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Background/Motivation

® \What about pdf's for parton shower Monte Carlos?
+ standard has been to use LO pdf's, most commonly CTEQSL/
CTEQG6L, in Pythia, Herwig, Sherpa, ALPGEN/Madgraph+...
® ...but
+ LO pdf's can create cross sections/acceptances that differ in both
shape and normalization from NLO due to influence of HERA data

¢ ...and are often outside NLO error bands
+ experimenters use the NLO error pdf's in combination with the central
LO pdf even with this mis-match
A causes an error in pdf re-weighting
+ predictions for inclusive observables from LO matrix elements for
many of the collider processes that we want to calculate are not so

different from those from NLO matrix elements (aside from a
reasonably constant K-factor)

® .. but

+ we like the low x behavior of LO pdf's and rely upon them for our

models of the underlying event at the Tevatron and its extrapolation to
the LHC

® thus, the need for modified LO pdf’s




Where are the differences between LO and NLO partons?
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For example, the shape of the W* rapidity
distribution is significantly different than the
NLO result if the LO pdf is used, but very
similar if the NLO pdf is used.



Where are the differences?
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CTEQ talking points

® L O* pdf's should behave as LO as x->0; as close to
NLO as possible as x->1

® L O™ pdf's should be universal, i.e. results should be
reasonable run on any platform with nominal physics
scales

® |t should be possible to produce error pdf's with
+ similar Sudakov form factors
+ similar UE
+ SO pdf re-weighting makes sense

® |O* pdf's should describe underlying event at Tevatron
with a tune similar to CTEQGL (for convenience) and
extrapolate to a reasonable UE at the LHC




CTEQ

Sudakov form factors form the
basis for parton showers
Typically at both the Tevatron and
LHC, MC events are generated

with a LO pdf and then pdf
uncertainty is evaluated by

performing a pdf re-weighting
using the NLO error pdf's

Works if Sudakov is the same for
the LO pdf and the NLO error
pdf's

NLO pdf error band very small
LO Sudakov outside this error
band, so ISR not correct for re-
weighted events generated using
LO pdf

Need to generate MC events and
to evaluate pdf's with same order
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CTEQ

Underlying event
® hep-ph/0803.3633 i+ s

(Mike et al)
demonstrated that
UE variation within
NLO error set of
CTEQ®6.1 was small
(LO gluon behavior
similar for all 41
pdf’s)

® May not be true for
larger variation of low
X gluon
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“Transwarse™ Changad Dansity
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Tune DW 1.9409 3517 31720 549.2
Tune DWT 1.9409 351.7 26001 829.1
ATLAS 2.0046 3245 27457 Tos.0
Tune D6 1.83587 306.3 1.0059 546.1
Tune D6T 1.83587 306.3 15184 T86.5
Tune QK 1.9409 2505 31730 422.0
Tune QKT 1.9409 259.5 26001 S88.0

FNAL-CMS MC Generator Meeting

June 7, 2007

= Average charged particle density and
PTsum density in the “transverse”
region (pt =~ 0.5 GeV/c, |n| = 1) versus
Pr(jet#1) at 1.96 TeV for PY Tune DWW,
Tune D6, and Tune QK.

Rick Field — Flovida/CM5 Page 11




CTEQ

® [nclude in LO* fit (weighted)

pseudo-data for characteristic
LHC processes produced
using CTEQG6.6 NLO pdf’s
with NLO matrix elements
(using MCFM), along with full
CTEQG.6 dataset (2885
points)
+ low mass bB
a fix low x gluon for UE
o tT over full mass range
a higher x gluon
o W*W-.Z0 rapidity
distributions
A quark distributions
¢ gg->H (120 GeV) rapidity
distribution

CTEQ techniques

Choices

Use of 2-loop or 1-loop o
¢ MC preference for 2-loop?

Fixed momentum sum rule, or not

+ re-arrange momentum within proton
and/or add extra momentum

+ extra momentum appreciated by some

of pseudo-data sets but not others and
may lose some useful correlations

Fix pseudo-data normalizations to
K-factors expected from higher
order corrections, or let float

Scale variation within reasonable
range for fine-tuning of

agreement with pseudo-data

+ for example, let vector boson scale
vary from 0.5 mg to 2.0 mg

May provide pdf’'s with several of
these options for user

That point has not yet been
reached on the decision tree



Tools

CTEQ global fitting package with Vista: partitioning into final states
CTEQG6.6 global data set plus
NLO pseudo-data

MCFM
VISTA

+ atool developed (by Steve
Mrenna and Bruce Knuteson)
to perform a global analysis ~350 boxes
of collider data with an eye to Implement the
discovering new phenomena Look in many final states Standard Model

Final State ChiZ2 data kg
.
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K-factors (NLO/LO)

Sometimes it is useful to define a K-factor (NLO/LO). Note the value of the K-factor
depends critically on its definition. K-factors at LHC (mostly) similar to those at Tevatron.

Table 1. K-factors for various processes at the Tevatron and the LHC, calculated
using a selection of input parsmeters. In all cases, the CTEQGM PDE =et is used
at NLO. K uses the CTEQBL1 sot at leading order, whilst K/ uses the same set,
CTEQEM, as at NLO. Jets satisfy the requirements pr > 15 GeV and |i| < 2.5 (5.0)

CHS at the Tevatron (LIC). In the W42 jet process the jets are separated by AR = 0.52,
whilat the weak boson fusion (WEF) caleulations are performed for o Higgs of mass
120 GeV.
Typical srales Tevatron K-fartor LHC K-fartor K-factors may differ
Process Ho Kluo) Klpp) Klipe) Kpo) Klug)  Klue) from unity because _
- of new subprocesses/
W Ty i.”ifil_iﬁr' 1.33 1.31 L.21 115 1.05 1.15 contributions at higher
W1 et - ' o142 120 143 121 132|142 S :
W4 2 jets my (p2) 116 091 120 om0 o0ss |10 | Orderandior
tf m, 2me 105 13 1210 14 159 |14s | differences between
b my  2my 120 121 210 098 084 || LO and NLO pdf's
Higge via WEF  my {pﬁfc} L.O7 0.97 L.O7 1.23 1.34 1.00
Higgs + 1 jet 1.42
Higgs + 2 jets 1.15

tT + 1 jet 119 137 126 097 129 1.10



Some observations

® Pseudo-data has conflicts with global data set
+ that’s the motivation of the modified pdf’s

® Requiring better fit to pseudo-data increases chisquare
of LO fit to global data set (although this is not the
primary concern; the fit to the pseudo-data is)

+ 2 improves with oy free in fit
¢ 2 improves with momentum sum rule free

a prefers more momentum, smaller o

a hormalization of pseudo-data (needed K-factor)
gets closer to 1

a still some conflicts with DIS data that don’t prefer
more momentum

+ x? typically improves if K-factors can vary from
values given in previous slide



Example: gluon distribution
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® Additional
normalization still
needed, but
somewhat smaller
than with pure LO
pdf

Shapes for
pseudo-data fit
better (by

construction)
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Error pdf's

® In order to be truly useful, there
should be accompanying error pdf’s
of a similar character as the LO* pdf's

+ so at the least, experimenters will
not mix the NLO error pdf’'s with a
central LO pdf

a but maybe not so bad as far
as gluon radiation is
concerned if same o, used

Ao would still be a problem for
UE if low x gluons are
different

® But error pdf's imply a level of
precision that is inherent to NLO

+ at NLO, we can construct an
orthonormal set of eigenvectors
accompanying a level of
precision corresponding to a
given change of Ay? in the global
fit

+ thatlevel of Ay?, that variation,
less well defined for LO fits

2-dim (i,j) rendition of d-dim (~16) PDF parameter space

contours of constant y2 global

u;: eigenvector in the I-direction
p(i): point of largest a; with tolerance T %
(i) S, global minimum p(0)

diagonalization and

rescaling by
the iterative method

« Hessian eigenvector basis sets

(a)

(b)
Original parameter basis Orthonormal eigenvector basis

Figure 28. A schematic representation of the transformation from the pdf parameter basis to the
orthonormal eigenvector basis.

® \Ve are currently working on several
ways of implementing this at LO*, but
we have not finished stuffing the
sausage casings yet



predictions for LHC

¢ processes such as W/Z/
Higgs(both SM and BSM)/
diboson/tT/single top/photons/
jets...

o atLO, NLO, NNLO (where
available)

a new: W/Z production to NNLO
QCD and NLO EW

+ pdf uncertainty, scale uncertainty,
correlations

+ impacts of resummation (q; and
threshold)

As prelude towards comparison
with actual data
Using programs such as:

+ MCFM

+ ResBos

+ Pythia/Herwig/Sherpa

¢ ... private codes with CTEQ

First on webpage and later as a
report

CTEQ4LHC/FROOT

® Collate/create cross section Primary goal: have all theorists write out parton

level output into ROOT ntuples

Secondary goal: make libraries of prediction

ntuples available

FROOT: a simple interface for writing
Monte-Carlo events into a ROOT
ntuple file

Written by Pavel Nadolsky
(nadolsky@pa.msu.edu)

CONTENTS

froot.c -- the C file with FROOT
functions

taste_froot.f -- a sample Fortran
program writing 3 events into a
ROQOT ntuple

taste_froot0.c -- an alternative top-
level C wrapper (see the compilation
notes below)

Makefile



PDF Uncertainties and FROOT

Z production in ResBos
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9 d —El? M ﬁl P ~ Name Date Modified Size
|AII Folders |Contents of "/ROOT Files/reshos_lhc_z0.root’h10" | res221 z0 Ihc_aaana00.root Aug 20, 2006, 2:54 PM 52.9 MB
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- - - - - - - | res221_z0_lhc_aaana07.root Aug 20, 2006, 2:56 PM 52.9 MB
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b | res221_z0_lhc_aaana09.root Aug 20, 2006, 2:56 PM 52.9 MB
| res221_z0_lhc_aaanalO.root Aug 20, 2006, 2:56 PM 52.9 MB
| res221_z0_lhc_aaanall.root Aug 20, 2006, 2:56 PM 52.9 MB
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. t L @.éi + 2006,
new Way, a p Welg S S F lhc_aaanal5.root Aug 20, 2006, 2:57 PM 52.9 MB
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in ntuple, events generated once e
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l@. Wa ?eszz1_zO_Ihc_aaana29.root Aug 20, 2006, 3:00 PM 52.9 MB
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9 items, 4.36 GB available

/¢ re-define variables for each pdf 1,2,3,...
/¢ use fin-xSetBranch rather than hi@

float Px_e,Py_e,Pz_e,E_e;
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MCFM 5.3 will be FROOT-able
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SpartyJet

What is SpartyJet?

“a framework intended to allow for the easy use of
multiple jet algorithms in collider analyses”

Fast to run, no need for heavy framework

Easy to use, basic operation is very simple

Flexible

ROOT-script or standalone execution

“on-the-fly” execution for event-by-event

results

many different input types

different algorithms

output format

JetBuilder

basically a frontend to
handle most of the details of
running SpartyJet

not necessary, but makes
running SpartyJet much
simpler

Allows options that are not
otherwise accessible

text output

add minimum bias events

wsyxtm> 'hhs/hh] ;
gSystem->Load("libs/LCDFJet, w1th ]ethlder
StdTextInput textinput(*data/J1_Clusters.dat

JetBuilder builder;

lmdderumﬁam ‘input((InputMaker*)Stextinput);

bmlder add_default_alg( new cdf: Jacl\utﬁndex( ‘myJetClu”);
uilder.set_default cut(0, 1*textinput getGe'

bmldercanﬁnme output
l SDEIWJQI B Olm’u'lﬂmplem )

atlas:: CBN']I\Ifut input;

JetAlgorithm * alg = new JetAlgorithm(*MidPointJets");

etPtSelectorTool *selec = new JetPtSel lcmﬂ'nd(l‘(}ev)
‘MidPoint * midpoint = new MidPoint("TOTO")

alg->addTool((JetTt unl‘))mdpumt)
alg->addTool((JetTool*)

alg->execute(injets, ml'a&)

ntp.set data( ‘MidPointjets", outjets);
ntp filljets()

clear jetlist(injets);

clear jetlist(outjets);

input->filllnput(5,injets);
alg->execute(injets, mlqeh)

nip.set dala( ‘MidPointets", outjets);
ntp filljets() ;

Available Algorithms

CDF - JetClu

- MidPoint (with optional second pass)

DO - DORunlICone

(from Lars Sonnenschein)

ATLAS - Cone

- FastKt
Fast]et (from Gavin Salam and Matteo Cacciari)

- FastKt

- Seedless Infrared Safe Cone (SISCone)
Pythia 8 - CellJet

“on-the-fly” method

no input data file, no output data file

from other C++ programs, call a variant of
= Sparty]Jet::getjets( , )

Currently supported data types:

Sparty]Jet::getjets(
Sparty]et::getjets(

Sparty]et::getjets(

Sparty]Jet::getjets(

reconstruct
individual

in context
of
analysis




Gui interface

—canvas_group
num cols — num rows

a4 0

Resetl CIearI

—Event by Event plots Run plots
Algorithms Algorithms
p Fastkis p FastKis I_ Fastkt3 l_ Fastkts

Previous Eventl 0 il Mext Event

“ e  pt
__ Operations .

[~ Print jet quantities

[~ Snowhdass potential plotted var

[~ DwsZ plot selection

v Lego plot 0 __Fasu(taw,m P_(GeVic) )
[~ 2D view first evt

Draw
Options| Im-,,.,

—On-The-Fly_group
Add Algorilhml

0 Number of plots in canvas
1 Event-by-event qui
What event
What algorithm to draw
What to plot
2 All sample plots
~interface to Tlree::Draw




2:Interactive plots
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Abstract

In this paper, we will develop the perturbative framework for the calculation of hard-scattering
processes.  We will undertake to provide both a reasonably rigorous development of the
formalism of hard-scattering of quarks and gluons as well as an intuitive understanding of the
physics behind the scattering. We will emphasize the role of logarithmic corrections as well as
power counting in &g in order to understand the behaviour of hard-scattering processes. We will
include ‘rules of thumb’ as well as “official recommendations’, and where possible will seek
to dispel some myths. We will also discuss the impact of soft processes on the measurements
of hard-scattering processes. Experiences that have been gained at the Fermilab Tevatron will
be recounted and, where appropriate, extrapolated to the LHC.
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Abstract

In this article, we review some of the complexities of jet algorithms and of the resultant comparisons of
data to theory. We review the extensive experience with jet measurements at the Tevatron, the extrapolation
of this acquired wisdom to the LHC and the differences between the Tevatron and LHC environments.
We also describe a framework (SpartyJet) for the convenient comparison of results using different jet
algorithms.
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