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Introduction

New preliminary data from HERA I
is included in the HERA fits:

= Combined HERA Il Low Energy Data

v Accurate measurement in
Q2=>2.5 GeV? range, sensitive to
structure function F:

— Investigate the low Q? region;

— Test sensitivity to different
heavy flavour treatments;

Integrated luminosity for H1 physics [ph ']

= Combined HERA I+high Q2 HERA I
Data

v Accurate measurements in high
Q? region:
— Sensitive to the valence
distributions.
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QCD Analysis Framework

e Data Sets:

= HERA | combined data (same as used for HERAPDF1.0 [JHEPOI (2010) 109])
v NCe, CCe, CCe" (Q*>100 GeV?)

v NC e* (Q2>0.045 GeV?)

= Combined HERA Il Low Energy Data Set of Ep=460, 575 GeV [prelim.]

v Q?>2.5 GeV?

= Combined HERA I+high Q? Il Data [prelim.]

*  QCD Fit settings: same settings as for HERAPDF1.0 [see S. Glazov presentation]
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?g > cut variation

= Fitted PDFs: G, Uyal, dval, U= ﬁ(+6)7 D=d + §(+B)

* NLO (and NNLO) DGLAP evolution equations, RT-VFNS (as for MSTWO08)
v Other schemes were investigated as well: RT (optimal), ACOT (full and )




HERAPDF including Low Energy Data




HERAPDF including Low Energy data
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PDFs from the new fit agree very well with HERAPDF1.0

Data sets HERAPDFI.0

+ Low Energy Data

Total x%/dof | 574/582

818/806
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Comparison with Data
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Kinematic Cut Dependence

H1 and ZEUS (prel.)
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« The Q? =5 GeV2cut:
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= brings large improvement in %2 [818/806 — 698/771]

= yields different shapes for gluon and sea PDFs.
© Compare Red (before Q7 cut) with Magenta (after Q* cut):

= Gluon is visibly enhanced and sea is reduced for Q? =5 GeV? cut at the starting scale.

= At the evolved scale sea is dynamically generated.

Note for HERAPDFI 0 the Q2 cut variation |s mcluded in the

April 2010
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Comparison with Data, Fit with Q? cut

Line corresponds to the fit
of HERA | and Low Energy
Data (Q%=5 GeV? cut) using
HERAPDFI.0 settings

" Poor description in the

region where data do
NOT enter into the fit.
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Further Kinematic Cut Tests

* Inspired by Fabrizio Caola’s presentation at DIS2010 Workshop
[http://indico.cern.ch/contributionDisplay.py?contribld=189&confld=86 | 84]:

= Use a different cut criterion: Q? > Qs(x)? = Az~> with A=0.3 and varying A
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Further Kinematic Cut Tests

* Inspired by Fabrizio Caola’s presentation at DIS2010 Workshop
[http://indico.cern.ch/contributionDisplay.py?contribld=189&confld=86 | 84]:

= Use a different cut criterion: Q? > Qs(x)? = Az~> with A=0.3 and varying A
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ACOT (Full) vs RT scheme
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Compare fits to combined HERA | data including Low Energy Data using the ACOT (full)
scheme to the RT standard scheme (VFNS):

» 30 Units improvement in x2 when using ACOT scheme!

= Large differences in the gluon at the starting scale, which are reduced at evolved Q?

April 2010

HERA Inclusive Working Group




HERA F, data vs F| predictions

The lines are F, predictions using combined HERA |and low energy data.
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Q? cut does not bring improvement in F| prediction.




HERA F, data vs F| predictions

The lines are F, predictions using combined HERA |and low energy data.
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HERAPDF fits at NNLO

Fits performed to HERA | data (as used for HERAPDFI.0) at NNLO using RT-VFNS:
" 0s(Mz) at NNLO = 0.1176 and o (Mz) at NNLO = 0.1145
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Using the same settings as for HERAPDF1.0 NNLO fit does not improve fit results.

scheme

NNLO ag(Mz)=0.1 145

NNLO 0,(Mz)=0.1176

NLO 0(Mz)=0.1176

All x2/dof | 623.7/582

4.4/582




NNLO HERAPDF fits including Low Energy Data

0s(Mz) at NNLO = 0.1176 and a(Mz) at NNLO = 0.1145
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* No significant change in PDFs isxobserved when including Low Energy Data.”
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HERA F, data vs NNLO F, predictions

The lines are F, predictions using combined HERA |and low energy data.
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HERA Fits to the Combined HERA | and I
Inclusive data




Combined HERA | and |l Inclusive data

*  New HERA Il preliminary data available!
= More precise measurements in the high Q? and high x regions (especially NC e’p and CC e*p)
=» could constrain better PDFs at high x
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Fits to New Combined HERA data; HERAPDFI.5

*  Propagate new data through QCD fit analysis to produce a new set of HERAPDFs:
HERAPDFI.5

* For preliminary studies use same settings as for HERAPDFI.0
= Parametrisation uncertainty will be further investigated for final release.
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HERAPDFI.5 vs HERAPDFI.0

° xg, xu, xd,, xSea (xSea=xU+xD) at the scale Q,2=10 GeV?
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* Inclusion of the HERA Il data reduces the uncertainties on PDFs in the high x
region especially visible on the valence distributions!
' See H




HERAPDFI.5 vs HERAPDFI.0

° xg, xu, xd,, xSea (xSea=xU+xD) at the scale Q,2=10 GeV?

H1 and ZEUS Combined PDF Fit
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* Inclusion of the HERA Il data reduces the uncertainties on PDFs in the high x
region especially visible on the valence distributions!
RAPDFI.5(pre

See

RISt e



v, 8 ¢ > R 24(qq) luminosity at LHC (s =7 TeV)
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LHC predictions for W and lepton asymmtries
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Summary

New preliminary low energy data have been included in the HERAPDF QCD fits:
* New fits are in agreement with HERAPDF1.0

v Observe large sensitivity to kinematic cut at low Q? and low x.
v Different schemes in the fit yield interestingly different F, prediction.

HERAPDF fits at NNLO (RT-VFNS) were presented

New preliminary measurements from HERA Il are available in the HERA QCD analyses:

* Precise new measurements of high Q2 with constraining power in the high x region
HERAPDFI.5

* Provides more precise predictions for LHC than HERAPDF1.0

" Provides good predictions for the W and lepton asymmetries measured at Tevatron
v [see M. Cooper-Sarkar’s presentation]

LHAPDF grid files for HERAPDF 1.5 with the full uncertainties can be found at:

https://www.desy.de/h1zeus/combined results/index.php?do=proton structure




HI|-ZEUS combined results

https://www.desy.de/h|zeus/combined_results/index.php




Comparison to Tevatron W asymmetry
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* HERAPDFI.5 results in a better agreement than HERAPDF|.0 with the CDF
data for the W asymmetry, even if this data is not included in the HERA fits.




Comparison to Tevatron CDF W asymmetry
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* HERAPDFI.5 compared to Global PDF sets




DO Lepton Asymmetry
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* HERAPDFI.5 provides a reasonable agreement even with the
DO lepton asymmetry, for which the global fits have difficulties.
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Compare ACOT schemes to HERAPDFI.0

ACOT full fit resultsina 5 H1 and ZEUS
units improvement in 2 M - , -
compared to ACOTy, - Q@ =2GeV =
. S
08 - H.ERAPDF]...O a
«  ACOT full: i [ total uncertainty <
= Slightly less steeper gluon r T +low energy data, ACOT VFN

SETERE +low energy data, ACOT VFN full

and sea is not changed
much

= Better fit of the high
energy data

- ACOTy :
= A steeper gluon and sea

= PBetter fit of the low
energy data

HERA Inclusive Working Group




Reminder on HF checks on HERA data alone

1 H1 and ZEUS *  RT: chi2/dof = 574/582
o 10 Cer? - ACOT: chi2/dof=562/582

08|
b Xg (x0.05)  —— HERAPDFILO

[ total uncertainty

06PN 0
! < +low energy data, ACOT g

* RT heavy flavour scheme was
cross checked against ACOT
scheme for HERAPDFI.0

= We did not observe much
difference in the PDF

04|

| xS (x 0.05)

02

e ———— distributions

= ACOT line is shown in the
HERAPDFI.0 paper
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Comparison with Low Energy data

Note: Q2>5 GeV? cut does not include first 2 bins in the fit.

= The Q2 cut case (blue) fits better 460 GeV data which are all located at y>0.35.

Ep=460 GeV  H1 and ZEUS preliminary

Q2 =25GeV? Q*=3.5GeV?
—~ @ HERA e'p (prel.) .
Vs=225 GeV -
ol o
- Q*=5GeV? 3 Q%= 6.5 GeV?

- HERAPDF1.0 + Low Energy Data
— (NLO - Standard RT-VFNS)

- —— Q?235GeV?
L —— Q?25.0GeV?

April zoio
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Ep=575GeV gy andzEUS Preliminary

L

Q*=25GeV?

ﬁ\z

® HERA e'p (prel.)

Q*=35GeV?
: it

:_;}}\

- V=251 GeV -

I o L

:_ Q=5 GeV? - Q*=65GeV?

- | HERAPDF1.0 + Low Energy Data
- — (NLO - Standard RT-VFNS)

- - —— Q?235GeV?

s L —— Q%=25.0GeV?

April 2010
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Optimal cut?

* Is there a cut which can bring the high energy data alone and extension of the

H1 and ZEUS (prel.)
o 1
P
Q=10 GeV? g- Q2>1.0x9%3 | No cut
* < | 4724/533 | 818.5/806
0.8 |- =
if. < | 0.95 (330) 1.13 (379)
-\8 (% 0.05)—— HERAPDFI1.0
"t C total uncertainty N/A 1.04 (224)

o.‘ . Q >| ox-(n_l

-‘_‘:}. ....... .'.lo“ emrg’ dam Q.>] 0\

04

S (% 0,05 imi
xS ( ) y data results look similar

HERA Inclusive Working Group

ions are needed!




Various Heavy Flavour treatments at NLO

Low Q?Z2 region is sensitive to the treatment of charm quark production.

* Compare various schemes taking into account heavy quark production:
= VFNS RT (standard [MSTWO08] and optimal [R. Thorne’s presentation])
= VFNS ACOT (full [Phys.Rev.D50,1994] and 7 [Phys.Rev.D62,2000])

Schematic Summary of ACOT & TR Schemes 43

| — e
TR type schemes ACOT type schemes o - :: E:: RT-standard //‘
Q<m, |Q>m, e Q<m, [Q>m, g [ [—re
Q02 T iR i
Q-=m, =
LO .:F 7— :F Lo @ 7— e -
o b RTopt _
F ¥ - -
Q=m, : x=0.0001
NLO ! NLO ! ! +90
w > T 2 3 & 5 6 1 8 9 2
= = Q-m + + . (Courtesy of R. Thorne)
NNLO NNLO '+® ”;MIEMWW
2 h—;hr Eh’ B;‘r En gh’ ().()25%
(Courtesy of F. Olness) ms
= FFNS (from QCDNUMI7v06 [M. Botje]) e
o . o W scale (GeV) 7
* We observe significant differences among these schemes — next siides.
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FFNS fits including Low Energy Data

FFNS (nf=3) results in a similar
improvement in 7? as observed
for ACOT (VFNS) scheme in
contrast to RT (VFNS).

= xF; and CC predictions are
not available within FFNS
scheme, hence we freeze
the valence parameters and
do not fit for CC data.

xf

Not much difference is
observed between FFNS
scheme fits with or without low
energy data.

HERAPDF1.0 (VFNS) is shown
as an illustration.

0.8

H1 and ZEUS (prel.)

Q* =2 GeV?

—— HERAPDF1.0
[ total uncertainty

HERAPDF1.0, FFN
HERAPDF1.0+low energy data, FFN

April 2010

HERA Inclusive Working Group




Various RT schemes

HERAPDFI.0 (blue) is H1 and ZEUS (prel.)
compared to HERA NLO - 17
fits to HERA data including _ Q?=2 GeV? 2
low energy data using _ §
Standard and Optimal RT. 08F  —— HERAPDFL0 £
. . . i [ total uncertainty <
= Little improvement is
observed in XZ (7 units) T eeeeeee +low energy data, RT VFN Standard

- +low energy data, RT VFN Optimized

and in PDF shapes from
the Standard to Optimal
RT VFN scheme.

= The variations are
within HERAPDFI.0
errors.

HERA Inclusive Working Group




Fits including Low Energy and Charm data

*  When including both Low Energy and Charm data in the HERA fits, conclusions
about sensitivity to heavy quark schemes and charm mass are not altered.

*  Conclusions about sensitivity to the kinematic cut dependence are not altered when
including both data in the fit as long as the optimal choice for m_is made.

H1 and ZEUS (prel.) H1 and ZEUS (prel.)
St 1 q;é 1
o I o
Q*=10 GeV? = Q*=10 GeV? =
I Q
= —— HERAPDF1.0 g
0.8 —— HERAPDF1.0 a 08 [ total uncertainty E-
total uncertainty < <

0.6 0.6

------- +low energy data
3 xg(x0.05) +low energy data . xg (x0.05) +low energy data +F (charm}, m =1.65 Ge
N . +low energy data+F (charm NG, 2 ¢

0.4 04

xS (x 0.05)

0.2 02

HERA Inclusive Working Group
HERA Inclusive Working Group




LHC predictions
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