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We discuss the possibilitity of producing direct photons plus two-gluon final
states in e*e~ collisions, ete~ — ¥ 4 2 gluons — y -+ hadrons, both off and on
the Z, resonance. We have found that the background processes ete™ — y 4+ gq —
— y + hadrons dominate everywhere. Off the Z, resonance, the ratio of distri-
butions is smaller than 10~ 2 for 0.7 < x, < 0.9 and decreases as x, — 1, and is
therefore unobservable at PETRA or PEP. On the Z, resonance, we have esti-
mated the ratio of distributions to be as large as ~10~2 for 0.7 < x, < 0.9 and
found its upper limit to be & 0.1 as x, = 1.

1. Imtroduction

~ Recently the study of states made out of gluons has played an important role
in elucidating a number of vital problems in QCD, such as the existence of bound
glueball states, features of gluon fragmentation into hadrons, etc.!).

Hadrons that we find easy to access are essentially made out of quarks, and
this makes it difficult to distinguish and identify gluonic final states in hadronic
collisions. An interesting exception is provided by final states arising from the
decay of bound states of pairs of heavy quarks (quarkonia) 1. In this case, owing
to the Zweig rule, final hadrons arise from a pure three-gluon state, and study of,
e. 8., p = y + hadrons, enables one to have access to two-gluon final states.

* This work was supported by SIZ 1V, Zagreb, Croatia, Yugoslavia
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Recently much effort has been devoted to the investigation of photon-photon
collisions2*3 and the production of gluonic jets in e*e~ collisions in non-resonant
regions. In the latter, processes with the production of three gluonic jets in the
annihilation channel and with the production of two gluonic jets in the scattering
channel have been investigated in the lowest order of electromagnetic and strong
coupling constants®’.

In this paper we consider another reaction where a pure two-gluon final state
is also possible, namely

e*e~ — y + 2 gluons — y + hadrons. (n

Reaction (1) proceeds through the diagrams shown in Fig. 1. It is obvious that
the study of this reaction is of particular interest. In fact, when the energy of the
photon approaches its kinematic limit, the two gluons have a small inva;iant mass

v
Y* Zy

g g

-Fig. 1. Diagrams contributing to the process
ete” - v + 2 glouns.

and could form (glueball) bound states. At energies which are not so high, gluon
jets could be studied in isolation. The background, however, presents consider-
able difficulties. The final state, hard ¥ + hadrons, can also be produced by two
other competing mechanisms:

(i) quark bremsstrahlung (Figs. 2a,b);

(ii) electron bremsstrahlung with the formation of a low-mass high-energy
g-q pair (Figs. 2c,d).

Indeed, the problem is whether there are kinematic regions in the y phase space
where the diagrams of Fig. 1 dominate or at least give a sizable contribution to
reaction (1)..

The process shown in Fig. 2c is associated with serious difficulties because for
small values of the invariant hadronic mass this process behaves as g2/M? (hadrons),
while the two-qluon cross section is expected to behave at most as In2 (M3,/q?).
The only possibility allowing for the suppression of this contribution is to go on
top of the Z, vector boson. In this case, the processes shown in Figs. 1b and 2b
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would be enhanced with respect to the processes in Flgs la and 2a, ¢, d by the
large ratio

[Mz T (2o - all)]? ~ 1. )
Y Y

v N\ Zg
N

y* z, /

/N

Fig. 2. Diagrams contributing to the background processes ete~ -1 + g¢: (a) and (b) quark
bremsstrahlung; (c) and (d) electron bremsstrahlung.

Y

Thus, at the level of a qualitative estimate, the possibility of observing two-gluon
states among the radiative decays of the Z, resonance remains open, at least in
certain kinematic regions 5.

We have found that in the reaction shown in Fig. 1 background reactions domi-
nate both off and on the Z, resonance in all kinematic regions. However, we
cannot exclude the possibility that a better definition of hadronic final states could
lead to a reduction in background such that reaction (1) would be observable.

The plan of the paper is as follows:

In Sect. 2 we present the lowest-order calculation of the differential cross
section for the e*e~ — y + 2g process in the standard SU (3)xSU (2)xU (1)
model. We calculate the different angular distributions in terms of invariant quan-
tities. In Sect. 3 we consider the background processes e*e~ — ¥ + ¢g. In Sect.
4 we compare and discuss the results.

2. Calculations of the process ete™ -y + 2 gluons

The calculation of the process e*e~™ — ¥ + 2 gluons is performed in the
lowest order of the standard SU (3) X SU (2) X U (1) model® 7. The relevant
diagrams are shown in Fig. 1. The process proceeds through the internal quark
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loop. We take the limit m(quark) /E — 0, which is a-good assumption for high-
-energy processes (at least for the first and second fermion generation). We note
that there are no mass singularities®). The structure of the loop-part diagram
in Fig. la is the same as that computed in Ref. 9 in pure QED with an electron in

the internal loop. (The only difference i is the colour factor Tr A, A,.) Furthermore,

we note that the Z, coupling to the quark loop is a pure vector since, in compliance
with Furry’s theorem, the axial-vector-coupling term cancels under charge-conju-
gation invariance. This implies that the structure of the loop-part diagram in Fig.
1b is the same as that in Fig. la (except the weak-interaction factors).

The scattering amplitude summed over quark flavours reads

Ny o342 [Qf W + Qf(gV)f I(z)]G“zlsh Tr;; g’” (2.1

pXydra

where
I;‘:" =u (Pl) Y80 (P2),

52 =u(p0) vu [(gv)e — (8a)e ¥s] v (P2)s

in2
(g = T =20 s O, 22)

(Ts)
(g = sin 23@”'

M§=M%—iMzP.

"Here, pl (p,) is the four-momentum of e~ (e*) and ¢ = p; + p,. In CMS, p, =

= (E, pl), p2=(E —p,) and ¢>=4E?.T; is the third component of
weak isospin, Oy is the Weinberg angle, Q, is the quark charge of flavour f (in
units of proton charge), N, is the number of flavours, M is the mass of the Z,
boson and I’ is the total width of Z, [I(Z, — all) ~ 2.2 GeV, Mz~90GeV]. The
symbol G*2*3% denotes the current of the heavy-photon decay into three photons
through the internal f~quark loop; in the limit m,/E — 0, this current does not
depend on flavour.

The differential cross section averaged over polarisation states of the initial
ete~ beam and summed over colour states and final helicities is

a as _ 4) (b — o d3k2d3k3d3k4
do = 0n) g K8y — nyng) Tyy 8 (q—ky—ks —ky) - “Fno Fiao Fan (2.3)
where
2 q’ ’
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Here,

Ny Ny
7=(X 0P (T O (gv)r (&v)e>
f=1 f=1

N,
’= ,[5, 0 (en)s)? - (g3 + £2)e

and n = ;;/E is the beam direction. The symbol k&, is the four-momentum of the
photon and k3 and k, are the four momenta of the gluons. The interference term
is relatively small since (g,). ~ 4 sin?0p — 1 ~ 0. We write the tensor T in

terms of four standard tensors which are built up of unit vectors kz and k3 8y
depends on these),

Ty = G, (234) (ks — k) (Bs — )y + G2 (234) (e — Fa)y (ke — B2, +
(2.5)
l ~n A A A A A A A A A
+ G5 (234) . 5 [(Rs — k2)i (Ra — ko); + (ks — k3))( ke — k2)i) + G4 (234) N, Nj¢
where

G Faxks
iia’z X l-e.al

The invariant quantities can be expressed in terms of four independent spiral
amplitudes E{1,2, defined in Ref. 9. The invariants satisfy the following relations:

G,(234) = G,(243),
(2.6)
G3(234) = G4(243),
G4(234) = G,(243) = G,(423).
Hence we are left only with three independent quantities, say G,, G,-, and G.,;

which we express explicitly in the Appendix.
Now, we can write different angular distributions using

d3k2d3k3d3k4 27

o (q—kz—’k3 k4) k20k30k4° - —‘ q dxzdxgdgn P (2.7)
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where d©2;’ is the differential space angle of the initial beam (the e~ direction)
related to the fixed production plane, and

X = ’iE" (G = 2,3,4), 2.8)
Xy + 23+ x, = 2.
Hence
a’af "
do = m K(au - n;nj) Tu dxz dx3 dgn . (2.9)

First, the angular distribution in @,, where 0, is the angle between the beam
axis and the photon direction, is

do _ a*ag
dxz dxg Cos @2 o 16 (273 2 q2

K [%(l + cos? @,) + Bsin? 0, ] (2.10)

Here,
_ 42ysy. [ Gi(234) | G4(243) G3(234)]
4= [ e S|+ e, @iy
B= % [%;- Gi(234) + 2, G,(243) 4+ 2ade y”" Le (234)] (2.12)

with Y‘ = l — X ‘ (i = 2,3,4).

Second, the angular distribution in @, where @ is the angle between the beam
direction and the normal of the production plane, is of the form

= 62‘;‘;% K [%(1 + c0s2) + Dsmze], (2.13)
where
Cc= % [3’3 G, (234) + G1 (243) + “’: Y3 G, (234)] @14)
D = G, (234). (2.15)
We write the quantities A4, B, C, and D in two cases:
(a) at the cenwe of the Dalitz plot x; = x3 = x4 = %:

A=16 [4 +¥a2 +3b2] 16 - 15.2,
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B=16. 2—27a ~16.3.3,

C =16, 27a% ~ 16 . 6.6,

D=16-[4+ 3]~ 16119,
where
1 3 2
2 3

b=—3In3 —4[ +2¢(———) ln23) ~ 1.62,

with the Spence function,

z
[

(b) in the limit x, = 1, x3 ~ x4 ~—%—

yz xz
A= 16{4+2[zf +?32;+—}Z,‘]},
3 y.\

B~0,

2 2 l
= 16[22 +l°-zz+-xiz*}
1 x: 2 y;. 3

TA — 32,

D= 16{4+z=+-3'iz‘+"_322} —Laya
1 x§ 2 y§ 3 2 ]

where

In x5 }nys

Y3 X3

Z‘_=l+

£
Z, = — (l.+ Iny,) Iny; + @ (x3),
Z3=—(1+Iny;)Inx; + ¢ (y3).
In this limit, the integration over x; gives (for x; -+ 1)

G~ [ e =80+ —28) W2 — ) +
2

FIZIKA 13 (1981) 4, 347—364

2 A~ —
In3 — [6+2¢(3) In 3]~ 0.49,

(2.16)

(2.17)
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POt S+ DIn(—x) + 8 (3~ =56 + -

— 280+ 3C5) ~ 1.93In2(1 — x,) + 04In(1 — x,) + 16,

1
B(x) ~ %dx3 = 0(3.) (219

y2

1
~ C 1
C("z)Nf]—G' deg =5 A (%) — 2,

y2

~ D I
D(xz) Nf']—6dx3 =7A(xz) + 2,

y2

Since the angular distributions exhibit a behaviour similar to that of the ana-
logous distributions for the background process (Sect. 3), kinematics cannot be used
to separate gluon jets from quark jets. Therefore, we can integrate over angles
without loss of some useful information and the result is

de _ a*alK
dx,dx; 12(27)%g

7 (4 + B). (2.20)

Here, A + B = C + D can be put in the following symmetric form:

A + B = 16[S(234) + S (324) + S (423)), 2.21)
where
S(234) = S, (234) + S, (239),

as given in the Appendix.

The distribution (2.20) has a minimum at the centre of the Dalitz plot and
then it grows up to the boundary of the Dalitz plot. The integration over x; gives

de  2a¢*a3K

E = —57_52—92— F (x3), (2.22)

where the function F (x,) is shown in Fig. 39. The approximative expresions for
F (x,) are very simple in the limits x, < 1 and (1 — x,) < 1:

F (x,) ~ 4x, (In?x, — 2In x, + 3), x <1,
F(x) ~ 193 In?(1 —x,) +04In(l —x,) +16, . (1 —xp) <€1.(2.23)
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We note that
1
f F(xz) dx, ~ 15 (2.24)
0
and the total cross section is
10- K b
o~ 2 mbo,
24 (GeV)? ln2 q (2.25)

where K is defined in (2.4).
For example, for g2 ~ M% and also for g, ~ 100 GeV?, the total cross section
is roughly ¢ >~ 3 x 10-1° mb

3. Background processes

Background processes for reaction (1) are provided by all processes in which
the final states consist of a hard photon 4 hadrons (not coming from the two-
~gluon configuration):

(i) quark bremsstrahlung (Figs. 2a, b);

(i) electron bremsstrahlung (Figs. 2c, d);

(iii) photons coming from #° decays.

These processes were discussed in Ref. 10; it was shown that there existed a kine-
matic region where contribution (i) dominated for values of x, which were not
too large (0.5 < x, < 0.8).

We are especially intersted in the limit x, — 1 since the process in Fig. 1 gives
the largest contribution on the boundary of the Dalitz plot. Therefore, we study
the behaviour of the background processes in this limit. In any case, the perturba-
tive treatment is not allowed (valid) in the region where x, is too close to 1. Un-
fortunately, the contribution from the diagram (c) in Fig. 2 behaves as 1/g, (1 —
— x,) = 1/M;; = 1/M;, when x, —-»l and the process in Fig. 1 is irrelevant
because the ratio do/do‘,,u,‘,,,,,,,.d ~ MZ/q* In? M;[q* tends towards zero when

M2 /g approaches zero.

In order to avoid the contnbunon coming from Fig. 2c, we g0 on top of the
Z, vector. In this case, we consider the dominant contribution coming from Fig.
2b. We also note that contribution (iii) decreases logarithmically for x, — 119, and
contribution (i) is dominant.

The calculation of quark bremsstrahlung is performed in the lowest order
of perturbation theory, and we suppose that m,/M; < 1 for every quark flavour.
The differential cross section averaged over the polarisation states of the initial
e*e~ beam and summed over colour states and final helicities is

3a3

do = T6azq2 w3 [K 8y — nin) I + K af o],
3 3 3
X 8 (q— ky — ks — ks) d :z dk kskd Ry 3.1
20 30 *40
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Here,
— (a2 2 qz 2 2
- (EV + g,{)e M., (gV + gA)f’
K'=4 % Iz ¥ o 3.2
= 4 (gv 84)e 7 — M2 ; f§l Q7 (gv 84)r> (3.2)

k, is the four-momentum of the photon and k; (%,) is the four-momentum of the
quark (antiquark). We neglect the term K’ because ratio K’/K’ is proportional
to (gv/gs)e = 1 — 4 sin? Oy ~ 0.1. The term K"’ drops out automatically after
the phase-space integration because ajj is anusymmetnc under the change %; «
+» k4, whereas the phase-space integratxon is symmetric.

We write the tensor /; in the form

A A A A l A A A A
By =Lo6y+ Lyksiksy + Ly kagkay+ Ly 5 (R3s kaj + k3jkay) +

1 .A ‘A A A 1 A & A A
+ L47 (k2i kay + kayk3y) + Ls 5 (Rai kay + Raj Ray). (3.3)
Here,
2 k, G = 2,3,4)
= T', 1= 9T )y
"R
x2 4 x2 (x5 + x4) x3 x4

Lo=d4—5t% 1 _4 3.4
o= 4T d =) T—md -y Y

4x?
L34 =—7 _";3, L, (3,4) =L, (4,3),

4x;
Ty a5y LG =L@,

L4 (3,4) =

and the following relation holds:
Ly + L; + Ly cos B34 + Lscosfas + Ls cosfre = —Lo, (3.5)

where cosf,3 = 1 — 2 (1 — x,) [ x,%3, etc.

Now we write angular distributions analogous to those given by (2.10) and
(2.13)

First, the angular distribution in @,, where @, is the angle between the beam
axis and the photon direction, is

do = 3a® ! 4’ 2 ' i 2 ]
dx, dx;dcos®, 164> K'[T“"‘OOS 6,) + B'sin2 60),) |,
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where

., X3 x4l —x)
A‘s[a—xs)a—x.o xzz]’

v _ 4(l—x2)
B —-ST.

2

(3.7)

In this case, the K'' term drops out automatically after the azimuthal integration
around the %, direction.

Second, the angular distribution in @, where @ is the angle between the beam
axis and the normal of the production plane, is

do A 3a° K [-!—(l + cos? @) + sin? @] -C (39
dx, dx; d cos @ 1692 2
where
22 4 x2
C' =4, 2 2 ) 3.9
T =% 6
We write the quantities A’, B, and C’ in two cases:
N 2,
(a) at the centre of the Dalitz plot x, = x3 = x, = 3°
A" =40,
B’ =24, (3.10)
C' =32;
. . . 1.
(b) in the limit x, = 1, %3 & x4 = 5
24 a2
A =8 3 3
(I —23) (1 — )
B = 0(y,), (3.11)

X+
(I = x3) (I — x5)°
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In case (b), the integration over x; gives (x, — 1)

1+ —x 9’
A () ~ 16 ——— 2" 1n n(l—x) 7
B (x,) ~ O(y,), @12
~, 14+ (1 —x)? .
C o) w8 - = (1 — ),

where /I is the scale parametar (Aqgcp ~ 0.4 GeV).

For heavy -quarks, we should make the replacement A — m, since the actual
parametar is an effective quark mass.

Our results are not applicable to the events where M2; = (1 — x,)¢? is small,
i. e. x, is very close to 1. Nevertheless, we will use these results for M} > My ;> A*
to make at least a qualitative comparison with the analogous results for reaction
(1) (Fig. 1). The integration over angles in (3.6) or (3.7) gives

KT Ty G139
This diswribution has a minimum for x, ~ 1, x3 &~ x4, & —21—-
Finally, the integration over x3 gives
do 4K 14(1— xz)z M (3.14)

dx, q2 X5 ./12 1

where MZ%, = (1 — x;)¢*> and ¢*> = M3.

To conclude this section, we wish to mention that the angular distribution
in @, coming from Fig. 2c is

do 103 [—(l + cos26@,) + B'sin?0, ](l—x,)(l—x.;)
dx, dx3 d cos @, 16q2 (=. Q’) x; (I —x,)sin* O,

where A’ and B’ are given by (3.7).
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4. Comparison of results and conclustons

We now compare the result for the process in Fig. 1 with that for the process
in Fig. 2 on top of the Z, vector boson. To make a rough estimate, we suppose
that N, = 6, Mz ~ 100 GeV and 4 ~ 0.4 GeV. Then we have

[g’ Qf(gv)f]2
; Of (g + &or

K
?= x Ndoubgg, .03~ 1,

4.1
4n 1

as= .
2 M3
1—3N, In—&

~ 0.18.

(a) At the centre of the Dalitz plot, the ratios of (2.10), (2.13) and (2.20) to (3.6),
(3.8) and (3.12), respectively, are

( de ) ( de _) ~
dx, dxsdcos @, /| \ dx, dx3 d cos @, /packgrouna

(4.2)

( de ) ( do ) -
~ dx, dx3 d cos @ dx, dx; d cos @ background =

cam ) |(Es)  ~vm ) Kl
dxz dx3 dxz dx3 backgrouad (275)2 K 2 ~ :

(b) In the limit x, = 1, x3 &~ x4 ~ —;-, the ratios of (2.10), (2.13) and (2.20) to
(3.6), (3.8) and (3.12), respectively, are as follows:

( do ) / ( do ) o
dx, dx3 d cos O, dx; dxs d cos O, / sackgrouna

~ ( do ) do ) o~ (4.3)
~ dx, dx; d cos o) \ dxz dx3 d cos @ background )

~ ( do ) /( do ) o
dxz dxz dxz dx3 bockground

2 . 2
X [Eiln(x—x,)] <d K[ﬁs-mﬁ] <o.L

Y ar 6K |z A2
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(c) In the limit x, — 1, the ratio of (2.22) to (3.14) is

R = (.‘_11) (ﬂ) - (_‘18.)2_?__’{ In? (1 — x;)
dxz dxz background 27 3K ML ‘

A2

If we set M%/A% == > 1, but Inx ~ 1, we obtain the ratio

&s I ¢%]?

R<|zzIn—2=[ 0.1 4.4)
and for 0.7 < x, < 0.9, we have
as\?
~|=) ~10-3
R (27‘) 10 -2,

In fact, this ratio can be regarded as a function of the unknown quark mass m,.
We have not investigated this possibility, but we expect no dramatic change in
the results.

* Inthis paper we have studied the processe*e~ — ¢ + 2 gluons — ¢ + hadrons
as a possible source of pure two-gluon final states. Calculating in the lowest otder
of the standard SU (3) x SU(2) x U(1) model and setting m, = O for all quark
flavours, we have arrived at the following conclusions:

(1) The electron-bremsstrahlung proces behaves as 1/(1 — x,) for x, — 1 and
is the dominant contribution to the process e*e~ — hard y -+ hadrons (in this
region). The ratio of the different distributions for reaction (1) to the analogous
distributions for the background process is smaller than 10-3 for 0.5 < x, < 0.9,
and even decreases as x, approaches 1.

(ii) Since reaction (1) gives the largest contribution on the boundary of the
Dalitz plot (i. e. x, — 1), the only possibility allowing for the suppression of the
electron bremsstrahlung: contribution is to go on top of the Z, vector boson.

(iii) Kinematics cannot be used to separate gluon jets from quark jets since
the angular distributions exhibit a similar behaviour.

(iv) The different distribution ratios for reaction (1) to the background re-
action have been estimated to be 10~ 2 for 0.7 < x, < 0.9. For x, — 1, the upper
limit has been found to be R < 0.1. In any case, reaction (1) is dominated every-
where by background reactions. The estimate of the background is performed
under the (pessimistic) assumption that no distinction is possible between a two-
~gluon jet and a ¢¢ jet. Should one find a difference (in average multiplicities, etc.),
the estimate of the background could be reduced, even drastically, since one
could select events so that the g—g component would be enriched.
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F (x)
25

20

15

10

] 1 1 1 x
o0 03 05 07 09

‘Fig. 3. Plot of the function F (x) in the limit m/E - 0.
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Appendix
In the limit m/E — 0, the invariant quantities are the following:

G, (234) = G, (432) =

4y, {[ (2y3 Yo, Wa ) ( 2 1 )
Y292 Va Vs x Y3 Y3 t+ X3 Vs Y, | % Ya

2
+ x5 (2(3’3 _y4) . 4}’32.)’4) 1“-"(3’4)] + [2 (—)4]2 +
Y2 Ya

2x ~ 2
+ [xs (i'—: Iny, —'%mytt) + y—:(y4 — ¥2) T(2:4)] }: (A.1)

8 {[ (Zyzys 2y, ) (2 1 )
= -3y, + (2221 P2y ) 24+ )m
¥ Y2 + Ve + r y3)lnys + x3 32 e + = y2 +

2x - 4x. > .
" ( 3 (s —2) 33;33’2)T(2’3)]X [fiyz ny, — % yslny, +
Ya Ya *2 *3

#2202 %03)] 4 3est] x Bert] +

2 2 2 I
+ [23’4 + (___y3y4 4 2 —;’}’3) In y; + %354 (—+ —-) Iny, +
Y2 X3 Y2 X4

2x3 (¥3 — ya) _ 4x3 Y3 ¥s)
+ ( 2. % ) T (3,:4)] X [3«»4]. (A2)
Here,
T30 ~ 5 [ + 80 + B(x) —lny, n ) a3)

where @ (2) is the Spence (dilogarithmic) function,
& (z) = J' de _l'i_t—‘_l,
0
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The following relation is fully symmetric:

4y, Y3 Y3la ] .
. [x_;; G,(234) + oy G, (243) + s % Gi(234) | =
= 16 [S, (234) + S, (324) 4+ S, (423)), (A9

where
S;(234) = S, (243) =

[ 2 2
— [2y3y4(1 +y2) +3_’1 (;yi-}.-& +x3 _x4)lny3 +
3 X4 3 \Y2 X3

2 2 2 ~ 2
F2 200D g+ S a0 = 507 — 203530 TGO +
4 LY2 X4 Y2

Y3Ya[2(ys —y3)ys | 2 _ 2 _
+y1x§ v +;§'(y4 2y:uc;)lnys-—;:-(y:s 294 xs) In v, +

2
+ 4 (J'sy"' y4) f(3’4)} . (A.S)

The quantity G, (234) is fully symmetric, and can be put in the form

G, (234) = 16 [S, (234) + S, (324) + S, (423)], (A.6)
where

S, (234) = S, (243) = % +

Y3 Ya
2x3 — In 2%, — Iny, —
+ [yz xa( 3 —¥2) Iny; + 92 x4( s —y2)Iny,

2
- (2_2‘_2. + __4-"3,3’4) 7 (3,4)] :
Y2 yz
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MLAZEVI TVRDIH FOTONA I GLUONA U SUDARIMA e*e~
S. MELJANAC
Institut yRuder BoSkovics, 41001 Zagreb

UDK 539. 12

Originalni znanstveni rad

Razmatra se moguénost produkciie direktnih fotona i konaénih stania s dva
gluona u sudarima e te~, ete” - y + 2 gluona —» » + hadroni, kako izvan tako
i na rezonanci Z,. Nadeno je da su pozadinski procesx ete” -y + qq — 9 + ha-
droni svagdje dominantni. Izvan ‘rezonance, omjer raspodjela je manji od 103 za
0.7 <x, <09 i opada kada se x pnbhiava jedinici, pa se zbog toga ne moze
opazm na PETRA ili PEP. Na: rmnancn, omjer raspod)ela je procqen;en na ~10~ 3
2a 0.7 <% < < 0.9, te je nadeno da gornja granica iznosi ~ 0.1 za x, — 1.
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