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) HERAPDF1.5 at LO

Motivation for an LO version of the HERAPDF

PDFs at LO are used for the simulation of parton showers, underlying event,

minimum bias and pile-up

A set of LO PDFs together with a o6matchi
calculations such as MC@NLO OR POWHEG

The LHC at 13 or 14TeV will extend kinematic coverage to lower values of Bjorken x

The HERAPDF has a special emphasis on low x because it fits only HERA data



Reminder of the HERAPDF

HERAPDF uses the combined H1 and ZEUS data on:

A Inclusive Neutral and Charged Current processes for e*p and ep scattering at
820,920 GeV proton beam energy from HERA-I (HERAPDF1.0) and
HERA I+l (HERAPDFL1.5)

This means that HERAPDF uses purely proton data

ANo need for deuterium corrections, or heavy target corrections

Ao assumption on strong isospin needed to get the d-quark

AA very well understood consistent data set JHEP 1001 (2010) 109 +

The HERA data combination gives us a well understood, consistent and accurate data
set with systematic errors which are smaller than the statistical errors across most of the
kinematic plane. The total errors are ~1% for Q% ~20-100 GeV? and less than 2% for
most of the rest of kinematic plane.

This allows us to use the G2 tolerance p @ =1 to set 68% limits on the PDFs from
experimental sources



Where does the information on parton distributions come from?

CCe-p CCetp
d’s(ep) = G2 M4y [X (U+0) + (Ly)X (d+9]  dPs(e'p) = G2 M4, [X (U+0) + (1-y)>X (d+9)]
dxdy  2px(QP+M3,)? dxdy  2px(Q*+M?3)?

AThe charged currents give us flavour information for high-x valence PDFs

NC e+ and e-
ds(ex N = 2235 vi [F,(xQ)-y?F.(xQ) 2 YXF(QIL Ve 1% (@)
dxdy Q Y+ Y+
F, = F1ve Py B2 + (v*+a,%)P,2 F)7 The neutral current F2 gives
XFB = - Qe I:)Z XFBOZ . 2Veae P22 XFBZ the low-x Sea
Where P,? = Q%/(Q? + M?;) 1/sin’d,, and atLO The difference between e- and

[F, F,°Z, F,7] = S [e2,2ev,v2+a2][xq(x,Q2) + xq(x,Q?)] €+ also gives a valence PDF
i _ for x>0.01- not just at high-x
[XF3°%, xF37] = S 2[eq;,vial] [Xqi(x,Q%) - xq;(x,Q?)] .
And of course the scaling
So that XF3°>* = 2x[e a,u, + e4a4d,] = x/3 (2u,+d,) violations give the gluon PDF

Where xF3°% is the dominant term in xF;



1.2

0.8

0.6

0.4

0.2

H1 and ZEUS

7

=0.002 +
<=0.0002 x= %{ e HERAINCe'p
o ZEUS
© H1

This page shows NC e+
combined data

Above : Results of the
combination compared to
the separate data sets

Right: the full NC e+ data

H1 and ZEUS

“ta 7
« 10°E
—_ E -
e C e x=0.00005, =21 ® HERAINCe'p
P 0% e x = 0.00008. i=20 O Fixed Target
~ E * T e-ee  x=000013,i=19 £
o o e | eees  x=000020,i=18 I HERAPDFL.0
Z L "'Hr""_ x=000032, i=17 (exp. uncert.)
B - = 5 i
b 10 = . "_*,40""" X—O._OOOJ.l—lﬁ_ )
E oo eose®®  x=0.0008,i=15
C e eeesss e x=00013, i=14
104 Pl Lesseteess x=00020 =13
E e o) _
E .r. ﬂ....’_'._.._.-&.—o x=0.0032, =12
C . Sl o aeesseevees x=0005 =11
103 . T e reeseeseeeveens  x=0008i10
E -— oeessesteee x=00131-9
C L .
L - - .‘_...10“" P, x=0.02, =8
10 Ll o —sseseessesereresiees x=0.032.i=7
E maoT  eesteevsseveesteds . x=003 i=6
L oEeoEs
0 e COEED - e e ese sttt e e o ;008 i=5
E Ooe . — B
E . hd i ®x=013 1=4
I mm=p==ci=z iz ENSmm aa s
! i} x=018,1=3
; x=025,i=2
1 'ﬁ'm B B
10 = x =040, =1
10 e x=0.65, =0
10-3_” | IIIIHIl | III\IIIl 1 IIIHIIl 1 1 III\IIl 1 1 III\Hl 1 L1111l
2 3 4 5
1 10 10 10 10 10°
2, ~ x72
Q7/ GeV
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HERAPDF1.0 at NLO is published (JHEP 1001 -109). It has been updated to
HERAPDF1.5 NLO and NNLO : this is an update of data AND fit

H1 and ZEUS
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Reminder of released PDF sets from HERA

¢ In LHAPDF:
» HERAPDF1.0 NLO: based on published HERA | data (with Uncertainties)
» HERAPDF1.5 NLO: based on preliminary HERA I+l data (with Uncertainties)
» HERAPDF1.5 NNLO: based on preliminary HERA I+ll data (with Uncertainties)

. Hi and ZEUS . Hi and FELUS HERA 1+11 Combincd PDF Fil . H1 amd ZEUS HERA I+11 PDF Fit -
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» HERAPDF1.0 NNLO: based on published HERA | data (2 central lines with different alphas)
» HERAPDF1.6 NLO: based on preliminary HERA |+l and inclusive jets
» HERAPDF1.7 NLO: : based on preliminary HERA I+, inclusive jets, charm, low energy runs

And HERAPDF2.0(prel.) to be presented at THIS Conference



QCD Fit Settings

The QCD fit was performed using the HERAFitter

As far as possible the same settings are used as for HERAPDF1.5 NLO

¢ Data:
» Use HERA 1+2 preliminary data as used for HERAPDF1.5 series

» 130 sources uncorrelated, 3 procedural (arising from the procedure of data combination) correl.

» HERAPDF chisquare style, with Ay* = 1 criterion,

x'ﬂ—z [;ri—m{ (1 —Ej“;h_;.)] ) +Zh§

62 omd + 82 [:1 — 2 Mihi

(P4 5iale) [

¢ Theory:

» Use 10p fit as done for HERAPDF1.5NLO (parametrisation with positive defined PDFs)

rus(r) = AnzP(1 -2)%(1+ B, 2%

)
rdy(z) = AgzPi(l—x)0n
zU(x) = Apz0(l—x)0
.trD{m) = ApzPr(1 —2)%%
zg(z) = Az (l—z)%.

Strangeness fraction suppressed such that sbar ~dbar/2
Q? > 3.5 GeV?, m=1.4 GeV, m =4.75 GeV,

At Q%,=1.9 GeV?

AuAgnAq from the number and
momentum sum-rules

Buv: de, Bubar:Bdbar

Adbar, Aupar SUCh that ubar = dbar as
xY O

Heavy quarks from the Thorne-Roberts variable Flavour Number Scheme at LO. 7

Note FL at LO is considered to be O(U,) not zero



The value of Ug(M,) at LO is not held the same as the NLO value
A G2 scan is performed to determine the best value Us(M,) =0.13

This is similar to the LO value used by CTEQ6

The 62 of the fit is 762 for 664 degrees of
freedom.

This is only somewhat worse than the NLO fit
which has G2 = 736

THE LO PDFS are provided with experimental
uncertainties in the eigenvector format
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Differences are less in the valence and sea sectors
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Data/ Fit comparison for low Q2 NC e+
H1 and ZEUS
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Note the good description of low x data i even below the Q2 cut of the fit
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Data/ Fit comparison for high Q2 NC e+ and e-
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Data/ Fit comparison for high Q2 CC e+ and e-
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The HERAPDF1.5 at LO i PDF distributions
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Comparisons with other LO PDFs at the starting scale Q2=1.9 GeV?
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