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Abstracst
In the approximation of zero binding energy, we study the
production of tha heavy vector quarkonium states V{(=9), T,...)
accompaﬁied with gluon (g) jets im -N and e+e— collisions. For
the rare decay of the z° resonance into Vgg, the rate is found

extramely small.

DISCLAIMER

Talk delivered in the "7° physics" Forkshep at Cornell University,
February 1981.

The submitted manuscript has been authored under contract DE-AC02-7ACR0ON0OLE
with the U.S. Department of Energy. Aczordingly, the U.S. Government
ratains a nonexclusive, royalty-free licznse to publish or reproduce the
published form of this contribution, or allow cthers to do so, for U.S. .
Government purpgses. \%;b

Ly
BISTRISUTION OF THIS BCUUMENT 1S YNLIMITED



I. Introduction

The production of heavy quarkonium states (¢, T, ...) is interesting
for their clesr detection signatures in the experiments and perturbative
QCD predictions in the theory. Hereafter, we use V as a generic symbol

for all heavy vector quarkoniums including the presumed toponium ¢

states made of top quark pair {tt). In this note, the inclus.ve processes
of V production in YN and e+e_ collisions are studied. (see Fig. 1). We
visualize thaese processes in the high anergy limit as yg -- Vg

and e+e— »7* + Vgg with gluon (g) jets recoiling. The V vertex of the
heavy quark pair Qa is related to the wave function at the origin 3(0J)

in the approximation of zero binding energy (ZmQ=MV). Let <V,; = 0|1

be the transition amplitude from the ini..al state i to the final state

with V at rest
v, p = 0}id>= r¢<p><o | x<a__[Ddd%p . [65)
, J/ > !

Here ¢(p) is wave function of QQ system in the momentum representation.

Since(iQp[ X <Q—p! i> 1is a slowly varying function in the neighborhood

p=0, the right hand side of Eq. (1) can be approximated as
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with g as the matrix from subgraphs other than the V vertex. The
last factor in Eq. (3) can be absorbed into the phase space normali-
zation. The polarization 2 of V is related to the heavy quark spinors

as follows:

V() u(®) = i@ )/ /T
v+ (= a(H] /2 = £0) (R M) /Y2 (%

From Fgs.(3) and (4), the effective coupling between (QQ) and V

(see Fig.2) is obtained

v

= _ ud] . LM ]
[(QQ)->V] 2oy (P M )2(0)M (5)

For ¢ and T, the wave functions at the origin #(0) were measured through

‘0

the leptonic decay widths Fee

2 = 27 2,2
|¢(O)[ M 1ee/(l6ﬂc aQ) . (6)
The values of l¢(0)[2 for ¢ and T 2re therefore 0,04 and 0.4 (GeV)3
respectively. For the toponium Z state, we assume MC = 40 GeV and

approximate the wave function value lQ,(O)I2 from the calculation
L]

based on a Coulomb-like binding potential
e (0)|2 = o343/27m) , (7
[4 s r

with the strong coupling %::0.3.



II. YN - VX

Recently, deep inelastic production v*N - ¢X with large recoiling
hadron energy was measured in the muon experiment.l The parton process
vy*g » Vg described in Fig. 1 (i) would also produce a gluon jet carrying
certain amount of energy2’3 as observed in the experiment. Similar
reaction in tke crossed channel is known as the ortho-positronium decay
into three phctons, In textbooks,4 the corresponding transition proba-

bility for e (0)+e (0) - ¥(k)+y(k,)+v(k,) has been worked out as follows:

spins K%k©

_ m. 40 2
<}12(e+e *3Y)D>_ .= 15e6(—e'—kl) + cyclic permutations (ki,kg,kg) (8)
273

where summing over the spins of the final states and averaging over the
spins of the initial states are assumed. With appropriate variable

substitutions, we have

282
) 2 . 4M<§
{' En ] Loele?s? . ——T + qelic (5,5,u)  (9)

e 1] .
M= (88D ing . = {—-}
spins, 12 (t-Mé)Z(u—Mé)z

1
color

Here, the first factor 1/12 ccmes from the color average and the second

factor Zié(O)lZ/Mv is originated from Eq. (3). Therefore,

d3(yg+Ve)

(167s2) 142D

ar spins,
color
12872 f 2
= =5 e2aa2y {o(0) ]2 £ + eyelic(8,t,u) (10)
342 I(E—Mé)z(u—Mé)z
After integrating t variable,
128c¢2ae2n?
g(8) = s Q locoy [2{2y (XL - 2xigy ), 20021) , 42ny (11)
Yo A\y-1 (=D3F7 y(y#D)?2 T ()3

N 2 . .
with v = §/M;. To give measurable cross sections, the expressions in



Eqs. (10-11) are to be convoluted with the gluon distribution G(x;x=s/s)
which we choose the simple form
G(x) = 3(1-x)5/x (12)

suggested by counting rule and momentum constraints. In the above
formalism, the calculation is infrared finite. If this process is a
dominant one, we can use Bjorken variable

x = c/[ sz(Ey-E‘_;.,] (13)
as the momentum fraction of the incident gluon in the nucleon and,
hence, the gluon distrib .cion G(x) could be measured. We compare our
calculation with EMC datal on Y*N+¢X at low Q2(Q2 = —k%). For the case
of non-vanishing Qz, we obtained much lengthy expression for the cross
section through the computer program ASHMEDAI. 1In Fig. 3, our prediction
for the cross section of the inelastic y production reaches 9nb at
ET = 200 GeV. The data rise faster than the prediction in the energy
range Ey = 100-200 GeV. It is likely that more reaction channels,5 not
expected in this model, are opened at high erergy. On the other hand,
the predicred distribution of the inelasticity 2(=E¢/EY*) grees ex-
cellently with the data as shown in Fig. 4. For the Q2 and t dependences,
our pradicted distributions are flatrer than the data (Fig. 5,6). As
there are success and failure of this model, we expect future higher

statistics experiments could give better understanding of the production

mechanism.

111 ee = y* > Vggo

We can utilize the above formalism to study a similar process®

+ -

e e - y% > Vg(L)g(k) as shown in Tig. 1(ii)}. The scaling variables



are defined as

X, = 2Ei//E i=v,8,k
Xy txyg b xR =2 (14)
A= Mg/s .

; . + - .
Here Ei is the energy measured in the e € c.m. frame and MV is
the mass of the V meson. The differential cross -ection after integrating
: R + -
over the angles be-ween the plane of Vgg and the direction of e e beam

is related to the "decay width" I'(y* - Vgg) of the virtual photon Y* as

follows
do/ (dx.dx,) = 4ras >'% dT(y* - Vgg)/(dx.dx,) (15)
vty ] Xy,
with
driv* ~ Vegeg) _ 128 - 2.-3/2 2
dx..dx 9 eQ‘ms s MV[¢(O)!
VoL
(24, )%, (24, )%, (xv—x)z—l
x + +

(7-xv)2(l-x£—x)2 (Z-xv)z(l—xk—>.)2 (1-xk—x)2<1—x2-x)2

1 6 (1+a-x)2 2(1-x.) (1-1)
[ By v + %-]} (16)

T T | T2, 02 T (T~ (T=x,- )%

The matrir. element above is related to the corresponding matrix element
of the crossed channel reaction V -+ y*gg with appropriate variable re-
placements. The allowed region of the phase space is

2/% <1+ A

1 . 17
x, s 202 - x £ G2 - 007 an

Our results are shown in Fig. 7. The cross sections for the inclusive

V production are swmall but not unmeasurable.
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The process e e = VX can, in principle, allow a study of the final

state from two gluon jets over a full range of kinematics Mx < (Vs - M.

The invariant mass squared of the hadronic recoil system is Mi = s(1 ~ x; + A).

Figure 8 shows the spectrum of Mx in e+e- + VX.

. . 0 . + - ey .
It is natural to consider Z resonance in e e annihilation as a source

for Vgg production. The differential decay rate is given by Eq. (16) with

the following substitutions

a > V2 GFM%/W

e +-% - [eQ{ sin?g

Q W

V/; -+ Mzo.

8 .
Here we use the standard electroweak model® and set sin2@

(18)

W 0.23. There is

no contribution from the axial vector coupling as a result of charge conju-

gation. The decay width T(Z? + Vgg) is very small because of the smalluness

of the vector coupling in the standard electroweak model.

tabulated below:

r(z% + veg)/T(z% + yp) = 1.1x 1075 V=
4.7 x 107° v =
2.2 x 1073 v =

The author thanks V. Barger and J. Leveille for the

the work of Section 1I.

Results are

3

(19

collaboration in
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Figure Captions

Fig. 1. Diagrams for inclusive V productions in (i) the yN collision

.. + - o R
and (ii) the e e annihilation.

Fig. 2. Effective coupling between (QQ) and V

Fig. 3. The predicted inelastic cross section o(yN -+ yX) versus
EY is compared with data extrapolated from uN > pypX.

Fig. 4. The predicted z distribution is compared with EMC data.

Fig. 5. The predicted t distribution is compared with EMC data.

Fig. 6. The predicted Q? distribution is compared with EMC data,

Fig. 7. Ratio of total e+e_ - VX cross section to the pure

+ -
QED e e -+ U u

cross section versus /s for the cases V
being ¢, T and .
Fig. 8. Yadronic mass spectrum ¢ ! dB/d(Mx//g) predicted for the
*e” /e
process e ¢ - VX. The cases shown have vs = ZMV, 3MV

and lOMV.



(i) y* N—=VX

Figure 1

YL M) S (0 1 Sy

Figure 2



c (yN —> Y X} (nb)

S0

0.l

Tiligure 3

_ T ] T | A I B # ]
INELASTIC \[I PRODUCTION + #

E; .—"’——::

e -

_/ L I 1 I A N WO A | ]

0] Jeole]



do/dZ (arbunits)

T T

E._ (u) = 280 GeV
inc

1.0

11



do/dt (arb.units)

\ - ~
mwdnAtv 280 GeV -

I 1 I

2 3 4

t (GeVvd)

fFigure 5

12



13

T T T T TTT] T T T TTT1T1] T
T T By (W) = 280 GeV
L
T
IO
© L
r=
S -
o
Q |
o
o~ a
(& ]
©
~.
ﬂv -
o
N
(@
Lt o rvregtl ] Lt vl 1
O.! 1.0 i0
2 2
Q (GeV™)
Figure 6

e




17717

REREL I

I

Lt iidd

|

N IR

N
=

(_r,7<8,8) 9300 /(xp < _a 19) 0

107

100

S(GeV)

Figure 7

10

14



15

--./s =10M

’l
”
-~

(S/*7*NW)p/sop -0

0.8

0.6

0.4

0.2

My A/S

Figure 8



