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Recent Measurements: Requires Theoretical Improvements

. . -1 o~ _
Hl & ZEUS CJMS. preliminary _ 234 pb™ at |\/S._?Te.v

W charge asymmetry

2 % ¥ 2 g 33 23 8 £ 8 2 8 B §38RIRRES 0.3
xS 2 2282 28 g8 2 5oz ooz el dRledlo
ER= R === = = == == = = === = = = -
1 il E_ = p,” > 25 GeV
IS
e
e g
0 <q'§ 0.2
© >
g’ _<CY5 MCFM:
2 O HERAPDF1.0
o pd -=== MSTW2008NLO
- = o — — CTi0W
= .0 é’ NNPDF2.1 (NLO)
. ® HERA prehmmary — ACOTfull  — b-Satdipole i = 0.1
= HERAPDF1.0 ---  ACOT-y == b-CGCdipole @ %
L — Q>35GeV? FFNS £ |
0.2 Q*%5GeV? — NNLO 0,=0.1176 < 2
RT optimizedI NNLO ocS_O 1146 | W Muon Pseudorapidity |
10 10° g T F :
Q2 / GeV2 o _ ATLAS ]
— r___ ATLAS
$ 1200 i, E
8 o s :
| i
0 - — PRELIMINARY T I A U =
02— ; E$= Data 2010 (s = 7 TeV) E
- L A MSTWO8
0 :_ i HERAPDF1.5 —}— Uncorr. uncertainty ﬁ—
C C ABKMO9 [ Total uncertainty ]
-0.2 C JR09 ]
L — CT10 - ]
— NI R
-0.4 r — CT10W LHC-B % 1 ]
Z + LHCB Q 4
-0.6 [ NNLL-NLO+K, ResBos 2 0.9
C . . L P R A P D
1.5 2 25 3 3.5 4 4.5 =
ml Zhao Li, 2011

Fred Olness 19 March 2012 LHC Benchmarks Jan Kretzschmar, 7.3.2012 — p.5




ACOT

NNLO + N3LO

Stavreva, Olness, Schienbein, Jezo, Kusina, Kovarik, Yu
arXiv:1203.0282
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ACOT Extension to Higher Orders :

LO NLO  N2LO N3LO
N,
/
68

Full ACOT

Based on the Collins-Wilczek-Zee (CWZ) Renormalization Scheme
... hence, extensible to all orders

DGLAP kernels & PDF evolution are pure MS-Bar
Subtractions are MS-Bar

ACOT: m — 0 limit yields MS-Bar
with no finite renormalization
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ACOT m- 0 limit yields MS-Bar:

No finite renormalization 7
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Not just a theoretical statement!!!
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PATCH FOR TESTING: HMASS=0=

ACOT m - 0 limit cross check with QCDNUM at NLO

IHADRON: SET TO HADRON= 1
GZ and zZZ are for testing
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ACOT Extension to Higher Orders 1(

LO N2LO N3LO

SEre

Full ACOT Extensible to any order
o= f(&(x,mps), Q) ® 6(Mayn) Distinguish:
y 11tps /> dyn 7 ”
phase space” mass
o 2 “dynamic” mass
E(x,mps) =x | 1+ { P S]
( ’ ps) Q Demonstrate:

1) PS mass dominates
n=10,1,2; 2) Estimated Error small
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Identify Two Types of Mass Depencence: “dynamic” & “phase space” 1
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“phase space” mass yields larger variation. Not a proof, but ....
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EFFECT OF MASS SCALING @ N3LO (Phase Space Mass)
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EFFECT OF MASS SCALING @ N3LO (Phase Space Mass)

Scaling:

- N=O0 (massless) y== [1 +
- N=1 (Barnett)
2~ N=2 (ACOT X)

(ﬂg&;)T

“Worst Case™
Uncertainty due to

1 - scaling 1s small
| FL
- x=10"
I . : I : ]
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Selection of diagrams that contribute at NNLO and N3LO
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Master formula for decomposing the flavor components

T.P. Stavreva, I Schienbein

6
Iy
F — E F J The Goal: Convert from ‘]4’1
i,

{s, ns, ps} to {q,g, ...} . .
l J

s E =gt w{ e [y =0) 5,

+O25G) = €5, = )]
_()0) O () — (20D op (5 - 1>}

Issues: Flavor separation: %

New diagrams at this order
e c,b, goes down beam pipe

* both ¢ & b in final state 5_—
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FLAVOR DECOMPOSITION 1¢

Lor ‘  B
| Ensure heavy quarks are
08 - suppressed at low Q scales
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FLAVOR DECOMPOSITION: Final State Quark:
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A Complementary Approach

S-ACOT ¥
at NNLO

led by Marco Guzzi and Pavel Nadolsky
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Drastic .--scale reduction in £5(z, Q%) at NNLO
LH PDFs Q=2 GeV, m.=1.41 GeV

3.5 Scale dependence
long dash: S-ACOT-y NLO
solid: S-ACOT-y NNLO

short dash: FFNS NNLO Nf=3 7 S'ACOT X

3.0
: A MSTWO08-NNLO- v ]
25 ®FONLL-C-y for Neutral Currents
g ’
%20 based on Smith vanNeerven
o
% 15
9 L
iof key step for NNLO PDFs
: (see Pavel's talk)

0.5

0.0 | | | | | | ‘
107° 10% 1073 0.01 0.02 0.05 0.1 0.2
X

By using S-ACOT-y we obtain a drastic reduction of the
theoretical errors compared to the NLO computation.
Marco Guzzi (SMU) DOE-2011 DOE Meeting 10/31/2011 8
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Les Houches
Comparative Studies

Excellent progress in addressing how to compute heavy quarks

The Cast:

Thorne-Roberts (TR')
MSTW Fits

Thorne, Phys.Rev.D73:054019,2006.

Work is continuing

Many of the above incorporated

Les Houches Report. in HERA-Fitter 24
J. Rojo, et al., arXiv:1003.1241 [hep-ph]



Les Houches Comparative Study
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Numerically similar

The SM and NLO Multileg Working Group: Summary report.

J. Rojo, et al.,

Fred Olness

e-Print: arXiv:1003.1241 [hep-ph]
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Done

nuclear par-h::n distribution functions

nCTEQ project is an extension of the CTEQ collaborative effort to determine parton distribution functions inside
of a free proton. It generalizes the free-proton PDF framework to determine densities of partons in bound
protons (hence nCTEQ which stands for nuclear CTEQ). More details on the framework and the first results can

nCTEQ

be found in arXiv:09072357 [hep-ph].

The effects of the nuclear environement on the parton densities can be shown as modified parton densities
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curves show PDF in protons bound in nuclei - from deuterium (red) to lead (brown).
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Nuclear Corrections: Compare Neutrino and Charged Lepton DIS 27
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ACOT at NNLO and N3LO 2¢

This technique provides an NNLO & N3LO extension of ACOT

“Phase space” mass 1s included via rescaling
Dominant effect for LO & NLO

F2: Stable.
LO and NLO have full m-dependence
N2LO and N3LO very similar

FL: More complex as NLO corrections are large (Callan-Gross)
N2LO and N3LO terms converge

Heavy quark terms vanish for low Q;
this moderates mass effects

Thanks to: K. Kovarik, A.Kusina, T.P. Stavreva I Schienbein, J.-Y. Yu,
P. Nadolsky, M. Guzzi, J. Owens, J. Morfin, C. Keppel, D. Soper ...
& the HERA-PDF Working Group
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Recent Results from EW Moriond 2012

W, Z data sensitivity to strange sea

@ ATLAS performed NNLO QCD fitto Z, W+, W~ + HERA ep DIS cross
sections: significant tension for Z observed when suppressing strange

by 50% at low scale 1.9 GeV?

@ Fit with free strange sea gives

No supression
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nCTEQ Nuclear PDF's

v CTEQ style global fit extended
handle various nuclear targets

v CTEQ Data + nuclear DIS & DY

[~19 targets; ~2000+ data]

v A-dependence modeled;
NLO fits work well

A-Dependent PDFs

vf(x) = 2" (1 -x)e" (1 +e"n)"

a; — a;(4)
ap=d; ota ( I _A_ak’z)

Kovarik, et al., PRD
|. Schienbein, J.Y. Yu, C. Keppel, J.G. Morfin,
F. Olness, J.F. Owens. Phys.Rev.D77:054013,2008.
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do/dy(W") at Tevatron

W Production at LHC: A Benchmark Cross Section

Tevatron tot LHC tot
ud T ud
0.1 Lm)
—
cs ® .
—_
+
0.01 - us E
ey
~
\ Qo.oit
o
e LI S R B
Boson Rapidity y Boson Rapidity y

* Larger Energy [l probes PDFs to small momentum fraction x

» Larger Rapidity (y) 0 probes PDFs to really small x
» Larger fraction of heavy quarks

Heavy Quark components play an
increasingly important role at the LHC
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How well do we know the Strange PDEF???

- CTEQ-6.6 2G
S «=—_  Not SO

[CTEQ-6.5

well

- CTEQ-6.1 .. even after 20 years of PDFs
02- MSTW
: | | | ~ ... extra complication:
000l X 001 0.1 1 nuclear corrections
{9 Strange PDF Uncertainty 0.4 Strange PDF
‘ HERMES |
CTEQ6.1
0.3 ]
1.1 ~ CTEQ6.6 |

0.9

0.05 0.10 0.20 0.50

0.001

0.01 0.1 1.Ben X




PDF Uncertainties [0 S(x)PDF - W/Z at LHC
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