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Introduction: overview and
recent developments



parton distribution
functions

® introduced by Feynman (1969) in the parton model, to explain
Bjorken scaling in deep inelastic scattering data; interpretation as
probability distributions

® accordingtothe QCD
factorisation theorem for
Inclusive hard scattering
processes, universal
distributions containing long-
distance structure of hadrons;
related to parton model
distributions at leading order, but
with logarithmic scaling
violations (DGLAP)
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® obtained by fitting a wide variety of high-precision deep inelastic
and other hadron collider data (‘global PDF fits’)

® key ingredients for LHC phenomenology



precision phenomenology at LHC

 Benchmarking -2 precision predictions

— Inclusive SM quantities (V=(y*,W,Z), jets, top,... ),
calculated to the highest precision available (e.g.
NNLO, NNLL, etc) and compared with exptl.
measurements

— tools needed: robust jet algorithms, kinematics, decays
Included, PDFs, ...

— theory uncertainty in predictions:
0C, = 00 o @ 0CppE @ O0C aram ©@ - -

— such comparisons give confidence in the calculation of
SM backgrounds, e.g. {V,VV,bb,tt,H,...} + jets



W cross section measurements
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ATLAS Preliminary
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Inclusive jet cross section
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LHC parton kinematics

. PDF fitting P s —

= (M/14 TeV) exp(zy)

nm

— LHC can in principle provide ok aiw M=10Tev -
complementary (and new?) i
information on PDFs, T S
particularly from well o F -
measured, generally ol ]
inclusive, Standard Candle 3 ;
¥ M =100 GeV

cross sections (W,Z jets,tt,...) - ¢

g
— the process has already
started...

proton ﬁ Fw
X1P X5P




Lepton charge asymmetry

impact of LHC
W asymmetry
on NNPDF
ubarandd
PDFs
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W rapidity asymmetry
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probing heavy quark pdfs 5

take advantage of (a) qg dominates W,Z + jet production, (b)
heavy quark suppression becomes weaker at high Q2, small X,
(c) ability to tag c,b jets

0.6

Q?=10* GeV2_3

g/10

= 0.4-—
w :
CMS: “W production in 0.2
gluon _ : e -
> association with c jets :
s c | = (CMS-PAS-EWK-11-013) | EPRSYOFY RSP MO
C 10
W e ) _ ,
c =c(Wre)/o(Wc)and R, = o(W +c) /o (W + jets)
gluon
> * " sbar /' s
S c |, RE = 0.92+0.19 (stat.) =0.04 (syst.) <€

R, = 0.14340.015 (stat.) +0.024 (syst.) €<— sSbhar + S

Ratio || MCFM (CT10) | MCEM (MSTWO08) | MCFM (NNPDF21) |
RF 0.915F 5 508 0.881 1033 0.902 + 0.008
R, 0.125+0013 0.11870:002 0.103 + 0.005

Also: Z + c as a measure of charm pdf

'T‘ differences at level of exptl.
systematic error!
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strange quarks in

[_IcTEQ6.6

MSTWO08
[ ]NNPDF1.0
[ NNPDF1.2

Note:

MSTW: assume u,d,s quarks have same x° behaviouras x — 0

NNPDF, MSTW, CTEQ

=== CTEQB.58-0
"""" CTEQ6.58-1
== CTEQ6G.58-2

MSTWO03
— NNPDF1.0
7 NNPDF1.2

S - sbar
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parton luminosity functions

® aquick and easy way to assess the mass and collider
energy dependence of production cross sections, and to
compare different PDF sets

- GapoX = O):L(cS(E—M)Q()
A ox = | deaday fa(za, MZ) fizp MF) Cx 6(zazy —7)
S X 1 0L
\/ b = Cx {— ab} (r = M%/s)
s OT
— OLab [ gd M3 M%) §
—O< 9r  Jo @ zp fa(@a, M) fo(xp, M%) 0(zazy — 7)

® i.e. all the mass and energy dependence Is contained
In the X-independent parton luminosity function in [ |

® useful combinations are ab = gg, Zq qq, ...

® and also useful for assessing the uncertainty on cross

sections due to uncertainties in the PDFs
13
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CERN-PH-TH,2011-149
28th Jume 2011

Parton distribution function dependence of benchmark
Standard Model total cross sections at the 7 TeV LHC

G. Watt
Theory Gronp, Physics Department, CERN, CH-1211 Geneva 23, Fmitzerfond

E-muail: Graese Vatt@earn.ch

ApsTrAcT: We compare peedictions for the W, Z, go — I and #F toral cross sections at
the Large Hadron Collider (LHC), for a coentre-of-mass energy of T TeW, using the most
recent publicly available next-to-leading oeder and next-to-nest-to-leading order parton
distribution functions [PDFg) from all PDF fitting groups. In particular, we focus on the
dependence on the different walues of the strong coupling, a_-sl:.?k!%]: uzed by each group.
We alao perform a comparison of the relevant quark-antiquark and gloon-gluon lnminogicy
functionz. We make saome comments on the receat PDFALHC recommendations. Finally,
we discuss the comparison of data and theory for W and Z cross sections at the LIIC.

Kevwornps: Hadronie Colliders, Standard Model, Dieep Inelastic Scattering, Parton Model

ArXv EPRINT: 1106.5788

and many plots at ...
http://projects.hepforge.org/mstwpdf/pdf4lhc/
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recent global or quasi-global PDF fits

PDFs authors arxiv

ABKM S. Alekhin, J. Blimlein, S. Klein, S. | 1105.5349, 1007.3657,
Moch, and others 0908.3128, 0908.2766, ...
H.-L. Lai, M. Guzzi, J. Huston, Z. 1007.2241, 1004.4624,

CTEQ Li, P. Nadolsky, J. Pumplin, C.-P. 0910.4183, 0904.2424,
Yuan, and others 0802.0007, ...

GJIR M. Gllck, P. Jimenez-Delgado, E. | 1006.5890, 0909.1711,
Reya, and others 0810.4274, ...
H1 and ZEUS collaborations 1012.1438,1006.4471,

HERAPDF 0906.1108, ...

MSTW A.D. Martin, W.J. Stirling, R.S. 1007.2624, 1006.2753,
Thorne, G. Watt 0905.3531, 0901.0002, ...
R. Ball, L. Del Debbio, S. Forte, A. | 1108.1758, 1107.2652,

NNPDE Guffanti, J. Latorre, J. Rojo, M. 1102.3182, 1101.1300,

Ubiali, and others

1012.0836, 1005.0397,
1002.4407, ...
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2010 (shown at the January 2011 Heavy Quarks meeting)

MSTWO08

CTEQ6.6

NNPDF2.0

HERAPDF1.0

ABKMO09

GJRO08/JR09

HERADIS| v v v v v
F-T DIS v v v x v v
F-T DY v v v x v v

TEVW,Z v v v x x x

TEVjets v v v x x v [%

GM-VFNS | v v X v X X
NNLO v x x x v v
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January 2012

MSTWOB CT10 | NNPDF21 | HERAPDFL5| ABKMOS | GIROBJR09
HERADIS| v v v v v
F-T DIS v v v x v v
F-T DY v v v x v v
TEVW,Z v v v x x x
TEVjets v v v x x v [%
GM-VFNS | v v v v X X
NNLO v x v v v v

— all available in LHAPDF V5.8.6 (August 2011)
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Note:

® not ‘true’ NNLO fits when collider inclusive jet data are included,
since NNLO pQCD corrections not yet known

¢ all except CTEQ/CT now have publicly available NNLO sets

®* PDF groups may also have ‘internal’ unpublished sets (e.g. CT-
NNLO, HERAPDF1.6/7, ABM10, ...)

® convergence and broad agreement (see below), but still differences
for example due to

— choice of data sets (including cuts, corrections and weighting) and
treatment of data errors

— definition of ‘PDF uncertainties’

— treatment of heavy quarks (s,c,b), FFNS, ZM-VFNS, GM-VFNS,
— treatment of ag (fitted or fixed)

— parametric form at Q,

— (hidden) theoretical assumptions (if any) about flavour symmetries,
x—0,1 behaviour, etc.

19



convergence of pdfs!

24(qq) luminosity at LHC (\'s = 7 TeV)
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... although still some differences with ABKM, GJR, HERAPDF

Note:

102

2010

\N§ /s

plots from Graeme Watt

24(qq) luminosity at LHC (s =7 TeV)
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2011

NPDF2.0>2.1: ZM-VFNS - GM-VFENS (FONLL) - larger PDFs at small x
CTEQ6.6->CT10: Tevatron Run Il jets + extended parametrisation + ...
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PDFs and ag(M,?)

MSTWO08, ABKM09 and GJROS:
as(M,?) values and uncertainty
determined by global fit

NNLO value about 0.003 — 0.004
lower than NLO value, e.g. for
MSTWO0S8

MS,NLO ,, ;2 +0.012
: MzZ) = 0.1202

@5 (M2) —0.015

MS,NNLO ;4 2 +0.014
’ Mz) =0.1171

S (MZ) ~0.014

CTEQ/CT10, NNPDF,
HERAPDF choose standard
values and uncertainties

world average (Bethke 2009)

oM5(M2) = 0.1184 £ 0.0007

NLO aS(M;) values used by different PDF groups

- n |.._.._..| -

- " I'i—‘-—*l —
68% C.L. PDF

- o 0 0o o kBHE—el o o o o . MSTWOB —
B creass

- o oooksoFboo o O A cT10 -
) NNPDF2.1

B ' T [ ] HERAPDF1.0 7
{+ ABKMO9

{':':,"'D'fgim} GJROB
| | | 1 | | | 1 | 1 | 1 1 | | | 1 | 1 | |
0.11 0.115 0.12 0.125 0.13

aig(M?)

® note that the PDFs and ag are
correlated!

® e.g.gluon - aganticorrelation at
small x and quark — ag
anticorrelation at large x

21
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Ratio to MSTW 2008 NLO

Ratio to MSTW 2008 NLO

PDF correlations

Gluon at Q% = 10* GeV?
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Up quark at @ = 10* GeV?
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e :
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X

MSTW: arXiv:0905.3531

® care needed when assessing
Impact of varying o 0n Cross
sections ~ (ag)" (e.g. top, Higgs)

Higgs (MH =120 GeV) with MSTW 2008 NNLO PDFs

Tevatron,\'s = 1.96 TeV

O
A & o ot
O
O
-1c =0/2 0 +G/2 +1¢
2
Acg(M2)

(%)

NNLO
H

AG
o N

=

(2]

LHC,\'s =14 TeV
o 0Z(WF)

A gg luminosity

[ 68% C.L. uncertainties ]

-1c =¢/l2 0 +c/2 +10
2
Acg(M?)




comparison of NLO parton

24(qq) luminosity at LHC (\'s = 7 TeV)
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Ratio to MSTW 2008 NLO (68% C.L.)

Ratio to MSTW 2008 NLO (68% C.L.)

luminosity functions at 7 TeV LHC
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comparison of NNLO parton luminosity functions at 7 TeV LHC

24(qq) luminosity at LHC (s = 7 TeV)
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The 'PDF4LHC recommendation™ for combining best fits and
uncertainties from different PDF sets into a single prediction

NLO

“For the calculation of uncertainties at the LHC, use the envelope provided by the central values
and PDF+ag errors from the MSTWO08, CTEQ6.6, and NNPDF2.0 PDFs, using each group’s
prescriptions for combining the two types of errors. We propose this definition of an envelope
because the deviations between the predictions can sometimes be as large as their uncertainties.
As a central value, use the midpoint of this envelope. We follow the PDF4LHC prescription and
recommend that a 68% CL uncertainty envelope be calculated and the ag variation suggested is
consistent with this. Note that the CTEQG6.6 set has uncertainties and ag variations provided only
at 90% CL and thus their uncertainties should be reduced by a factor of 1.645 for 68% CL. Within
the quadratic approximation, this procedure is exact.”

NNLO

“As a central value, use the MSTWO08 prediction. As an uncertainty, take the same percentage
uncertainty on this NNLO prediction as found using the NLO uncertainty prescription given above.”

2011 update: CTEQG6.6 - CT10, NNPDF2.0 > NNPDF2.1

*S. Forte, J. Huston, K. Mazumdar, R.S. Thorne and A. Vicini, Section 8, in

: ) ) : 25
Reportof the LHC Higgs Cross Section Working Group, arXiv:1101.0593
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NLO gg—H at the LHC (Vs = 7 TeV) for I\.‘IH =120 GeV
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PDF + ag uncertainties: Tevatron vs. LHC
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recall

NNLO gg—H at the LHC (Vs =7 TeV) for - 120 GeV

gg luminosity at LHC (s = 7 TeV)
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- the relatively high upper limit of the HERAPDF1.5
prediction is visible in other SM cross sections

NNLO (approx.) tt cross sections at the LHC (\'s = 7 TeV)
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from “Handbook of LHC Higgs cross sections: 1. Inclusive observables”

Table 13: Total inclusive cross secton at 7 TeW for WH and ZH producton at HMLO QCD + NLO EW. The
first esror indicates the uncertainty from the renormalization and factorization scale varation, the second from the

PDF+x, varianon.
T [ev] oW pe|  wcale [e]  DOPJLOL [va] ol AH) o] wcale [oe]  POEJLRL (o]

o) 1640 +0.3 D8 =310 08507 0010 3.0

5 1992 0.1 —0.9 +3.2 0.7348 +1.0-11 +3.6

100 1.186 40,6 —0.5 +3.4 06313 +11-12 +3.4

105 1018 0.3 —0.8 +3.5 05449  +1.3-16 +3.7

110 a7s4 0.3 0.7 +38 04721 +1.2-12 +4.1

115 07546 404 D8 +3.9 04107 +1.3-12 +42

120 6561 0.4 —0.7 +3.4 03508 +1.5-1.2 £3.5

195 5720 0.2 —0D.8 +3.5 03158  +1.4-16 +35

N N LO WH Z H 130 0.5008 +iL3 —0.8 +3.5 02778 +1.5-14 +3.7
y 135 {4300 0.7 —0.4 +3.4 0.2453  +1.7—14 +3.6
140 3857 4.5 —0.5 +3.5 02172  +1.5-16 +37

7 TeV LHC 145 {1.3406 4+0.2 —D.8 +38 01930  +1.8-18 +4.0
150 {.3001 4.4 —0.8 +3.3 01713 +1.E8-16 £3.6

155 3646 4.5 —0.8 +3.5 01525 +21-16 +3.6

160 2291 405 0.7 +3.8 01334 42017 +4.0

163 2107 0.5 —0.7 £3.6 01233 +21-17 4.1

170 1883 5 0.7 +38 01106 423210 +42

175 1680 403 1.1 +3.8 000050 42.1-10 +4.1

120 1521 0.6 —0.6 +3.5 008817 +2.2-19 £3.8

185 1387 0.4 —0.9 +3.5 008130 42320 +3 8

190 01253 405 0.7 +3.7 007366 +2.2-21 +310

195 01138 0.7 —0.6 3.7 006608 +2.3-1.9 £4.0

an0 1032 404 —1.0 +38 006005 42.3-10 +4.1

210 008557 405 0.7 +3.7 005068 42.1-2.0 +42

23Q) 007142 0.3 -0.9 +3.7 004235 +22-19 +4.2

230 0066 407 -0.7 4.5 003560 +2.1-10 +4 8

240 005073 40507 +4.0 002000 41918 +4.4

250 Ld3E 40507 4.0 002540 +20-16 +4.2

60 003674 40807 +4.0 002158 41817 +4.5

aT0 003146 406 -0.9 +3.8 001830 41717 +43

280 00270 404 —1.0 +4.4 001s7s +16-1.3 +40

a4 o2 40708 +4.2 001355 415-13 +4.5

300 002018 40609 +4.5 00116 41.4-12 510

+3-4%



correlations between Higgs and other
cross sections at 7 TeV LHC

a simple example: gy VS. Gy

a more detailed study will appear (this
week?) in the second LHC-Higgs
working group Yellow Report

Define the degree of correlation:

> (X — Xo)(Y; — Yo)
V(X = X0)2 3, (Y — Yo)?
for two (e.g. cross section) quantities X
and Y, using a particular PDF set “0”
with its uncertainty sets “i”:

p(X,Y)=cosp=

p =0, +1(-1) for uncorrelated,
completely (anti-)correlated quantities

pdf uncertainty (percent)

100

90% cl MSTW2008 pdf uncertainties on
NLO top, (gg—) Higgs cross sections
at 7 TeV LHC and Tevatron

—y
o
T 1

G(It LHC)
o(H, LHC)
o(H, TeV)
o
of

H, TeV) / o(it, LHC)
H, LHC) / o(it, LHC)

200 300 400 500

M, (GeV)



® sets used: MSTW 2008, CT10, GJR08, ABKMO9,
HERAPDF1.5*, NNPDF2.1*

® four Higgs production mechanisms studied
(ggH, VBF, WH, ttH) and many other SM (W, Z,
t, b,...) processes

® results presented for the individual PDF sets and

for the PDF4LHC average (defined here with CT10,
MSTW2008, NNPDF2.1)

® og variation can be omitted or included (small
changes In most cases)

* requires modified definition of p because of the way that the uncertainties are

defined for these sets
38



PDF4LHC average correlations
Higgs vs. Higgs and Higgs vs.
other SM

strong correlation:
ttvs. 99Hheavy: Hjight
WZvs. WH

- same PDFs, similar x

weak correlation:

ttH vs. WH
- different PDFs, different 22

anticorrelation:

W, Wy vs. ttH
- hi/lo x

120 Gev 160 GeV
ggd  VBF WH ttH ggH VBF WH ttH
geH I 06 02 -02 gzH I 06 D04 02
VEF 06 1 06 -04 VEF 06 1 0.6 -0.2
WH 02 086 1 -02 WH 04 06 1 0
£t H 02 04 02 1 ttH 02 02 0 1
W 02 06 08 -08 W 04 04 06 04
WW 04 08 1 -02 WW 04 06 03 -02
WE -0z 04 08 -04 WE 04 04 03 02
Wy 0 06 08 06 Wy 04 06 06 06
WhwE | -02 086 1 02 WhE | -02 06 03 -02
tt 02 04 04 1 £t 04 -04 02 08
th 04 06 1 -0z th 04 06 1 0
t{—Big | 0.4 0 ] 0 t(—TFlg | 0.6 0 0 0
200 Gev 300 eV
ggH  WBEF WH ttH zgH WBEF WH ttH
geH 1 -06 -04 04 gt 1 -04 202 046
VEF 06 1 06 -0.2 VEF 04 1 04 -02
WH 04 086 1 0 WH 02 04 1 02
tTH 04 02 0 1 tTH 06 02 02 1
W 06 04 06 04 W 06 04 04 06
WW 04 06 08 -02 WwW 04 06 08 02
WE 04 04 08 -02 WE 06 04 06 04
Wy 04 04 06 -08 Wy 06 04 04 06
WhE | -02 06 08 -02 WLt | -02 04 08 02
tt 06 04 02 08 £t 1 04 0 08
th 04 06 08 0 th -04 04 08 02
ti—b)g | 06 02 0O 0 ti—blq | 04 02 0 02
500 Gev
ggH VBF WH ttH
geH I @14 0 08
VEF 04 1 0.4 -02
WH 0 0.4 1 0
tTH 08 02 1
J 06 04 02 06
WwW 04 06 0.6 04
WE 06 04 0.6 04
Wy 06 04 02 06
Wkt | 04 04 06 -D4
T 1 04 0 08
th -04 04 08 -02
ti—hig | 02 02 0 -02




Note!

Caormealation with ggF Comelation with ggF

Cormralation with ggF
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Caomrealation with ggF

Caormalation with ggF
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summary

knowledge of PDFs continues to improve

the ‘global fit' sets (MSTW, CT, NNPDF) are becoming more similar;
origin of residual differences Iargely understood

sets fitted without Tevatron jets (HERAPDF, GJR, ABKM) tend to give
smaller high-x gluons - VISIb|e differences in LHC cross section
predictions (e.g. top)

PDF4LHC Workshops have provided an extremely valuable forum for
understanding and comparing PDFs

PDF dependence of 7 TeV LHC cross sections and correlations has
been studied; fitting to LHC data has already begun

for gg=>H with M,~125 GeV, combined PDF+ag uncertainty is ~ +7%;
uncertainty increases with My, and is similar for NLO and NNLO

for qgbar > WH,ZH with M,~125 GeV, combined PDF+ag uncertainty

is ~ +3.5%, slightly anticorrelated with gg>H (p = -0.2) 42
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7/ TeV LHC top cross section predictions

180

o (pb)

170

160

150

140

130

NNLO (approx.) tt cross sections at the LHC (\'s = 7 TeV)

200

190

NLO tt cross sections at the LHC (\'s = 7 TeV)
: | T T T | T T T I T T T | T T T | T T T I :
T m™™ - 171.3 GeV et
- 68% C.L. PDF ]
C @ vstwos _
O et _..--1 Il CTEQ6s6 |
aUT A cT10 7
. () NNPDF2.1 ]
ol (] HerapoFi0 |
" Vertical error bars J.l {; ABKMO9 ]
I  Inner: PDF only -
_— Outer: PDF+oig GJR08 ]
— | 1 1 1 | 1 1 I 1 1 | 1 1 1 | 1 o |
0.114 0.116 0.118 0.12 0.122 0.124

mP* = 171.3 GeV

._
o

G4 (pb)

180

170

160
150
140
130
120

110

Vertical error bars
Inner: PDF only
Outer: PDF+og

68% C.L. PDF

@ vstwos

B HERAPDF1.0
A ABKMog
GJR08/JR09

Closed symbols: NNLO

Open symbols: NLO
| 1 1 1

Note: ~80%

| 1 1 I 1
0.11 0.115

gg production

| 1 1
0.12 0.125

Sz (pb)

6 (Pb)

200
190
180
170
160
150
140
130
120

110

plots from G. Watt

NLO tt cross sections at the LHC (\s = 7 TeV)

ctions at the LHC \Ns =7

19’0 N | T T T | T T T | T T T I T T T | T T J| _]
C mP™ = 1713 GeV "]
180~ s
170 = .
160 :— ) - 90% C.L. PDF —:
- = @ mstwos 3
150 .-n7 0 ---| W cTEG6.6 -
= - . A cTi0 7
140" ezt () NNPDF2.1 |
- i [ HERAPDF1.0 | J

[ Vertical error bars () ABKMOg .
130 inner: POF only | =
C Outer: PDF+o GJR08 7
120 C_1 I I I | I | I I I |- I I | I 1 |
0.114 0.116 0.118 0.12 0.122 0.124

2
ag(M2)
NNLO (approx.) tt cross se TeV)

mP™® = 171.3 GeV

T T T T,

Vertical error bars
Inner: PDF only
Outer: PDF+og

90% C.L. PDF

@ wstwos

B HERAPDFi.0

A ABKMO9
GJROBIR09

Closed symbols: NNL
Open symbols: NLO

0]

1 I 1
0.11

1 | 1
0.115

1 I 1 1
0.125

0.13

oig(M2)



luminosity uncertainty (%)
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15 1L
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68% C.L. parton luminosity uncertainties
at 14 TeV LHC (MSTW2008NLO)
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——aqgbar - X i
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where G =g + 4/9 Eq(q + gbar)
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3 Total top-pair production cross-section 10
o (pb) Tevatron LHC7 LHC10 LHC14
NLO 650100 (5o SIS 3go T gypteTia
NLO-+NLL 6.57 0ot 1517958 382750 848 T136HA0
NLO-+NNLL 6.77 1AL to R 1557575 300 TATIT 858 TR
NNLO......(3) 710008000, 162151 407 2T 895 T24t3
NNLO..(8) + NNLL 71310 2at0a0 162111 40573447 g2 TR
NNLO.,.(8) + NNLL+BS ~ 7.1470204028 1621110 4077417 gop TIETA
(m¢ = 173.1 GeV, jiy = mt, MSTWOSNNLO) ( Beneke, Falgari, Klein, CS preliminary)
e Resummation in momentum space using fixed p. from minimising .&as'i'];to(ps)
= ji. = 85/146 GeV for Tevatron/LHC7: no big scale hierarchy
® vary pe, pn, py from 054 < p < 24, add uncertainties in quadrature
e (N)NLL includes (N)LO Coulomb resummation
e BS: include bound-state contributions below threshold
e Preliminary estimate of uncertianty from «2C'? terms: ~ 3%
C. Schwinn Threshold effects for tops and squarks Heavy Particles@LHC Zurich




benchmark NLO top cross sections
at 7 TeV LHC

c (pb) 0o (pb) comment
ABKMO09 139.55 7.96 combined PDF and a,
CTEQG6.6 156.2 8.06 combined PDF and o, *
GJRO08 169 6 PDF only
HERAPDF1.0 147.31 +5.18 -13.76 combined PDF and og**
MSTWO08 168.1 +7.2-6.0 combined PDF and o ***
NNPDF2.0 169 14 combined PDF and o ****
Mp= 171.3 Gev* * +6.63 (PDF) +4.59 (o)
zero width approximation, ** expt.+model+param.+as , see report for details
no branching ratios *k 14, 7-5.6 (PDF) +3.8-4.6 (o1,)
68% cl uncertainties wok 16 (PDF) 4 (o)

scales yrp= ur = Miop

Note: 56y, (Pb) = -58my,, (GeV)

*PDG2011 value is 172.9+0.6+0.9 GeV
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oy (pb)

Ratio to MSTW08 (90% C.L.)
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PDF + og uncertainties in jet cross sections

Inclusive jet cross sections with MSTW 2008 NLO PDFs

Tevatron,\'s = 1.96 TeV LHC,\'s = 14 TeV
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A benchmarking exercise was carried out to which all PDF groups were mvited to participate. This
exercise considered only the-then most up to date published versions/most commonly used of NLO
PDFs from 6 groups: ABKMO09 [2]. [3]. CTEQG6.6 [4]. GIR08 [7]. HERAPDEF1.0 [8]. MSTWO08 [9].
NNPDF2.0 [10]. The benchmark cross sections were evaluated at NLO at both 7 and 14 TeV. We report
here primarily on the 7 TeV results.
All of the benchmark processes were to be calculated with the following settings:
1. at NLO in the M S scheme

all calculation done in a the 5-flavor quark ZM-VENS scheme. though each group uses a different
treatment of heavy quarks

b

at a center-of-mass energy of 7 TeV

for the central value predictions, and for £68% and +-90% c.l. PDF uncertainties

with and without the o uncertainties, with the prescription for combining the PDF and «a errors
to be specified

Do W

6. repeating the calculation with a central value of as(mz) of 0.119.

To provide some standardization. a gzipped version of MCFMS5.7 [25] was prepared by John
Campbell. using the specified parameters and exact mput files for each process. It was allowable for
other codes to be used. but they had to be checked against the MCFM output values.

Includes ttbar total production cross section with:
my,,= 171.3 GeV
zero width approximation, no branching ratios
scales up= ug =My, -




data sets used in MSTW fit

Data set Npts.
H1 MB 99 et p NC 8
H1 MB 97 etp NC 64
H1 low Q2 96-97 et p NC 80
H1 high Q2 98-99 e—p NC | 126
H1 high Q2 99-00 eTp NC | 147
ZEUS SVX 95 eTp NC 30
ZEUS 96-97 e™p NC 144
ZEUS 98-99 e—p NC 02
ZEUS 99-00 eTp NC 90
H1 99-00 e*p CC 28
ZEUS 99-00 etp CC 30
H1/ZEUS e*p F,_&"hal’m 83
H1 99-00 e™p incl. jets 24
ZEUS 96-97 e™p incl. jets 30
ZEUS 98-00 e=p incl. jets 30
D@ 1l pp incl. jets 110
CDF Il pp incl. jets 76
CDF Il W — [v asym. 22
DO Il W — [v asym. 10
DD Il Z rap. 28
CDF Il Z rap. 29

Data set Npts.
BCDMS up F, 163
BCDMS ud F> 151
NMC pup Fo 123
NMC pd F 123
NMC pn/pp 148
E665 up Fo 53
E665 nd F» 53
SLAC ep Fo 37
SLAC ed F> 38
NMC/BCDMS/SLAC F; 31
E866/NuSea pp DY 184
E866/NuSea pd/pp DY 15
NuTeV vN Fo 53
CHORUS vN F; 42
NuTeV vN xf3 45
CHORUS vN xF3 33
CCFR vN — ppX 86
NuTeV vN — ppX 84
All data sets 2743

® Red = New w.r.t. MRST 2006 fit.
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MSTW Iinput parametrisation

At input scale Q2 =1 GeV?:

xuy = Ay x™(1 — x)"2(1 + €y VX + Yu x)

xdy = Ag xP(1 — x)"(1 + eg /X + vq x)

xS = As x5 (1 — x)"5 (1 + €5 v/X + 75 x)
xd — xii = Ap x5 (1 — x)5T2(1 + va x + dp x°)

XE = Agxf5 (]'_X) (1+ﬁg \/_+ )+Agr X(Sg"

xs + x5 = AL x% (1 — x)"" (1 + €5 \/§+¢5 x)
xs —x5=A_x°(1—x)" (1 - x/x0)

Note: 20 parameters allowed to go free for
eigenvector PDF sets, cf. 15 for MRST sets

(1 —x)"
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which data sets determine which partons?

Process Subprocess Partons r range
(={p,nt — =X ~q — q q.q,q x = 0.01
(n/p— (X vd/u— dfu d/u x = 0.01

pp— prp X

o

uit, dd — ~y

q 0.015 < 2 < 0.35

pn/pp — ptp— X (ud)/(uti) — ~* d/u 0.015 < 2 < 0.35
V()N — = (pH) X  Wrqg— ¢ q,q 0.01 < <05
vN — pu pt X W*s — ¢ S 0.01 < <02
vN — s X W*s — ¢ 5 0.01 <2 <02
et p— et X v'q — q q,4q.q 0.0001 < x < 0.1
etp—1vX WH{d, s} — {u,c} d, s x = 0.01

etp — et cc X v'e — ¢, v'g — cc c, g 0.0001 < 2 < 0.01

etp — jet + X

Y9 — qq

g 0.01 <2 <0.1

pp — jet + X
pp — (I-Vi Ny v) X
pp — (Z — f—i_f_))f

99,499,499 — 2
ud — W ad — W
uu, dd — Z

9.9 0015205
w,d, u., d x = 0.05

d x> 0.05




MSTW 2008

LO vs NLO vs NNLO?

~ 2 2
2 | O(x.Q)ypra (Fy(Q ) pxedrarged) + € ® HI

A ZEUS
* NMC
¥ BCDMS
© SLAC

= %=0.0005 (c=0.35)

In the MSTW 2008 fit

%=0.00016 (c=0.4)
oo %=0.0013 (c=0.3)

3066/2598 (LO)

- ; 2 (e=0.25)
12 giobar 100f= 2543/2699 (NLO) T s
2480/2615 (NNLO)

LO evolution too slow at small x; %5

NNLO fit marginally better than NLO ' S L T s
Note: 05
* an important ingredient missing in the full R TR0
NNLO global PDF fit is the NNLO correction e aa s S Tieetel e

to the Tevatron high E+ jet cross section M RE
® LO can be improved (e.g. LO*) for MCs by . =035 (e0.0)
adding K-factors, relaxing momentum NNLO  emeeev NLO o LO
conservation, etc.

| 10 10" Q¥Gev?) 107
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