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The NuTeV experiment has obtained a unique high statistics sam-
ple of neutrino and antineutrino interactions using its high-energy sign-
selected beam. Charged-current v and v differential cross sections are
extracted. Neutrino-Iron structure functions, Fb(x, Q?) and xF:(x, Q%),
are determined by fitting the y-dependence of the differential cross sec-
tions. NuTeV has precise understanding of its hadron and muon energy

scales, which improves the systematic precision of this measurement.

1 Introduction

Neutrino deep-inelastic scattering offers a precise and complimentary probe of
nucleon structure and QCD. Neutrinos only experience the weak force and are

uniquely sensitive to the parity violating structure function, x F3(z, Q?).



NuTeV is a second generation neutrino deep inelastic scattering experi-
ment which used the refurbished CCFR detector and Fermilab’s Sign-Selected
Quadrapole Train (SSQT) beamline to produce seperate high purity neutrino
and antineutrino beams. QCD results benefit from the precise determination
of muon and hadron energy scales; and measured detector response functions
obtained using NuTeV’s precision calibration beam. Muon energy scale was
determined to 0.7% and hadron scale to 0.43%. A more detailed description of

the experiment and the precision calibration can be found in [1].

2 Cross Section Measurement

The differential cross section in z, the Bjorken scaling variable, and y, the

inelasticity, is determined from,

d?c*P(E) 1 dNYN(E) 0
dedy — ®(E) drdy

where ®(F) is the relative flux at neutrino energy F. Beam energy ranges
from 30-350 GeV. Data selection for this sample requires event containment,
a momentum analyzed muon in the toroid spectrometer, and minimum energy
requirements; hadronic energy, Egap > 10 GeV, muon energy, I, > 15 GeV,
and reconstructed neutrino energy E, > 30 GeV. Q? > 1 is required to mini-
mize the non-perturbative contributions in the cross section. A total of 8.6x 103
neutrino and 2.3 x 10° anti-neutrino events passed selection requirements.
Neutrino flux is determined from a sample of events at low Fgap < 20 GeV

using the “fixed v,” method [2]. The integrated number of events with Egap <

20 GeV asy = E%:‘D — 0 1s proportional to the flux. Corrections, determined
from the data, up to order y* are applied to determine the relative flux to about
the 1% level. Flux is normalized using the world average v — Fe cross section
% = 0.677 x 10738 cm?/GeV from reference [3].

The Monte Carlo simulation , used to account for acceptance and resolution
effects, requires an input cross section model which is iteratively tuned to fit
the data. Cross section data are fit to empirically determine a set of parton
distribution functions and the procedure is iterated until convergence.

Figure 1 shows the preliminary extracted cross sections compared with the

CCFR [4] for E, = 85 GeV. NuTeV’s ¥ cross section is in good agreement



at all # with CCFR. The neutrino cross section agrees for & < 0.45 but is
systematically above CCFR for high-z at high y. In the high-z, high-y region,

smearing effects are larger and detector modeling is more important.

2 'Neltrino 1 Anti-Neutrino ] 2F"Neltrino ¥ " Anti-Neutrino |
15 F + E L I T R g
17'7n,mw L) oo W,,af%'lﬁ'!—!,._—_ 1 E A ) Qﬁ 3 . . %=0.275
epeo0ts o bxeoots TR e L T
oE T T T T k3 T T T T E o T T T T E T T T T
1.57«""'Ewrlrn'!"}’ T ey E 15 F E
S i 1 T R L T I x=0.35
@ o05Ex=0.045 +x=0.045 1 8 st R
= R R S RRRE R RRARRRE S 1 T ARREERE R RER AR
Ng 2F ’l,,l'm—ﬁj,l,w,j” Ea E Ng E E
15F R A E T-p2 , 2 3 E
3’*}0 N E %94 so. %’:io 0s SN 1 <y x=0.45 ]
: 05 £ x=0.080 +x=0.080 4 g E e, E
I A RRRRES I RRRRREE X 1 T ARREERE S RSN SR
2F msemom. o+ E t E
2 N RECILE LRI B S F 2 i 1
% 1 b i ’5~.__!‘ E g 05 as 1. x=0.55 j
o 051 x=0.125 +x=0.125 er ] Ry E ooy 3
© I AR R I AR © T ARREREE T RSN
:IJ e wedeeld i ] EJ o + T BG@\%? e
15 F ER E ! it -
= e L E o2f ga, " 1., 1
s X015 hxe0afst e, | Fradc [ ta,, 0
2F ' ' ' ' T ' ' C(‘:FR >—‘EI—4 E| 0 0.2 0.4 0.6 0.8 1] 0.2 0.4 70.6 0.8 1
15F ®-mg-pp B 3 T BG';‘:%EEX 7777 M Y Y
. ot e
1F 3 & E|
X025 | Ex02Kre

0 0.2 0.4 0.6 0.8 o 0.2 0.4 0.6 0.8 1

Y Y

Figure 1: Preliminary differential cross sections for neutrinos (left each side)
and anti-neutrinos (right each side) at £ = 85 GeV. Points are NuTeV (filled
circles) and CCFR (open squares). Curve shows fit to NuTeV data.

3 Structure Functions

The sum of the differential cross sections can be expressed as:

d’cv  d*o7 VGLMFE y(1 —y/2)
= 1 Rp)2¢F1 + —————=AzF: 2
[dxdy+ da:dy] (1l —¢) [( +eftn) 2k + 14 (1 —y)? v @)

where G p is the Fermi weak coupling constant and M is the proton mass. The y-

L. . —N—Mazy/E . .
dependence of the first term is implicit in € = 1j-((11f;/))2—+1\4i/:g///19’ the polarization
of the virtual W-boson. Ry (z,Q?) relates the structure functions Fs(z, @?) and
20Fy(z, Q%) by, Fa(z,Q%) ~ 20F1(1+ Rp(z,Q?)) In the last term, AzF3 =

v FY — xFY | is sensitive to the heavy-quark seas, Az F3 a4z (s — c).



To extract Fy(z,Q?) we use AzF3 from a NLO QCD model as input
(TRVFS [6]) and Rp(z,Q?) from Ry°"'? [7]. Cross sections are corrected for
small excess of neutrons in the target (5.67%) and for radiative effects [5] be-
fore fits are performed. NuTeV’s Fy(x,Q?) is shown in Figure 2 compared
with CCFR[4]. Fa(z,Q?) is in good agreement with CCFR for < 0.45 and
systematically above at higher & consistent with the higher measured v cross
section in this region. The curve shown is a NLO QCD model from [6].

The difference of differential cross sections is proportional to = F3(z, Q?),

[dzal’ dzoj] 2G4 ME ( y?
_ Yy —
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where 2 F{VE = %(xFé’ + xFY). Figure 2 shows the NuTeV measurement
of xF5(x,Q?) which is in agreement with CCFR, [8] for z < 0.45 and again
systematically above for higher z.

NuTeV plans to extend the differential cross section sample to a previously
inaccessible high-y range. The sign-selected beam allows NuTeV to use a low
energy muon sample, (with £, down to 4 GeV), with momentum determined
from range in the calorimeter and muon sign assumed by the running mode
(i.e. v or 7). The addition of this sample will provide a lever arm to better

constrain Ry in two-parameter fits.

4 Conclusions

NuTeV has extracted preliminary differential cross sections for v-Fe and v-Fe
deep-inelastic scattering. Differential cross sections provide the most model-
independent observable which can be reported for this process. NuTeV has
precise understanding of muon and hadron energy scales, and a detector re-
sponse determined over the entire energy range allowing improved systematic
precision for this measurement.

Preliminary v-Fe structure functions have been extracted from fits to the
differential cross section. QCD fits to the non-singlet structure function will

provide stringent constraints on Agcp.
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Figure 2: (Left) NuTeV’s Preliminary Measurement of Fs(z,@?) compared
with previous v-Fe results from CCFR [4]. (Right) z F5(x, Q?) extracted from
the cross section difference and a comparison with the measurement from CCFR
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