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Introduction

@ In the old interface we had:

NC DIS inclusive
NC DIS charm
NC DIS beauty
CC DIS inclusive

@ In the new interface it is straightforward to implement all possible variants:

» reaction: NC DIS or CC DIS
» final state: inclusive, charm or beauty (beauty is not of interest in CC)
» cross section type: Fo, Fi, Ored, %

vvyVvyy

TheoryType = 'expression’

TermName = 'R'

TermType = 'reaction’

ITermSource = 'use:hf scheme DISNC'
TermSource = 'use:hf scheme DISCC'

TermInfo = 'type=sigred:flav=c:echarge=+1l:epolarity=0:energy=318.",
TheorExpr = 'R’

@ However, the definition of charm CC cross sections seems to be not
straightforward from theory point of view
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Implementation

@ Task is of practical interest for ongoing analysis in ZEUS
@ Implementation will be done in the new interface only

@ Branch charm-CC-XFITTER-70 (JIRA task # 70)

@ Implementation can be done for:

ZMVFNS (QCDNUM)

FFABM (OPENQCDRAD)
FONLL (APFEL)

vYyy

>
>
Inclusive CC prediction verified vs old interface for 3 schemes: exact agreement
Charm CC prediction:
» depends on CKM matrix
» for massless treatment, can be defined only in terms of couplings, not
partonic processes [1001.2312, section 5]
= both s — ¢, ¢ — s need to included in FONLL and (?) ZMVFNS
= this does not apply to FFABM? only s — ¢ included in OPENQCDRAD
» paper [1001.2312] discusses the impact of different theoretical and
experimental definition of charm contribution, but only for NC
* concluded that it is at (sub)percent level for HERA
* seems to be not the case for CC: differences appear at LO
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Implementation

@ Current status of charm CC implementation:

» ZMVFNS (QCDNUM): implemented, but results are weird: to be checked
with Michiel Botje

» FFABM (OPENQCDRAD): straightforward to take from OPENQCDRAD (to
be checked with Sergey Alekhin)

» FONLL (APFEL): straightforward to take from APFEL, checked with Valerio

@ Dependence on CKM matrix:

» ZMVFNS so far uses diagonal CKM matrix

» FFABM so far uses its own non-diagonal CKM matrix (setup inside
OPENQCDRAD)

» FONLL presently is the only reaction which preperly takes CKM matrix
from parameters.yaml
= dependence on CKM checked by using diag. vs non-diag. CKM with
FONLL
= setting of CKM from parameters.yaml to be implemented for ZMVFNS
and FFABM

@ Contribution from different processes:
» checked in ZMVFNS by switching them on/off
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Tests

@ Comparison of charm CC prediction done for ZMVFNS, FFABM and FONLL:

» calculation at NLO

» same PDFs at starting scale 1.9 GeV? (but different evolution, plots for
PDFs in backup)

same charm mass (pole mass option in FFABM and FONLL)

FONLL-B with diagonal CKM (non-diag. CKM only in FFABM)

scales set to Q®

pseudodata file used to provide predictions for 3.5 < Q? < 30000 GeV?
and full accesible xg; range

@ Additionally, FONLL with diag. and non-diag. CKM compared

vvyVvyy

@ Additionally, ZMVFNS with three sets of processes compared:

» ¢ — sonly (ZMFVNS-1’)
» s — conly (ZMFVNS-2)
» s— candc — s (ZMFVNS-3)
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CC charm in three schemes
(CC inclusive in backup)
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CC charm in FONLL, diag.
vs non-diag. CKM
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CC charm in ZMVFNS,
different partonic processes:

@ ¢ — sonly (‘ZMFVNS-1°)
@ s — conly (‘ZMFVNS-2’)
@ s — cand c — s (“ZMFVNS-3’)
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Summary

@ Significant differences (~ 50% and larger at high Q?) between schemes:
» good agreement between ZMVFNS and FONLL
» difference vs FFABM due to:
* massive vs massless treatment, number of flavours in PDF evolution
* different definition (s — c only vs ¢ — s, s — ¢): perhaps dominant?
@ Dependence on CKM becomes relevant for x > 0.05
@ Ifonly s — c and ¢ — s makes sense in ZMFVNS/VFNS, perhaps the difference
from experimental definition (s — ¢ only) can not be ignored
» = is ZMVFNS/VFNS prediction for charm CC usable?
@ any advises/recommendations?

@ Current plan:
» we can have FFABM and FONLL inclusive predictions (function of Q?, xg;)
checked with the authors but defined differently
» estimate contributions s — c and ¢ — s at LO in ZMVFNS using QCDNUM
(cannot be done in FFNS, VFNS or higher orders?)
— might be useful in light of differences for s in global PDF analysis
— so far weird results (negative ¢ — s), in contact with Michiel Botje
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Implementation in ZMVFNS (QCDNUM)

@ Current status of charm CC implementation:
» ZMVFNS (QCDNUM): seems to be straightforward once decided which
processes to include

// Helpers for QCDNUM (CC):

/7Y full
const double CCEP2F[] = {0.,0.,1.,0.,1.,0., ©. ,1.,0.,1.,0.,0.,0.3} ;
const double CCEM2F[] = {0.,0.,0.,1.,0.,1., ©. ,0.,1.,0.,1.,0.,0.3} ;

const double CCEP3F[]
const double CCEM3F[]

{6.,0.,-1.,0.,-1.,0.,0.,1.,0.,1.,0.,0.,0.3;
{0.,0. ,0.,-1.,0.,-1.,0.,0.,1.,0.,1.,0.,0.};

/Y c

// work 1in progress: according to 1001.2312 section 5,

J/ in ZM only the sum of contributions s + c makes sense

// three different options are below for checks, uncommented one is for s +

/7

J// only c

//const double CCEP2Fc[] = {0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.} ;
//const double CCEM2Fc[] = {0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,1.,0.,0.} ;
// only s

//const double CCEP2Fc[] = {0.,0.,0.,0.,0.,0.,0.,0.,0.,1.,0.,0.,0.} ;
//const double CCEM2Fc[] = {0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.,0.} ;
// only s,c

const double CCEP2Fc[] = {0.,0.,1.,0.,0.,0.,0.,0.,0.,1.,0.,0.,0.} ;
const double CCEM2Fc[] = {0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,1.,0.,0.} ;

(same for CCEM3F,CCEP3F)
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PDFs in three schemes
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A. Very Rough Notes on charged current with
Variable Flavor Number Schem
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