Combination and QCD analysis
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in DIS at HERA
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DESY 12-172, EPJ €73 (2013) 2311
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- data combination - measurement of m_

- PDF fits - impact on LHC cross sections
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| HERA charm data combination | /4

Measure cross section
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Fixed Flavour Number Scheme (FFNS)

e —

27.6 GeV 5
Y < C
LO,
O(o.) X

+ NLO, O(a?)
(+partial NNLO, O(a3))
corrections

no charm in proton

full kinematical
treatment of

charm mass
(multi-scale problem:
Q?, py, m, -> logs of ratios)

on-shell (pole) or Ms
mass renormalization

no resummation of logs
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comparison to ABM FFNS
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very good description
of data
in full kinematic range

unambigous treatment
of m_ in all terms of
calculation

here: MS running mass
NLO, partial NNLO

(similar predictions for
pole mass)
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measurement of MS charm mass
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200 H1 and ZEUS ] ]
LT T simultaneous fit of
Charm + HERA-I inclusive .
I e FF (ABM) . . combined charm data
6801 MdmJela6x005 G 1  and inclusive HERA I
NLO DIS data (HERAFitter)
660 O(ocsé) B v2 = 628/626, 44/47 (charm)
! I (see also talk S. Alekhin)
640 . -
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620 ———42 12 16 fc
m.(m ) [GeV] tharm __} mod: vary
fo mbr szinr
|m.(m.) = 1.26 +0.05,,, +0.03, ,, +0.02,s GeV | PDF param

PDG: 1.275 +0.025 GeV (lattice QCD + time-like processes)
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Variable Flavour Number Scheme (6m-VFNS)
_—

n very high Q2:
—

|L— " massless charm in proton
C resummation of

log(Q2/m?) etc.

27.6 GeV

LO, 0(v.%

NLO, Vs
Olos)  g(x)

920 GeV Cj :
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very low Q?:
massive calculation
(pole mass)

+ NNLO, 0O(c.?) .
corrections in between (almost everywhere):

kinematic interpolation

and/or correction terms
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Table

e

of different sche

mes

Theory (PDF) Scheme Ref. | For Me Massive Massless ces (17 ) Scale Included
def. [GeV] (Q? =m?) (Q? > m?) (nfy=>5) charm data
MSTWO08 NLO RT standard | [28] PQL“[LJ 1.4 (pole) O(a?) Ofoeg) 0.12108 Q [1,4-6.8.9,11]
MSTWO08 NNLO approx.-O(a?) O(a?) 0.11707
MSTWOS (opt.) | RT optimised | [31] | Olal) O(as) | | 0.12108
MSTWO08 NNLO (opt.) approx.-O(a?) O(a?) 0.11707
HERAPDF1.5NLO RT standard | [55] Fi ry | 14 (pole) Ofal) Ofevg) 0.1176 Q HEPA mclusive DIS only
NNPDF2.1FONLLA |FONLLA | [30] | na NG Ofer) Ofa) 0.119 Q [4-6,12,13,15, 18]
NNPDF2.1FONLLB | FONLLB Fi L) V2 (pole) Ola?) Olog)
NNPDF2.1 FONLL C | FONLL C 5y, | V2 (pole) O(a?) O(a?)
CT10[NLO S-ACOT-x | [22] | na 1.3 | Oler) Ofa) | 0118 | /@2 +m2 | [4-6.8.9]
CT10 NNLO (prel.) [56] I’QL"EL | 1.3 (pole) Ola?) O(a?)
ABEKMO09 NLO FENS [57] PQCFL;. 1.18 (MS) O(a?) - 0.1135 | /Q? + 4m E for mass optimisation only
ABKMO09 NNLO approx.-O{a?) -

Table 6: Calculations from different theory groups as shown in figures 5-8. The table shows the heavy flavour scheme used and the correspond-
ing reference, the respective F, 1 definition (section 2), the value and type of charm mass used (equation (3)). the order in a g of the massive
and massless parts of the calculation. the value of a,. the renormalisation and factorisation scale, and which HERA charm data were included
in the corresponding PDF fit. The distinction between the two possible Fy () definitions 1s not applicable (n.a.) for O(a,) calculations.
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comparison to various VFNS :iser=
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comparison to various VFNS
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Z, W cross section predictions
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Charm data stabilize sea flavour composition

25.4.13
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HERAPDF1.0 + charm
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and reduce gluon uncertainty

example: RT optimal scheme
H1 and ZEUS
, Q*=10 GeV?
' || HERAPDFL0 13p 7
&sj “2%7 HERAPDF1.0 + charm ]

R
ST, YN
O,
% SN
>
3

more ¢ (from g->cc) ‘N
-> less g | -
-> less ubar, dbar 0 = |

10" 107 10° 10" 1

-> expect reduced uncertainty also for Higgs cross section
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some personal closing remarks
mM

11121314151.61.71.8

S i
B s N
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A :’—9—‘. ]

=

scheme MEPt 2 Mot 2/ mdp

VFNS [GeV] L
RT standard | 1.50 % 0.06agp & 0. 060 £ 0.0Lparey & 0.003,, | 630.7/626 | 49.0/47
RT optimised | 1.38 2 0.050g 2 003500 £ 0,01y + 0.01,, | 623.8/626 | 45.8/47
ACOT-full £ 0050 % 012304 £ 0.0]pagey = 0.06,, | 607.3/626 | 53.3/47
S-ACOT-y | 1.15 % 0.04uy % 0.0150g % 001y £ 0.02,, | 613.3/626 | 50.3/47
ZMVENS | 1.60 £ 005 £ 003500 £ 0.05 g £ 0.01,, | 631.7/626 | 55.3/47

PDG pole mass

effect smaller at 'NNLO', but will not disappear (see below)
-> in VFNS not obvious to use world average to reduce uncertainties

-> use "effective” mass values, or live with large(r) m. uncertainty?

m.(m_)/GeV
1.0 1 1. 2 1. 3 1 4

Lo+ | this work, FFNS NLO, Ay2=1
—e— Alekhin et al.,
' © | PDG6 m(m,), MS

FFNS appr. NNLO

. . -> can use as external constraint?
—— | Gao, Guzzi, Nadolsky, GM-VFNS NNLO, Ay2~15-50
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Summary and conclusions

@ HERA DIS Charm data have been combined
(except most recent, see talks O. Zenaiev, O. Bachynska)
very good consistency, reduced uncertainties

® very well described by NLO QCD in FFNS
-> measure running charm mass (MS)

m.(m.) = 1.26 £0.05,,, +0.03,,4 :t0.02,s GeV

@ different VFNS variants prefer different optimal charm masses
(additional parameters for interpolation between massless and massive calculations)

-> good description of data with ‘optimal’ mass in all variants

@ POF fits using optimal mass significantly reduce uncertainties for W and
Z production at LHC (stabilization of flavour composition)
and reduce uncertainty on gluon distribution

@ -> towards including charm data in HERAPDF2.0
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Backup
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|Deep Inelastic ep Scattering at HERA |
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kinematic variables: Electron (L)

Q2 = -q2 photon (or Z) virtuality, squared momentum transfer

2
X = Q B jorken scaling variable,
2Pq  for Q2 » (2my)%: momentum fraction of p constituent

i inelasticity,
(P v momentum fraction (of e)

Y

‘ Proton (P)

q= (-0

Q¢ <1 6GeVe:

photoproduction

Q? > 1 GeVe:
DIS
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Parton density functions (PDF)
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parton densities and flavour composition
measured at HERA determine cross sections at LHC
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