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Closing thoughts based on some of
the talks, with a few provocative
statements to get the discussion

going
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MC: Push for greater pert. control

POWHEG is the word! (NLO +EPS

manuele Re

POWHEG is a powerful method, and

It IS an iImplementation.

The POWHEG method

[Nason, JHEP 0411:040,2004]

@ POWHEG is a method to merge NLO calculations with Parton Showers:

NLO PS
v reduced scale dependence v Sudakov suppression in collinear regions ‘

v better description of high-py tails v parton — hadron corrections not needed

@ In a nutshell, the method can be summarized by the following master formula:
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where

B(®y,) = B(®,) + V(®) + / [R(@n11) — C(Bny1)] dB,
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A(Pn;kr) = exp

and to avoid double-counting the subsequent emissions are p-vetoed.

Matching of parton shower
to NLO (one virtual plus one
real correction) is clearly
theoretically attractive.

Probably still some details in
the implementation to be
cleared up.



MC: Push for greater pert. control

POWHEG is the word! (NLO + PS)  |eaESs

POWHEG Validation with Herwig++ and Pythia8

Shipping with the current release HW++ 2.5
Kiran Joshi, Andy Pilkington, Mike Seymour

P hh—v/Z/W/H/ZH/WH [KH, Richardson, Tully]

University of Manchester
P hh = WW/ZZ/ WZ [KH]

P H— @ Q [Richardson, Winn]

P> Spin correlations in decays [also for real emissions]

2> QCD coherence via Nason’s truncated shower idea S o= !

POWHEG validation conclusion

e University

M Seymour £
The POWHEG method has also “%+ Internallexternal Powheg should be ~identical
been implemented by the Herwig++ + By default they are as different as Pythia
authors. They are investigating + Still haven't identified all differences

differences in results compared to the implementation by POWHEG authors.



MC: Push for greater pert. control

POWHEG is the word! (NLO + PS)

Sherpa features

F. Siegert

¥

POWHEG matching for NLO + parton shower
MENLOPS for POWHEG + CKEKW

Cluster hadronisation model Motivation

» POWHEG:

» NLO accuracy for inclusive observables
Multiple parton interactions * LO accuracy for “+1 jet”
* shower approximation for “+2, 3, ... jets”

Hamilbom, Mason (2010), Hiche, Krauss, Schifmberr, F5 (20105

¥

¥

¥

» Can one do better especially for the high multiplicities?
The POWHEG methOd IS aISO > We already know how to get LO accuracy for “+1, 2, 3,4, 5 jets”™:

. . CKKW-like ME+PS merging
Im ple me nted In S H E R PA » Combination of ME+PS and POWHEG: MENLOPS

» NLO accuracy for inclusive observables
» LO accuracy for observables sensitive to the first n jets (with n up to =z 5, depending on

SHERPA also implements a the process)
method for matching the parton

shower to both NLO and high

multiplicity tree-level > First public availability in Sherpa 1.2.3
» Possible for all processes which are available in Sherpa’s POWHEG
(MENLOPS) p s



Checking the MC description

 Hard, perturbative corrections (extra jets)

* Shower domain (shower profiles and large
ratios of transverse momenta)

» Underlying event, multiple interactions,...

Would like to check each component
iIndependently. Will discuss first a possibllity for
checking the shower, then observables
sensitive to the description of additional hard
emissions.



Analytic resm. to check shower?

A. Banfi

LHC, 14 TeV NLO+NLL (all uncert)

Py > 200 GeV, Iy, ] <1,n;=15 NLO+NLL (sym. scale uncert) £.5.51

PARTON LEVEL NO UE Alpgen + Herwig (parions) EEA
Herwig 6.5

Pythia 6.4 virtuality ordered shower (DWW tune) ———
Pythia & 4 p, ordered shower (S0A tune) - -- --

Sizable disagreement in gluon-dominated samples
(possibility of tuning initial-state shower)



Analytic resm. to check shower?
Event-shape distributions are A Banf
heawvily distorted by NP

Three-jet fractions are hardly
effects (hadronisation + UE)

affected by hadronisation and
underlymg event
0.4 T T T T T r T T
S parions
_ g PYTHIAGADW | | prmasaow pate ]
e e hadrons + UE //ﬂfﬁ.:\ 7 hadrons + UE - - -
o \
LHC p,, > 200 GeV f ;/ "h y e g 8
02 | 4 % Iﬁ'. . I."' <
; pd \ 3
i \ | S
b A e e =
o e o [ e e
g E —~= -F. A b 0 Wrewd : ; | i
-8 £ -4 -2 0 01 0.2 03
@ Comparison to parton level
MC for parton shower tests

@ PT predictions can be
directly compared to data
@ Suitable for tunings of parton | @ Suitable for tests and tunings
of models for UE

ShDWEI‘ P&I‘&IHEtE rs



Checking Hard Corrections

Dijet Production with Jet Veto SRODMHOIEN. Michael Begel

® Measure the hard radiation in the
rapidity interval between two jets:
® sensitive to BFKL dynamics
® sensitive to wide-angle
soft-gluon radiation
® color-singlet exchange y

® This measurement also probes
theory predictions and experimental
techniques relevant for VBF Higgs

searches. this is different than the

traditional "rap gap”
measurement focused solely
on color-singlet exchange



@ Boundary Conditions BROOKNOVEN,

Event Selection:

® anti-kr jets with R = 0.6
® boundary jets require pr > 20 GeV and |y| < 4.5
® (pr) of boundary jets > 50 GeV
® veto jet pr > 20 GeV
® single interaction-vertex events
Selection A Selection B
boundary jets have highest pr boundary jets have most forward y
Increased sensitivity to wide-angle Increased sensitivity to BFKL dynamics
soft-gluon radiation
10 I ol | I
.0 ¢ _ .0
‘e” @
I I ,
I | ® I
Y Y

Observables (in (pr) and Ay):

® Mean Jet Multiplicity: between boundary jets
® Gap Fraction: fraction of events without jet In gap

Michael Begel Standard Model @ LHC ATLAS Jet Measurements April 11, 2011 10




@ Boundary Conditions BROCKNAVEN

Event Selection:

anti-ky jets with R = 0.6

boundary jets require pr > 20 GeV and |y| < 4.5
(pr) of boundary jets > 50 GeV

veto jet pr > 20 GeV

single interaction-vertex events
Selection A

Selection A and B is not just a question
. . of the definition of the rapidity
boundary jets have highest pr . .
increased sensitivity to wide-ar difference. The cut on the average jet
soft-gluon radiation pt of most forward/backward jet
- (selection B) selects events with one

ics

O
| very hard forward and a soft backward

|
®@ | o -
| jet. The large range of transverse
. | O scales improves the approximations of
| | the shower. Particularly true for large
Y <pt>. Expectations: Large <pt>:

Observables (in (pr) and Ay): Shower is good. Small <pt> (or rather,

. jets of similar pt) and large y: Shower
® Mean Jet Multiplicity: betwe |, <4 good.

& GE][J Fraction: fraction of eveins wiu UUL JEL I Yap

Michael Begel Standard Model @ LHC ATLAS Jet Measurements April 11, 2011 10




</ Jet Multiplicity BROOKHAVEN
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"'ﬁ Jet Multiplicity
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L =20 GeV
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1 Count jets above 20GeV

in-between the two hardest in rapidity,
for a fixed rapidity difference, as a
function of the average pt of the two
hardest jets. The harder the jets, the
more (soft) radiation (shower evolution)
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MATIONAL LABORATORY
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MATIONAL LABORATORY
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Gap Fraction
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ATLAS Preliminary ATLAS Preliminary

Good agreement between High Energy Jets and
data, especially for small <pt> - i.e. in the bulk of
the cross section, when the jets are of similar
transverse momenta. Too much radiation
predicted by POWHEG+HERWIG? Related to
Issue with implementation? Significant difference

0 1 2 3 4 0 1 2 3 4

ATLAS-CONF-2011-038
Michael Begel Standard Model @ LHC ATLAS Jet Measurements April 11, 2011
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the shower resummation is clearly important.
HEJ with-out a shower undershoots the amount
_ of much softer radiation in-between jets.

POWHEG+HERWIG overshoots, in particular for
large rapidity spans. POWHEG+PYTHIA trails
data. Better than pure PYTHIA?
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CMS

What: Forward Jet analysis

Inclusive Forward Jet Cross Section
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CMS . ’q %I]H.l]
What: Forward Jet analysis Ol i
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Inclusive Forward Jet Cross Section
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Presented at DIS2011
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1-d°o/dp_dn(data) / d°c/dp._dn'(MC)

The results (3)
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Pythia seems to predict too steep a pt- 40 _
spectrum for the forward jets. Large ieV) central jetp_ (GeV)
difference between POWHEG+
(HERWIG/PYTHIA) a little surprising. —
Due to modelling of non-perturbative ons . 41 .
effects (i.e. where the POWHEG orward: low p, jets
matching does not help, at least not until
a re-tune has been performed)? Central: normalization
- .
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