R e A
53] Sl S &

Ly=Inlg?/ml|, ix@rg@=p—pi)i=(pr—p)?, mi<|qgial <S.(3)

This distribution may be measured in experiment with tagging of
both electron and positron scattered at small angles to beam axes
with four-momentums pf{, p% respectivelly. One may measure the
cross sections of subprocesses ye*—®, ee—~® when tagging energy
of photons, emitted close to beam directions (say by means of calo-
rimeter —type detectors). ;

This subprocesses have the important role in investigation of
standard model (SM) of electroweak interactions.

In section | we obtain the cross sections of producing the
system @ in ye, yy, €€ subprocesses in form (3) for polarized and
unpolarized cases. In 'section 2 we consider the similar processes
with an additional hard photon in a final state. For such an experi-
ment when only emitting angle and the energy fraction of photon
are detected in narrow resonance production we obtain the compact
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furmu!as of type (1) for the cases of small and large photon’s
emission angles. The photon firaction’s distribution have an charac-
teristic «reversal radiative tail» which, we believe, may be a test for
resonance. For eTe™—>Z% processes our result agree with the
result of lower order calculation of r.c. which was performed in
[5]. In section 3 we estimate roughly the annual number of events
of production of systems with heavy vector bosons and discuss the
tagging conditions of charged particles.

1. The distribution on invariant mass square of ® may be
expressed in terms, of convolution

1

f*g=g*f=51—yg{y) f (ﬁ)

X

For unpolarized case we may write down

do eF+yy) M 1

= ?&*E*“’(sl} [1—TI(S))| "zmﬁ(%,ﬁ), (4a)
da ef—{oy) = 1 % By S
B0 eéL-[eé']ﬂ)_ ¥ _— 5
= (S)) Dy (E‘-,ﬁq). (4¢)

Notation (ij) in left hand side (4) means that the i, j particles are

. 1
to be tagged, [I(Sl):i(u—ln 2, i) is the known factor of

%13 m: 9
polarization of vacuum. The functions ®,, ®,, @ are the conversi-
ons D=D, x-D_'*G_a_nd x-GxG respectively; 5 Gistructure functi-
ons {6,‘?]‘, 'd'lscrlbmg the probability to find out an electron and
photon in initial unpolarized electron. Using the expressions quoted

in Appendix A, we obtain (only terms of lowest orders on B are put
down): |

Do, 8)=B [(1+58)1—0)"""— 2149 ] (52)
o, ) = £-(1+(1—2)?) (14 —B)1—n" 4
-|—%B2[x(2—x}.lnx—{l—x} (3—24)] , (5b)
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rl - s ‘@ {_f ‘.r. )
Dy (x, Be) =B} 0y (0) + 5 B [H2 407 [T In(1—y) + 204 +5) In s —

X

— x(124-5x) In x — (1 — x)(24 4+ 8x) lﬂ{l—ux}—I—U—xJ[:l[]—i—Sx}]. (5c)

Let us consider now a case when the initial leptons age comple-
tely longitudinally polarized see also [7,a]. For the case_x?rhen ele_ct_-
ron and positron are tagged in a case of the same (positive} helici-

: g A 4+
ties of initial particles one measure the linear combination of 040
FaY ——|—_
and 0,,.¢
A0 4 + ﬁ?,[ (S;)Mr_”;. Sl)n+.-, ,81], (6)
— =g | = oy (Si)F = O (31) |i
a5, si\z ln P2’ )°m

another combination may be measured in the case of opposite helici-
ties of initial et, e™:

L = —3 [[i;g

B i ag e 3.'*-.*"{51:.], (7)
85, S ( )8n () “( )""

L
where

WK 2 n— —3(1—x) |. (8)
polx) = 7 [{2—]—4x-|—x ) In e ( X _J]

When the tagged particles are small angle scattered electron and
the photon beam in opposite direction, one obtain

Zts =< [ (% )65 (s) +¢z(%,ﬁ Jadiy s | (9)
S D R e IS S

where
¥1 (x, B) = % X %ﬁ?(2x+x2+4 In(l—=x)),

i : 2 1
Palx, B) = “5*(1 —xj3+§ﬁ?((x2_g_r] 111? =

+ 21 —x)%In(l —x) +x(1 —x)) . (11)

When both tagged particles are photons one has
(6 <ol #0..):

do*t e #£1 (] L

K|
) =18 1 726 B (S) + 8- (Sy], (12)

a5 48 S S
r.?-:r""' | S| A — .
:_d}el S @ . J— _I—.[S * 13
o5 = 5 Qe (5B )3E(S) -1y (13)

2. Consider now the inclusive process on photon cros ssection
e(p+)+e (p-)—>v(k)+ . (14)

The cross section of this process in the quasireal electron appro-
ximation [8] can be written as

do=dW, (k)doo(p—-—k,pi)+dW, (k) doo(p—,ps+ —Fk), (15)

where dW,(k) is the probability of radiation a photon with momen-
tum K by a lepton with momentum p:

2 2 2 3
W A e (Ep‘i‘[%—"m} gp—w M )afk ’
(k) 4n® w-e(Rp) £y (kp)* ) w e

doo—the cross section of process without photon. The first term in
r.his. (15) discribe the process of emission of photon along initial
electron momentum, second —emission along the positron. The accu-
racy of this approximation is insufficient in the case of narrow reso-
nance production. The structure function method [6] modify (15),
providing the accuracy ~1%.

For definiteness consider the case when photon is emitted along
the direction of the initial electron. The simple parton-like formulas

may be obtained in the cases of large angle emission H:ﬁ'_A, k~1
and the emission in the forward direction Zfe 8« 1. In the first
£ :

case the electron after the «point of large angle photon emission»
go far off mass shell. In this state the collinear singularities does
not appear, as well as the evolution up to «point of hard partonic

process». So we have in this case:

d.’ia oyl | AW I : ke le f
=\ dx DIX, : ; D(y. o _
dQdZ S? F O dQ d7 (x, Z) Sndy (¥.B) o0 (Sylx—2Z))
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| - _
dg;gz o Bs ( xm-msﬂ}) ’ i

where eZ, d{2—the photon energy in c.m.s. and it’s emission solid
angle. For the resonance production

o EYS) = 127B.e qlr;’wj'f , (18)

(-—“5— | )E+{1‘1MF ’

A

rearranging the order of integration in (17), one may obtain:
4 _ ete ey ‘ ~
d’a ¥ ik a -F{Z}' szﬂlee =U'3pb(zﬂ),
dQdZ 96in? (D nM?
sin (—-27)

I—Z

F2)=~> | dtB(—-)Ft.2), BE)=[(1—p)*+8% "
]

r M*
R U

M, T, I'.. are the mass of resonance, its total and electron-positron
widths;

12 .
At2)= | %’(w(ﬁz) )D(H+Z.ﬁ}ﬂ(—;nﬁ):
4
2

4 (+4o)i2-0 0+ (i) )

WA ZZYyPRu =B —
2

-—%[I—Z—l—ﬂ(1+{ljzjg)+{1+z+f}(l+(ﬁ))]- (20)

For the case of emission in forward direction it’s necessary also
to take into account the evolution «between the points of hard pho-
ton emission and point of resonance production». The cross section

has the form

et eyl ‘
S = (),
dQdzZ 6*

] e 1
{ dx D(x, p) (1 = (1 = ?) )SﬂdﬁuD{&, ﬁ)%d;‘ﬂ[f, B) X

Fl

D(2) =
’ [ —F
xs(iﬁ{"“;—zl*)=% S de(i)EIJ(f,Z}, . 21)

2B o1

ot z:;:% (1+ %5)(1—2—.:) il

2 [f ; ﬁ(] 3 {f—;zZ}z )+2{1 —7) P1+(1-2)% ]_

—i[[l—z+:}(l+- ‘

2 {I—ZJE)+%{I+Z+£}(1+ . )] 5

(t+2)*

The function’s F(Z), ®(Z) are drawn in Fig. 1. for the parame-
ters §=2.74-107" u=0.208, p=0.129, corresponding to e*e——Z%

process at ‘\/g =200 GeV. This functions have an characteristic
reversed radiative tail with maximum value at Z=2Zy=1—p and
sharp decrease at Z> Z,. We believe that inclusive photon spectra
may be useful to detect such a resonance as toponium.

For the resolution Aw< ® of the photon’s energy w=¢Z small
enough to allow only the emission of virtual and soft additional
photons with the total energy don-t exceed Aw, one obtains

da  dag R:
SiidZ © dber

1 1 I
e x2 __.£ = ' ettt ilit] [ e ; £ ,
R= | dx/ { dm(l x) D( )D(f)[)(rx i ))P ( )(23]

= (1—5—“}’1‘ (]_% 4

where doo/dQ2dZ —the cross section of (13) in Born approximation.
Lowest orders expansion on B of R is

L S I foxA S
. = Gl Pl
(u nmmf T 2 \ x " 4Aw? ) (%)

g

agreess with the result obtained in [5].
3. To estimate roughly number of events one may use expressi-
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Functions F=F, and ®=F: (19),
p=0,129.
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02 0% a8 a8 1D

(21)

for §=2,74.10%,

pn=10,208,

ons of a type (2) (we use the subprocesses cross sections from [9],
see Appendix B). We’ll take one’s bearings to the year integrated
luminosity |Ldt=10*cm~%=10*pb~'. One obtains N ,-=~5-10* for
setting up an experiment when photon and scattered positron are
detected using (4b) and 6™ ¥ {S) ~20 pb at \/S =200 GeV.

For the production of Z° in the subprocess ye—Z%, one obtains
NZo=~10°. Using the phenomenological expression for cross section
of hadron production in yy-collisions o™ (8) = (255+300/S'/?
(GW)) nb, one obtains Ny~10". The number of W+ W -pairs is of
order 2.5-10*. The inclusive photon cross section ete~—Z% for
0~n/4 emitting angle at peak is of order 80 pb and practically

don’t depend on energy in region \/E =200 GeV.

So the numbers of events per one year are comparatively large
[10] and the taking into account of r.c. is essential.

Due to bremsstrahlung process the energies of leptons, produced
in hard subprocess are exceed ones measured by detectors. It’s
necessary to take into account the «evolution» of charged leptons
lines «from point of hard process to the detection point». In the case
when two charged particles are detected the distribution on S, the
cinvariant mass square of produced system» S=Sxy, ex, ey—the
measured lepton’s energies (which in fact do not coincide with the
real one S;=Sxiy:), will be modified according to the following
parton s scenario [7,b]

F(S,, S) = ﬁ—“‘-{;_js'-ﬂ;hﬁ{s, %y,

1

(S, x,4) = [ dxa Dixa, Bo) G (3. B0 ) D (5 Ba ) 2 F(Sxign) X

X2 — Xy Xe—X1)
X\ dy> D(ys, Bo) G (L2, 8, ) D (—Y—, 4y
{ dys D(ys, Bo) (m b ) (yz_yl ﬁq)ygmr_w, (25)
1



D — functions describe the bremsstrahlung process by initial and
final charged particles.

Note that instead of using the complicated expressions of type
(25) one may apply the Monte-Carlo simulations program to descri-
be the density of the probability of the emission of photon with the
energy fraction x in the process of electron scattering with the
momentum transferred g: |

TR

M=ﬂ((1+_§_ﬁq}]_x) 3

o T T UA Jocbe= S Inf )

= —pi)’, mi<l|q®’|<S. (26)

We are grateful to V.S. Panin, Z.K. Silagadze and V.S. Fadin
for discussions and critical comments.

Appendix A

The Altarelli—Parisi— Lipatov equations for the distributions
D=D;, G=D!, D=D, which presented densities of numbers cor-
respondently electrons, photons and positrons and in for unpolari-
zed electron are:

£ !

D(x, B) =8(1—x)  [#20 (2 [P, 8 pt (};)+ Gy, B pi () |

A Yy
L { |
2 (dialf) di a(f) (dy
a{x. B) = b~ o
(x, B) 5 3 o Glx, )+ | - Sy [qu ﬁ;}pz( )+
] x

Die. )= {22 (X [, 8 02 (T )+ 6. 80ps (£)] (A1

where
I
= 1 o 2 i ,
pelZ)=pi(Z)= I+ZF _.6{1_2) S_@M‘ 15=2_“|L;__|); L:Inf?

l—x . ; e

PO =piD)=Z'+(1=2)% pHQ)=PID)=—(1+(1—2)), (A2)
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B = 2% —1)

I

al i 4 : 1
|:1(f)—¢:.':-(l—§;r-I —the «running» coupling constant, -

For the real case when \/@ ~ 200 GeV the value p~0.129 is small,
p<l. We'll take one’s bearings to the accuracy of the order of
~19% estimated the cross sections. Therefore one finds enough the
solution of the eq. (Al) using an iteration method and the known
solution for the nonsinglet contribution in the D (the singlet contri-
bution is of the order ~p*):

o AL

D{x,ﬁ}=%((l+%ﬁ)[1—~x}2 —%(1+x}), (A3)

Substitute (A3) in (Al) and obtain
) FEEL L Bl LS N
D(x, B) = =B [ 45(l ) In—4 —(1—2) (4—|—Tx—|—4x)],

X

G(x, lﬂ}=ﬁ5(f+(1—x}2}+%%ﬁﬂ[[3—|—4ln(1—x}}“Hl_*"jﬂj 4
+2(2—x) Inx+ %(I—x] (2x —3) ] (A4)

Let’s consider a case of polarized particle. So let the initial
electron helicity is positive.

us(p)=wsd(p), ui(p)=w_ov(p),

o o %fi +vs),  vs=—ivovivavs, VE=1. (AS)

If it's denoted by D, D_ the distributions of electrons, photons
with helicity 4+ in the initial electron with helicity + then their

evolution equations are [1; 7,a}]:

L |

dia(t) (dy T e+ [ X
Dy (x,B)=6(1— =N D (g, B PoT (—
- (0 B) =5 x>+§ e §H D+, B) PIT (5 )+

+G+(6.8) pif ()+6-.8) p3* (£) ]
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L L
D_(x,B) = ﬂg‘ﬁ;j” g%’ [p-w.B) 2 (§)+

+G (0.8 Py (=

=

Gy(x, )= — % Sdmm G 4+(x, Be) +
0

G-(x,p)=—2 g“";‘” G-(x, ) +

l

SMH [P0 025 (51400 L (5]
n .

X

Di+D_=D, G+G_=G, pli=pt=p!;

1 v 5 AT P :
pll =i pL@YEEL (D=

- . py+(Q)=(1-2),

where the distributions D.. are neglected because of ones are of the
order of p°.

Approximate sclutions of (A6) are

Di(x,B)=D(x,p),

Gor =L+ L3 44in(1—9—(1—x) 3+,

G_(x, ) = :E(l —x)2 4 32—1 [(xﬂ—zx) ]n% +2(1 —x)%In (1 —x) 4+ x(1 —x) ]

D_(x,.p)=

m{lq} (A7)
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Appendix B

To estimate the annual numbers of produced particles
N'=¢'{Ldt cited above we use {Ldt=10%.10"=10"cm*=10%pb~"
and simplified version of equatioris similar to (2). We also use the
cross sections of some subprocesses from [9] (see referencies in
this article), sin®0 »==0.25.

& ete | H‘.-ﬂl?‘ll’_{s} ——{d}( Per (i B ) A gl WW[X] (B])
: p
A pd— W U I i o 1 —1 [B8x—+1 1
OO 8 RO R I L i
() ﬁnix[(+2x+8x2) PALE R (Sx” 30
5 l v? #i8
—_———— —(3x— 1 4x*—20 3 =gl ph
—— 1 B =D (@ =202 43)], oe=51p
S, S 1 i
_— = = — l-“"—'—, !—_1 BQ
T e ¢ ‘\/ X v l—v o)
For W+ W~ production in yy—W™* W~ subprocess, we obtain
o
e el i e 3 s
X p 4M

Are i, o JRL i(l_L ;] Fo=286 pb .(B4
¥ (x) U””[+1ﬁx+16x 16 Ex) Tk i

For W~ production in subprocess e~ y—W™v, we obtain

i

ge—f—ﬁcf+ﬁ,~nrf--x-{5}:Lﬁden (I )“‘PH* ") @) =14(1-2)?,

2 : X o
p|:%, Go=47pb . (B5)
]
g il[x:lﬂﬁg[(] > )(l—i— —I—4x )——(Q—I— + — )Inx]. (B6)
op=47pbh

For Z, production in subprocess ye—Z¢ we obtain
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NGO oA N

Ge+e——*mﬂ3”f{sj=% Sﬁn (i)a?ﬁzaﬁ(x}i o1=S/m* (B.7)
!x oy
& sracaity 1 9 - g 1 1 7
877 () = oL [( et )b )1+ =) @8
(=94 +1nE=1). oo~ 6pb .
X
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