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In ref. we have presented a measurement of the deuteron structure function
Fe from deep inelastic muon scattering at high four-momentum transfer 47 ‘ .
In the present paper, we use these data togéther with our earlier measurement of the
proton structure function /‘;P in the same kinematic ra.nge/ 2,3/ and with the same

appara.tus/ 4/ to compare Fé'a to the neutron structure function. /5” .

The deuteron is a loosely bound nucleus and the neutron and the proton can be
considered as quasi-free particles. Therefore, the cross section for deep. inelastic
scattering on deuterons is approkimately equal to the sum of the cross sections for
scattering on free protons and neutrons and consequently /-:{z (€p+ /';”') /2 .
The factor 1/2 in this equation is conventional and accounts for the fact that 5
refers to a structure function per nucleon.

To convert the measured A into a structure function of unbound nucleons,
corrections have to be applied to account for the Fermi motion of prutoh and neutron
in the deuteron. Such unsmearing corrections have been computed by various authors
for different wave functions of the deuteron. We use here the so-—called Paris wave
/ 5{ and the correction procedure of Frankfurt and-Strilcnan/ 6/ . For each

) 2
data point in & and Q , an unsmearing factor & is computed such that

£+ £ =285% T ™
1/

function

._5‘ is close to unity except at :r > 0.6. Other unsmearing procedures
give similar’ correctlons except at the highest value of a2 measured in this ex-
periment. Uncertainties in the unsmea.ring correction are included in the systematic
error.

The ratio Fz / A7 is then calculated from the experimental data as
A

A 25EY-R7 , (@)
D %7

This ratio is shown in Fig.1 as'a function .of 42 and in bins of 2 . Within the
errors, we observe no significant &t dependence of @ﬂ/ QP in our data. This -
is in agreement with expectations from perturbative Quant,um‘Chrofnodynamics (Qco)
which predicts' only s‘mall differences in the | L?z evolution between the proton and
the neutron structure functions. We therefore average A ”'/F £ over &2 in each
bin of = . The result is given in Table 4 and is shown in Fig 2a. Systematic
errors were evaluated by adding the individual systematic errors to Gd and

F; 1,2/ and repeating the calculation of eq. (2). This was done for each contri-
bution to the systematic error in turn and the resulting changes in F / /'_ were
combined quadratically. Since most of the systematic uncerta.inties are completely
correlated between the hydrogen and the deuterium measurement and thus cancel largely
in the structure function r'atio the final.systematié error is strongly dominated by
a relative cross section normalization uncez'ta.inty between the two measurements which
we estimate to be 2%. ‘ e
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F‘ig.‘!. //' P measured in this experiment as a function of x and 0 , cor—
. rected for Fermi motion. The errors are statistical only. The dotted lines

. indicate the mean value in each bin of x .

" In the quark—parton model, ”'/ £% can be expressed as a ratio of distri-
pution’ functions of quarks mside the nucleon. ‘In the region of large &, where the

bontributions from sea quarks are expected to be negligible and assuming isospin -
anariance it can be expressed as .
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Results for- ) Fzﬂ/f;p

~Table 1. as a function of ."z‘,'.v<02)‘ is the
: ) § . z
average 02 of the data in each & bin. To quantify the. @
dependence observed in this ratio, we also give the derivatives
b (5/5°)/d4 @F
b <Qz> I-';'/F; stat. syst. dln(Fz"/F;)/danz stat. syst.
(GeV?) error error ‘ : error error
! Q’ 0.07 15 0.883 0.020 0.042 —0.148 0.069-  0.033
b 0.10 19 0.827 0.011 0.041 ~0.032 0.034 0.029
. , 0.14 24 0.779 0.010 0.039 —0.036 0.031. - 0.028
5,1 - 0.18 29 0.727 0.009 0.037 0.015 0.027 0.024
‘ 0.225 36 0.673 0.008 0.034 - =0.030 0.024 0.023
0275 - .40 0.634 0.008 0.034 —0.037 0.027 - 0.023
0.35 46 0.576 0.007 0.033 —0.047 0.022 0.023
0.45 49 0.514  0.009 0.031. —0.026 0.032 0.023
0.55 52 0.401 0.012 0.030 0.056 0.052 0.026
065 . . 52 0.321 0.015 0.035 . 0.030 . 0.089 0.064
0.75 60 0.326 0.028 0.064 0.129 0.205 0.101
where & and & are the distribution functions of up and down qua.rks in the
proton. ﬂ' / A at is thus expected to be bound between 1/4 and 4 .at least in the *
region of la.rge < .. The data fall between these quark-parton model bounds over
the entire kinematic range of the measurement . They extrapolate to A a/F £
at a =0 and are compatible with F/z//g =~ 0.25, corresponding to d/z( 0, at
2 = 1. The measured ratio is well described by a parametrization
L) =1-185x +2452%-2852"» x* ®
vhich fulfills  R(0) =1, P(7) = 1/4, and FP/alx ( 7) = '
In Fig 2b, we compare' our result to data from the E}uropean Muon Collaboration
(E‘MC)/S/ ; in Fig 2c we compare them to preliminary results from the New Muon
Collaboration (NMC) .'Within the errors, we observe agreement between all muon
scattering data which were measured in a similar kinematic range. Also shown in
Fig 2c is a /z / A .t ratio which we derived from deep inelast}c electron
scattering data from SLAC, using recent results on F £ and F /10/ . The  SLAC
results lie above our data, indicating a sizeable [‘72 dependence of /z / A ~
2
over the enlarged kinematic range covered by the electron  and muon data. Such a é? :
dependence is not excluded by our data shown in Fig. 1. .
© In Fig 2d we ‘compare again our data to the preliminary NMC results, correcting
4 both data sets for- Fermi motion with the unsmearing method described above. Both

measurements fall well into a band of width #0.015 around the parametrization of
eq. (4) From the excellent agreement between the two experiments and from the small
systematic error of the NMC data, we-thus conclude that- the ratio F /FP is well
described byieq.(4) with an uncertainty of about 10.015, except for .the region’
©aC > 0.6 where. systematic errors and the unsmearing uncertainty become important.
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(a) - F"/FF measured .in_this experiment as a function of . , without

The error bars shown with the data

- points are statistical only. The systematic errors are indicated by the

hatched area. The dashed line shows the parametrization Pée) of eq.(l).

(b) F”’/FP measured in this experlment as a function of I and cor—
rected for Fermi motion, compa.red to data from the EMC Collaboration/ 8/ .

The hatched a.rea shows the systematic errors of the EMC data.

(c) 'Z/FP measured in this experiment as a function of & , compa.red
to data from the NMC Collaboration/ 9/ and from SLAC/ 10/ The hatched area
shows the systematlc error of the NMC da.ta, the systema.tic errors of the

:SLAC data are not available to us. Data on this figure have not been cor—

rected for Fermi motion.

’ (d) ”/FP meaSured in this experiment as a function of - , compa.red
" to data from the NMC Collaboration/ 9/ . The data on this figure are cor—

rected for Fermi motion. Therdashed lines show the same parametrization as

E _1in (a) but increased and decreased by 0.015, respectively.
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" their QCD evolution equations’
‘ pare:mter

- . - Results for A%~ £

Table 2 A&7 as a function of x
x <> FP-F] - stat. .~ . syst.
i(GeVB) error error
I 0.07 o 13 - 0.0481 .. 0.0086 0.0187

0.10° 18 " 0.0698 * 0.0046 00177
0.14 22 0.0839 0.0040 0.0171 -
0.18 28 . 0.0965 0.0033 0.0152
0.225 34 0.1047 ;- 0.0028 0.0135
0.275 39 0.1029 '0.0025 0.0116
035 a4 0.0923 -0.0016 - 0.0090
045 49 0.0668 0.0014,%; 0.0057
055" 53 0.0451 .. 0.0010° 0.0032 -
0.65 - 54 0.0234 ! 0.0006 000237 -
0.75 63 Q.0074 : 0.0014

0.0004

The structure i‘unction /L;p-' F;/z " is calculated as F /_./z —Z(F ,S'F )
in bins of 2 and @ . We first discuss F ° /-' a.veraged over &7 in each
bin of x . . which is given in Table 2 and Fig.3. ‘Systematic errors were, evaluated ¢
/ wr . In Fig.3, we also show the corresponding result .
from the EMC and observe aga.in agreement between the two experiments.

The Gottfried sum rule/ 1/ can be applied to /: - F . Assuming isospin in- -

va.ria.nce a.nd equal sea qua.rk distributions in the proton and neutron/ 12/ .. it predicts

in the same way as for

o i
1 L

/[@P(x)-ﬁﬂ(x)/é.?:_i_. | e

J

QCD correctlons to this Quark-Pa.rton Model predlction are negligible
rule is difficult to test experimentally since the 1/x
contribution to the integ;ra.l from the urnmeasured region at small x
pa.rt of the integral is

/ 13/ . This sum

term leads to a large

. The measured

4 23 .
/[,c/’() [“2] “/1' o 197 + o 605 (stat ) +0.0% (syst.)
2. g6 K
at &~ =20 GevZ. The contribution from the region a:' > 0. 8 is negligible.

To estimate the contribution from the small region; we assume /" F oC Poad
at small = and vary o in the range 0.3 < o £ 07, avalueofo( = 0.5
is expected from Regge behaviour. Under this assumption, the unmeasured' part of the
integra.l varies between 0.22 and 0. 7 such that our data agree with the prediction
of the Gottfrid sum rule. ‘ : - DR

- We now turn to the é? dependence of /-_ £ F # which assuming isospin
inva.r1ance, 1s a pure: flavour nonsinglet structure function. Sca.ling v:.olations of
flavour nonsinglet structure functions are oi‘ pa.rticula.r interest when compa.red to
predictions of perturbative QCD since the gluon distribution does not appear in
/167 -, They thus depend only on the QCD mass sca.le
A and their measurement constitutes, in principle, the best method to
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matic errors of the two measurements.

unalnbiguously determine /\ in deep inela.stic 1epton scattering. In practice,
. however, such structure functions are always obtained as a small difference of two’
experimental measurements a.nd a.re therefore affected by 1arger statistical uncer— ’
tainties. ' »

To fit QCD predictions to the measured F £ IS 4

/Which is discussed 1in refs. 115,16/

, we use the same method

"6

. Since in the present ‘fit the statistical errors
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ot [/-‘"’ /-'”)/ dér Q measured in this
experiment as a function of x . Only statistical errors are shown. The
line is a next-to-leading order QCD prediction for a mass scale parameter

"m‘s = 250 MeV.

Fig.4: Scaling violations

/1,15,16/ we do not apply any

are much larger than in our previous measurements
kinematic cuts but use the full domain of the measurement which is 1imited by the
kinematic range of the deuterium data. The &z range of the fit is thus 8 GeVz

< a < 260 Gev? (Fig.2 of ref ) We find in a next-to-leading order analysis

in the TS renormalisation scheme, assuming four quark flavour,

Ao = 2507139 (stat.) 290 (syst.) MeV

in good agreement with our previous measurements. The measured scaling violations
are shown as logarithmic derivatives: dtr ( £~ £ ) /a_/dz Qz in Fig.4 and are in
good agreement with the QCD prediction for /l = 250 MeV This is the first time
that significant scaling violations are observed in a measurement of FP Fz

at high ]az g ) - .
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