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ABSTRACT: A number of new experimental results on charm hadroproduction from pion beams and,
recently, proton and ¥~ beams have been presented. This review compares recent results, including
new photoproduction results, and comments on some questions they raise.

1. Introduction e other hadronization effects, including rescat-
tering of the separating charmed and anti-
The study of charm hadroproduction processes charmed hadrons.
has been carried out for the past 2 decades, with
the goal of testing ideas of perburbative QCD at The goal of the latest round of charm hadropro-
the charm quark mass scale. The issues involved duction experiments is to compare production of
in these studies, as outlined in Nason’s paper in several charm species at different energies by sev-
these proceedings [-'14'], are rather complicated for eral different beam hadrons. One can test:
charm. At the quark level they involve choices
of: e hadronization effects in the pp spectrum
e renormalization scale for the quark-level pro- e hadronization and kr effects in charm pair
cess production
o factorization scale for the parton distribu- e color-drag effects and zp dependence ver-
tions sus charm type

° rk constituent m m r gluon _ . .
quark constituent mass, to sum over gluo e cc asymmetries for various beam hadrons

effects implicit in the factorized form

o ) ) For this review the new data to be considered
e intrinsic charm quark constituents in the

) comes from the following experiments:
beam or target wave function

° 1ntr1n31.c transverse momentum k7 in the WA92 ['2] (340 GeV/c )
scattering due to confinement effects

Since the actual observables are the color-singlet e E791 Fj’] (500 GeV/c ™)

final state hadrons, one must add non-perturbative

estimates of hadronization effects: WA89 @] (340 GeV/c £7)

e color-drag effects between either the c or SELEX F_S] (600 GeV/c 7=, %7, p)

¢ quark and the outgoing colored fragment
from the beam or target hadron.

FOCUS [b] (220 GeV/c v)
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2. General Theoretical Features of
Charm Hadroproduction

Within the framework of leading order (LO) QCD
calculations the general features of hadroproduc-
tion can be represented schematically as shown
in figure . This simplified picture uses factor-
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Figure 1: Schematic of charm hadroproduction pro-
cess

ization to separate the hard scattering process
of charm production from the parton produc-
tion characteristics that may vary from hadron to
hadron. The charm quark constituent mass is a
parameter of the theory. One might ask whether
it is the same for all charmed hadrons, since the
constituent mass includes effects from the local
gluon fields. Heavy Quark Effective Theory argu-
ments favor a single constituent mass, since the
heavy quark fields are decoupled from the light
quark degrees of freedom. Testing any such vari-
ation in the data is not simple. A variation in the
constituent mass between mesons and baryons,
for example, would change the meson/baryon pro-
duction ratio. However, this ratio is sensitive to
other hadronization effects that surely will mask
those due to a variation in the constituent mass.
We will not consider this question further.

NOT shown in this simple diagram are ex-
tra complications as discussed in more detail by
Nason, using the general procedure of E?.]

e NLO gluon radiation
e initial-state kr effects

It is a striking feature of these NLO calculations
that the single charm differential distributions

are not changed in shape but only in normal-
ization. Only in the azimuthal angle distribution
PT1 - pr2 for charm pairs is there an obvious ef-
fect of the extra gluon kinematics, as will be dis-
cussed later.

NLO effects are also built into the simula-
tion code PYTHIA ['5} within the framework of
a color string model. As we shall see, the MNR
(Mangano, Nason, and Ridolfi) code tends to rep-
resent the data better in general than the Pythia
code with default parameters.

3. p% Distributions and Hadroniza-
tion Effects

Theoretically, it is clear that the distributions in
zr and pr for charm hadrons should be softer
than the cc distributions due to fragmentation ef-
fects ... unless they are harder because of color-
drag or intrinsic charm effects. Typically frag-
mentation is treated using the empirical Peterson
function. [§] Most charm hadroproduction data
match better to bare quark distributions than to
a typical hadronized form. Consequently, in the
analyses to be discussed below, the Peterson pa-
rameter € is varied in the range 0.01-0.06, the
hard fragmentation limit. Questions about the
hadronization process to be considered from the
experimental side include:

e Can the effects be calculated?

e Are they universal for all charm or species-
dependent?

e In which parameters are the effects most
clearly measureable?

3.1 Charm Meson Production in 7~ Beams

Two recent pion experiments have reported mea-
surements of the pr distributions for D meson
production. WA92 presented the combined spec-
trum for both neutral and charged states, com-
bining particle and antiparticle. The range of pZ
is large, extending to about 20 (GeV/c)?. They
compare to a calculation using the MNR code
without hadronization and report a good match,
as seen in figure 5_2:
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Figure 2: WA92 D%t 4 c.c. p2 distribution (350
GeV/cn™)

E791 has much higher statistics (20x more
data than WA92) in their 500 GeV/c experi-
ment. They present a study of the p2 distri-
bution for D® mesons [ + c.c.] covering approxi-
mately the same range in p3. as WA92. They see
clearly the change in slope at higher pr that is
expected in the parton picture. figure 3 shows
the MNR O(a?) calculation with and without
hadronization, as well as to two PYTHIA mod-
els. It is very exciting to see that hadronization
effects may for the first time be detectable in the
data. E791 shows that the MNR computation
with hadronization gives a better match to the
behaviour at small py than the bare-quark cal-
culation. There is little difference between the

two in the large-pr tail. The exact details of

the shift from bare quark to hadronized single-
particle distributions are not simple to extract
from the MNR code. It’s an interesting question
to ask where the corresponding hadronization ef-
fects will show up in the b-quark sector. Are
the collider experiments, with a relatively large
(PT)min cutoff, sensitive to the difference between
bare-quark and hadronized shapes?

D° p% differential cross section compared to theory
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Figure 3: E791 D° + c.c. p? distribution (500
GeV/c ™)

For pion production the p2. spectra from both
E791 exclusive D and WA92 combined D° and
D™ studies show a clear break in slope for p2. ~
6 (GeV/c)®. The large p% behaviour agrees with
O(a?) calculation.

3.2 Charm Baryon Production

The SELEX experiment has data in the same
spectrometer for incident 7—, ¥, and proton
beams. Figure :ﬁf shows the p2. distributions for
A} production by each of the 3 beam particles.
These comparisons can be sensitive, for exam-
ple, to hadron size effects as reflected in the kr
parameters needed to fit the different spectra.
The mean p% values for A" production by all
3 beam hadrons in SELEX at 600 GeV /c are sim-
ilar to those for DY production reported by E791
for a 500 GeV/c 7~ beam. The SELEX ¥~ data
show a slope change near p2. ~ 4 (Gev/c)z, also
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Figure 4: SELEX A} (no c.c.) p3 distributions
(600 GeV /c)

similar to D meson data with a 7~ beam. [2, 3]
The SELEX experimenters have not yet made
model fits to their data, in part because of the
problem of describing the s-quark structure func-
tion in the ¥~ beam.

4. Charm Pair Analyses

Additional information about the smearing ef-
fects of the intrinsic k7 distributions of the par-
tons and NLO gluon radiation comes from charm
pair distributions. Until recently, there were few
fully-reconstructed charm pairs in hadroproduc-
tion data. There are now new results from E791

(hadroproduction) and FOCUS (photoproduction)

on pairs of D mesons. The E791 analysis has
made an extensive study of the pair correlations
Correlations in al-

most all variables are rather weak, dominated by

in zp, pr, Ay, and mass.

kinematics, except for the A¢ distributions of the
transverse momentum vectors of the pair. In LO
QCD, this should be a § function at 180°. The
A¢ distribution in figure :_5 is very flat, flatter
than calculated from NLO QCD. This may be
due to other non-perturbative effects (intrinsic
kr) or it may arise via final state interactions
after hadronization.

Let me reach slightly outside the strict def-
inition of hadroproduction to include in this re-
view some beautiful new photoproduction data
on D meson pairs from FOCUS. In this prelimi-
nary sample, they demonstrate their overwhelm-

* E791A¢@distribution

----- Pythia cc
[ o Pythia DD

180

45 90 135
A [ded

Figure 5: D Pair Characteristics from E791 (500
GeV/cn7)

ing statistics, showing 7000 reconstructed pairs
in the preliminary analysis. They have not had
time to make a complete study of the correla-
tions. Figure '§ shows that for photoproduction,
in striking contrast to the E791 hadroproduction
data, the pair A¢ distribution is mostly back-to-
back, with a modest tail from smearing processes.
In photoproduction, the NLO gluon emission is
reduced and there is lower k7. Any final state
interaction effects after hadronization would be
essentially the same here as in hadroproduction.
The FOCUS data tend to argue against final
state interactions as the the source of the broad-
ened pair A¢ distribution.
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Figure 6: D Pair Characteristics from FOCUS
(Photoproduction)

4.1 p2 Summary for D Mesons, A

The p2 distribution for both D mesons and A
baryons shows a transition from the usual for-
ward exponential behavior to a slower decrease
near p2. ~ 4-6 (Gev/c)’. The meson data are
pion produced, while the baryons are principally
hyperon-produced. Are the slight differences in
exponential slope and break point important or
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not? If one takes them seriously, they may sug-

gest either different geometric size for charm baryons

or mesons or different kr effects for pions and
hyperons due to the different hadron radii. The
D-pair A¢ distributions for pion-production and
photoproduction are strikingly different, raising
again the question of whether the idea of intrinsic
kr is necessary for photoproduction. For pion-
production, can a single value of intrinsic k7 ex-
plain both the single-charm p2. distribution and
the D-pair A¢ results?

5. New zr Analyses

The description of the longitudinal momentum
distribution for charm production is tradition-
ally given in terms of the Feynman xp variable,
the fraction of the total available center-of-mass
(CM) momentum carried off by the outgoing par-
ton, or in these cases, the outgoing charm hadron.
The choice of functional form is somewhat arbi-
trary. The distribution usually is parametrized
as (1 — )™, where xp is calculated in terms of
the the outgoing longitudinal CM momentum of
the charm state and the invariant CM energy +/s:

TF = 2pj/V's

We note that this definition of xp is useful for
most of the observable zr regime, but it may not
be appropriate when xr — 1. In that case, the
maximum CM momentum may depend in an im-
portant way on the effective mass of the charmed
pair, since the charm system will carry off most of
the available CM energy. This issue has not been
discussed heretofore in the literature, but some
of the new data from SELEX begins to raise the
question.

zr distributions for charm hadrons are of-
ten analyzed for leading particle effects. The
customary definition of a leading hadron is one
which shares at least one valence quark with the
beam hadron. In color-drag analyses leading be-
haviour shows up primarily at large zr and leads
to enhanced production of the leading species
compared to the non-leading species, i.e., to an
asymmetry. The leading charm hadron is also
expected to show a harder zp distribution than

its non-leading partner. The new SELEX data
challenge these expectations.

5.1 D° Mesons

SELEX and E791 both have new analyses of com-
bined D° + c.c. xF distribution from pions. Fig-
ure :_'(: shows the SELEX data and a scaled subset
of the E791 results. The two experiments gener-
ally agree well. The E791 point at largest xr lies
above the trend of the data. SELEX data tend to
lie closer to a simple (1—xz )™ curve, with no rise
at the largest values. The E791 point has quite
an asymmetric error; the scaled value in the zp
bin 0.6-0.8 is 102*2> units. The SELEX data, if
combined, gives 32 + 10 units in the same bin.
These are statistically consistent, of course. One
may combine them to suggest there is little, if
any, rise at large 2y for DY production.

SELEX D° pion xr distribution plus scoled E791 dato

SELEX 600 GeV/c v
0 E791 500 GeV/c ™

scaled events per x; bin

Figure 7: zr distribution for D%+c.c. from SELEX
and E791

The E791 measurement was designed to ex-
plore the systematics of hadroproduction near
zp = 0. They succeeded admirably in this goal.
Their full data set, shown in figure 'é_g, show a shift
of the zp distribution’s peak toward positive z g
for the 7~ beam. This is consistent with a larger
momentum fraction for partons in the qq hadron
than in the qqq hadron, resulting in movement
of the production CM system in the direction of
the beam particle in the laboratory.

The E791 analysis has compared the exper-
imental xr distributions to those expected from
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the MNR model and PYTHIA calculations. Again,

the calculated distributions are sensitive to the
inclusion of hadronization effects. Unlike the E791
p? data, their zr data show better agreement

with the MNR c¢ calculation than with the hadronized

version. The good news is that these distribu-
tions are sensitive to hadronization effects. The
bad news is that current model calculations can-
not describe both xr and pr distributions simul-
taneously.

D° X differential cross section compared to theory
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Figure 8: zr distribution for D°4-c.c. E791

SELEX looks at the zr dependence for D°
and D° separately. There is a complication in
these distributions from feed-down from D**. No
D* removal is made in the SELEX data, summa-
rized in figure .g

The various xr distributions all fit to the
standard form (1 — z )™ with reasonable y? val-
ues. Table -j,' summarizes the results. One sees
from table -rljthat the n-dependence is very differ-
ent for the baryon beams (no valence antiquarks)
compared to the 7~ beam, for which the DY is
leading. In the SELEX pion data there is a sig-
nificantly harder zy distribution for the leading
particle compared to the non-leading. However,
the yields of both particles for xr > 0.3 are quite
comparable. The SELEX apparatus acceptances
are the same for ¢ and ¢ states. The difference
in the power-law behavior arises from increased

SELEX PRELIMINARY D° + c.c. x; fits
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Figure 9: SELEX zp distribution for D° and 50

D’ production at small zz compared to D° pro-
duction. I conclude that the differences in the
pion zp distributions are unlikely to be related
to color-drag.

Meson Beam expt n Tp range
D+D’ m~ | E791 | 461+ .19| .05-50
alDand D | =~ WA92 | 4.27 + .11 0.-0.8
DO 7~ | SELEX | 3.65 + .35 | 0.1-0.65

D’ 7~ | SELEX | 5.04 + .44 | 0.1-0.65

DO p | SELEX | 5.88 + .46 | 0.1-0.65

D’ p | SELEX | 5.86 + .43 | 0.1-0.65

DO Y- | SELEX | 6.20 + 27 | 0.1-0.65

D’ ¥~ | SELEX | 7.30 + .26 | 0.1-0.65

Table 1: SELEX D° and D° zp distributions fit to

(1 —xp)"

—0
For protons, the D™ meson shares a u quark

in common with the beam. The x g distributions
for the particle and antiparticle are very similar
for the proton beam. The power law fits give
the same n values, and all parts of the xp distri-
bution favor D° production by about the same
ratio. This is not how color-drag is supposed to
work. SELEX concludes that neither pion nor
proton production of D° mesons shows a leading
effect.
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5.2 D Mesons

SELEX has new data on the hadroproduction of
charged D mesons by 77—, ¥~ and proton beams.
Figure :_I-Q‘ shows results that are quite compara-
ble to those for the neutral D mesons, namely,
very similar distributions with the same n value
for the two baryon beams, and a somewhat harder
spectrum for the pion beam. The D~ shares a va-
lence quark with all 3 beam hadrons, but there
is little evidence of color-drag effects in the dis-
tributions. The overall yield for D™ is higher at
all zr in all cases. For the 7~ beam, the DT dis-
tribution is actually harder than the D™ distri-
bution. The n values are summarized in table 2.

SELEX PRELIMINARY D' + c.c. x, fits
100 BT w3

S T
02 04 06

D+ x, — Sigmo
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P . Colvw by dly
0.2 0 0.6 0.2 0. 0.6
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D- x, — Sigmo D— x — pi D—x — pr

Figure 10: SELEX D* — Knrn z distribution

Meson | Beam n T range
Dt T 2.46 + .31 0.1-0.7
D~ T 3.58 + .34 0.1-0.7
Dt P 4.42 + 42 0.1-0.7
D- P 4.74 £+ .40 0.1-0.7
Dt - 4.95 + .23 0.1-0.7
D- - 4.67 + .22 0.1-0.7

Table 2: SELEX DT and D™ zr distributions fit to
(1—xp)"

5.3 Al Baryons

SELEX also has new data on A} and A_ produc-
tion by #~, X~ and p beams. For A} production,

all 3 beam hadrons share a valence quark in com-
mon with the final state. The n-values for all 3
fits to the xr distributions are comparable within
errors and indicate that A} production is quite
hard. The data are shown in figure i]_;

zr Distributions A} — pK 7t

- -
L

m P
eI THA0.00 L o TE] EE' i =201 40 18
W b= T AT ¥ =T
¥

=114
1ok iy
W

e LE T P

e 1z Distributions for 7, p, and ¥~ beams
e AT is a leading particle for all the 3 beam types

Figure 11: Az dependence SELEX (600 GeV/c)

The high statistics ¥~ data do not fit well to
the empirical function. There are apparent struc-
tures at both low and high z, as are emphasized
in figure ig‘ The high xp structure illustrates
the need to understand how to compute zp for
hadronic states near the kinematic limit. The
distribution may be distorted by having used the
standard definition of z .

The A; distributions are dramatically differ-
ent from those of the A} for baryon beams. In
contrast, they are quite comparable for the pion
beam. The baryon beams, with no valence anti-
quarks in the fragmentation jet, have appreciable
A7 production only at small . The pion beam,
conversely, makes copious A even at zrp > 0.4,
comparable to the yield for A}. This seems to
be clearly related to a color-drag effect, since the
spectator valence parton in the pion is equally-
likely to be a q or a q. Note that in these pion
data the A, finds a third q at large 2 to form
the antibaryon with about the same likelihood as
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6. Recent Hadroproduction Asymme-
try Studies

SELEX PRELIMINARY
A" —> pK'n" x; distributions fitted with (1—x.)"

%, +¢ ' : Recently attention has focussed on the issue of
Ems P *— production asymmetry between charm and anti-
E P 1 charm states as part of the study of leading ef-
%102 f ot t fects. To treat all charm on comparable footing,
* \\\ let us define the asymmetry A as:

n=2.61+0.18
X*/dof=22.0/14

10 £

N(charm) — N(anticharm)
N(charm) 4+ N(anticharm)

A=

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

SELEX A} zr dependence for 600 The LO or even NLO charm production di-
agrams :1.' show no particle/antiparticle asymme-

try. The color-drag effects mentioned above are

Figure 12:
GeV/c X~

one mechanism for introducing an asymmetry. [:_1-(_]']
The intrinsic-charm model [:1-1_:] has a different
How do the new data

the A} finds a third q at large zp.

The zF distributions for A are fitted to (1— ) dicti

xp)" forms and the results are shown in figure 13, asymimetty Pre retion. .

. . . P =" compare to either of these ideas?
Fits are summarized in table J.

SELEX PRELIMINARY 6.1 AT Asymmetry

A~ —> p K*m” x; distributions fitted with (1-x;)"

! P

WAR89 (X~ beam) first showed an xp distribution
for A} with a strong asymmetry (figure [[4). The
new SELEX data affirm that for the ¥~ beam
and show that it’s also true for a proton beam
( figure 15 ).

The SELEX analysis makes a maximum like-
lihood fit to the asymmetry with no limit at A
= +1. This approach gives symmetric errors on
points near the physical limit. The baryon-beam
asymmetries are large at all . The protons, es-
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Figure 13: A 27 dependence SELEX (600 GeV/c) region. The ¥~ data haV(? a' smoother approach
of the asymmetry to the limit at +1.

In contrast to the baryon results, for 7~ pro-

duction the A} asymmetry from SELEX is small

Baryon | Beam n Tp range
AT — 275 £ 50 | 0.15-0.8 and generally constant with z . This_ agrees well
AC_ — 13724+ 73] 015065 with new data from E791 (figure [L6). In the
Ai b 296 £ 29 | 0.15-0.8 central region E791 reports a small, positive AT
AC, D 145+ 7 | 015-0.65 asymmetry that matches onto the SELEX data.
Ai = 561+ 18 | 0.15:09 There is also new data from FOCUS on the
Ai - 68410 | 0.1.065 first statistically-significant A asymmetry in pho-
< toproduction. The effect is small and indepen-
dent of x5 (figure {i%). The question is why is
Table 3: SELEX A and A_ xp distributions fit to there an asymmetry at all in photoproduction.

(1—xp)" The photon-gluon fusion picture gives a produc-

tion environment that is completely symmetric
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Figure 15: A} Asymmetry from SELEX (600

GeV/c)

in q and q distributions. Why should they be
unbalanced? Whatever the cause, it does not
depend on zp.

6.2 Charged D Meson Asymmetry

The initial interest in charm asymmetry was stim-
ulated by data from E791 and WAS82, who re-
ported a large zp-dependent asymmetry for DT

PRELIMINAR
Statistical errors e E791 Data
0.5l /\Z(udc) Default Pythia
= Nap — Ny,
ATRIER
< 0.4
s
L
% 0.3
<
o
=
D 0.2
1S
£
>
wv
< 0.1
—— —e——

Ob7 “0.05 o 0.05 0T 015 02 025 0.3

Figure 16: A} Asymmetry from E791 (500 GeV/c

)

0.5
04 E
0.3
0.2

Asymmetry

-0.1
-0.2
-0.3
04 F

05 1 1 1 1 1 1
0.2 0.3 0.4 0.5 0.6 0.7 0.8

Figure 17: PRELIMINARY A} Asymmetry from
FOCUS (Photoproduction)

production by 7~ at xrp > 0.4, as shown in fig-
ure :_1§'
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Figure 18: D Asymmetry from E791 (500 GeV/c
)

There are new data from WA92 and prelim-
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inary SELEX results. We summarize the old
E791 data and newer results in figure £9. The
new SELEX data seems to disagree with the other
results. Should they be believed?

pion D* x, asymmetry from SELEX, E791, and WA92
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Figure 19: D™ Asymmetry from E791, WA92, and
SELEX

The disagreement affects the points at large
zr. The SELEX apparatus was optimized for
this region, as one can see in figure 2-(_)', which
shows that the mass resolution is independent
of xp. The SELEX acceptance is high out to
xr=1 and charge-symmetric. For the other ex-
periments the acceptance falls rapidly at large
zr, and the corrections are somewhat different
for D¥ and D~. The SELEX pion data sample
is statistically weaker than that of E791, but the
trend of the distribution is clearly different and
does not show a large asymmetry at high zp.
The SELEX analysis is continuing.

What about D* meson production charac-
teristics from beams besides 7~7 SELEX has
new data comparing meson- and baryon-produced
asymmetries. As can be seen in figure 21, all
beams give similar, small asymmetries favoring ¢
states. There is little or no zr dependence.

6.3 DY Asymmetries

The D distributions may be distorted by D°
states produced by the decay of D* mesons. There
is a recent report from WA92 about D* produc-
tion by 350 GeV/c ™. [:_1-2::| They report an asym-
metry for the D* consistent with 0 over the zp

10

D° Mass resolution vs D° Momentum
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Figure 20: SELEX D° — K7 Gaussian mass width
vs D° momentum
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Figure 21: SELEX D* — Knr asymmetry

range 0.1-0.7. This is consistent with an earlier
measurement at 250 GeV/c by E769. [[3] Any
intrinsic D? asymmetry will therefore be reduced
by D® produced from D* decays. From refer-
ence [:_1-2:] the ratio of the inclusive D° cross sec-
tion to the inclusive D*T cross section is 2.42 +
0.13 for xr > 0, consistent with other results at
lower energy. This says that the dilution of the
D? asymmetry by D* effects is small.

The SELEX preliminary results for the D°
asymmetry from the 3 beam hadrons is shown in
figure :_2-2_’: The asymmetries in all cases are small
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and relatively independent of z .

SELEX D° Asymmetry as a function of x,
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Figure 22: SELEX D° asymmetry

If the D° production spectrum is not dis-
torted by feeddown from D* decays, then in a 7~
beam, which produces leading D and D, the
D? and Dt asymmetries should be equal and op-
posite. For SELEX figure :_Z-ij‘ shows good agree-
ment, supporting the picture of small asymmetry
at large xp for pion production of D mesons.

SELEX D° and D* Asymmetry as a function of x,
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Figure 23: SELEX D° and D' asymmetry for 7w~
beam

7. Summary and Conclusions

In this last decade of fixed target charm exper-
iments, we have seen new advances in compar-
isons of experiment and theory. E791 has shown
that careful comparison of p% and zr distribu-
tions with model calculations may illuminate the
hadronization puzzle for charm. In the current
situation there are still inconsistencies to be re-
solved, but the work does illustrate potential sen-
sitivity to the processes.

Lovely new charm pair data from E791 and
FOCUS indicate significant differences between
hadroproduction and photoproduction over the
role of kr and/or higher-order diagrams in de-
termining the A¢ distribution of the pairs. Re-
call that for single-charm pr distributions, pho-
toproduction analyses historically have preferred
k7 to be small or 0, while hadroproduction has
required kr ~ 1-2 GeV/c.

New 7~ beam data from SELEX show a small
D+ asymmetry at large . SELEX asymmetries
for D mesons are generally small and show little
xr dependence with any type of beam hadron.
The SELEX data are self-consistent and raise
questions about previous reports of a rising asym-
metry at large xr for the D¥. More work is re-
quired to understand the data.

The total x data with both pion and baryon
beams do not yield a consistent picture of lead-
ing effects. Leading behavior is seen clearly in
Dt andAJ production by baryon beams, for which
x distributions are strongly asymmetric, favor-
ing the leading species. However, for pion beams
these same states show only weak leading effects.
For D%* production leading effects are weak in
SELEX data. E791 and WA92 still show leading
behavior for the D™ but not for D*~. The SE-
LEX group will continue their pion analysis to
try to understand the situation better.

There are many topics in charm hadropro-
duction left uncovered. In many cases, there are
data yet to be analyzed that will address some of
the questions. WA92 and WAS89 each have pub-
lished charm total cross sections recently. E791
and SELEX have not yet presented results that
will allow us to study the energy and beam par-
ticle dependence of charm cross sections. One
should expect some results from these groups in
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the next year or two. [5]
Having differential distributions for various

charm hadrons using different beam particles may

allow one to study the effects of the choice of [6]

renormalization scale and structure function ex-

One of the goals of studying heavy quark (HQ) 9]
systems is to test flavor-independence of HQ pro- [10]
cesses. Are charm cross sections at mp ~ my the
same as b cross sections at the same subenergy?
What is the right comparison to make? One now [11]

measurements at transverse mass values mp > 4
GeV/c?. What b-physics distributions are suit-

study of flavor independence?
The tests of flavor independence are a spe-

different beam hadrons available for further de- [13]
velopment of our understanding of hadroproduc-

tion? Are collider protons good enough? What

are the important physics questions for COM-
PASS?

We have made great progress in 2 decades of
vertex-detector fixed target experiments. Fixed
target charm experiments are now largely over,
at least for this generation of machines. We now
look toward the hadron colliders for charm stud-
ies, along with b-quark physics and high-pr ex-
plorations.
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