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A new structure function analysis of CCFR deep inelastic »-N and 7-N scattering data is
presented for previously unexplored kinematic regions down to Bjorken = = 0.0§45 and Q% =
0.3 GeV?. Comparisons to charged lepton scattering data from NMCH and E66# experiments
are made and the behavior of the structure function F¥ is studied in the limit Q2 — 0.

Neutrino structure function measurements in the low Bjorken z, low Q? region can be used
to study the axial-vector component of the weak interaction as well as to test the limits of
parton distribution universality. We present a first measurement of the structure function F5
in neutrino scattering, from the CCFR data, for Q% < 1 GeV? and 0.0045 < z < 0.035. In
this region where perturbative and non-perturbative QCD meet, we present a parameterization
of the data which allows us to test the partially conserved axial current (PCAC) limit of F» in
neutrino scattering.

The universality of parton distributions can be tested by comparing neutrino scattering data
to charged lepton scattering data. Past measurements for 0.0075 < z < 0.1 and Q? > 1.0 GeV?
have indicated that FY differs from F}' by 10-1 %E. This discrepancy has been partially resolved
by recent analyses of F¥ at Q? > 1.0 GeV?EBH. While we expect and have now observed that
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parton distribution universality holds in this region, this need not be the case at lower values of
Q?. Deviations from this universality at lower Q2 are expected due to differences in vector and
axial components of electromagnetic and weak interactions. In particular, the electromagnetic
interaction has only a vector component while the weak interaction has both vector and axial-
vector components. Vector currents are conserved (CVC) but axial-vector currents are only
partially conserved (PCAC). AdlerE proposed a test of the PCAC hypothesis using high energy
neutrino interactions, a consequence of which is the prediction that Fy approaches a non-zero
constant as Q2 — 0 due to U(1) gauge invariance. A determination of this constant is performed
here by fitting the low @2 data to a phenomenological curve developed by Donnachie and
Landshofft.

In previous analyses a slow rescaling correction was applied to account for massive charm
effects. This is not applied here since the corrections are model dependent and uncertain in
this kinematic range. As a result, neutrino and charged lepton DIS data must be compared
within the framework of charm production models, accomplished by plotting the ratio of data
to theoretical model. The theoretical calculation corresponding to the CCFR data employs
NLO QCD including heavy flavor effects as implemented in the TR-VFS(MRST99) scheme
EE The theoretical calculation corresponding to NMC and E665 data is determined using
TR-VFS(MRST99) for charged lepton scattering. Other theoretical predictions such as ACOT-
VFS(CTEQ4HQ) B4 and FFS(GRV94) M do not significantly change the comparison. For
acceptance, smearing, and radiative corrections we chose an appropriate model for the low z,
low Q2 region, the GRV L3 model of the parton distribution functions. The GRV model is used
up to Q% = 1.35 GeV? where it is normalized to a LO parameterization 4 used above this.
Finally, a correction is applied for the difference between zFY and xFY, determined using a LO
calculation of AzFs = xFY — xFY. The recent CCFR AxFj measurement 8l is higher than this
LO model@ and all other recent LO and NLO theoretical predictions in this kinematic region.
An appropriate systematic error is applied to account for the differences between the theory and
this measurement.

The combination of the inclusion of the GRV model at low 2 and low @2, its effect on the
radiative corrections, and removal of the slow rescaling correction help to resolve the longstanding
discrepancy between the neutrino and charged lepton DIS data above z = 0.015. F5 is plotted
in Figure [lIl. Errors are statistical and systematic added in quadrature. A line is drawn at
Q? = 1 GeV? to highlight the kinematic region this analysis accesses. Figure f| compares I
(data/theoretical model) for CCFR, NMC, and E665. There is agreement to within 5% down to
x = 0.0125. Below this, as x decreases, CCFR F, (data/theory) becomes systematically higher
than NMC F, (data/theory). Differences between scattering via the weak interaction and via
the electromagnetic interaction as Q? — 0 may account for the disagreement in this region.

In charged lepton DIS, the structure function Fj is constrained by gauge invariance to vanish
with Q% as Q% — 0. Donnachie and Landshoff predict that in the low Q? region, F}' will follow

the forml: ,
Q
¢ <m> | )

However, in the case of neutrino DIS, the axial component of the weak interaction may contribute
a nonzero component to Fy as Q? approaches zero. Donnachie and Landshoff predict that F¥
should follow a form with a non-zero contribution at Q2 = 0:

c< Q? Q2+D>

T\ 2 T B @

Using NMC and E665 data, corrected in this case éo be equivalent to scattering from an iron
target using a parameterization of SLAC Fe/D datald, we do a combined fit to the form predicted
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Figure 2: F> data/theory from CCFR
v-Fe DIS compared to F> from NMC
and E665 DIS. Errors bars are statis-
tical and systematic added in quadra-

ture. Theoretical predictions are those
of TR-VFS(MRST99).

Figure 1: CCFR F, at low z, low Q2.

Data to the left of the vertical line at

Q? = 1.0 represent the new kinematic
regime for this analysis.

for ;1 DIS and extract the parameter A = 0.81 & 0.02 with x2/DOF = 27/17. The error on A
is incorporated in the systematic error on the final fit. Inserting this value for A into the form
predicted for vN DIS, we fit CCFR data to extract parameters B, C, and D, and determine the
value of Fy at Q% = 0. Only data below Q? = 1.4 GeV? are used in the fits. The CCFR z-bins
that contain enough data to produce a good fit in this Q2 region are z = 0.0045, = = 0.0080,
z = 0.0125, and « = 0.0175. Figure fJ and Table [[] show the results of the fits. Error bars
consist of statistical and systematic terms added in quadrature but exclude an overall correlated
normalization uncertainty of 1-2%. The values of F» at Q2 = 0 GeV? in the three highest z-bins
are statistically significant and are within 1o of each other. The lowest x bin has large error
bars but is within 1.50 of the others. Taking a weighted average of the parameters B, C, D, and
Fy yields B = 1.53 +0.02,C = 2.31 + 0.03, D = 0.48 £ 0.03, and F5(Q? = 0) = 0.21 + 0.02.
Figure [] shows F5(Q? = 0) for the different  bins. Inclusion of an = dependence of the form z*
does not change the overall fits or x?s. However, the Donnachie and Landshoff mass parameter,
B, appears to depend on x, with higher values corresponding to higher x. Thus, F5 at higher x
approaches F5(Q? = 0) more slowly than at lower .

In summary, a comparison of Fy from neutrino DIS to that from muon DIS shows good
agreement above z = 0.0125, but shows differences at smaller . This low x discrepancy can be
explained by the different behavior of F» from v DIS to that from e/ DIS as Q* — 0. CCFR
FY data favors a non-zero value for Fy as Q% — 0.

We would like to thank Fred Olness for many useful discussions. id

Table 1: Fit results for CCFR data. CCFR data is fit to Eq. 4 with A = 0.81 4+ 0.02 as determined by fits to
NMC and E665 data. B, C, D, and F» at Q2 = 0 results shown below. N = 4 for all fits.

x B C D FY(Q*=0) x*/N
0.0045 1.494+0.02 2.624+0.26 0.06+0.17 0.04+0.10 0.5
0.0080 1.63+0.06 2.32+0.05 0.50+0.05 0.22+0.03 0.5
0.0125 1.63+0.06 2.39+0.05 0.40=+0.05 0.184+0.03 1.0
0.0175 1.67+£0.06 2.20+£0.05 0.65+0.07 0.26 £0.03 0.5



0.8

0.6

[ e CCFR, x=0.0045

[e CCFR, x=0.008

o* (Gev?)

@ (Gev?)

[ CCFR, x=0.0125

0.8 [

06 |

[~ CCFR, x=0.0175

Q* (CeV?)

Q? (GeV?)

Figure 3: Results from fit to CCFR
data to extrapolate to I>(Q? = 0).

References

QU W N —

(1999), hep-ph /9908280
6. S. L. Adler, Phys. Rev. B135: 963 (1964).
7. A. Donnachie and P.V. Landshoff Z. Phys. C61: 139 (1994).
8. R. S. Thorne and R. G. Roberts, Phys. Lett B421: 303 (1998).
9. A.D. Martin et al., Fur. Phys. J. C4: 463 (1998), (we have used the post DIS-2000

MRST corrected code).
10. M. Aivazis, J. Collins, F. Olness, and W. K. Tung, Phys. Rev. D50: 3102 (1994).
11. M. Aivazis, F. Olness, and W. K. Tung, Phys. Rev. Lett. 65: 2339 (1990).
12. E. Laenen, S. Riemersma, J. Smith, and W. L. Van Neervan, Nucl. Phys. B392: 162

(1993).

T T T
x=0.0045 x=0.008 x=0.0125

x=0.0175

1

0.25
.
€

0.2 | i
0.15 |

0.05 |

0 GeV)

F,(Q*=

Figure 4: F2(Q* = 0 GeV?) from dif-

ferent z bins. A line is drawn at the

weighted average of all four measure-
ments.

. M. Arneodo et al., Nucl. Phys. B483: 3 (1997).

. M. R. Adams et al., Phys. Rev. D54: 3006 (1996)

. W. G. Seligman et al., Phys. Rev. Lett. 79: 1213 (1997).

. U. K. Yang et al., to be submitted to Phys. Rev. Lett (2000).
. C. Boros, F. M. Steffens, J. T. Londergan, A. W. Thomas Phys. Lett. B468:161-167

13. M. Gliick, E. Reya, and A. Vogt, Z. Phys. C67: 433 (1995)

14. A. J. Buras and K. J. F. Gaemers, Nucl. Phys. B132: 249 (1978).
15. W. G. Seligman, Ph.D. Thesis, Nevis Report 292.

16. F. Olness (private communication).



http://arxiv.org/abs/hep-ph/9908280



