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Abstract

We discuss heavy quark production in ep collisions at LEP/LHC ener-
gies. The various production mechanisms as well as background pro-
cesses are studied. We succeed in separating the direct photon-gluon
fusion channel, and show how to measure the gluon density in both
open and hidden heavy quark production at LEP/LHC. We specify
the explorable ranges in ¢ and Q? and estimate the errors with which
the gluon density may be reconstructed at LEP/LHC.
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1 Introduction

The primary source of information on parton distributions comes from structure
functions measured in deep inelastic scattering experiments. Taking appropriate
combinations of charged current and neutral current events, combining e¢*p and
¢~ p data, and choosing suitable kinematic ranges, it is possible to unfold individ-
ual quark distributions at LEP/LHCJ[1]. Inclusive lepton scattering, however, is
not directly sensitive to the gluon distribution. A dependence on the glue (simul-
taneously with a dependence on A) arises through the Q? evolution of (singlet)
structure functions or through contributions from the longitudinal structure funec-
tion Fr(x,Q?) (see |2,3] for corresponding studies at LEP/LHC). In this note we
investigate the prospects of determining the gluon density from exclusive processes,
namely open and hidden heavy flavour production. Previous attempts to extract
the gluon distribution from heavy quark production can be found in [4,5]. The
new methods we develop in this first systematic study could also be used at the
HERA experiments.

At ep colliders, heavy quarks are mainly produced via exchange of quasi-real
photons (Q? ~ 0). The scattered electron is typically lost into the beam pipe.
Heavy quark production at ep colliders can thus be viewed as a continuation
of photoproduction experiments up to higher cms energies. The leading order
production mechanism of heavy quarks is photon gluon fusion

y+g — c+E,b+b (1
y+g — J/¥+g. (2)

For the following reasons heavy quark production looks well suited for a measure-
ment of the gluon density: (i) the direct sensitivity to the gluon density, (ii) the
comfortable rates, and (ii1) the clean signatures.

Cross section estimates for (1,2) depend rather heavily on the values of the
mass scales in the strong coupling constant a, and the gluon density. In contrast
to lepton inclusive ep scattering the scale y in (1,2) is not uniquely defined. Ac-
cording to QCD factorization p has to be of order of the heavy quark mass. We
identify mass and renomalization scales and take y = V'3, the partonic cms energy.
Furthermore we use throughout this paper the one-loop formula for a, with four
flavours and take Agcp = 200MeV. If not otherwise stated the parton density
parametrization set B1 of Morfin and Tung|6] is used.

The rather strong dependence on the choice of the scale indicates that higher
order corrections are important. For open heavy flavour production these cor-
rections can be calculated perturbatively. Since we shall require a substantial
invariant mass for the heavy quark pair in our analysis, corrections from quark
initiated subprocesses, ¥ + ¢ — ¢ + g(— QQ), will be greatly reduced. But
the remaining corrections are gluon initiated, exactly as the leading contribution
(1). Furthermore it is expected that these corrections can be described by a
rather constant K -factor[7]. Thus we generate events according to (1) and assume
K(cé) = K(bb) = 2. We do, however, include effects of multiple gluon emission
on the event topology by using the event generator AROMAI[8 where they are



included in a parton cascade approach. Higher order corrections to J/¥ produc-
tion are more difficult to estimate since the calculations assume the validity of the
non relativistic quarkonium model. In [9] it was shown that this model describes
differential distributions well, if - < 0.8 and pr > 1 GeV. We shall therefore apply
these cuts later when reconstructing the quantities z and pr. However, there 1s a
problem with absolute normalisation, a K-factor of about two seems to be required
to fit the data. For simplicity we take K=1.

2 J/¥ analysis

The subprocesses contributing to J/¥ production in addition to (2) are:

v+g — b(—>\I’X) +6 (3)

g+9g — x—= ¥+~ (4)
and

g+g — ¥+yg (5)

{99,959} — x(—=¥+9) +g¢
gq9 — x(—=¥+7v) +gqg.

Additional background events may come from the production of light quark events
with subsequent decays into leptons. Our analysis is based on the leptonic decay,
J/¥ — IT]~, where [ is either an electron or a muon. By restricting the lepton
invariant mass to the J/¥ mass these background events can be rejected. We
thus do not consider these events any further. Corrections given by the hadronic
component of the photon (4,5) are known to be large[10]. These resolved photon
contributions give rise to ¢@, ¢g, g¢. and gg initial states. A K-factor of about two
is required in the analyses of J/¥ production at the SPS and the Tevatron where
at high enough energies the dominant contributions come from gluon-gluon fusion
to y states [11,12]. Assuming that the K-factors for (4,5) will be similar, the K-
factors for the resolved and direct processes will be roughly the same. Hence we
use uncorrected Born level cross sections (K=1 also for (4,5)}) in order to optimise
cuts.

The pr distributions of the various J/¥ production mechanisms are shown
in fig. 1 with the labels: solid line: direct production (2), dashed line: resolved
photon contributions (5), and dashed-dotted line: b-decays (3). The curves show
the Monte Carlo p} distributions where no cut was applied. The subprocess (4)
can only produce J/¥’s with small transverse momentum and is therefore omitted.
At hagh pr values (pr 2 5GeV) the bottom production mechanism (3) dominates.
Yet, for p; ~ 4 GeV it can safely be neglected. J/¥’s from b-decays could further
be reduced by requiring them to be isolated. The other two processes, (2) and (5),
are about equally large. They have similar pr distributions and can thus not be
discriminated by a cut in pr.

Direct photon (2) and resolved photon (5) contributions do, however, differ in
the laboratory polar angle distribution of the J/¥. In fig. 2 we show do/dcos#@
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for both subprocesses. Again, the distributions are Monte Carlo results without
applving any cut except pr > 1GeV. We find a rather flat distribution for the
direct process whereas the resolved photon process is strongly peaked at cosé =
(Pw - Pp)/(|Pw |- |Pp]) = 1, i.e., in the direction of the outgoing proton remnant >. A
cut in cos # will therefore be very effective in suppressing the latter reaction.

For our analysis we now generate complete event samples for both processes.
The hadronization is implemented using the LUND string fragmentation. The
events are then passed through a detector of H1 type(13]. The J/¥ momenta
are reconstructed in the tracking system via their decay leptons. Due to the
geometrical acceptance this implies a cut of |cos 6] < 0.98 on the (reconstructed)
polar angle. Referring to fig. 2 it is clear that this diminishes the resolved photon
contribution quite a lot compared to the “signal events” (2). We now apply a
cut on the transverse J/¥ momentum, p% > 1GeV, in order to select events
where (2) is a reliable description of J/¥ production. After the two requirements,
(i) the J/¥’s can be reconstructed in the tracking device, and (ii) p} > 1GeV,
we find a signal-to-background ratio S/B = 5, i.e. the direct contribution (2) is
approximately a factor five larger than the resolved one (5).

In order to improve the signal to background ratio we consider the distribution
in z: the ratio of energie-plus-longitudinal-momentum of the J/¥ to the photon
in the laboratory frame:

_ Py _ (Etpr)e

z = . (6)
Pp* Py Ij;}; (E+ pL)~

The momenta are labelled as proton p,, photon p,, and J/¥ pg. As argued in
ref.[14], J/¥’s carry almost all of the incident energy when the proton and photon
couple directly but only a small fraction when they couple indirectly, 1.e. via the
partons in the photon. This is a consequence of the soft parton distribution in the
photon. This is quantified in fig. 3 where we show the z-distributions of the two
processes as they are obtained from the Monte Carlo. The direct channel peaks at

z — 1, whereas the resolved photon contributions accumulate near = = 0. A cutin

[

will therefore substantially improve S/B provided z can well be reconstructed.

Experimentally, z in (6) has to be reconstructed from a measurement of the
momentum of the exchanged photon. The photon momentum is determined by
the variable y defined by

- p. >~ (E + .

Pp- P Lab ( rL)
where p, is the incoming electron momentum. As stated above, the exchanged
photon is almost real in J/¥ production. In the collinear approximation, @* = 0,
we obtain E, = (pr), or p, = yp.. Independent of this approximation, z is now

reconstructed by (neglecting the electron mass):
(E + pr)y

Zrec & T & - 8
gyrec EE ( )

30ur positive z-axis is defined by the direction of the incoming electron.
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We reconstruct y from the calorimeter measurement

E+
yrec:Z( pL)h

2E, ()

h
where the sum runs over all particles measured in the calorimeter except the scat-
tered electron?. We show in figs. 4a and b the correlation y vs. y, for J/¥
production via the direct process (2) and the resolved photon process (5). The
reconstructed z distributions can be found in fig. 3 where they are plotted together
with the Monte Carlo results. From fig. 4a we find that y can very well be recon-
structed over the whole y range using (9) for the direct production channel. Here
also the reconstructed : distribution approximates the true (Monte Carlo) distri-
bution very well over the whole = range except near z = 0. For J/¥’s produced
via the hadronic component of the photon this method does not work the reason
being the spectator jet of the photon. In fact, we have to distinguish the following
cases for the resolved photon contributions:

¢ The photon remnants are fully contained in the calorimter. Then the mea-
surement (9) reconstructs y (7), the energy fraction carried by the photon.
Also (8) approximates z as defined in (6). Thus the reconstructed = distri-
bution follows the exact one. This is the region z close to zero in fig. 3.

o The photon remnants are completely lost into the beam pipe. Then (9)
gives the energy fraction carried by that parton p” within the photon which
participated in the hard interaction, y,.. ~ y, with

(E + PL )p‘v
yp:TEe:mpy' (10)
Here z, denotes the momentum fraction of the photon carried by the parton.
Since 0 < z, < 1 we have y,.. =~ y, < y. Consequently a parton-z, is
reconstructed B )
3 R s ) NN (11)
Py Py 7 (E + pr)p Tp
Lab
This creates the peak at = = 0.9 in fig. 3 and yields even values = > 1. In

this case the seen (reconstructed) subprocess is a actually one initiated by
a parton inside the electron plus a parton inside the proton. If the latter
parton is the gluon, then these events are really signal events as (2).

¢ The photon remnants are only partly be reconstructed. Then (9) yields a

value y,.. with y, < y... < y. Correspondingly (8) yields a value z,.. with
2 < Zyee < zp = z/z,. This fills the region 0.2 ~ - < 0.6 in fig. 3.

Which of the above mentioned situations occurs depends on the acceptance of the
calorimeter and the details of the fragmentation of the photon structure function
which are far from being understood. In fig. 4b and ¢ we compare for the resolved

*We do not include information on the scattered electron energy coming from a luminosity
monitor measurement since it is not clear whether the latter will work with the high rates expected
at LEP/LHC.
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photon contributions y,.. versus y and y,, respectively. It seems that at least in our
simulation there 1s a good correlation between the reconstructed and the partonic
y’s. Note also, that the photon remnants are usually flying backwards (i.e. keeping
the direction of the incoming electron) in contrast to the proton remnants which
follow the incoming proton direction.

Despite of the fact that z cannot be reconstructed over its entire region, we
apply a cut z > 0.2 in order to diminish the resolved photon contributions. Fur-
thermore we require = < 0.8 to stay away from elastic and diffractive J/¥ pro-
duction. Then we end up with a total J/¥ cross section of a(J/¥) x BR(J/¥ —
[T17) = 0.3nb. At an integrated luminosity of 1fb™! per year this corresponds to
about 3 x 10° events. Among these events are then only 13% J/¥’s coming from
resolved photon contributions (5).

We did not attempt to improve further the S/B ratio. In principle one could
further discriminate at least against the background from y production by tagging
on the photon in the decay, on the lines of [12]. However, present knowledge of the
fragmentation of the spectator jet from the photon is inadequate for the purposes
of completely eliminating backgrounds from pion decay.

When trying to measure the gluon density one has to find observables which on
the one hand side constraint z,, the momentum fraction of the proton carried by
the gluon, and which, on the other hand, can actually be measured experimentally.
We determine z, from the following relation:

i+ Q7
yS

(239:

(12)

where /s is the total cms energy and v/é the partonic cms energy. As mentioned
above, the photon virtuality is very small so that we can approximate it by

QZ ~ Qfec = 0 * (13)

The partonic cms energy v/é can well be measured in J/¥ events through mea-
surements of pr(ll) = pr(¥) and z(ll) = z(¥) using the relation

prh=2(1-2)5—(1—-2)mk . (14)

The measurement of y as given in (9) completes the z, determination from (12).
The quality of this reconstruction for J/¥ events is shown in fig. 5 where we plot
zy vs. 7;° (5a and b) and the distribution in the resolution (z, — x;*)/z, (5¢).
We find that z, can determined with good quality (FWHM= 0.12, fig. 5¢) over
the whole range

3x107° <2, < 1x1077 at < p® >~ 25GeV? (15)

where the average value of g = v/5 is rather independent of z,.

Having reconstructed z, we now proceed to determine the input gluon density.
It is related to the measured distribution do/dr, via

. do(xg)/drgles
it = f(gw/)ngcl )
)

(16)



where f(z,)|lme = 1/g(a,)mc dojdegipe is determined by the Monte Carlo pro-
gram. We find that the systematic error is rather small. The reconstructed gluon
density is shown in fig. 6. The statistical errors for an integrated luminosity of
50pb~! (corresponding to ~ 1 month running) are shown by the vertical error
bars in fig. 6. We also show the gluon density as obtained from set B2 of Morfin-
Tung. We find that our method can clearly discriminate between these different
parametrizations and provides an excellent way of measuring the gluon density in
ep collisions at LEP /LHC energies.

3 ¢ and bb analysis

The signatures we want to exploit to identify the “signal” reactions (1) are based
on the semileptonic decays of the heavy quarks. Specifically, we require two oppo-
site sign leptons, electrons or muons. For our analysis we generate complete event
samples using a modified version of the event generator AROMA both for signal
events (1) as well as for the other processes discussed below. AROMA[8] contains
gluon emission from the QQ' system in a parton cascade approach and hadroniza-
tion according to the LUND string model and heavy flavour decay. We assume a
beam pipe of opening angle of 100 mrad. We require a minimal total transverse
energy in the calorimeter for triggering purpose. In order to be measurable we
demand a minimal transverse momentum pr for the two leptons. Thus we have:

ZET >10 GeV |, pp(l*) >1GeV = 100 mrad . (17)

abeam

After these cuts we obtain the following cross sections at /s = 1.265 TeV (includ-
ing the K-factors stated in chapter 1):

o(cé) =1.5nb , o(bb)=1.0nb. (18)

Corrections given by the hadronic component of the photon to (1) are im-
portant. For open heavy quark production the leading order contributions are
g3 — QQ and gg — QQ. We studied the question of y reconstruction in detail
following the lines in the previous section. We reconstruct y from all stable par-
ticles outside the beam pipe using (9). Again we find that y can very well be
reconstructed for the signal events (1). For resolved photon events the photon
remnants are mostly lost into the beam pipe. Thus (9) yields y, (10) to a rather
good accuracy. Since the gluon initiated subprocess is by far dominating the re-
solved photon contribution will depend on the gluon density in the proton in just
the same way as the direct channel does. Both samples could therefore be added.
Let us emphasize that the results depend on details of the fragmentation of the
photon spectator jet and the detector acceptance. More work is needed to settle
the question of reconstructing the kinematics of resolved photon processes. For
the subsequent analysis we omit the resolved contribution, assuming that it either
behaves like signal events or can be discriminated via the photon remnants by
suitable detectors in the backward direction.
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Background events come from the production of light quark events with sub-
sequent decays into leptons. As was shown in [15] already weak isolation require-
ments on the leptons kill practically all background events without significant
losses of charm and bottom events. The background is also reduced to a negligible
level by a cut on the invariant mass of the lepton pair. For background events
m(I71) peaks at small values, whereas signal events have a rather wide distribu-
tion. We thus imposed the cut m(It{7) > 1GeV. A discrimination of charm and
bottom events is not necessary. The cut (17) on ¥ Er implies a rather strong cut
on § (remember v/, = 2mg). In fact, the average V5 is about 11 GeV in the
smallest z,-bin and rises to about 100 GeV at large z,. Hence we can combine
charm and bottom events.

In open heavy quark production it is more difficult to find observables which
can be measured experimentally and are related to z,. We did not find a satisfying
way to measure $. Among the variables we tried are Y. Er, the total visible energy,
the invariant mass of the lepton pair, and transverse energies combined with polar
angle information obtained from the leptons. In [15] two of us proposed another
way to determine z, which is based on the rapidity y of the partonic system:

y E.
In [Ep(ﬂ:g - Qz/s)} (19)

The crucial point is now that ¢ can well be approximated by the rapidity of the
lepton pair. This is documented in fig. 7 where we plot y; vs. . As in the case
of J/¥ production we approximate Q? by zero. We reject events at high @? by
requiring that the scattered electron cannot be identified. Combining the y and
y measurements we find the following kinematic range explorable in heavy quark

production at LEP/LHC:

g =

[N

6.3x107° <z, <005 at <pu®>xaz)*10*GeV? (20)

The kinematic range is limited by statistics, the range in g, and the total transverse
energy cut in (17). Note that the average scale increases with z,. The quality of
the z, determination is only slightly worse than in the J/¥ case. In fig. 8 we
show the probability that 2, = 107% is reconstructed as z;*. We find that the
distribution peaks at the input value.

Systematic errors on event number enter since the measured values, 27, differ
from the true z, values and the number of events seen £ Az, do/dry(xy)|esp In a
bin of width Az, will differ from the true number £ Az, do/dzy(x,)| mc (at a given
integrated luminosity £). We use the Monte Carlo to correct for these efects using
(16). The systematic error on this correction was estimated by varying the Monte
Carlo functions f|pc using different gluon distribution functions. We adopted the
bin sizes Az, at the edges of do/dz, such that migrations out and into the bins
remained small. The result of this is shown in fig. 9 where the error bars indicate
the systematical and statistical uncertainties. In fact, the statistical errors are
very small. To guide the eye we have included the input density evaluated at the
average < pu >=< p(zg) >. We also show the gluon density as obtained from set
B2 of Morfin-Tung. We see that we can expect to discriminate between different
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gluon distributions very well. The discrimination power clearly improves for lower
r values.

Since the rates for open heavy flavour production are so large, we tried to
reconstruct the gluon density at two different values of the scale argument. As
stated above, the measurement of 5 is poor. Also the reconstruction from (19) is
not particularly useful. We thus impose a larger cut in 3 Er, 3 Er > 35GeV.
This increases the average p? by about a factor four to five almost uniformly
over the entire z, range. The reconstructed gluon density for this sample with
Y. Er > 35GeV is shown in fig. 10 together with the input gluon density at the
corresponding average values of u = u(z,). Even when applying such a high cut
in Y Er the statistical error remains small. Also the systematical error is small
enough in order to allow a discrimination against the gluon density evaluated at
the lower scale values corresponding to the sample with 3>~ Er > 10 GeV. We thus
conclude that it seems possible to measure the gluon density in open heavy quark
production over the wide range specified in (20) at an average scale and in an
somewhat reduced range even as a function of the scale:

400 < p? < 1600 GeV?  at =z, = 0.001 (21)
2300 < p* < 7800GeV?  at  z, = 0.020.

4 Discussion and Summary

In this work we investigated the prospects of extracting the gluon density from
open and hidden heavy quark production in ep collisions at LEP/LHC energies.
The analysis is based on complete (signal and background) events and, in the
case of J/¥, it includes a full detector simulation. The reconstruction of the
event kinematics is carefully outlined, in particular uncertainties due to unsufficient
known fragmentation properties of the proton remanats and photon spectator jet
are discussed. Higher order corrections on the event topology are approximately
taken into account by multiple gluon radiation in a parton cascade approach.
Only information obtainable from a main detector is used. In a previous study on
gluon extraction from J/¥ events at HERA[4] the information on the scattered
electron coming from a luminosity monitor measurement has been used. This
is not done here since it is not clear whether such a device will work with the
high rates expected at LEP/LHC. Furthermore it was found that with the main
detector a much larger range in z is accessible, including the range reachable via
the luminosity measurement.

The outcome is that one will obtain measurements of do/dx, which are accu-
rate enough to extract the gluon distribution at small-z, and hence to distinguish
between different parametrizations, even if LEP/LHC is run at 10% of the design
integrated luminosity (1fb~! per year) only. The succesful reconstruction of the
glue from open heavy quark production is demonstrated here for the first time.
We estimate the explorable ranges to be 3 x 107% < 7, < 1 x 107? at an average
scale of 2 ~ 25GeV? for J/¥ production, and 6.3 x 107° < z4 < 5 x 1077 at an
average scale of p® ~ /7, 10* GeV? for c¢ and bb production. The larger lower
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limit of z, for the latter case arises from the fact that harder cuts are necessary
to trigger and identify open heavy quark events. Though the distribution in the
invariant mass Vs of the QQ subsystem is steeply falling, events at high s will
copiously be produced due to the large rates expected at LEP/LHC. Cuts in the
total transverse energy define samples with different average values of the scale
argument p of the gluon density which we took to be u = V. Hence we expect
the evolution of the gluon density with u to be observable in open heavy quark
production at LEP/LHC. The explorable range is estimated in (21).

Systematical uncertainties arise due to unknown higher order corrections. The
strong scale dependence of the cross sections as well as the expected large K fac-
tors indicate the importance of such corrections. The full one-loop corrections to
the photoproduction of heavy flavours are known for the one heavy quark inclusive
distributions[7]. For the purpose of extracting the gluon density along the lines
discussed here it is necessary to have available the analogous calculation of the
di-heavy quarks invariant mass and rapidity distributions, or even better the fully
differential cross section evaluated at next-to-leading-order (NLO). Such a calcula-
tion needs in addition a correct treatment of the bound state system to that order
for J/¥ events. Consistent NLO calculations require the inclusion of the resolved
photon processes with appropriate caveats of double counting the collinear con-
tributions. It is clear that our results have to be interpreted as the extraction of
the leading order gluon density. A determination accurate to NLO would require
the implemention of the above mentioned corrections. Let us add that at the high
cms energies at LEP/LHC a description based on fixed order QCD calculations
(even with the inclusion of the NLO corrections) might not be adequate due to
large logarithmic terms[16] like m%Q/s where m2TQ = p%«Q -+ sz. It would be very
useful to compare with an alternative description where such terms are resummed
to all orders.

With the very small values of « reachable at LEP/LHC one will likely enter a re-
gion where the standard QCD evolution 3 la Dokshitser, Gribov, Lipatov, Altarelli,
and Parisi[17] ceases to be valid. Screening corrections are expected to become
sizeable[18]. The analyses presented here use the conventional approach{17] in the
evolution of the parton densities. New calculations of cross sections and differ-
ential distributions based on the improved evolution scenario are necessary and
eagerly awaited.

All of the above results are obtained assuming that LEP/LHC is run solely
at a fixed cms energy (1/s = 1.26 TeV). Data at different cms energies are highly
desirable to check the theoretical predictions and to put the description of the
events on a firmer basis. Changes of /s will also move the accessible z, ranges
accordingly. The value of the scale u = V% is not expected to be affected for J/¥
production since the rate is relatively low and thus the steeply falling 3-distribution
is probed essentially at 8o = (my + 2pr)* = 25 GeV?, roughly independent of \/s.
In the case of open heavy flavour production, however, there is strong correlation
between the average scale and the cms energy. Here runs of LEP/LHC at various
cms energies would clearly allow measurements of the gluon density over a wide

{z,Q*} region.
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Figure captions

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

pr distributions of the various J/¥ production mechanisms: direct pro-
duction (solid line, eq. (2)), resolved photon contributions (dashed line,
eq. (4)), and b decays (dashed-dotted line, eq. (3)). The curves show
the Monte Carlo p} distributions where no cut was applied.

Monte Carlo distributionsin the polar angle in the Lab system, do/d cos 6,
of J/®’s produced via the direct process (solid line) and the hadronic
component of the photon (dashed line). Only a cut p} > 1GeV was
applied.

Distributions in the variable z (eq. 6) for J/¥’s events after demanding
that they can be reconstructed in the tracking system and after a cut
pr > 1 GeV. Monte Carlo results for the direct process as solid line, for
the hadronic component of the photon in dashes. Distributions in the
reconstructed z, (eq. 8) in dash-dots for the direct channel and in dots
for the resolved photon one.

The correlation y vs. the reconstructed y,.. (eqs. 7 and 9) for J/¥
production via the direct process (a) and the hadronic component of
the photon (b). Correlation y, vs. y... (eq. 10) in Fig. 4c.

The correlation z, vs. the reconstructed = for J/¥’s production via
the direct process (a) and the hadronic component of the photon (b).

The resolution of the reconstructed ;% (c).

The reconstructed gluon density from J/¥ production with statistical
error bars corresponding to an integrated luminosity of 50 pb~! for set
B1 and 20 pb~! for set B2 (upper points). Also shown are the input
gluon densities set B1 and B2 (dashed line) of ref.[6].

The correlation yy vs. ¢ (eq. 19) for open heavy quark production.

Probability distribution that the true z, = 1072 is reconstructed as z*
for open heavy quark production.

The reconstructed gluon density for open heavy quark production in-
cluding systematic and statistical errors. Also shown are the input
gluon density (set B1 of ref.[6]) and the gluon density B2 of ref.[6! both
evaluated at the average scale < y? >=< § > (z,).

The reconstructed gluon density for open heavy quark production in-
cluding systematic and statistical errors for the sample with 3 Er >
10 GeV and for the sample with increased cut . Er > 35GeV (upper
points). Also shown is the input gluon density (set Bl of ref.[6]) evalu-
ated at the respective average scales < py? >=<< § > (z,) corresponding

to the two samples 3~ Ey > 10 GeV and ¥ By > 35GeV.

910



911

T n
(=) (=4
— —

[ A®o/qu ] 1dp/oP

10-3

10-4

15.0

12.0

pl [ Gev ]

<
o

Fig. 1

P/0oP

cos ¥

Fig. 2



do/d z [nb]

y_photon (MC)

912

107!

1072

T

10—3 -~

10—4...LI.A.A1....

2o g el

0.0 0.2 04 0.6

10° ¢ -

10-1 -

10-2 L

10-3 N o oao 1 aaal " P S ST

y_rec.

Fig. 4 a

107!



y_photon (MC)

y_parton (MC)

10°

107!

107¢

1073

10°

107!

1072

1073

N T T T 77T
oy - : ]
. ", IO
- : . 4
3 . : - e .
- . .-_ "":. e E
s e ;
S 4
i 4. 1.1 11 l 1 i i - Il] 1 'l L1 41
1073 102 107! 100
y_rec.
Fig. 4 b
L) T T 1 7 Vl L] AJ T T v T r]' L L) T 1T '_
4
...".. J
L B
b -
9 . S ]
38 p
[ . nf} ]
:;.'{}'- : 1
N2 . ]
EE P 1
o p
o M.
BYCIR
M ST NS | TSRS A | " NI

1073

102

913

107!

y_rec.

Fig. 4 c

10°



x_gluon (MC)

x_gluon (MC)

107!

1072

1073

1074

10!

1072

1073

104

10-8

LARSLERAY |

LR RS| T 7y ryroog

Ll 1 pet taanal

TT T TTTT]
4
4
o~
3
4
3
1
b
T W

1073

x_gluon (rec.)

Fig. 5 a

102

107!

T T LN AR A | T T T TTTYT
P
p
1
[ b
4 4
b . 4
-
S .
- ‘ . 3 -~
[ e 3
P 1
<
4
. =
e
- ey -~
T
b 3
b NN ) 3
b ‘::. p
Y te 4
YR
e
i
r y
L PR i
F 3
| 3
9 4
+ E
4
o iaal e | sl Ao Laa

107

1074

914

10-3

x_gluon (rec.)

Fig. 5 b

1072



1000.0

800.0

200.0

0.0

915

-1.0

10?

10!

xG(x,$)

107

-0.5 0.0 05 1.0
Ax = (x_gluon(rec)-x_gluon(MC))/x_gluon{MC)
Fig. 5¢

T T
; AN ]

L3N

~N
AN
-
AN
~
AN
“a
N
~N
~
‘\
~
~ i
_ « ]
AN
| " saaal " 112l
10-4 103 102 101
X



Xg . G(xg.<8>(xg))

916

3 T T T T T T 1»5 T T T T T
2 r .
;\ J
Yw
e 4
| E
g 1.0 .
© -
0 r ~
o E
Yo
» B
-1 r +
%
S
gy 0.5 -
2t X
o 4
h=l
-3 - -
_4 A 1 1 1 1 1 1 00 L . N
-4 -3 -2 -1 0 1 2 3 -6 -5 -1 0
n log, o{xg%¢)
Fig 7
° Fig 8
102 —— —_— 50 ,
Morfin-Tung Bl full | TEt > 10 GeV dashed
A Morfin-Tung B2 dashed ] IEt > 35 GeV full
<
>
2
e
101 80
=
w
=
10
lon | S X 1 s ! " .“ 5 2 L o
4 3 2 -1 -3.0 -2.5 -2.0
log; o(x) log; o(%g)



