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ABSTRACT

We present new measurements of the nucleon structure functions Fo(z,Q?)
and xFj(z, @?) derived from v,(7,) charged current interactions. The results
were taken from a sample of 1,281,000 v,, and 270,000 ¥,, events obtained in two
runs of the Fermilab Tevatron Quad-Triplet Beam using the Lab E neutrino
detector. The data show for the first time a Q2 evolution of xF3 consistent
with that expected from QCD. Comparisons of F(z, @?) and xF3(z, @?%) with
other measurements show good agreement with the SLAC eD and BCDMS
uD data but differ from the CDHSW vFe and EMC pFe data.
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1. Introduction

Neutrino scattering provides a unique technique for measuring both the F,(z, Q%)
and xF;(z, @?) structure functions which are associated, in the quark parton model,
with the total quark (g + g) and valence quark (g — g) momentum, respectively. The
predicted Q? evolution of xF3 is particularly simple since it is not coupled to the
-unknown gluon distribution and, therefore, can be used as a unambiguous test of
perturbative Quantum Chromodynamics and measurement of Az;z. Combined analyses
of F; and xF; allow the separation of the gluon evolution component and lead to
information on the gluon structure function.

The differential cross-section for charged current interactions is given by:
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We extract the structure functions from the measured number of v,(7,) events and
incident neutrino flux. The key items necessary for a precision measurement are 1) an
accurately measured v,(v,) flux, 2) well understood experimental resolutions on the
measured event parameters (P, , 8,, and Egap ), 3) a well determined absolute energy
scale for both the P, and Ey,p measurements, and 4) high statistics over a broad
energy range.

The preliminary results reported here are from data taken in two runs in the
Fermilab Tevatron Quad-Triplet beam with neutrino energies up to 600 GeV. A sample
of 3,700,00 triggers was reduced after fiducial and kinematic cuts (P, > 15 GeV,
6, < .150, and Eg4p > 10 GeV) to 1,281,000 »,- and 270,000 7,-induced events.

2. Detector Calibration and Flux Determination

The CCFR Lab E neutrino detector consists of a target calorimeter with iron
plates, scintillation counters, and drift chambers followed by a solid iron toroid muon
spectrometer. The detector was calibrated using charged particle test beams directed
into the apparatus. For the hadron energy calibration,! a hadron beam was directed
into the target at various energies and positions. Each beam particle was momentum
analyzed to better than one percent leading to a resolution function known over three
decades and an absolute calibration known to = .8%. Test beam muons were used
to calibrate the toroid spectrometer? giving an absolute calibration known to better
than .6%. The resolution function is dominated by energy loss mechanisms in the iron
toroid, which were simulated using Monte Carlo techniques and found to agree with
the test beam results over three decades.

Measurements of the structure function scaling violations are most sensitive to the
relative calibration of the muon and hadron energies; a 1% relative change can induce
a 50 MeV error in Aj;g. This relative calibration has been determined by forcing Evy 5
(= Egap + E, ) to be independent of y = Ey,p/Ey ;s after Monte Carlo corrections



for acceptance. The necessary corrections to E, (Eg4p ) are .995 (1.007), well within
the above absolute calibration errors.

The neutrino flux determination is broken into two parts. First, the absolute flux
is found from the observed events and the world average measured total cross-section,
oY = 0.676 £ 0.014 x 107cm?E, (GeV). Next, the relative flux at different ener-
gies for both v, and 7, ’s is determined from the subset of events with low hadron
energy, Egap < 20 GeV. (The cross-section for these events is, up to small corrections,
independent of energy and the same for both v,and 7,as shown in Ref. 3) This tech-
nique is statistically limited and introduces an error less that 1% for the relative flux
determination.

3. Structure Function Extraction

For the structure function extraction, additional cuts were imposed {Q2 > 1 GeV?
and E, > 50 GeV) and the data were separated into twelve z bins from .015 to .850
and sixteen Q® bins from 1 to 600 GeV?2, Integrating the differential cross-section (See
section 1.) times flux over each (z, Q2) bin yields two equations for the number of v,(v,)
events in terms of the two structure functions F, and xF3. The observed numbers of
events are corrected by Monte Carlo techniques for acceptance and resolution smearing.

To solve the two equations, we assume a parameterization of R determined from
SLAC measurements? and apply isoscaler corrections for the 6.85% excess of neutrons
over protons in iron. Based on our measurements® of dimuon production, we include
scattering off strange sea quarks and a slow-rescaling threshold suppression for the
production of charm quarks. Radiative corrections® are applied, and the cross-section
is corrected for the massive W-boson propagator.

4. xF;(z,Q?) Results

The xF'3 or valence structure function is predicted to have a simple QCD evolution
independent of R and gluons. To leading order, xF3 is expected to evolve as:
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where ¥(z, Q?) is weakly dependent on the assumed form of xF3(z,Q?) and has a well
determined zero point.

As shown in Fig. 1a), our new results agree well with the predicted QCD scaling
violations obtained from a next-to-leading order fit” to the data with good agreement
in the zero crossing point and the variation with 2. This is in contrast to the results of
the CDHSW group® which show a significant disagreement with the QCD prediction.
(The CDHSW group has attributed these disagreements to systematic errors that are
strongly correlated between neighboring points; such errors do not seem to be present in
the new CCFR data.) For 2 > .5, our measured results are consistent with qg=2zF —
zF3 being zero, indicating that I, can be substituted for xF3. With this substitution,



Az can be determined with an error ~ 45 MeV. (We are not quoting a value for
A7z at this time but will do so in the next few months after the final systematic error
estimates and studies are completed.)

5. Fofz,Q?) Results

The F; structure function is accessible both through charged lepton and neutrino
'scattering. The lepton and neutrino structure functions are related by the “mean square
charge” relationship:
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The new CCFR results span the Q® range from the low energy SLAC® (eD) results
through the range covered by the BCDMS'® (uD), EMC!" (uFe) and CDHSW? (vFe)
measurements. (The deuterium data has been corrected to iron using the Fgfe/FeP
ratio measured at SLAC.'?) The agreement, as shown in Fig. 2, between the CCFR,
SLAC, and BCDMS data is quite good in both normalization (better than 2%) and
shape. On the other hand, the CDHSW and EMC data differ substantially in the
x region below .35, where the normalization is inconsistent by 10 to 20 %. The Q2
dependence is also very different below 20 GeV? which will lead to differences in QCD
constraints on the gluon distribution. '

The predicted QCD evolution of F, is coupled to the gluon distribution, G(z, Q?),
according to
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In Fig.1b), we also display the slopes, dinF,/dinQ? for CCFR, BCDMS, and CDHSW
along with a next-to-leading order fit to the CCFR data. The agreement of the CCFR
data with the QCD predictions gives us confidence that a simultaneous fit of F; and
xF3; will allow a delineation of the gluon distribution.

This research was funded by the United States Department of Energy and the
National Science Foundation.
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Fig. 1. Comparison of a) the xF5 evolution for the CCFR and CDHSW measurements,
b) the F» evolution for the CCFR, BCDMS, and CDHSW measurements.
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Fig. 2. Comparison of the measured F, structure funetion for the CCFR, SLAC, BCDMS,

EMC, and CDHSW experiments for some representative low z bins.
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