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ABSTRACT

We present the angular distributions of high-mass muon pairs produced in a high-statistics experiment
by 140 and 194 GeV/c =~ beams impinging on a tungsten target, and by 286 GeV/c 7~ beam on
deuterium and tungsten targets. We find no evidence for a center-of-mass energy dependence or a
nuclear dependence of the angular distribution parameters. The two parameters A and p are found to
be essentially independent of any kinematical variable. In contrast, the parameter » increases with the
dimuon transverse momentum P, at variance with recent perturbative QCD predictions. Our statis-
tics at large x, are insufficient to substantiate the higher-twist prediction.
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1. Introduction

In a recently published article [1], we have presented the angular distributions of high-mass (M > 4
GeV/c*) muon pairs produced by 194 GeV/c pions on a tungsten target. These angular distributions
are parametrized as:

do/dR ~ 1 + Acos®d + psin2fcos¢ + 1/,wsin’@cos2e, (1)
where 8 and ¢ are the polar and azimuthal angles of the muons in the dimuon rest frame. The main
result of our analysis was, in addition to an estimate of the parton intrinsic transverse momentum, a
determination of the ratio of annihilation with hard-gluon emission to the sum of annihilation with
hard-gluon emission and Compton scattering; we furthermore showed that the data were consistent
with, but not sufficient to prove, the higher-twist hypothesis of Berger et al. [2].

To determine the above-mentioned ratio, we had used in [1] semi-empirical formulae based on
theoretical calculations (cf. [1] for a complete list of references) taking into account only the “hard
component”, i.e. the first-order, hard-giuon contribution, of the cross-section. These formulae gave a
good description of the data, yielding for the above ratio a value ranging from 58 to 75%, in agreement
with that (70 to 85%) given by a computation in the next-to-leading logarithm approximation. How-
ever, this agreement was fortuitous, since according to that calculation, the “hard component”
accounted only for some 10% of the total cross-section. |

Taking advantage of recent progress in the soft-gluon resummation technique, Chiappetta and Le
Bellac [3] subsequently reanalyzed the dependence of the angular distribution parameters on the
dimuon transverse momentum Pp. They found that the departure from the “naive” Drell-Yan values
A=1, p=0, and »=0 is expected to be less than 0.05 for P up to 3 GeV/c, much smaller than that
observed [1, 4, 5]. They also noted that the agreement between the experimental data and the
hard-component distribution must be accidental, since the latter contributes only for 10% to the total
cross-section. The simple formulae used in [1], which took only the hard component into account, are
therefore not theoretically justified. Conversely, perturbative QCD in its present status fails to repro-

duce the P dependence of the parameter ».



The analysis of the 194 GeV/c data presented in [1] has now been refined and extended to the
other two beam momenta where we took data, namely, 140 and 286 GeV/c. The 286 GeV/c data
from a deuterium target have also been analyzed. The differences in the set-up and in the analysis with
respect to [1] will be presented in the next section, the results discussed in Sect. 3 and the conclusions

presented in Sect. 4.

2. Set-up and Analysis

The NAIOQ set-up used to collect the 194 GeV/c data at the CERN SPS has already been described in
detail elsewhere [1, 6]. We shall therefore mention here only the modifications introduced for the 140
and 286 GeV/c data taking.

The NA10 spectrometer had primarily been designed for scaling studies: in order to keep the
acceptance essentially independent of the beam momentum, it could be expanded (or contracted) along
the beam direction. The acceptances in the angular variables cosf and ¢ were thus similar at the three
beam momenta. Most of the data were taken with a 12 cm tungsten target, a shorter target being used
for 30% of the 194 GeV/c data and 40% of the 286 GeV/c data in 1985. For the 140 and 286 GeV/c
runs, a 120 cm long liquid-deuterium target was added 2 m upstream of the tungsten target. The vertex
resolution was such that only 0.5% of the events actually originating from the deuterium target could
be improperly assigned to the tungsten target. No corresponding correction was therefore applied to
the data.

The 286 GeV/c data were collected over two separate periods, viz. in 1983 and in 1985. These
two sets of data were analyzed separately to check for possible differences (the apparatus was con-
tracted for the 140 GeV/c data taking in 1984, and then expanded again). As they were found to be
consistent, they were added, after correcting for the acceptances. The 140 GeV/c data were also taken
under two different running conditions, namely, with normal magnetic field and at a field reduced by
30%. These two sets were also checked for consistency and added after correcting for the acceptances.

In the previous analysis [1], we computed the angular distributions in three different reference
frames, viz. the Gottfried-Jackson (GlJ), the Collins-Soper [7] (CS), and the u-channel (UC) frames
(see [1] for a definition of these frames and of the kincmatical variables and angles). Using kinematical

relations, we transformed the values from two of these frames to the third one, and averaged them in



that frame. However, a subsequent extensive Monte-Carlo study of the smearing and biases introduced
by the finite resolution of the apparatus, the spread in beam momentum, and the Fermi motion, indi-
cated that the angular resolution is better in the CS frame (Acosf=0.03) than in the other two
(Acos@=0.04 in the UC frame and Acosd =0.06 in the GJ frame). In addition, a comparison of the
generated values of cosf with the reconstructed ones revealed that the latter might be slightly biased in
the GJ and UC frames.

Another concern regarding the analysis is the effect of nuclear reinteractions, i.e. the contamina-
tion of the data samples by secondary pions originating either from the deuterium or from the tungsten
target and producing in the latter 2 muon pair within the acceptance of the spectrometer. Such rein-
teraction events are assigned a wrong beam momentum (that of the primary pions) and affect both the
absolute normalization {which may be ignored here as we are not discussing absolute cross-sections)
and the shape of the differential distributions. A comparison of target-full vs. target-empty data, for
the deuterium target, and of long-target vs. short-target data, for the tungsten target, as well as a special
Monte-Carlo analysis (using the known production cross-sections for the deuterium and a cascade
simulation for the tungsten), showed that the fraction of high-mass muon pairs due to secondary pions
interacting in the tungsten target is (14+4)% for the 286 GeV/c data, (41 2)}% for the 194 GeV/c data,
and (4+3)% for the 140 GeV/c data. The cosf distribution of secondary induced events was found
from the Monte-Carlo studies to be similar to that of primary induced events in the CS frame, but
concentrated at low values of |cos@| in the two other frames. A study of this distribution in the CS
frame yields for the systematic error in A at most 0.07 for the 286 GeV/c data. For the 194 GeV/c
data, where the deuterium target was absent, this error is twice smaller, and less than 0.01 for the 140
GeV/c data. As these systematic errors are smaller than the statistical uncertainties on A (typically
>0.10), no allowance for them was made. On the other hand, the fraction of secondartes is indepen-
dent of ¢. The systematic errors possibly induced on g or » are at 286 GeV/c (the worst case) at most
of order 0.015, to be compared with typical statistical uncertainties larger than 0.02. Here again, no
allowances were made.

For the deuterium target, where only secondaries originating from.that target need to be consid-
ered, the fraction of secondary muon pairs is (8+2)% for the 286 GeV/c data, so that the systematic
errors induced by reinteractions are about twice smaller than for the tungsten events at that beam

momentum.



We pointed out above that the resolution smeaning and the nuclear reinteraction biases are least
important in the CS frame; we shall therefore use only this frame in the present analysis. For the
dependence of the angular distribution parameters on x, (the fractional momentum of the quark in the
pion), where the theoretical predictions 2] are made for the GJ frame, we transform the parameters to
that frame using relations (6) of [1].

The effect of the nuclear reinteractions on the angular distributions being found independent of
the relative longitudinal momentum xp, we did not apply any cut on that variable. On the other
hand, we discarded events with x,>0.7, in order to suppress a possible higher-twist effect. Unfortu-
nately, this cut rejected most events with masses above the T. No correction was applied for a possi-
ble contamination by heavy-flavour decays, as the fraction of like-sign dimuon events was smaller than
1% in the kinematical region for all three beam momenta.

Table 1 summarizes the data-taking conditions for the different periods; the number of dimuons
given is the number of events with 4.0<M<8.5 GeV/c? (4.05<M<8.5 GeV/c? for the 194 GeV/c data)
and M> 11 GeV/c? (M is the dimuon mass).

The angular distribution is parameterized as [1):

(1/N) AN/AR = 1 + Acos?@ + psin2fcos¢ + !/,rsin®0cose

+ acosf + Bsinfcos¢ + ysinfsing, {2)
where N is the total number of events, and AN the number of events (corrected for the acceptance) in
a cell AR =AcosfA¢. The six parameters were estimated by fitting the corrected distribution to (2) by
means of a least-square method, for several intervals of certain kinematical variables. For each such
interval the data were distributed in 6 bins in cos# (—0.5<cos6<0.5) times 5 bins in ¢ (—7<¢<7), ie.
in 30 cells. Cells containing less than 20 events were not used. As the lever arm in cosf is limited, we
need rather large statistics in each interval for a reliable determination of the angular d.istributiqn
parameters, especially of A: we therefore discarded the intervals with less than about one thousand
events. For the remaining intervals the x*/d.of. were all between 0.5 and 1.5. In the previous analysis
of the 194 GeV/c data [1], the events were distributed in 10x 20 cells; in the intervals with relatively
small statistics, a large number of cells were not sufficiently populated, and A was biased toward low
values. Such a bias is avoided in the present analysis. The systematic errors were estirnated to be at

most of the order of the statistical uncertainties. The asymmetry parameters «, 8, and y, which corre-



spond to terms odd under coordinate inversion, were small and presumably due to experimental effects
not included in the Monte-Carlo (e.g. nuclear reinteraction effects, beam angle). Alternatively, assum-
ing that dN/dQ must be even under inversion, one may keep in (2) only the terms in A, u, and v and
fold the cosf, ¢ distribution- over the region cosf> 0. We checked that this latter method yields similar
results.

A description of the Monte-Carlo and further details on the analysis can be found in [1].
3. Results and Discussion

The dependence of the parameters A, g, and » on the center-of-mass energy Js-, on the transverse
momentum P, and on the dimensionless variables p=P/M, /r=M/./s, y (the rapidity), and x,, are
given in Tables 2 to 7 and displayed on Figs. 1 to 6 for the tungsten target.

The 286 GeV/c deuterium data are compared in Fig. 8 with tungsten data taken at the same
momentum. The parameters from both targets agree very well for all kinematical variables, so that we
find no evidence for a nuclear dependence. In the following, we shall therefore consider only the tung-
sten data, where the statistics are about ten times larger. -

We first show the dependence of the parameters averaged over all kinematical variables for each
center-of-mass energy (Table 2 and Fig. 1). Within the statistical uncertainties the three parameters are
consistent with the average values (A}=0.90+0.03, (x}= —0.008+0.007, and {»}= 0.089+0.007 (shown
as dashed lines on Fig. 1). The deviation of A from 1 can be used to estimate the intrinsic transverse
momentum K of the parton inside a hadron; with the relation [1]:

K12 = (IMHI-A)/2(A + 3), (3)
we find (K% =0.3+0.1(stat.)+0.1(syst.) (GeV/c)?. Since the values of A at the three energies have a -
larger than statistical spread about their mean, we prefer to quote a limit, viz. (K7%<0.6 (GeV/c)® at
the 90% confidence level. The value of g, compatible with zero, indicates that both hadrons contrib-
ute equally to the transverse momentum Py of the dimuon.

The p dependence of the parameters is given in Table 3 and on Fig. 2. The behaviour of the
parameters is similar for the three beam momenta. In particular, v increases markedly with p, whereas

A and u are independent of p. Fitting the values of » to the empirical formula:



¥(p) = ep?/(1+ep?) (4)
we obtain for the coefficient e: 1462027 (x?/d.of.=5.0/4), 1.84%0.17 (x%/d.of.=3.6/4), and
1.17£0.17 (x*/d.of.=6.0/4) for the 140, 194, and 286 GeV/c data respectively (average value
{e}=1.50£0.11). The results of these fits are shown as dot-dashed curves on Fig. 2. For the deuterium
data we find £=1.9+0.7 (x?/d.of.=3.4/4), in agreement with the tungsten values. Using the above
results and the relation [8]:

A=1-2, &)
which is analogous to the Callan-Gross relation [9] in deep inelastic scattering, we compute the corre-
sponding curves for A(p) (also shown on Fig. 2). These curves fail to reproduce the data, with x?’s of
9.2, 17.5, and 19.2 respectively for 5 d.of. As relation (5) is expected to hold for perturbative QCD,
this discrepancy between the behaviour of A and that of v suggests that the observed variation of » with
p, or equivalently with P (see below), could be a non-perturbative effect. No corresponding violation
of the Callan-Gross relation, which in contrast to (5) is modified by perturbative QCD, has been
observed in deep inelastic scattering [10]. The violation of (5) can neither be due to the intrinsic
momentum of the partons, which would affect A rather than v [1], and would not depend on p, nor to
a higher-twist effect of the type predicted in [2], as the high-x, region is excluded here, and furthermore
this would again affect A rather than ». The comparison with the deuterium data (Fig. 8 b), which
exhibit the same trend, shows that this is not a nuclear effect.

To allow a comparison with theoretical predictions [3), we give in Table 4 and on Fig. 3 the Pt
dependence of the parameters, which is quite similar to the p dependence discussed above. We have
superposed on Fig. 3 the results of these calculations which took into account not only the “naive”
Drell-Yan and the first-order, hard-gluon contributions but also the soft-gluon contributions summed
to all orders. These calculations make use of set I of structure functions from [11], assuming A = 200
MeV, but are however not very sensitive to any particular choice of parameters. They correspond to
fixed values of /s, M, and y, but the variation of the angular distribution parameters with M (or V7
and y is smooth enough (see below) to justify the comparison with data integrated over these variables.
We made the computation for the three center-of-mass energies, using the relevant average mass
((M}=5.0 GeV/c?), and rapidities ({y}=0.15, 0.36, and 0.42 respectively). The result of these compu-
tations are shown as dashed curves on Fig. 3. As the zeroth-order contribution, together with the

soft-gluon contribution, accounts for 90% of the total cross-section, and as the soft gluons hardly



affect the angular distribution parameters at all, these predictions deviate very little from the values
A=1, p=0, v=0 given by the “naive” Drell-Yan model. The observed values of A and x are in good
agreement with the expected values. On the other hand, the large values of » observed at Pp>1
GeV/c are in disagreement with the perturbative QCD predictions. Assuming systematic etrors to be
equal to the statistical uncertainties and adding them in quadrature, a x? test yields probabilities of
610-3, <10-% and 3-10~* at 140, 194, and 286 GeV/c respectively for the observed values of » to
agree with the predicted ones. In view of this large discrepancy, we did not attempt to fine-tune the
calculations by varying the structure functions or any other parameters (renormalization constant A,
scale of the running coupling constant, etc.).

In an earlier paper [12] we have shown, by a comparison of deuterium and tungsten data that
nuclear effects can contribute some 60 MeV/c to the values of P measured in tungsten. As these
effects are small, we did not correct the values of P used in the present analysis. Such a correction
would anyhow increase the discrepancy between the predicted and observed values of v.

Table 5 and Fig. 4 give the dependence of the parameters A, k, and » on the scaling variable /7.
The values of A and p are independent of this vaniable over the range 0.16<,/7<0.50. The constancy
of A indicates that there is no higher-twist effect at x; <0.7 (remember that the data with x; > 0.7 are
excluded here), since such an effect would induce a M~—2n dependence. On the other hand, »
decreases with / for \/r <0.3.

The dependence of the parameters on the rapidity y is given in Table 6 and Fig. 5. No significant
variation is observed.

Finally, we give in Table 7 and Fig. 6 the dependence of the parameters on x,, the fractional
momentum of the parton in the pion. No clear variation of the parameters with x,; is observed, except
for a 1.50 decrease of A in the last interval of the 286 GeV/c data. To check the compatibility of the
data with the higher-twist hypothesis of Berger et al. [2], we transformed the values of A to the GJ
frame, using relations (6) of [1]. To improve the statistical significance of the data, we averaged the
values of A for the three energies (Fig. 7). These average values were fitted to the relation:

Axy) = N(1—x)~ 2?1 —x,) +77], (6)
giving A" = 1.04+0.14, and 72 =0.064+0.047 (x?/d.o.f. = 0.2/3) (dashed curve, Fig. 7). This value differs

from 72 =0 (i.e., A independent of x,) by less than 1.46, and does not allow to draw a conclusion asto



the existence of a higher-twist effect at large x,. The fact that one cannot make a statistically signifi-
cant staternent about this effect is further illustrated by the fitting of a straight line to the data, as indi-

cated by a dot-dashed line on Fig. 7, yielding a slope of —0.36+0.25.

4. Conclusions

We have presented the angular distributions of dimuons produced in 7-tungsten interactions at 140,
194, and 286 GeV/c, and in #-deuterium interactions at 286 GeV/c. The 194 GeV/c data have already
been published [1], but the large number of (cos#, ¢) cells used in that analysis induced a bias in the
determination of A. The present analysis should be free of such a bias and the following conclusions
supersede those of [1].

The behaviour of the parameters A and x agrees well with that predicted by perturbative QCD,
with the inclusion of soft-gluon emission [3]: A is close to 1, and substantially independent of any
ldnematical variable. In the GJ frame, there is a suggestion of a decrease of A with x,, as predicted by
the higher-twist hypothesis [2]; however, we have few events at high x,, where that hypothesis applics.
An intrinsic transverse momentum squared of the parton inside the hadron is determined to be smaller
than 0.6 (GeV/c)® (90% C.L.). Also, ¢ is close to zero in the CS frame, as expected if both annihilat-
ing partons contribute equally to the transverse momentum of the dimuon. The most striking result of
this analysis is the strong dependence of v on Py [or equivalently on p: v{p) = 3p2/(2+ 3p?)], in clear
disagreement with the perturbative QCD expectations [3]. As a corresponding decrease of A with PT,
expected if the Callan-Gross-type relation 1—A=2v holds, is not observed, we conclude that this
unexplained effect is perhaps of non-perturbative origin. A comparison of tungsten and deuterium

data shows that the angular distribution parameters are independent of the type of target nucleus.

We are indebted to Prof. M. Le Bellac and Dr P. Chiappetta for a discussion on their theoretical
work, and for making their computer program available to us. We thank Prof. G. Preparata for a

enlightening discussion.
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Table 1: Surnmary of data taking conditions

Beam e Target Number
momentum lengths of dimuons
[GeVic] [GeV] fem] (x 10%)
140 (10kA) 16.2 12.0 23.9
140 (7kA) 16.2 12.0 21.8
194 19.1 5.6,12.0 147.7
286 (1983) 23.2 12.0 46.5
286 (1985) 23.2 5.6,12.0 37.6
286 (Deuterium) 232 120.0 8.3
Table 2: Paramneters A, u, and v in the CS frame as a function of .[s
Interval (/8! Events A K ¥
[GeV] [GeV]  (x10%
15.7 — 174 16.2 45.7 1.01+0.08 0.002+0.020 0.0824+0.016
18.5 — 20.5 19.1 147.7 0.83+0.04 0.008+0.010 0.091+£0.009
22.6 — 25.0 232 84.1 0.99+£0.06 —0.027+0.010 0.090+0.012
Table 3: Parameters \, p, and v in the CS frame as a function of p
W Interval {p} Events A i v
[GeV] (x10%)
16.2 (.00 — 0.10 0.06 9.7 0.92+0.17 —0.011£0.039 —0.012+0.034
0.10 — 0.20 0.15 16.1 1.16+0.12 0.027+0.032 0.085+0.026
0.20 — 0.30 0.25 104 1.09+90.17 0.002+0.038 0.059+0.032
0.30 — 0.40 0.34 54 0.64+0.23 0.022+0.053 0.154+0.045
0.40 — 1.20 0.50 4.2 0.8840.23 —0.119£0.068 0.256+0.052
191  0.00 - 0.10 0.06 30.0 0.90+0.09 0.036£0.022 —0.013+0.020
0.10 — 0.20 0.15 50.4 0.83+0.07 —0.013+0.017 0.024+0.015
0.20 — 0.30 0.25 34.6 0.77+0.09 0.022+0.020 0.121£0.018
0.30 — 0.40 0.34 17.8 0.87+£0.12 ~—0.051+0.030 0.167+£0.026
0.40 — 1.20 0.51 14.9 0.7940.13 0.047+0.035 (0.327+0.028
232 0.00 — 0.10 0.06 15.9 0.90+0.13 —0.024+0.030 0.016+0.027
0.10 — 0.20 0.15 27.1 0.96+0.10 —0.029+0.023 0.049+0.021
0.20 — 0.30 0.25 19.3 1.08+0.12  —0.02620.027 0.092+0.024
0.30 - 0.40 0.34 10.7 0.98+0.15 —0.03740.040 0.161+£0.033
040 — 1.20 0.53 11.0 1.09+0.16 —0.013+0.041 0.203+0.033




Table 4: Parameters A, p, and v in the CS frame as a function of P

NL Interval (P} Events A p v

[GeV]l  [GeV/el  [GeViel (x10%)

162  0.00 — 0.50 0.32 92 0.87+0.18 0.060+0.041 0.002+0.035
0.50 — 1.00 0.74 16.2 1.20+0.13 0.003+0.032 0.679+0.026
1.00 — 1.50 1.23 11.2 0.99+0.16 —0.051+£0.037 0.074+0.032
1.50 — 2.00 1.72 5.6 0.96+0.22 0.0421+0.054 0.184+0.044
2.00 — 6.00 244 36 0.65+0.26 —-0.046%0.070 0.150+0.055

19.1 0.00 — 0.50 0.32 27.3 0.87+0.10 0.049+0.023 0.001+0.021
0.50 - 1.00 0.75 49.2 0.80£0.07 —0.01220017 0.012+0.016
1.00 — 1.50 1.23 36.5 0.85+£0.08 —0.003+0.020 0.113+0.018
1.50 — 2.00 1.72 19.8 0.76+0.11 0.011+0.028 0.2091+0.024
2.00 — 6.00 2.52 14.8 0.87+0.12 0.037+£0.035 0.307+0.025

232 0.00 — 0.50 0.32 14.5 0.89+£0.13 —0.011+0.031 0.042+0.028
0.50 - 1.00 0.75 26.3 0.89+0.09 —0.047+0.023 0.076+0.021
1.00 — 1.50 1.23 204 1.09+0.11 —0.015£0.026 0.064+0.024
1.50 — 2.00 1.72 11.7 1.20+0.15 —0.071+0.037 0.14440.032
200 — 6.00 2.60 11.1 0.97+0.15 0.026+0.041 0.198+0.033

Table 5: Parameters A, i, and v in the CS frame as a function of \/*

WL Interval (/7! Events A M v

[GeV] (x10%)

162 0.24 - 0.28 0.26 19.1 1.08+0.13 ~0.023+0.029 0.088+0.024
0.28 — 0.34 0.31 154 1.08+0.13 0.024+0.032 0.112+0.027
0.34 — 0.40 0.37 7.1 0.68+0.19 —0.01320.044 0.039+0.038
040 — 0.50 0.44 4.1 1.214+0.26 0.058+(.059 0.082+0.052

19.1 0.20 — 0.24 0.22 53.5 0.79+0.07 0.039+0.017 0.108+0.015
0.24 — 0.29 0.26 50.3 0.79+0.07 0.043+£0.017 0.081+0.015
0.29 — 0.34 0.31 26.0 0.87+0.10 0.003+0.023 0.052+0.021
0.34 — 0.43 0.37 17.6 1.02+0.11 —0.031+£0.028 0.077+0.027

232 016 — 0.19 0.18 26.3 0.99+0.10 -0.032+0.025 0.157+0.021
0.19 — 0.24 0.21 33.7 0.99+0.09 —0.002+£0.022 0.099+0.019
0.24 — 0.29 0.26 15.6 1.17+0.12 -0.050+0.031 0.062+0.027
0.29 - 0.36 0.32 8.1 0.90+0.16 —0.053+0.039 —0.015+0.038




Table 6: Parameters \, u, and v in the CS frame as a function of y

A8 Interval {y Events A n v

[GeV] (x 10%)

16.2 —0.56 — —0.05 —0.14 7.9 0.55+£0.39 ~—0.029+0.065 0.034+0.037

=0.05 — 0.10  0.03 11.0 0.90+0.16 —0.002+0.036 0.081+0.034

0.10 — 0.20 0.15 8.6 0.79%0.15 0.611+0.036 0.105+0.038

0.20 — 030 0.25 7.8 0.88+0.16 0.001+0.039 0.089+0.038

0.30 — 070 040 10.5 1.93+0.24 0.052+0.052 0.118+0.030

19.1 —0.25 — 0.20 0.09 36.0 0.92+0.13 —0.002+0.027 0.059+0.018

0.20 — 035 0.28 36.3 0.77£0.08 0.0321+0.019 0.070+£0.019

035 — 045 040 25.4 0.92+0.09 0.026+0.022 0.143+£0.022

045 — 0.55 0.50 21.9 0.68+0.09 6.005%0.023 0.081+0.024

0.55 — 095 0.65 28.0 0.86+0.13 0.031+0.031 0.089+0.019

232 —0.20 - 025 0.14 18.3 0.70+£0.20 0.004+0.039 0.080+ 0.025

0.25 - 040 033 19.1 0.84+0.11 -0.010+0.027 0.131£0.025

0.40 — 050 045 14.3 1.00£0.12  —0.049+0.030 0.139£0.030

0.50 — 060 0.55 13.0 1.02£0.12 —0.053+0.030 0.067£0.030

0.60 — 1.00  0.71 18.9 0.91£0.14 —~0.018+0.032 0.073+0.024

Table 7: Parameters \, p, and v in the CS frame as a function of x,
Wi Interval {x,;,  Events A B v

[GeV] (x 10%)

16.2 0.00 — 035 029 243 1.01+0.11  —0.051£0.027 0.068+0.022

0.35 — 0.50 041 17.9 1.18+£0.12 0.031+£0.029 0.107+0.025

0.50 — 0.60 0.54 29 0.83£0.31 0.024+0.076 0.181+0.060

19.1  0.00 — 035 0.29 54.0 0.82+0.08 0.034+0.018 0.080+0.015

0.35 - 0.50 042  66.0 0.83+0.06 0.022+0.015 0.085+0.013

0.50 — 060 054 19.9 0.93+0.12 0.056+0.030 0.096+0.024

0.60 — 070  0.64 7.8 0.87+0.21 —0.113+0.048 0.080+0.037

0.70 — .10 077 3.5 0.90£0.35 ~0.036+0.079 0.153+0.056

232 0.00 — 035 0.28 5.1 1.08+0.10 -0.055+0.023 0.125+0.019

0.35 — 050 042 331 0.97£0.08 —0.015+0.020 0.108+0.019

0.50 — 060 0.54 10.9 0.93x0.16 —0.064+0.037 0.030+0.032

0.60 — 070  0.64 49 0.93+0.25 —0.141%0.058 0.00910.047

0.70 — 1.16  0.80 39 0.54+0.30 —0.079+0.067 0.074£0.052




Figure Captions

Fig. 1

Fig. 2

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Parameters A, p, and » as a function of \/s in the CS8 frame. The error bars correspond to
the statistical uncertainties only. The horizontal bars correspond to the momentum bite
(+10%). The dashed horizontal lines are the averages over the three points.

a, b, c Parameters A, 1, and » as a function of p in the CS frame. a 140 GeV/c; b 194
GeV/c; ¢ 286 GeV/c. The error bars correspond to the statistical uncertainties only. The
horizontal bars give the size of each interval. For », the dot-dashed curve is the fit to the
empirical relation (4); for A, it is given by (5).

a, b, ¢ Parameters A, x, and » as a function of P in the CS frame. a 140 GeV/c; b 194
GeV/c; ¢ 286 GeV/c. The error bars correspond to the statistical uncertainties only. The
hornizontal bars give the size of each interval. The dashed curves are the predictions of
perturbative QCD [3].

a, b, ¢ Parameters A, g, and » as a function of Jr in the CS frame. a 140 GeV/c; b 194
GeV/c; ¢ 286 GeV/c. The error bars correspond to the statistical uncertainties only. The
horizontal bars give the size of each interval.

a, b, ¢ Parameters A, u, and v as a function of y in the CS frame. a 140 GeV/c; b 194
GeV/c; ¢ 286 GeV/c. The error bars correspond to the statistical uncertainties only. The
horizontal bars give the size of each interval.

a, b, ¢ Parameters A, g, and v as a function of x, in the GI frame. a 140 GeV/c; b 194
GeV/c: ¢ 286 GeV/c. The error bars correspond to the statistical uncertainties only. The
horizontal bars give the size of each interval.

Parameter A as a function of x; in the GJ frame. The data are averaged over the three
beam momenta. The error bars correspond to the statistical uncertainties only. The
horizontal bars give the size of each interval. The dashed curve is a fit to the higher-twist
hypothesis {2], and the dot-dashed one a straight-line fit.

a, b, ¢ Parameters A, p, and » as a function of a M, b P, and ¢ x, in the CS frame.
Open circles: 286 GeV/c deuterium data. Full circles: 286 GeV/c tungsten data. The

error bars correspond to the statistical uncertainties only.
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