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Overview:

2

● Current status of GENIE in the high energy regime: 

o DIS channel based on Bodek-Yang model -> optimised for the low Q2 range. 
o BY model uses as input GRV98LO PDFs -> limited Q2 range [0.8,2·106]. 
o Contributions from heavy quarks are not included (except for charm production). 
o Predictions above 1TeV become unreliable. 

● We have been developing a new package (HEDIS) to overcome this limitation. 

o Newer PDFs with broader Q2 phase space. 
o NLO QCD corrections in the structure functions. 
o Account for the heavy quark contributions.
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● DIS differential cross section is well known. 

o Structure functions (SF) include all the QCD                                                                                
information about the nucleons. 

o PDFs quantify the contribution from quarks                                                                                   
(and gluon) in different regions of the phase                                                                                         
space.

Theory:

The NC channels are
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The leptonic tensor L$! is

L$!"2 Tr)"k” 2!ml#*
$"1#*5#k” 1*!+, "2.4#

with the lepton mass ml for the CC case, denoting m% or m$ .
For the NC case we have ml"0. From Ref. )13+the general
hadronic tensor W$! is defined by
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Here ,$!-& is the total antisymmetric tensor with ,0123
"!1. Fi (i"1, . . . ,5) are the structure functions in
neutrino-nucleon deep-inelastic scattering. The differential
cross section in the case of ml"” 0 is
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where x"Q2/2M! with !"E!#El , Q2"2ME!xy , M is
the nucleon mass, and the $F3 signs correspond to the
!( !̄)-nucleon scattering.
To obtain the structure functions for the proton and the

neutron for charged and neutral channels we used the quark
parton model. We treated the proton and the neutron sepa-
rately in order to account for nonisoscalar targets. The struc-

ture functions of the charged current reactions for the
!( !̄)-proton scattering above the threshold for charm pro-
duction for the proton are
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Below the threshold for charm production the correspond-
ing structure functions for the proton are
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FIG. 1. The cross section of DIS for the !$!N→$#!X and
!̄$!N→$!!X plotted vs the incoming neutrino energy for the
isoscalar target with the normalization of 1/E! . The data points
have been taken from ANL )27+, BEBC-WBB )28+, BNL7ft )29+,
CCFR90 )30+, CCFR96 )31+, CCFRR )32+, CDHSW )33+, CHARM
)34+, CRS )35+, GGM-PS )36+, GGM-SPS )37+, IHEP-ITEP )38+,
and SKAT )39+.
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F1p [LO] = (F2p-FLp)/2x 
F2p [LO]= 2x(dv+ds+ss+bs+us̅+cs̅) 
F3p [LO]= 2(dv+ds+ss+bs-us̅-cs̅)
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Deliverables:

● Double differential cross section using LO or NLO QCD structure function . 

o New framework to compute FLp,n , F2p,n, F3p,n using external software QCDNUM17, which 
interacts with LHAPDF6 to read the PDFs. 

o SF are stored in BLI2DNonUnifGrid [log10x,log10Q2], in the range of validity from the PDFs.  
o DDXsec calculated using precomputed (not on the fly) SF. 
o Currently assuming scalability to any nuclei.
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Deliverables:

● New hadronzation scheme to account for heavy quark production. 

o Contribution of each initial&final quark to the DDXSec is stored (using LO expression). 
o Hadronization started using hit/struck quark method (similar to current implementation). 
o Core of the hadronization is handle by PYTHIA6. 
o Top quark forced to decay before hadronizing.

Alfonso Garcia , NIKHEF (Amsterdam)    |    Very high energy extension (Charting GENIE4 roadmap, 11/02/2019) 5

[uud] 
[udd]

ν lepton

Z,W

Hit quark [u,d] 
[qq] + q

Hit quark [other] 
[qq] + [qqq] 

[qq] + [qqbar] + q

qbar,q

q,qbar



Implementation:

● Integrated cross section: 

o Using a simple grid [log10x,log10y] we can get very similar performance to MC methods. 

• Maximal xsec for each energy is obtained “for free”.

Alfonso Garcia , NIKHEF (Amsterdam)    |    Very high energy extension (Charting GENIE4 roadmap, 11/02/2019) 6

2 3 4 5 6 7 8 9 10
 [GeV]ν E

0.7

0.8

0.9

1

1.1

1.2

1.3

C
oo

pe
r

σ/
σ 

Cooper '11 [HERAPDF15NLO]

Rojo '18 [NNPDF3.1sx]

GENIE [HERAPDF15NLO]

 CC cross sectionµν

2 3 4 5 6 7 8 9 10
[GeV])
ν

(E
10

 log
0.7

0.8

0.9

1

1.1

1.2

1.3

C
oo

pe
r

σ/
σ 

Cooper '11 [HERAPDF15NLO]

Rojo '18 [NNPDF3.1sx]

GENIE [HERAPDF15NLO]

 nc cross sectionµν

dlog10x = 0.01 
dlog10y = 0.01



Implementation:

● Sampling kinematics -> great improvement in speed (x30)! 

o MaxXsec for different energies loaded from ASCII files in Splines.  
o Random generation using log10x,log10y and restricting to the PDFs valid phase space.

Alfonso Garcia , NIKHEF (Amsterdam)    |    Very high energy extension (Charting GENIE4 roadmap, 11/02/2019) 7

xPDFmin

Q2PDFmin

xPDFmin

Q2PDFminnumuCC p NLO 
E = 102 GeV

numuCC p NLO 
E = 109 GeV

Phase space sample



Implementation:

● Outgoing particles: 

o No initial/final nuclear effects are taking into account. 
o Less restrictions in the “on-shell” of outgoing particles (dominated by precision of double).
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Conclusions:

● HEDIS package: 

o DIS cross section using NLO QCD expressions. 
o Hadronization including heavy quarks. 

● Disclaimer: 

o Package has been tested for high energies. 

• Used PDFs are not suitable for low Q2 region. 
• New integrated cross section and sampling methods are optimal above 100GeV. 
• Very simplistic picture of nuclear effects. 

o At low energies all these aspects should be reviewed.  

● Look into the future: 

o Compare QCDNUM with other softwares (APFEL). 
o Couple NLO matrix elements to NLO parton showering (using PYTHIA8?).
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https://github.com/pochoarus/GENIE-HEDIS

https://github.com/pochoarus/GENIE-HEDIS
https://github.com/pochoarus/GENIE-HEDIS

