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We have extracted the structure functions W, and W2 from deep-inelastic

1
electron-proton scattering cross sections that were measured in two experi-
mentsl’ 2 at the Stanford Linear Accelerator Center (SLAC). In the first Born

approximation, the differential cross section for the scattering of electrons of

energy E to a final energy E! through an angle 6 is related to W1 and W2 by
2 ' 2 2 2
d“c/dQdE' = Ta WZ(V,Q )y + 2W1(V,Q ) tan® 6/2]| ,

where oM is the Mott cross section, v =E-E', and Q2 = 4EE' sin2 6/2. The

differential cross section is also related to the longitudinal and transverse

virtual photoabsorption cross sections o1, and Orp by

dZO'/deE' = P [O-T(V ’Qz) + GGL(V’QZ)] H
‘ -1
where I'" is the flux of transverse virtual photons and € = [1 + 2(1+v2/ QZ) tan2 0/ 2] .

Extraction of Wl and W2 at some (v, Qz), which requires the differential cross

sections for at least two values of 6, is equivalent to the extraction of O and

_ 2 2
R——O'L/O'T. Here W, = (K/4rw a)o, and W, = K/4m a)on (L + R)y/(1 + V2/Q2) where

K= (W2-M2)/2M, W = (M2+2Mv— Qz)l/2

, and M is the proton mass.

Bjorken3 originally conjectured that the two functions 2MW1(V, Qz) and
sz(v,QZ) should scale in the variable w = 2M1)/Q:2 (i.e., become functions
only of ) in the limit v — o, Q2 — oo, with v/Q2 fixed. Previous scaling bests4
used values of vW2 which had been extracted from measured cross sections by
assuming the average value R = 0.18+ 0. 10 to be valid throughout the kinematic
range of the data. Wii:hin experimental errors, those tests revealed that sz
was consistent with scaling in ¢y for Q:2 >1 GreV2 and W> 2.6 GeV. When data
for W > 1.8 GeV were included, then sz scaled better in the variable
w' = w+ M2/Q2. Such tests of scaling at finite v and Qz are dependent on the

5,6
choice of the scaling variable. Other scaling variables have been proposed, "’
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all of which approach ¢ as Q2 — o, In the following tests, we restrict our-
2, 2)1/2_1}].

The cross sectionsl’ 2 employed in the present scaling tests were measured

-selves to the scaling variables w, ', and6 wy, = M/ [(Q

with the same spectrometers as those used in the previous tests, 4 but have

smaller statistical errors. The bulk of the cross section data used in these

o]

extractions of W, and W2 was measured1 at 180, 26, and 34° with the SLAC

1
8-GeV spectrometer. Additional cross sections used in this analysis were

measured2 at 6° and 10° with the SLAC 20-GeV spectrometer. The analysesl’ 2,7
of the raw experimental data from these two experiments were similar and the
radiative correction proceduresz’ 7 were identical. A normalization factor7 of

1.02+0.02 was applied to the 6° and 10° data prior to the extraction of W1 and

W2.

In the present analysis, unlike previous analyses, the two structure func-
tions have been extracted from the cross section data without any assumptions
about R. An array of kinematic points (v, Q) (with W> 2 GeV and Q%> 1 Gev?)
lying on constant-w contours was chosen7 to reflect the distribution of measured
cross sections. At each angle values of Z)(V,Qz,e) = (1/I‘)d2cr/dﬂ dE' were
obtained by interpolation of the measured differential cross sections. At every
w, QZ) point for which there were interpolated data from two or more angles,

o1, and Oq were available as the slope and intercept of a linear fit to Z versus

€. Values of W1 and W2 and their errors were obtained from the extracted O'L

and O and their errérs. Plots of sz and 2MW1 versus Q2 for values of

between 1.5 and 5.0 are shown in Fig. 1. The total systematic uncertainties
are estimated to be 6-8% in vW,, and 7-10% in 2MW,.
We have tested scaling in ¢ = w, wy,» or ' by fitting functions of the form

F,=g() [1 -2Q2/Ai2], to this data for F, = 2MW, and F, = yW,, in two regions

1 2
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n
of w and Qz. Here g; = Epin(l-l/g) where n ranges from 3 to 7. Best fit
_valueg for Ai2 and for the polynomial coefficients p;, were obtained simul-

taneously. Our studies indicate that the results for A2 and Ag are insensitive

1
to the choice of the funqtional forms for gy and_gg. In the region 1.5 < w < 3.0
2< Qz <15 GeVz) F1 and F2 show deviations from scaling in ¢ which are
characterized by 2/A? = (0, 0324070048 GeV—z (A? =62+9 GeVz) and
2/A§ = 0.0268+0.0026 GeV—2 (Ag =75+7 GeVz). The data show smaller, but
still significant, deviations from scaling in wy,- These are characterized by
2/Ai = 0.0225+0.0058 GeV 2 (A? =89+23 GeVz) and 2/A§ = 0.0167+0.0030
GeV_2 (Ag = 120+21 GeVz). In this same region, possible deviations from
scaling in ' are small, as indicated by the best fit values 2/A? = 0.0098+0.0070
GeV-z and 2/A§ = 0.0040+0.0036 GeV_z. As the data in the region 4<w < 10
(2< Q2_<_ 5 GeVZ) are less precise and the Q2 range is smaller, we report only
lower limits (95% confidence) for Ai and Ag of 40 GeV2 (using. either w, wy,» OF
w' as the scaling variable). We have no accurate data for ¢ > 10 and little can
be said about scaling in that region.

2 and A2 arise from uncertainties in the

1 2

relative normalization7 of the two experiments, in the experimental parameters

Systematic uncertainties in A

(e.g., fluctuations in the energy and direction of the incident beam), and in the
radiative corrections. The total systematic uncertainty in A? or Ag (which is
comparable to the statistical error) is computed from the quadratic sum of
these three uncertainties and is included in the errors and limits’quoted above.
Deviations from scaling, suggested by a number of theoretical models, 8-13
were further examined by fitting functions with explicit Qz-dependent terms to

F1 and F2 for fixed (v in the range 1.5< o < 3.0.



Within parton models, 3 it has been suggesteds’ 9 that deviations from
scaling in  arise because the partons themselves have structure. Chanowitz
and Drell8 have suggested a fall-off of the form Fi =a, [1 - 2Q2/A12]. The
quantities A 1 and A2 are expected to be equal and independent of ; and to repre-
sent the effective mass of vector gluons associated with a parton form factor.
‘Ina generalized version9 of this model, in which the partons have an additional

anomalous magnetic moment, A

2
1

statistical errors. All data with W > 2 GeV and Q2 >2 GreV2 were used in these

9 could be greater than Al. Best fit values of

A7 and Ag from fits of the above form are given in Table I, along with their
fits. Similar values of A12 are obtained if only data withW > 2.6 GeV are used
(see Table I).

Deviations from scaling of the form Fi = ai/ [1+ Qz/Kz]z would result from
the exchange of a heavy photon10 of mass A, or from a parton-structure model

in which a simple pole is assumed for the parton form factor. The quantities

2
1

be equal and independent of ¢.

A7 and Kg from fits of this form to F1 and F2 (given in Table I) are expected to

Logarithmic deviations from scaling arise in field theoreticlo’ 11,12
models. The results of fits of the form Fi =2, [1 —bi !Zn(Qz/Mz)] are given in
Table I. Perturbation theory calculations from renormalizable field theorieslo’ 11
suggest large values for b1 and b 9 (on the order of strong interaction coupling
constants), in disagreement with the data. The small values of bv1 and bz
obtained over the Q2 fange of this experiment can be accommodated within super
renormalizable field theories. 10 The observed deviations from scaling in ¢

are also compatible with asymptotically free field theories. 12 Deviations from

C-
scaling of the form Fi =a; [Mz/Qz_I ! , where the ¢ could vary with w, are
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suggested13 by theories of anomalous dimensions. The results of such fits are
. given-in Table I.

Another interpretation of the observed deviations from scaling in ¢ is that
they reflect a low Q2 (or low W) approach to scaling. Fits of the form
Fi =2, [1+diM2/Q2] provide a comparison of the data with a 1/Q2 approach to
scaling. The best fit coefficients (given in Table I) vary rapidly with  and are
close to what would be expected if Fi scaled in ¢'.

From an analysis of the data without any assumptions about R we conclude
that sz and 2MW1 show significant fall-offs with Q2 for fixed 1.5< w < 3.0
and 2 < Q2 <15 GeVz. Due to the limited Q2 range, it is not clear whether the
data favor models predicting deviations from scaling in ( with increasing Q2,
or models in which the asymptotic scaling values afe gradually approached from
above. The data, however, provide experimental limits on thg magnitudes of

Qz-—dependent scale breaking terms suggested by both types of models.
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TABLE CAPTION

“Coefficients of scale breaking terms and associated statistical errors

from fits to F1 = ZMW1 and F2 = sz versus Q2 at fixed w. All data with
W > 2 GeV énd Qz‘_>_ 2 GreV2 ‘were used uniess otherwise noted. A2 and
Kz are in units of GeVz; AA? and AAg are the systematic uncertainties
in A? and Ag which arise from the three effects quoted in the text.

Systematic uncertainties for the other fits are comparable to the statistical

errors.

FIGURE CAPTION
Proton structure functions versus Q2 for fixed w. The symbols + and
+ represent W > 2.6 GeV and 2.0 < W < 2.6 GeV data respectively. Only

statistical errors are shown. Note that the scales have suppressed zeros.
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