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Abstract

We present results on a high statistics study of the nucleon structure functions F(x,0%) and R=0, /o,
measured in deep inelastic scattering of muons on a deuterium target. The analysis is based on 8-10°
events after all cuts, recorded at beam energies of 120, 200 and 280 GeV in the kinematic range 0.06 <
x < 0.80 and 8 GeV? < (P < 260 GeV?2. Scaling violations observed in the data are in agreement with
predictions of perturbative QCD and allow to determine the QCD mass scale parameter A.
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We present results on the structure functions of the nucleon measured with high statistics in deep )
inelastic scattering of muons on a deuterium target. In the one-photon exchange approximation, the

deep inelastic muon-nucleon cross section can be written as

do dna’ yzE2 -l-Q2 ]
- 1—y— £ 4 Fyx,
dp%dx  0O'x [ v 2E°[R(x,0P)+ 1] A=) ()

where E is the energy of the incident muon, {F the squared four-momentum transfer between the
muon and the nucleon, and x and y are the Bjorken scaling variables. This cross section depends on

two structure functions F, and R, where R=0,/o is the ratio of absorption cross sections for virtual

photons of longitudinal and transverse polarization.

The measurement which we describe here is similar to an earlier one with a hydrogen target
[1,2,3]. The data were collected at the CERN SPS muon beam with a high-luminosity spectrometer
which is described in detail elsewhere [4]. The results presented here are based on 8-.105 reconstructed
events after all cuts, recorded with positive muon beams of 120, 200 and 280 GeV energy. The kine-
matic ranges and data samples are summarized in Table 1. A part of these data has been used earlier
in a study of nuclear effects [5]. The analysis of the data proceeds in exactly the same way as for the
measuremnent with the hydrogen target and is also very similar to the analysis of our earlier carbon tar-
get data [6,7,8]. We therefore do not describe it here. Radiative corrections were calculated following
ref. [9]. In comparison to the hydrogen data, the only additional contribution is due to coherent
scattering on the deuteron.

The experimental results for R are given in Table 2 and are shown in Fig. 1 together with a per-

turbative QCD prediction R, which is calculated from

2.2
F(xQ) + ‘”‘ézx Fx,0)

R(x,0") = (2)
Fx0") — F/(x0)

1 In refs. [1] and [6], we have used a relation between R and F; which is not consistent with the expression for F; of eq. (3).
This increases slightly the QCD prediction for 2 but does not affect the measured values. Since we used the perturbative
QCD prediction for £ in the computation of F,, the latter decreases by approximately 1%o over the entire kinematic range
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where F, is the longitudinal structure function and M is the mass of the nucleon.! In perturbative

QCD, F, is given by

Fx @) = 40D j [in(z.Q’) + io(l—ﬁ)zocz.gz)} s 3
2n d 3 9 z 3

Z

(ref. [10]) where a (") is the running coupling constant of QCD. To compute F,, we assume a QCD

mass scale parameter A = 220 MeV and a gluon momentum distribution xG(x,03)=4.5(1— x)* at 0?

= 5 GeV? [2]. In the kinematic range of our data, RQC,; does not depend strongly on the gluon distri-

bution assumed. The data lie above this prediction but there is no disagreement within the errors.
R,cp Was used to compute the structure function F(x,0%) which is shown in Fig. 2 and is given in

Tables 4 — 6 for the three different bearn energies. The principal sources of systematic errors in the

data are uncertainties in:

. the calibration of the incident beam energy (AE/E < 0.15%),

. the calibration of the spectrometer magnetic field B (AB/B < 0.15%),

. corrections for the energy loss & of muons in iron [11] (Ae/s < 1%),

. corrections for the finite resolution X of the spectrometer (AZ/Z < 5%),

. the relative cross section normalization of data taken at different beam energies (1% between the

120 GeV and 200 GeV data, 1.5% between the 280 GeV and 200 GeV data),

. the absolute cross section normalization (3%).

Most of the results presented in this paper, especially those on R and on the comparison of scaling

violations to QCD predictions, are affected by the uncertainty on the relative but not on the absolute

&oss section normalization. Systematic errors originating from uncertainties in the detector efficiencies

(0.5%) are small due to the redundancy in the experimental apparatus. The agreement between the

different data sets in the region of large x confirms our estimate of most of the systematic errors as we

have discussed in more detail in ref. [6].

of the data. This is completely negligible when compared to the errors.
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The final F,(x,Q’) from the combined data sets is shown in Fig. 3. Shown in the same figure are
earlier EMC data from muon-deuterium scattering [12]. In comparison to these data we find a poor
agreement, especially at small x, which is similar to the one observed in the hydrogen data [1]. Also
shown in this figure are results from a recent analysis of SLAC data on electron-deuterium scattering at
lower (7 [13]. In the region of x < 0.35 where the experiments cover disjoint ranges of @7, the SLAC
data extrapolate to our results within the errors. At larger x and in the {* region of overlap the errors
of our data are dominated by the systematic uncertainties, which are strongly correlated. Within these
errors, both data sets are compatible with a smooth ” evolution of a commen F,.

Clear deviations from Bjorken scaling are observed in the structure function F, (Fig. 2). We com- .
pare these scaling violations to predictions of QCD using the same methods which we have applied
previously to our carbon [7,8] and hydrogen [2,3] data. In the framework of pertu._rbative QCD [18]
scaling violations are due to the (" evolution of quark and gluon distributions and can be described by
the Altarelli-Parisi equations [19] or, alternatively, by the 0" dependence of their moments [20]. The
data extend up to x=0.75, thus requiring only little extrapolation to calculate the evolution integrals.
Higher twist contributions to F,, which are not described by these equations, vary like power series in
1/0 [21] and are expected to be small over most of the Q* range of our data.

Several numerical methods have been proposed to fit the QCD predictions to experimental data.
We have mainly employed two methods [ 3,8,22] which have been developed within our collaboration.

They allow to fit the flavour singlet and nonsinglet evolution equations both in a leading order (LO)

perturbation expansion and in a next-to-leading order expansion in the MS renormalization scheme.
Four quark flavours were assumed throughout the QCD analysis.

The experimental data shown in Fig. 2 were used for the fits. Data points with y < 0.20 at
x=0.75,y < 0.16 at x=0.65and y < 0.14 in all other bins of x were excluded to reduce the sensitivi-
ty of the fits to systematic uncertainties. Points with 0* < 14 GeV? at 0.16 < x < 0.25 and with (?
< 20 GeV? at x > 0.25 were excluded to suppress possible higher twist effects. These cuts are the

same as in the analysis of the hydrogen data.
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In the nonsinglet approximation, the gluon contribution is neglected in the evolution equations.
Estimates of the gluon distribution from muon [2,7,14,15] and neutrino scattering experiments [16,17]
have shown that this approximation is valid at high values of x. Therefore, in the nonsinglet analysis
of the data reported here, only the kinematic region x > 0.275 was used. The cut at # = 20 GeV?
further reduces the contribution of the gluon distribution which becomes softer with increasing ¢ due
to its QCD evolution. The results of these fits are summarized in Table 3. We find good agreement
between the values of A obtained with the different programs. The average result for the QCD mass
scale parameter in next-to-leading order is

Agy =230 % 40 (stat.) = 70 (syst.) MeV,
corresponding to a strong coupling constant of

aS(Q2= 100 GeV?) = 0.160 £ 0.006 (star.) + 0.011 (spst.).
This is in good agreement with the result of our earlier measurements on carbon and hydrogen targets,
Ay =2201 15 (stat.) + 50 (spst.) MeV [2,7]. To evaluate the systematic errors on A and 2, the indi-
vidual systematic uncertainties on F, were added to the data and the fits repeated. This was done for
each contribution to the systematic error in turn and the resulting changes m A were combined in
quadrature. The final systematic error AA = 70 MeV is dominated by the uncertainty on the relative .
normalization between data taken at the three different beam energies.

As we have discussed in more detail in refs. [2,7], the agreement between data and QCD fit,
which is prerequisite for a meaningful determination of ag, is best verified by comparing the x depen-
dence of measured and predicted scaling violations. This is shown for the nonsinglet case in Fig. 4a
where the average logarithmic derivatives dinF(x,0%)/dinQ’ are compared to the next-to-leading order
prediction for Ay, = 230 MeV. The mecasured x dependence of the scaling violations is in agreement
with the predicted one.

In the QCD analysis over the full x range of the data, the ¢ evolution of the deuteron structure

function, which is an almost pure flavour singlet, is sensitive to the gluon distribution at small x. We
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use the gluon distribution xG{x) o< {1 - xff at @3 = 5 GeV? determined in next-to-leading order from
our hydrogen data [2] and fit A over the full kinematic range of the data. This fit yields
A= 250+ 35 (star.) MeV in agreement with the result of the nonsinglet fit. The measured logarith-
mic derivatives and the corresponding QCD prediction for Ay, = 250 MeV are shown in Fig. 4b.
Treating the power of the gluon distribution as a free parameter in the fit gives compatible results with-
in large errors. |

In conclusion, we have presented a high statistics measurement of the deuteron structure functions
F, and R from deep inelastic scattering of muons at high (" on a deuterium target. Scaling violations
are observed in the data and are in agreement with predictions from perturbative QCD. We find A

to be in good agreement with our earlier result obtained with carbon and hydrogen targets.
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Table Captions

Table 1:

Table 2:

Table 3:

Table 4:

Table 5:

Table 6:

Kinematic ranges and number of events after all cuts at the three different beamn ener-
gies.
Results for R=0, /o . as a function of x. R is averaged over { in each bin of x.

Results of nonsinglet QCD fits to F(x,0%) in leading order (LO) and next-to-leading

order in the MS renormalisation scheme. The data are fitted-in the kinematic range x

2 0.275 and (% > 20 GeV?; additional cuts on y are discussed in the text. Four quark
flavours are assumed in the QCD analysis. % is the x* of the direct comparison
between measured and predicted scaling violations (Fig. 4a). Only statistical errors are

given; systematic errors are discussed in the text.

Fx,0%) measured at 120 GeV beam energy. The average beam energy at the interac-
tion vertex is <E> = 117.6 GeV. F/(x,0’) is given both for R = ¢ o, = 0 (F})
and for R = R, (F£°P). The statistical error AF, applies to F, and can be scaled to
apply to Ff°. The systematic errors are given in form of factors f; the distorted F, is
obtained either multiplying or dividing the given F{x,0") by these factors. We call f;, :
f; and f_ the uncertainties due to beam momentum calibration, spectrometer magnetic
field calibration and spectrometer resclution, respectively; f , 1s the systematic error due
to detector and trigger inefficiencies and /, due to the uncertainty in the relative nor-

malization of data from external‘ and internal targets. The overall normalization
uncertainties discussed in the text are not given here.

As Table 4, for the measurement at 200 GeV beam energy. The average beam energy
at the interaction vertexis <E> = 196.2 GeV.

As Table 4, for the measurement at 280 GeV beam energy. The average beam energy

at the interaction vertexis < E£> = 275.8 GeV.
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Table I: The data sample

Beam energy Qz range X range Number of
(Gel) (GeVh events
120 8-106 0.06-0.80 311 000
200 16-150 0.06-0.80 385 000
280 30-260 0.08-0.80 77 000
Table 2: Results for R
x < Q2 p-J R AR AR
(GeV?) (stat) (syst)
0.10 20.0 0.190 0.120 0.072
0.14 25.0 0.114 0.076 0.046
0.18 35.0 0.160 0.077 0.038
0.225 45.0 0.222 0.069 0.041
0.275 50.0 0.061 0.049 0.036
0.35 65.0 0.077 0.042 0.034
0.45 75.0 0.060 0.062 0.036
0.55 85.0 0.165 0.120 0.056
0.65 5.0 0.043 0.181 0.107
Table 3: Results of nonsinglet QCD fits
Method A,,(MeV) f'/IDOF y3/DOF A (MeV) ¥’IDOF  xi/DOF
Ref. [3,8] 210137 123/155  6.5/5 236+39 126/155 9.2/5
Ref. [22] 206+35 135/154  5.9/5 220434 140/154  8.2/5
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Table 4: F,(x,Q%) at 120 GeV beam energy
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Table 4: F,(x,Q?) at 120 GeV beam energy (continued)
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1.000
1.000
1.000
1.000
1.000
1.000
1.000
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1.010
1.010
1.010
1.010
1.010
1.004
1.004
1.003
1.000
1.000
1.000
1.000

1.010
1.010
1.010
1.010
1.010
1.004
1.004
1.003
1.002
1.000
1.000
1.000
1.000
1.000

1.010
1.010
1.010
1.010
1.010
1.004
1.003
1.002
1.000
1.000
1.000
1.000
1.000
1.000



0.65

0.75

O (GeV?)

17.00
19.00
21.50
24.50
28.00
32.50
37.50
43.00
49.50
57.00
65.50
75.00
86.00
99.00

32.50
37.50
43.00
49.50
57.00
65.50
75.00
86.00

99.00

Table 4: F,(x,Q%) at 120 GeV beam energy (continued)

0
£,
0.02807
0.02869
0.02673
0.02861
0.02370
0.02460
0.02521
0.02659
0.02449
0.02296
0.02062
0.62491
0.01926
0.02329

0.00867
0.00984
0.00800
0.00861
0.00876
0.00785
0.00775
0.00707

0.00651

AF,

0.00152
0.00176
0.00151
0.00183
0.00159
0.00100
0.00119
0.00152
0.00157
0.00163
0.00168
0.00211
0.00194
0.00234

0.00054
0.00073
0.00070
0.00082
0.00092
0.00098
0.00110
6.00115

0.00123

ocp
F,

0.02809
0.02872
0.02676
0.02864
0.02373
0.02464
0.02526

-0.02666

0.02457
0.02305
0.02072
0.02507
0.01941
0.02352

0.00868
0.00986
0.00802
0.00863
0.00879
0.00788
0.00779
0.00711
0.00656

Ty

1.040
1.035
1.030
1.025
1.021
1.017
1.014
1.011
1.008
1.006
1.004
1.003
1.001
1.000

1.040
1.033
1.027
1.022
1.017
1.013
1.010
1.007
1.004

/£,

5

1.063
1.056
1.050
1.044
1.039
1.034
1.029
1.026
1.023
1.020
1.018
1.016
1.014
1.013

1.069
1.060
1.052
1.046
1.040
1.035
1.031
1.027
1.024

S,

r

1.086
1.073
1.068
1.057
1.047
1.034
1.027
1.022
1.018
1.013
1.012
1.010
1.011
1.007

1.094
1.084
1.075
1.066
1.055
1.049
1.035
1.030
1.023

Ja

1.0600
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
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S,

n

1.010
1.010
1.010
1.010
1.010
1.003
1.002
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.0600
1.000
1.000



X

0.07

0.10

0.14

0.18

0.225

0.275

0.35

0 (GeVD)

17.00
19.00

19.00
21.50
24.50

21.50
24.50
28.00
32,50

21.50
24.50
28.00
32.50
37.50
43.00

28.00
32.50
37.50
43.00
49.50
57.00

28.00
32.50
37.50
43.00
49,50
57.00
65.50
75.00

32.50
37.50
43.00
49.50
57.00
65.50
75.00
86.00
99.00

0
F2

0.37420
0.36040

0.35627
0.36119
0.35010

0.33493
0.34013
0.32720
0.32015

0.30177
0.30154
0.30541
0.30445
0.29470
0.29398

0.27552
0.26457
0.26632
0.26452

0.25623

0.24538

0.24510
0.23687
0.22244
0.22320
0.22215
0.21767
0.22322
0.20815

0.17975
0.17028
0.17086
0.16730
0.16606
0.16045
0.15978
0.16018
0.14935

Table 5: Fi(x,Q%) at 200 GeV bearn energy

0.00686
0.00597

0.00466
0.00392
0.00416

0.00434
0.00457
0.00419
0.00421

0.00485
0.00493
0.00465
0.00369
0.00376
0.00373

0.00443
0.00421
0.00339
0.00331
0.00334
0.00436

0.00457
0.00433
0.00325
0.00321
0.00327
0.00344
0.00458
0.00458

0.00302
0.00220
0.00216
0.00215
0.00226
0.00240
0.00301
0.00314
0.00337

0.39517
0.38663

0.36425
0.37191
0.36414

0.33812
0.34444
0.33278
0.32780

0.30303
0.30320
0.30764
0.30751
0.29877
0.29948

0.27651
0.26586
0.26808
0.26686
0.25931
0.24941

0.24560
0.23751
0.22324
0.22426
0.22357
0.21954
0.22581
0.21139

0.18002 -

0.17061
0.17128
0.16784
0.16677
0.16136
0.16098
0.16179
0.15136

y

0.997
0.997

0.996
0.997
0.997

- 0.996

0.996
0.996
0.997

0.995
0.996
0.9%6
0.9%6
0.997
0.997

0.996
0.996
0.996
0.997
0.997
0.997

0.996
0.997
0.997
0.997
0.997
0.997
0.997
0.997

0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.998

J,

5

0.999
1.000

0.999
0.999
0.999

10,998

0.959
0.999
1.000

0.998
0.998
0.999
0.999
1.000
1.0G0

0.999
0.999
1.000
1.006
1.000
1.001

1.000
1.000
1.001
1.001
1.001
1.001
1.001
1.001

1.003
1.003
1.003
1.003
1.003
1.003
1.003
1.003
1.003

A

r

0.996
1.005

1.004
1.006
1.003

1.005
1.007
1.003
1.004

1.005
1.002
1.003
1.004
0.998
1.001

0.997

1.002
0.999
1.003
1.005
1.003

1.003
0.996
1.000
0.998
1.004
1.001
1.004
1.008

0.998
1.002
1.005
1.003
1.006
0.998
1.001
1.007
1.003

Ja

1.015
1.013

1.005
1.005
1.005

1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.600
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
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n

1.005
1.005

1.005
1.005
1.005

1.005

1.005

1.005
1.005

1.005
1.005
1.005
1.003
1.002
1.002

1.005
1.005
1.002
1.002
1.002
1.000

1.005
1.005
1.003
1.002
1.002
1.0602
1.000
1.000

1.005
1.003
1.002
1.002
1.002
1.001
1.000
1.000
1.000



0.45

0.55

0.65

0.75

Q2 (Ge VJ)

32.50
37.50
43.00
49,50
57.00
65.50
75.00
86.00
99.00
115.50

32.50
37.50
43.00
49.50
57.00
65.50
75.00
86.00
99.00
115.50
137.50

32.50

37.50

43.00
49.50
57.00
65.50
75.00
86.00
99.00
115.50
137.50

43.00
49,50
57.00
65.50
75.00
86.00
99.00
115.50
137.50

Table 5: F,(x,Q%) at 200 GeV beam energy (continued)

0
1
0.10618
0.10392
0.10567
0.10340
0.10321
0.10038
0.09919
0.09492

0.09065

0.09187

0.05383
0.05319
0.05346
0.05282
0.05373
0.05221
0.05218
0.04913
0.05086
0.04983
0.04556

0.02538

0.02531
0.02316
0.02468
0.02318
0.02269
0.02195
0.02052
0.02144
0.01997
0.01944

0.00934
0.00935
0.00830
0.00764
0.00803
0.00720
0.00857
0.00673
0.00661

AF,

0.00273
0.00292
0.00190
0.00189
0.00195
0.00205
0.00258
0.00261
0.00270
0.00272

0.00192
0.00214
0.00132
0.00135
0.00147
0.00154
0.00169
0.00198
0.00213
0.00214
0.00213

0.00115
0.00128
0.00074
0.00082
0.000835
0.00094
0.00103
0.00123
0.00138
0.00135
0.00146

0.00046
0.00049
0.00053
0.00055
0.00063
0.00064
0.00081
0.00074
0.00081

Ch
FZ

0.10628
0.10404
0.10582
0.10359
0.10345
0.10068
0.09958
0.08540
0.0%126
0.09271

0.05387
0.05323
0.05352
0.05289
0.05382
0.05231
0.05231
0.04925
0.05107
0.05010
0.04591

0.02539
0.02533
0.02318
0.02471
0.02321
0.02272
0.02199
0.02057
0.02150
0.02005
0.01554

0.00935 -

0.00936

-0.00831

0.00765
0.00804
0.00721
0.00859
0.00675
0.00664

Zy

1.003
1.002
1.002
1.001
1.000
1.000
0.999
0.999
0.998
0.998

1.014
1.011
1.009
1.007
1.005
1.004
1.003
1.002
1.001
1.000
0.999

1.034
1.029
1.024
1.020
1.016
1.013
1.010
1.008
1.005
1.003
1.002

1.054
1.045
1.038
1.031
1.025
1.020
1.016
1.012
1.008

i)

5

1.0t1
1.010
1.009
1.008
1.007
1.006
1.006
1.005
1.005
1.005

1.027
1.023
1.021
1.018
1.016
1.014
1.013
1.011
1.010
1.009
1.008

1.056
1.048
1.042
1.037
1.032
1.028
1.025
1.022
1.019
1.017
1.015

1.087
1.076
1.066
1.058
1.050
1.044
1.039
1.033
1.029

/,

T

1.007
1.003
1.005
1.001
0.996
1.004
1.002
1.006
1.000
1.004

1.025
1.020
1.014
1.013
1.007
1.002
1.002
1.005
1.001
1.000
1.004

1.064
1.060
1.050
1.044
1.033
1.023
1.014
1.011
1.012
1.008
1.005

1.135
1.120
1.111
1.100
1.092
1.077
1.068
1.055
1.042

Ta

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.600
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
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t,

n

1.005
1.005
1.002
1.002
1.002
1.002
1.000
1.000
1.000
1.000

1.005
1.005
1.002
1.002
1.002
1.061
1.001
1.000
1.000
1.000
1.000

1.005
1.005
1.001
1.001
1.001
1.001
1.001
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000



X

0.10

0.14

0.18

0.225

0.275

0.35

O (GeV?)

32.50
37.50

37.50
43.00
49.50
57.00

37.50
43.00
49.50
57.00
65.50

37.50
43.00
49,50
57.00
65.50
75.00
86.00

37.50
43.00
49.50
57.00
65.50
75.00
86.00
99.00

115.50

43.00
49.50
57.00
65.50
75.00
86.00
99.00
115.50
137.50

0
FZ

0.36758
0.35901

0.32900
0.32609
0.32622
0.31362

0.29865
0.31101
0.31237
0.28775
0.29090

0.25886
0.26717
0.27703
0.25610
0.24968
0.25033
0.24686

0.21158

0.23148°

0.22144
0.21174
0.22404
0.20388
0.21105
0.21380
0.19842

0.17498
0.17194
0.16210
0.16531
0.15851
0.15873
0.15282
0.15741
0.14745

Table 6: F,(x,Q%) at 280 GeV beam energy

AF,

0.00737
0.00803

0.00825
0.00818
0.00861
0.00991

-0.00862
0.00875
0.00922
0.00632
0.00671

0.00788
0.00791
0.00827
0.00582
0.00597
0.00645
0.00699

0.00795
0.00821
0.00813
0.00570
0.00622
0.00614
0.00652
0.00863
0.00918

0.00592
0.00581
0.00398
0.00420
0.00426
0.00439
0.00459
0.00572
0.00582

pcp
F,

0.37969
0.37547

0.33370
0.33244
0.33497
0.32518

0.30046
0.31355
0.31585
0.29215
0.29697

0.25963
0.26822
0.27849
0.25793
0.25211
0.25361
0.25124

0.21193
0.23198

.0.22207

0.21255
0.22518
0.20527
0.21299
0.21647
0.20187

0.17518
0.17219
0.16241

0.16573 .

0.15504
0.15943
0.15372
0.15870
0.14921

/,

0.997
0.997

0.996
0.997
0.997
0.997

. 0996

0.996
0.997
0.997
0.997

0.996
0.996
0.996
0.997
0.997
0.997
0.997

0.996
0.997
0.997
0.997
0.997
0.997
0.997
0.997
0.997

0.998
0.998
0.998
0.938
0.998
0.998
0.998
0.998
0.998

A

0.999
1.000

0.999
0.999
1.000
1.000

0.999 -

0.999
1.000
1.000
1.000

0.999
0.999
1.000
1.0600
1.000
1.001
1.001

1.000
1.000
1.001
1.001
1.001
1.001
1.001
1.001
1.002

1.004
1.003
1.003
1.003
1.003
1.003
1.003
1.003
1.003

],

r

1.008
1.004

1.005
1.004
1.004
1.004

0.998
0.999
1.002
1.002
1.003

0.996
1.004
1.001
1.001
0.998
1.000
1.003

0.997
1.000
0.997
0.994
1.004
1.004
1.000
0.998
0.998

0.994
0.997
0.994
0.995
0.997
0.994
0.995
0.998
0.998

Z4

1.005
1.005

1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
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1,

n

1.010
1.010

1.010
1.010
1.010
1.010

1.010
1.010
1.010
1.004
1.004

1.010
1.010
1.010
1.004
1.004
1.003
1.002

1.010
1.010
1.010
1.004
1.004
1.004
1.003
1.000
1.000

1.010
1.010
1.004
1.004
1.004
1.004
1.003
1.000
1.000



0.45

0.55

0.65

0.75

0 (GeV?)

43.00
49,50
57.00
65.50
75.00
86.00
99.00
115.50
137.50
175.00

43.00
49.50
57.00
65.50
75.00
86.00
99.00
115.50
137.50
175.00
230.00

49.50
57.00
65.50
75.00
86.00
89.00
115.50
137.50
175.00
230.00

57.00
65.50
75.00
86.00
99.00
115.50
137.50
175.00
230.00

Table 6: F,(x,Q?) at 280 GeV beam energy (continued)

0
£
0.09549
0.10062
0.10240
0.09812

0.09646 -

0.09645
0.09914
0.09543

0.08773 .

0.08977

0.05248
0.05631
0.05488
0.05046
0.05662
0.04721
0.04941
0.04626
0.04294
0.03930
0.04154

0.02536°

0.02487
0.02242
0.02378
0.02280
0.02297
0.01986
0.02027
0.01814
0.01605

0.00911
0.00909
0.00786
0.00902
0.00807
0.00614
0.00564
0.00541
0.00639

AF,

0.00521
0.00520
0.00368
0.00366
0.00379
0.00389
0.00413
0.00412
0.00485
0.00460

0.00393
0.00429
0.00272
0.00272
0.00311
0.00282
0.00312
0.00305
0.00365
0.00312
0.00459

0.00247
0.00167
0.00166
0.00182
0.00191
0.00205
0.00192
0.00250
0.00238
0.00263

0.00106
0.00107
0.00105
0.00127
0.00124
0.00120
0.00122
0.00116
0.00172

QCcD
FZ

0.09555
0.10071
0.10251
0.09825
0.09663
0.09667
0.09%43
0.09581
0.08823
0.09061

0.05251
0.05634
0.05492
0.05051
0.05669
0.04728
0.04950
0.04637
0.04308
0.03951
0.04192

0.02537
0.02488
0.02244
0.02380
0.02282
0.02300
0.01989
0.02032
0.01820
0.01614

0.00911
0.00910
0.00787
0.00903
0.00808
0.00615
0.00565
0.00542
0.00642

7y

1.004
1.003
1.002
1.001
1.000
1.000
0.999
0.999
0.998
0.998

1.015
1.013
1.010
1.008
1.006
1.005
1.003
1.002
1.001
0.999
0.998

1.031
1.026
1.022
1,018
1.014
1.011
1.008
1.006
1.003
1.000

1.059
1.049
1.041
1.034
1.028
1.022
1.016
1.010
1.005

J,

5

1.012
1.011
1.010
1.008
1.008
1.007
1.006
1.006
1.005
1.005

1.028
1.025
1.022
1.019
1.017
1.015
1.013
1.012
1.010
1.009
1.807

1.052
1.045
1.040
1.035
1.031
1.027
1.023
1.620
1.016
1.013

1.093
1.081
1.071
1.062
1.054
1.047
1.039
1.031
1.025

/,

r

0.987
0.987
0.993
0.995
0.998
0.995
0.998
0.995
0.999
0.998

0.994
0.993
0.995
0.995
0.699
1.000
1.001
0.999
0.998
0.995
0.995

1.039

1.030-

1.019
1.014
1.011
1.008
1.008
1.007
1.009
1.008

1.149
1.130
1.108
1.090
1.062
1.057
1.046
1.040
1.022

T4

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000

1.000

1.000

1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
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£,

1.010
1.010
1.004
1.004
1.004
1.004
1.003
1.002
1.000
1.000

1.010
1.010
1.004
1.004
1.004 .
1.004
1.003
1.002
1.010
1.000
1.000

1.010
1.004
1.004
1.003
1.002
1.002
1.001
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
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Figure Captions

Fig. 1:

Fig. 2:

Tig..3:

Fig. 4:

R=o0,/0 measured in this experiment as a function of x. Inner error bars are statistical
only, outer error bars are statistical and systematic errors combined linearly. The systematic
errors are dominated by the relative normalization uncertainty between data taken at different
beam energies and are thus strongly correlated. The solid line is the next-to-leading order
QCD prediction using A, = 220 MeV and a gluon distribution xG(x,03)=4.5(1—x) at @}
= 5 GeV2[2].

The deuteron structure function F,(x,0°) measured at the three beam energies 120, 200 and

280 GeV, using R= R, Atx < 0.275, Fz(x,Qz) has been multiplied by the factors shown
in the figure. Only statistical errors are shown.

The structure function F(x,0?) from this experiment for all beam energies combined, using
R=R,.,. Also shown are data from the EMC [12] and SLAC [13] experiments. Where
necessary, the EMC data were interpolated to the x bins of this experiment at each value of
Q? using a third order polynomial. The relative normalizations between the experiments
have not been adjusted; the normalization uncertainties are 3%, 5% and 2% for the
BCDMS, EMC and SLAC data, respectively. At x < 0.225, all data have been multiplied by
the factors indicated in the figure. The error bars are statistical and systematic errors com-
bined in quadrature and are thus partially correlated.

(a) The logarithmic derivatives d]sz(.:::,Q’)/dl:;Qz observed in this experiment, averaged over
Q2, for @ > 20 GeV? and x = 0.275. The inner error bars are statistical, the outer error
bars show statistical and systematic errors added linearly. The systematic errors are strongly
correlated. The lines show nonsinglet QCD predictions for A, = 230 MeV and for two
other values of A.

{b) The same as (a) but for the full x range of the data. The line shows a singlet QCD pre-

diction for A, = 250 MeV, assuming a gluon momentum distribution
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xG(x,0)=451—xF at @ = 5 GeV? [2]. The QCD prediction fits the data with a

23/DOF = 19.0/10. Only statistical errors are shown.
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