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Erratum: Upper Bound on Charmed Quarks in Nucleons from the Cross Section
for W(3100) Photo-Production (Phys. Rev. D 12, 3669 (1975)).

~ Author: T, Goldman

In Eqs. (4) and (8), the denominator factor Mz should' read M@ instéad,

. as is obvious from dimensional analysis., The misprint in the printed version

3
occurred because of an unfortunate error in transcription from Phad I‘lept/Mlp

to g2h2/M s, where g and h are dimensionless couplings. We emphasize

that the numerical results are correct, as they were calculated from the correct

version of the formula. In particular, the scale in Fig. (2a) is correct.
Since the completion of the paper, the experimental results have become

[1]

clearer and ‘confirm our conclusions; The experimental cross-section is an
order ofAmagnitude smaller than the theoré;ical calculation and shows strong
evidence that most of the scattering is cg&erent; thus the chérmed quark content
of nucleons is at least an order of magnituée less than the strange quark con-
tent. Hence, this work provides an independent confirmation of the conclusions

(2]

drawn from a Regge-Pomeron approach on the relative weakness of the coupling
of charm to the Pomeron. (That work, however, depends on vector dominance

assuﬁptions to extract o(Pp * X) from the observed o(yp =~ ¥p).)
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ABSTRACT

A Drell-Yan type calculation of §(3100) photoproduction based on
the recent data from SPEAR gives a sﬁrprisingly large cross section.
If the results of the photoproduction experiment at FNAL are similar
to naive VMD expectations, a stringent upper bound on charmed quarks

in nucleons is obtained. A consequence for y W, at high w is also noted.
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The result of a Drell-Yan type1 calculation for the process yN — (3100)
+ X is a surprisingly large production cross section if charmed quark-partons
(c) and antipartons (c) are present in nucleon wave functions at a similar level

to that of strange qtiaf'ks. For squared—-c.m. energies s ~ 100 ~ 200 GeVz,

33

the value is in the range 156 ~ 300 x 10~ cm2 , which is considerably larger

than the 10 - 20 x 10753

cm2 suggested by simple vector meson dominance
arguments. If the latter figur.e is verified by experiment (such as one current
at FNAL),2 it follows that charmed quarks must be rarer than strange quarks
in the nucleons.

The exact bound obtained depends somewhat on the parton distribution
functions used, i.e., up to factors of ~ 2 - 3. Only the results obtained for
parton distributions of the form employed by Chu and Grunion3 and by Farrar4
(which are supported by considerations of dimensional counting and the Con-
stituent Interchange Models5 and are the result of detailed fits to the deep in-
elastic eN and v N data) are quoted here. For charmed quarks analogous in
strength and origin to strange qu.arks,6 0 the parton distribution (probability to

?

find a parton of momentum fraction x) is
e(x) = Cudx) = .2 X T(1-x)’ 1)
N N )

For photons, the distributions may be calculated using QED8 with the result

H

c,6) = 5,0 = 5(5)m (ig)[yz + (Y] @)

where the 4/9 is the square of the presumed 2/3 charge of the charmed quark,
m,, is its mass, which has been taken here to be 1.6 GeVg, and s is the squared
total ¢.m. energy of the photon-nucleon collision.

Figure 1 shows the Drell-Yan process as applied here. The formula1 for

computing the cross section differential in mass-squared Q2 of the observed
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final state lepton pair in the region of the i resonance is (ignoring the possibil-

ity and effects of '"color™; i.e., a factor of 1/3):

i Zfdxdyé(xy Q/s)xy[N(x)c(_yHcN(x)c(y)] o
aq? 127r[(Q I\/P)+M¢ z/)tot] |

where h and g are the coupling constants of the ccy and L4y vertices (see Fig. 1);

point vector coupling is assumed. M, =3.1 GeV is the mass of the zp and

Y

r J tot ~ 80 keV is the inferred total widtth of the . Since this is very narrow,

the integral of Eq. (3) over the region of Q2 ~ M2 is, to a good approximation,

g-("}/N-—»Xf(ﬂd)-»fR).)‘ - .G_I\Z&Ei__ I ——T[N(x)c < )+cN(x)cy(§)]
Y zptot
4)

where 7 = M::‘b/ s, and the off-shell heavy photon background has been ignored as
it is extremely small.

The value of g may be obtained from the leptonic (electrons or muons but
not both, and assuming universality) decay width of the ¥ :

2

Ty -m = 37 My ©)

again assuming a vector point coupling and that ¢ is a spin-1 meson. 11 The
value of h has been taken to be that of a typical strong interaction: h2/41r ~ 1,
(This implies, for instance, that if  could decay into charm nonzero mesons,
then T ¥ tot ~ 600 MeV; this value is calculated after the fashion of Eq. (5), as-
suming the two-quark final state sufficiently reflects the properties of the true
final states, as is typical of quark-model calculations. ) If Eq. (4)is used with

the photon replaced by another nucleon, the resultant y-production cross sec-

tion is in order-of-magnitude agreement with the experimental value observed
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at BNL. 12,13 (The corresponding calculation13 for the Drell-Yan annihilation

of ordinary quai'ks and antiquarks into y's with an effective coupling strength in-
ferred from the decay of y into ordinary hadrons (again in a manner similar to
the determination of g via Eq. (5)) results in a cross section 10 - 30 times
smaller than observed. 12) Since the branching ratio B = T b — ﬂ/ r ) is
known10 to be ~ 0.07, the. production cross section fér Y's may be obtained

using Eq. (4):

cON =y +x) = Blo(N ~x + ¢ —10) (6)
The results are shown as a function of s in Fig. 2a. Corrections due to finite
energy kinematics will be discussed in a future publication. 13
The results do not depend strongly on the form in Eq. (1) as most of the
cross section comes from x <<1, y~ 1 and so depends only on the limiting

value 14

lim xc(x) (7)
X—=90

which should be good to a factor of 2 under our-assumptions. The longitudinal
distribution of y-production dg/dé,where ¢ =2Q3/\/—é and Q3 is the longitudinal
momentum of the observed lepton pair (or 3), is shown in Fig. 2h demon~
strating that most of the cross section comes from small x partons in the nu-
cleon, 14 and that the y's tend to be produced in the direction of and with close
to the same momentum as the incident photon. Despite the fact that this is an
incoherent, inelastic production model, this distribution for y's is similar to
what is expected from diffractive (vector dominance) production (see Fig. 2b),
although the £- and transverse-momentum distributions may be somewhat

broader in this case. The formula for this cross section is

do gzhz I c.(X)C (y) +c (X)) C
do - ) 8)
P T Lse o] <
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K

;o 5. T

where x = (g g 47)/2 and y =\/—§ +N g+ 47)/2 and again an integration
9 :

"

The calculation does not depend strongly on the assumptions used except

* has been taken over the region QZ ~ M

for the Question as to whether or not the ycc vertex can be approximated as a
point coupling. This -would be most reasonable if zp were an elementary field
similai‘ to the photon. If y is a cc-bound state hadron, a nonlocal vertex should
be used with a momentum dependence that reflects the cc binding into a y.
However, the corrections due to such a vertex may be small in this case for
two reasons:

1) The vertex, although not iaointlike, may have a small distance scale.
In some recent bound state models9 of the ¢, it has a mean "'size" (quark-
antiqugrk separation) of ~ 0.6 f which is somewhat smaller than the size esti-
mates 04f more ordinary hadrons (~ 1.5 f). Note also that the observed dis-
tance scale for the onset of scaling is only ~ 0.1 - 0.2 f. Nothing quantitative
is obvious here, but qualitatively it seems apparent that applying a short dis-
tance or impulse approximation for y-production in this way is at least a better
approximation than it would be for more ordinary hadrons (such as ¢, p, or w).

2) The value for the point-vertex coupling constant is approximately the

same as obtained by fitting to the pp — y + X data from BNL. 12,13

In this
sense, it is an effective coupling constant and its size may, automatically take
into account the effect of some nonlocality of the true vertei: function. In this
respect, it is unclear whether the value inferred from the pp data for this
coupling reflects either the large mass scale of charmed quarks9 and the ¥ or

the conversion of a larger but momentum-dependent coupling strength to a

smaller, averaged constant value.
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The y-production cross section suggested by naive vector donr_zin.amce13 is:

40 nb , tot 2
o(YN =9 +%x) = == {(g) ®)

where g;cbobg is the total y-nucleon cross section in mb, which should be no less

than 1 mb if ¥ is a hadron;l'5 and where b is the slope parameter in the differ-
ential cross section dg (YN — ¢ + x)/dt « ebt in GeV—z. Typically b ~ 4 G‘reV‘2
for the production of other hadronic vector mesons. The 40 nb coefficient is

the combined result of choice of units and a y - v mixing streng‘,ft’lf’l»inferred from
T — by assuming the decay sequence § — 7y -~ £g, which is consistenf with *

P — 18
10

experiment. Then, ¢ (YN — ¢ +x) ~ 10 nb and this is in rough agreement

with the reported value. 2 Thus there must be at least a factor of 10 less

charmed quark and antiquark in the nucleons than is presumed by Eq. (1).

Furthermore, if the productionathigh energy canbe experimentally shown to have
a predominantly diffractive character, then the process calculated here must

be a small (< 10%) contribution and the charm quark content of the nucleons

would have to be less than 10-2 of the strange quark content. These limits are

lowered even further if one increases the value of the parameter h in an at-

tempt to recover the observed pp —  + X cross section12

despite the reduced
charm quark content of the nucleons. 16

If one clings to the theoretical prejudice that the Pomeron must ultimately
be SU{4) symmetric, at least at x = 0, then from the scale in Fig.2b one would
conclude that the symmetric piece turns on at x <<0.05. In terms of the deep
inelastic structure function, sz , this corresponds fo an increase in the ap-

i

parent limiting value as w — « for w > > 20. That is, if the presence and
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effects of wee strange quarks leading to an SU(3) symmetric Pomeron are vis-
ible as leading to an approximately constant value of VWZ as w — 20, then the

constant value will be larger by ~ 2/3 (since vW,, includes the effect of the

2
quark charges), for w > Wq where wq > > 20 describes the scale on which the
Pomeron becomes SU@4) symmetric as the number of wee charmed quarks be-
comes comparable to all others.

I would like to acknowledge many useful conversations on this and other
topics with members of the SLAC Theory Group and SLAC Theory Workshops
on the . Iparticularly wish to thank S. Brodsky and S. Drell for illuminating

discussions on the applicability of the impulse approximation to ¢ ~production.
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FIGURE CAPTIONS
The Drell-Yan process for photoproduction of a massive lepton pair via
the annihilation of charmed quarks and antiquarks into the y-resonance
which subsequently decays: h, g, and 2/3 e are coupling constants.
Total cross section and longitudinal distribution.
Total cross section for photon + nucleon — y + anything (in cmz) as a
function of squared total c.m. energy s (in GéVz). Points are as computed
from Eq. (6); solid curve is smooth interpolation;
Longitudinal distribution (in arbitrary units) of produced y particles dg /d¢
as a function of longitudinal momentum fraction ¢ of ¢ in the photon-nucleon
c¢.m. frame, at two energies (solid curves). The dashed line indicates the

distribution expected for diffractive (vector dominance) production.
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