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Introduction 

The non-singlet structure function 𝑥𝐹3(𝑥, 𝑄2), where mainly information 

comes from deep inelastic neutrino-nucleon scattering, is the important input 

to the QCD global analysis of parton distribution function, especially at 

large-x, where valence quark distributions are dominant. The neutrino 

structure function 𝑥𝐹3 (𝑥, 𝑄
2) experimental data are the first experimental 

source to extract the valence quark densities x𝑢𝑣 (𝑥, 𝑄2) and x𝑑𝑣 (𝑥, 𝑄2) of 

the nucleon in charged current (CC) neutrino nucleon deep inelastic 

scattering.   𝜐 𝜇 𝑝 →  𝜇+   𝑛  ,   𝜐 𝜇 𝑛 →  𝜇+   Λ− → 𝜇+   𝑛𝜋− 

 

 

 





Deep Inelastic Scattering 

𝑫𝒆𝒆𝒑:  𝑸𝟐 ≥ 𝟏 𝑮𝒆𝑽𝟐 𝒂𝒏𝒅  𝑾𝟐 ≥ 𝑴𝒑
𝟐 

Q = k – 𝑘´ 
𝑄2= − 𝑞2            Virtuality of exchanged boson 

x = 𝑄2 /(2p · q)   Bjorken 

W= (p+𝑞)2         Invarient-mass    

Y=  
𝑝.𝑞

𝑝.𝑘
                Inelasticity 



Neutrino-nucleon cross sections and parton 

distributions 

xF3(x,Q2)= xuv(x,Q2) + xdv(x,Q2).  

The charged-current (CC) deep inelastic neutrino (antineutrino)-nucleon scattering differential 

cross sections are given by a combination of three structure functions 𝐹1
 , 𝐹2

 , and 𝐹3
  as 

It should be noted that s − ¯s and c − ¯c are considered to be very small. Therefore, the average of the 

neutrino and antineutrino nucleon structure is only related to valence quark distribution as 

xF3(x,Q2) = 
1

2
 ] xF3

νN(x,Q2) + xF3
̄νN (x,Q2)] = [x(𝑢𝑣 + 𝑑𝑣 ) + x(s − ¯s) + x(c − ¯c)] (x,Q2),  
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However, due to the isospin symmetry, 𝑥𝐹3
ν+ν  𝑃 

 = 𝑥𝐹3
ν+ν  𝑛 

, the average of the neutrino and antineutrino 

nucleon structure is 



Experimental data in non-singlet structure 

functions 

The 𝑥𝐹3 structure function of deep inelastic neutrino-nucleon scattering have been measured by 
different experimental groups, such as: 

• CCFR: Chicago-Columbia-Fermilab-Rochester, with an iron target and 30≤  E(GeV) ≤360. 

• NuTeV: Nutrinos at the Tevatron, with an iron target and 30 ≤ E(GeV) ≤500. 

• CHORUS: CERN Hybrid Oscillation Research Apparat US, with a lead target and 10 ≤ 
E(GeV) ≤200. 

• CDHSW: CERN-Dortmund- Heidelberg-Saclay-Warsaw, with an iron target and 20 ≤ E(GeV) 
≤212. 

These experimental data have prepared an accurate experimental origin for the valence quark 
densities and strong coupling constant determination. 



Different experiments of DIS neutrino-nucleon data in the x and 𝑄2 plane. The dashed line 

represents the kinematic 𝑊2 and 𝑄2 cuts on the data (𝑄2 ≥ 4 𝐺𝑒𝑉2 ,𝑊2 ≥ 12.5 𝐺𝑒𝑉2) in this 

analysis. The data points lying below these lines are only excluded in the present QCD fits. 



Nuv= 2/[B(au,1 + bu) + cuB(1/2 + au,1 + bu) + duB( 1+ au,1 + bu)] ,  

 

Ndv= 1/[B(au,1 + bu + bd) + cuB(1/2 + au,1 + bu +bd) + duB( 1+ au,1 + bu+ bd)].  

So the normalization constants 𝑁𝑢 and 𝑁𝑑 are 

where B(a; b) is the Euler  function. In above parametrization, the normalization constants 𝑁𝑢 and 𝑁𝑑 are 

very effective to determine unknown parameters via the QCD fitting procedure. 

Non-singlet parametrization 
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In this parametrization, x𝑑𝑣 distribution depends on x𝑢𝑣. 

Also the normalization constants 𝑁𝑢 and 𝑁𝑑 can be obtained from the other parameters, using conservation 

of the fermion number by        
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Nuclear effects  

Since the detection of neutrinos always involves the heavy nuclear targets, so 

the nuclear effect is needed to study the DIS neutrino (antineutrino)-nucleus 

𝑥𝐹3 structure function. 

The nuclear targets are used by different neutrino experiments, such as 

CCFR, NuTeV, and CDHSW with the same iron target, and CHORUS with a 

lead target. To have the average of the neutrino and antineutrino nucleus 

structure functions, we require to have the nuclear PDFs. 

 



Nuclear neutrino structure function 

For non-singlet QCD analysis, this modification create a connection between the 

bounded valence PDFs in the nucleus A and free valence PDFs in the proton as 

x𝑞𝑣
𝐴(x, 𝑄0

2) = Rv(x,A,Z) xqv(x, 𝑄0
2)  

 Rv(x,A,Z) is the nuclear weight that depends on the type of nucleus and parton 

flavor, xqv(x, 𝑄0
2) is the valence PDFs in the free parton and x𝑞𝑣

𝐴
 is the valence 

PDFs in the bounded parton , A and Z are atomic and mass numbers, respectively.  

• We  used the DSSZ model to consider nuclear effects. 

 



xFitter 



Higher-Twist effects  

To include the HT contribution, the average of  the neutrino and antineutrino structure function may be explained as 

xF3(x,Q2) = 𝑥𝐹3
𝑄𝐶𝐷

 (x,Q2) + 
h(x)
Q2 ,  

Here, the Q2 dependence of  the first term is obtained by perturbative QCD and the HT correction term is 

h(x) =  Dk
3
k=0  zk   ,   z = log(x) 

The unknown parameters of  Dk and their uncertainties can be extracted simultaneously with other unknown 

parameters which appeared in the valence PDFs and the strong coupling constant by fitting the experimental data. 

 

Note that, in the main xFitter package, we need to add the nuclear and higher twist effects modifications, which are not generally included in 

this package. 



Results 

Comparison of 𝑥𝐹3 structure function obtained from fitting as a function of 𝑄2 in 

different values of x in NLO and NNLO approximation with considering nuclear 

corrections, by using CCFR, NuTeV, CHORUS, and CDHSW data sets. 

 
  





The comparison of the structure function 𝑥𝐹3 obtained from the fit 

with and without higher twist corrections as a function of 𝑄2 in the 

various x, at NNLO approximation. 





NNLO NLO Parameter 

0.289 0.208 Nu 

0.031  ±0.455  0.038  ±0.390  Au 

0.047  ±3.384  0.068  ±3.278  Bu 

29.930 35.000 Cu 

11.990 14.690 du 

0.238 0.163 Nd 

0.240  ±2.700  0.360  ±2.460  Bd 

0.070  ±0.784  0.120  ±0.970  D0 

0.059  ±1.545  0.220  ±1.950  D1 

0.020  ±0.672  0.110 ±0.840  D2 

±0.80  0.004 0.017 ± 0.100  D3 

   0.0023 ±0.1185  0.0031  ±0.1199  αs(Mz
2) 

The parameters values of  the u- and d-valence quark densities at the input scale of  𝑄0
2 = 1𝐺𝑒𝑉2, obtained from the 

best fit with CCFR, NuTeV, CHORUS, and CDHSW considering pQCD , nuclear corrections and higher-twist effects at 

NLO and NNLO. The parameter values without error have been fixed after the first minimization in xFitter, due to the 

fact that the data do not constrain some parameters well enough. 



NNLO 

(pQCD+NC+HT) 

 

NLO 

(pQCD+NC+HT) 

After cuts Before cuts Experiment 

49 49 67 116 CCFR 

77 77 59 75 NuTeV 

53 52 41 67 CHORUS 

155 158 96 143 CDHSW 

358 360     Total  χ2 

1.283 1.290     Total  χ2/d.o.f. 

Different combinations of the subset of xF3 data, contain the number of individual data points before and after 

cuts for each data set with considering 𝑄2 ≥ 4 𝐺𝑒𝑉2 cut on the data, with considering pQCD+NC+HT.  

 

• Also, the reduction of the number of CCFR data points only by the additional cuts on this data (x > 0.4) due to the 

disagreement between CCFR and NuTeV in this region are given in these columns.  



The comparison of the iron valence 𝑥𝑢𝑣

𝑝

𝐹𝑒 and 𝑥𝑑𝑣

𝑝

𝐹𝑒 PDFs as a function of x at 𝑄2 = 1 𝐺𝑒𝑉2taking into 

account nuclear corrections and nuclear and higher twist corrections, at NLO and NNLO with their 

uncertainty bands. 



The 𝑥𝑢𝑣

𝑝

𝐹𝑒 and 𝑥𝑑𝑣

𝑝

𝐹𝑒 parton density distribution at the NLO and NNLO with their uncertainty bands as a 

function of  x at different values of  𝑄2 = 4, 100, 𝑀𝑤
2  , and 𝑀𝑧

2𝐺𝑒𝑉2. 



Comparison with other results 

• In order to verify the accuracy of the extracted valence PDFs, comparison 
of the extracted results with other reported ones seems necessary. 

• We have enough motivation to compare our results to CT14 and 
MMHT14 analyses because these PDF sets were extracted by including 
different combinations of data sets for the DIS, especially the neutrino-
nucleon data experiments.  

• The results for x𝑢𝑣 (𝑥, 𝑄2) and x𝑑𝑣 (𝑥, 𝑄2) valence PDFs are in good 
agreement with the results of CT14 and MMHT14. 

 

 



x𝑢𝑣 (𝑥, 𝑄2) valence PDF results at different values of 𝑄2 = 4, 100, 𝑀𝑤
2  , and 𝑀𝑧

2𝐺𝑒𝑉2obtained with our QCD fits to 

the DIS neutrino-nucleon data, which have been compared with the results obtained by CT14 and MMHT14 as a 

function of x at the NNLO  and the ratio of x𝑢𝑣/ x𝑢𝑣(𝑟𝑒𝑓) with respect to NNLO (proton). We show our results only 

in the range of x ∈ [10−2, 0.8], where the data existed and were applied in the present analysis. 



x𝑑𝑣 (𝑥, 𝑄2) valence PDF results at different values of 𝑄2 = 4, 100, 𝑀𝑤
2  , and 𝑀𝑧

2𝐺𝑒𝑉2 obtained with our QCD fits 

to the DIS neutrino-nucleon data, which have been compared with the results obtained by CT14 and MMHT14 as a 

function of x at the NNLO  and the ratio of x𝑑𝑣/ x𝑑𝑣(𝑟𝑒𝑓) with respect to NNLO (proton). We show our results only 

in the range of x ∈ [10−2, 0.8], where the data existed and were applied in the present analysis. 





 

• We obtained αs(Mz
2) = 0.0031± 0.1199  and 0.0023± 0.1185  in the case of  QCD and nuclear corrections 

and Higher-Twist effect, at NLO and NNLO, respectively. 

 

• We compare our results with the reported results of  different NLO and NNLO QCD analyses for αs(Mz
2), 

the dotted line with yellow band indicates the pre-average results of  the world average αs(Mz
2) = 0.1156 ±0.0021. 

 

• Many experimental observables are used to determine the average value of  αs(Mz
2). In fact, the central value 

of  the world average value is determined as the strong coupling constant in the DIS subfield. It should be 

noted that the pre-average value of  αs(Mz
2)  in the DIS process is smaller in comparison to the world average 

value of  αs(Mz
2)= 0.1181 ± 0.0011. 

 

• The difference of  the reported results of  αs(Mz
2) by different groups is due to the fact that this value depends 

not only on the renormalization scheme, but also on different kinds of  measurements in DIS, cuts on the 

data, and different parametrization and methodology, also this analysis is free of  the correlation between 

strong coupling constant αs(Mz
2) and the sea-quarks and gluon distributions. 



Summarize 

 
• The present QCD analysis has been performed in two approximations, NLO and NNLO, 

using CCFR, NuTeV, CHORUS, and CDHSW experimental data. 

• A total of 279 experimental data have been used.  

• In this analysis, the ZM-VFNS approach is used to consider the contribution of light quarks. 

• In the future, newer experimental results will have a significant impact on QCD analysis, 
which can lead to the extraction of parton distribution functions with higher accuracy. 

• By taking into account higher twist corrections we can get the significant improvement, 
about 3%, for αs(Mz

2) for both NLO and NNLO as well, in comparison to when the HT 
terms are set to zero. 
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Backup 

 

The valence nPDFs for a nucleus can be expressed as 

 

 

xqA where A and Z are mass number and atomic number, respectively, and p and n indicate proton and neutron. 

 In the above, xqp/A v and xqn/A v denote valence PDFs of bound protons and neutrons in the nucleus A. 

 By assuming isospin symmetry, the valence distributions inside a bound neutron, xqn/A v , are related to the ones 

in a bound proton, xqp/A v .  

If there are no nuclear modification, the valence nPDFs, xqA v , are expressed by a simple summation of free 

proton and neutron contributions. 
 



Independent Parameterization 










