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Tools and MC
!

≡ Matrix Element + Parton Shower + Non Perturbative corrections!
‣ I will discuss some recent example of their usage by the experiments !
‣ not a review!!

‣ In the past a lot of work has been done in the NP corrections: tuning of 
multiparton interactions, the underlying event and hadronization!

‣ In the latest years focus has moved towards the interface between 
Matrix Element calculation (often at NLO) and Parton Shower !

‣ What should be done next and what can we do at Les Houches?!
‣ as usual more ideas are welcomed!
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Evolution of MC tools
Looking back at available 
predictions for V+jets in 2011!

!
‣ ME+PS at LO  !
‣ impressively good, but 

estimate of systematics not 
available!

!
‣ Fixed order results at NLO!
‣ no matching with PS or 

merging of different 
multiplicities
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   Concerning the results: !
‣ MEPS (LO) overestimate data at high jet pT !
‣ NLO slightly underestimate data at high jet pT

Evolution of MC tools
TODAY: NLO-PS matching available up to 2 additional partons with merging of different 
multiplicity (shorted as MEPS@NLO)!
‣ a meaningful scale uncertainty can be evaluated!
‣ PS and UE tune uncertainties on the other hand have been neglected so far
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Parton and particle level predictions
As an example, the last ATLAS paper W+jets compares kinematic distributions with 
a long list of theoretical predictions!

Eur. Phys. J. C (2015) 75:82
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Table 3 Systematic uncertainties on the measured W + jets cross section in the electron and muon channels as a function of the inclusive jet
multiplicity in percent

Incl. (%) Njets ≥ 1 (%) Njets ≥ 2 (%) Njets ≥ 3 (%) Njets ≥ 4 (%) Njets ≥ 5 (%) Njets ≥ 6 (%) Njets ≥ 7 (%)

(W → eν)

Electron 1.1 1.3 1.3 1.2 1.2 1.3 2.7 3.4

Jets 0.3 9 11 15 20 29 42 45

t t̄ backgrounds <0.1 0.2 1.0 4.8 13 39 100 90

Multijet backgrounds 0.5 1.5 2.1 2.1 5 15 25 25

Emiss
T 0.2 1.7 1.2 1.2 1.0 0.7 1.7 2.6

Unfolding 0.2 1.7 0.9 1.1 1.2 0.9 5 22

Luminosity 1.9 2.1 2.1 2.2 2.3 2.5 2.6 2.2

Total syst. 2.3 10 12 16 25 50 110 110

(W → µν)

Muon 1.5 1.7 1.7 1.4 1.5 2.1 3.7 4.4

Jets 0.1 8 9 13 16 20 29 60

t t̄ backgrounds <0.1 0.2 0.9 4.1 11 26 47 60

Multijet backgrounds 0.1 0.5 0.8 1.4 2.2 4.2 4.6 9

Emiss
T 0.3 1.0 0.9 1.0 1.0 0.6 0.9 1.1

Unfolding 0.2 1.7 0.9 1.0 1.2 1.3 2.6 11

Luminosity 1.9 2.0 2.0 2.1 2.1 2.1 2.0 2.0

Total syst. 2.5 8 10 14 20 34 60 80

Table 4 Summary of
theoretical predictions,
including the maximum number
of partons at each order in αs ,
whether or not the results are
shown at parton or particle level
and the distributions for which
they are shown

Program Max. number of partons at Parton/particle level Distributions shown

Approx. NNLO NLO LO

(α
Njets+2
s ) (α

Njets+1
s ) (α

Njets
s )

LoopSim 1 2 3 Parton level Leading jet pT and HT

with corrections for W + ≥ 1 jet

BlackHat+SHERPA – 5 6 Parton level All

with corrections

BlackHat+SHERPA 1 2 3 Parton level Leading jet pT and HT

Exclusive sums with corrections for W + ≥ 1 jet

HEJ All orders, resummation Parton level All

for W + ≥ 2, 3, 4 jets

MEPS@NLO – 2 4 Particle level All

ALPGEN – – 5 Particle level All

SHERPA – – 4 Particle level All

The leading-order predictions shown here include ALP-
GEN, which is interfaced to HERWIG for showering,
SHERPA which implements its own parton showering
model, and HEJ [55,56], which provides parton-level predic-
tions for W + ≥ 2 jets. ALPGEN and SHERPA use leading-
order matrix element information for predictions of W + jets
production and use the MLM [9] and CKKW [20] matching
schemes, respectively, in order to remove any double count-
ing between the matrix element and parton shower calcu-

lations. ALPGEN provides predictions with up to five addi-
tional partons from the matrix element in the final state while
SHERPA includes up to four partons. HEJ is based on a per-
turbative calculation which gives an approximation to the
hard-scattering matrix element for jet multiplicities of two
or greater and to all orders in the strong coupling constant,
αs . The approximation becomes exact in the limit of large
rapidity separation between partons, also known as the high-
energy limit. The resulting formalism is incorporated in a
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Z+jets, W+jets
Benchmarks for ME-PS matching/merging!
All corners of phase space have been, and still are, studied in details:!

Angular correlations!
!
!
!
!
!
!
!
!
!
!

‣ very good agreement for most theoretical predictions
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Fig. 24 Cross section for the production of W + jets as a function of
the HT in Njets ≥ 5 events. For the data, the statistical uncertainties are
shown by the vertical bars, and the combined statistical and systematic
uncertainties are shown by the black-hashed regions. The data are com-
pared to predictions from BlackHat+SHERPA, ALPGEN, SHERPA
and MEPS@NLO. The left-hand plot shows the differential cross sec-

tions and the right-hand plot shows the ratios of the predictions to the
data. As described in Sect. 8.1, the theoretical predictions have been
scaled in order to compare the shapes of the distributions. The theoreti-
cal uncertainties, which differ for the various predictions, are described
in Sect. 7
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Fig. 25 Cross section for the production of W + jets as a function of
the difference in the azimuthal angle between the two leading jets in
Njets ≥ 2 events. For the data, the statistical uncertainties are shown by
the vertical bars, and the combined statistical and systematic uncertain-
ties are shown by the black-hashed regions. The data are compared to
predictions from BlackHat+SHERPA, HEJ, ALPGEN, SHERPA and

MEPS@NLO. The left-hand plot shows the differential cross sections
and the right-hand plot shows the ratios of the predictions to the data.
As described in Sect. 8.1, the theoretical predictions have been scaled in
order to compare the shapes of the distributions. The theoretical uncer-
tainties, which differ for the various predictions, are described in Sect. 7
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Z+jets, W+jets
Event shapes: HT, transverse thrust,…!
!
!
!
!
!
!
!
!
!
!

Similar thrend as observed for jet pT:!
‣ MEPS at LO above data at high HT, while (N)NLO fixed-order is below!
‣ MEPS@NLO does an excellent job on HT!

Powheg describes slightly better the transverse thrust 
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Fig. 17 Cross section for the production of W + jets as a function
of the HT in Njets ≥ 1 events. For the data, the statistical uncertain-
ties are shown by the vertical bars, and the combined statistical and
systematic uncertainties are shown by the black-hashed regions. The
data are compared to predictions from BlackHat+SHERPA, Black-
Hat+SHERPA including the exclusive summing, LoopSim, ALPGEN,
SHERPA and MEPS@NLO. BH + S is an abbreviation for Black-

Hat+SHERPA. The left-hand plot shows the differential cross sections
and the right-hand plot shows the ratios of the predictions to the data.
As described in Sect. 8.1, the theoretical predictions have been scaled in
order to compare the shapes of the distributions. The theoretical uncer-
tainties, which differ for the various predictions, are described in Sect. 7

8.3 Scalar sums

The differential cross sections as a function of the HT are
shown in Fig. 17 for Njets ≥ 1 and in Fig. 18 for Njets = 1.
For both cases, ALPGEN and SHERPA tend to be higher than
the data at HT > 600 GeV. The predictions from Black-
Hat+SHERPA are lower than the data for Njets ≥ 1 and
in better agreement for exactly one jet. Better agreement
with the data is provided by the BlackHat+SHERPA exclu-
sive sums and LoopSim predictions, while MEPS@NLO
agrees well with the data above 200 GeV. The Black-
Hat+SHERPA exclusive sums and LoopSim predictions are
similar to each other at high HT. This is one of the kine-
matic variables where the importance of subprocesses such
as qq → qq + W (dijet production followed by emis-
sion of a W boson from one of the quarks) is most impor-
tant [63]. The influence of such final states is reduced when
the exclusive one-jet cut is applied, and this is exactly where
there is better agreement with the BlackHat+SHERPA
predictions.

The higher jet multiplicities are shown in Figs. 19, 20, 21,
22, 23 and 24. The data are, in general, in good agreement
with the theoretical predictions, especially the predictions
of BlackHat+SHERPA, MEPS@NLO and in some cases

ALPGEN. Both the HEJ and SHERPA predictions tend to
be above the data at high HT but the size of the deviations
decreases at higher jet multiplicities. The differential cross
sections as a function of the ST, where ST is defined as the
summed scalar pT of all the jets in the event, are shown in
Appendix B and yield similar conclusions, although agree-
ment of the theory with the data is better at low ST than at
low HT.

8.4 Jet angular variables

Figure 25 shows the differential cross sections as a func-
tion of the difference in the azimuthal angle (!φ j1, j2) and
Fig. 26 shows the differential cross sections as a function
of the difference in the rapidity (!y j1, j2) between the two
leading jets in events with at least two jets. The cross sec-
tions as a function of the angular separation (!R j1, j2) are
shown in Fig. 27 and as a function of the dijet invariant
mass in Fig. 28. These measurements are tests of hard parton
radiation at large angles and matrix element/parton shower
matching schemes. Jet production in the forward region can
also be very sensitive to the tuning of the underlying event
contribution.
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Z+jets, W+jets
Not many results at 8 TeV yet, but preliminary ones show that the increased 
statistics allows measurements of double differential x-sec !

Double differential x-sec vs jet pT and rapidity !
!
!
!
!
!
!
!
!
!
!

‣ same behaviour for MEPS and MEPS@NLO vs pT as before ME+PS overshoot 
data at high jet pT

8

Norbert Neumeister – Purdue University SM@LHC 2015

Z + jets

15

• Double differential measurement in muon channel 
and over full rapidity acceptance of detector:

CMS-PAS-SMP-14-009
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W/Z+jets
Overall there is good agreement with data, but in some case there are 
important discrepancies!

Di-jet differential distributions: Δy and m12 !
!
!
!
!
!
!
!
!

!
!
‣ only HEJ (BFKL approx. for 2 or more partons) describes m12
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W + jets
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5-flavour vs 4-flavour in Z+b(b)
!
Emerging pattern: !
‣ 5-flavour is better for Z+1b !
‣ 4-flavour is better for Z+2b!

at least for aMC@NLO… !
Somewhat reasonable but is it fully understood? !
What must be used to evaluate background e.g. 
for ZH? 
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Z + b-jets
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JHEP 06 (2014) 120
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Norbert Neumeister – Purdue University SM@LHC 2015

Z + bb
• Additional, unfolded differential cross sections in a variety of kinematic variables

• Comparable measurement & theory uncertainties+bb data sensitive to different 
underlying processes

32
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Differential distributions for Z+bb
Some hints might come from tension at low ΔR, 
dominated by gluon splitting → tune?!
‣ B-hadron identified by displaced secondary vertex!
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Z + bb
• Z+bb data sensitive to different underlying processes

– Contribution from two hard initial state or  
final state gluon splitting with resolved b-jets

• Distribution shapes generally well described by predictions

• Except for configurations with nearby b-jets, dominated by gluon 
splitting

– Exclusive reconstruction of B-hadrons in Z+ BB  
avoids limitation of b-jet size radius

– B-hadrons identified from displaced secondary vertices,  
reconstructed from charged decay products

31

Phase space:
• Lepton pT>20 GeV, |η|<2.4 
• Anti-kT jets: R=0.4, pT>20 GeV, |y|<2.4
• At least 1 or 2 b-jets
• b-hadron: pT>15 GeV, |η|<2
• 81< Mll < 101 GeV

JHEP 10 (2014) 141

Norbert Neumeister – Purdue University SM@LHC 2015

Z + ≥2 b-jets
• Inclusive and differential cross sections as function of the angular 

separation between B hadrons produced in association with a Z
– B hadrons are identified as displaced secondary vertices without use of jets, 

which allows to study B-hadron pair production at small angular separation.

– The production differential cross section as function of the angular separation 
and boost of the Z boson are compared to several predictions from 
simulations at tree-level and NLO accuracies.
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Z + bb
• Z+bb data sensitive to different underlying processes

– Contribution from two hard initial state or  
final state gluon splitting with resolved b-jets

• Distribution shapes generally well described by predictions

• Except for configurations with nearby b-jets, dominated by gluon 
splitting

– Exclusive reconstruction of B-hadrons in Z+ BB  
avoids limitation of b-jet size radius

– B-hadrons identified from displaced secondary vertices,  
reconstructed from charged decay products
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Phase space:
• Lepton pT>20 GeV, |η|<2.4 
• Anti-kT jets: R=0.4, pT>20 GeV, |y|<2.4
• At least 1 or 2 b-jets
• b-hadron: pT>15 GeV, |η|<2
• 81< Mll < 101 GeV

JHEP 10 (2014) 141
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Z+jets/γ+jets
Crucial for searches based on MET because γ+jets is used to estimate Z→νν 
background  !
Results recently submitted by CMS: arXiv.1505.06250!
‣ measures both Z and γ differential pT distribution vs number of jets and 

calculate the ratio

12
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Z+jets/γ+jets
Crucial for searches based on MET because γ+jets is used to estimate Z→νν 
background  !
Results recently submitted by CMS: arXiv.1505.06250!
‣ measures both Z and γ differential pT distribution vs number of jets and 

calculate the ratio!
!
!
!
!
!
!
!
!
!

‣ ME+PS does not correctly describe the pT of both bosons!
‣ BlackHat+Sherpa (top) flat at high boson pT but 10%-20% lower

13
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Z+jets/γ+jets
LO predictions for the ratio vs data off by 20% but flat!!
BH prediction (NLO for both processes) are also ~10% larger than data !
!
!
!
!
!
!
!
!
Scale uncertainty of NLO predictions!
‣ scale HT’ = HT + ET(Z,γ)!
‣ cancel in the ratio if considered fully correlated between the two processes!
‣ would clearly underestimate the theoretical uncertainty!
‣ largest relative scale uncertainty on each process used for the uncertainty on the ratio!
‣ is there a better suggestion on how to handle these cases? 

14

Z / γ



EWK corrections to Z+jets/γ+jets
Khün et al. JHEP0603:059,2006 !
EWK corrections are ~10% at √s = 14 TeV for up to 1 TeV !
‣ NNLO here means dominant 2-loop EWK !

!
!
!
!
!
!
!
!

Somewhat smaller at 8 TeV but they could explain the difference!
‣ for √s = 2 TeV corrections are < 5% for up to 400 GeV pT)!

Will certainly be important at 13 TeV!!
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Figure 7: Ratio of the transverse momentum distributions for the processes pp→γj
and pp→Zj at

√
s = 14 TeV: LO (solid), NLO(dashed) and NNLO (dot-dashed)

predictions.

In Fig. 7, we plot the ratio of the pT distributions of photons and Z bosons. The
latter is computed within the MS scheme using the same input parameters as in
Ref. [16]. Such ratio is expected to be less sensitive to theoretical errors than the
distributions themselves, since many uncertainties such as the scale at which αS is
calculated or the choice of PDFs cancel to a large extend in the ratio. Moreover, due
to a similar cancellation mechanism, the ratio should remain stable against QCD
corrections. From Fig. 7 we observe that the weak corrections modify the production
ratio considerably. The effect is the strongest at high pT. In this region, the LO
photon cross section is smaller than the cross section for Z boson production by
about 25%. The relatively large NLO corrections for Z production, as compared to
γ production, cause the full NLO production rates to become equal at the highest
pT considered here, i.e. pT ∼ 2 TeV. The two-loop corrections modify the ratio and
lead to a few percent decrease at high pT.

We perform a similar analysis for direct photon production at high transverse
momentum at the Tevatron. In Fig. 8 we show the transverse momentum distribu-
tion (Fig. 8a), the relative size of the corrections (Fig. 8b) and the quality of the
one-loop NLL and NNLL approximations (Fig. 8c). The effects of weak corrections
are generally much smaller for the case of the Tevatron than the LHC, with the NLO
corrections not exceeding −4% at the highest pT considered, i.e. at pT ∼ 400 GeV. In
Fig. 9 the relative size of the corrections to the integrated cross section is compared
with the statistical error expected for an integrated luminosity L = 11 fb−1 [24]. At
the energies of the Fermilab collider, the NLO weak correction is of the order of the
statistical error and we conclude it should be taken into account when considering
precision measurements. The two-loop terms turn out to be negligible. The ratio of
the pT distributions of photons and Z bosons is shown in Fig. 10. Since the weak

15

γ / Z



tt production 
With statistical precision reached at LHC is a new benchmark 
process for MC!
‣ The modelling of ISR and FSR radiation in ttbar production is one of 

the dominant uncertainties in the measurement of the top mass!
‣ A lot of ongoing work to study systematics uncertainties in MC 

modelling !
Some ATLAS measurements used to compare/tune MC to data 
(available in RIVET): !
‣ tt gap fraction - Eur. Phys. J. C72 (2012) 2043 !
‣ The inclusive gap fraction as function of the leading jet pT threshold, Q0!

‣ tt+jets differential xsec — JHEP01(2015)020!
‣ The distribution of the leading and 5th jet pT and the number of jets for jets with 

pT>25 and pT>80 GeV!

‣ jet shapes in tt events - Phys. Rev. D 90, 072004 (2014)!
‣ The distributions of differential jet shapes for jets with 30<pT<150 GeV (5 

observables) for light- and b-jets separately.

16



Study fraction of 𝒕𝒕̅ events, that do not contain
an additional jet(s):
• Sensitive to the amount of extra radiation
• Use dilepton events with two reconstructed b-quark jets

→ additional (radiated) jets easily to identify
Provided unfolded distributions
• Fraction of events that do not contain

an additional jet in  a central rapidity
region with 𝑝் > 𝑄଴:

𝑓௚௔௣ 𝑄଴ =
𝑛௚௔௣ 𝑄଴

𝑁௧௧̅
• Sum of the 𝑝் of the jets falling into each 

rapidity region

𝑓௚௔௣ 𝑄௦௨௠ =
𝑛௚௔௣ 𝑄௦௨௠

𝑁௧௧̅

Official Rivet routine since Rivet 1.8.1
Similar Analysis from CMS:
• 7 TeV: arXiv:1404.3171
• 8 TeV: CMS-PAS-TOP-12-041

Gap fraction analysis

TOPLHCWG meeting       12.01.2015                         Dominic Hirschbühl           Bergische Universität Wuppertal 5



Study of scale uncertainty
ATL-PHYS-PUB-2014-005 / ATL-PHYS-PUB-2015-011!
Several generators studied !
Main focus on POWHEG+PYTHIA6/PYTHIA8/Herwig++ compared to 
MC@NLO, Madgraph_aMC@NLO+HERWIG++, SHERPA!
‣ scale/hdamp variations in Powheg have approx. the same size as scale variations 

in Madgraph5_aMC@NLO!
‣ none of the variations gives good agreement in pT(t)!

18Q0 pT(t)



Correlated variations of ME and PS scales

TOPLHCWG meeting       12.01.2015                         Dominic Hirschbühl           Bergische Universität Wuppertal 11

No big effect on 
gap fraction

No big effect 
observed by 
changing PS 

scale in addition 
to ME scale

Q0 Qsum



Tuning strategy on tt
ATL-PHYS-PUB-2015-007!
List of parameters:!
!
!
!
!
!

!
‣ Tune the Pythia8 ISR parameters to the gap fraction and tt+jets!
‣ Tune the Pythia8 FSR parameters to the jet shapes in ttbar!
‣ Combine tune of both ISR and FSR parameters to all the measurements!
‣ Retune the MPI cut-off to maintain the description of UE data!
‣ Apply the Pythia8 tune to NLO+PS generators, tuning additional 

parameters sensitive to the extra radiation to the gap fraction and tt+jets!

20

Table 1: Parameter ranges used for the tuning of Pythia8, and the corresponding parameters of the 4C and Monash
tunes. The ’-’ symbol is used in case the setting is not applicable.

Parameter Pythia8 setting Variation range 4C Monash

↵ISR
s (mZ ) SpaceShower:alphaSvalue 0.110 � 0.140 0.137 0.1365

ISR damping SpaceShower:pTdampMatch 1 (fixed) 0 0
pISR

T,damp SpaceShower:pTdampFudge 0.8 � 1.8 - -
↵FSR
s (mZ ) TimeShower:alphaSvalue 0.110 � 0.150 0.1383 0.1365

pFSR
T,min [GeV] TimeShower:pTmin 0.1 � 2.0 0.4 0.5

F =
hdamp2

p2
T + hdamp

2 (3)

to the singular part of the real radiation [30], where pT is the transverse momentum of the tt̄ system.
The hdamp parameter is parametrised as hdamp = h · mt , and the factor h is tuned to the tt̄ data. Pre-
vious studies showed that values of h between one and two lead to a good description of QCD radiation
in tt̄ events [31, 32]. The starting scale of the parton shower is set to the pT of the tt̄ system. In the
MadGraph5_aMC@NLO generator, it is possible to change the upper scale for the MC subtraction term,
which corresponds to the starting scale of the parton shower [22]. The upper scale for the MC sub-
traction term is set as a fraction of a reference scale, which corresponds to the invariant mass of the tt̄
system. The parameters frac_upp and frac_low, determine the minimum and maximum fractions, re-
spectively, of the reference scale, which are used as an upper limit for the MC subtraction term. The
parameters frac_upp and frac_low are set to frac_upp = frac_low = f , the sensitivity of the tt̄
measurements to the f parameter is studied, and the optimal value is extracted from the data. Unlike
the parton shower parameters ↵ISR

s (mZ ), ↵FSR
s (mZ ), and pFSR

T,min, the parameters hdamp, frac_upp and
frac_low are expected to be process dependent, and the results obtained are specific to tt̄ production. In
the tuning of the hdamp parameter in Powheg, and of the frac_upp and frac_low parameters in Mad-
Graph5_aMC@NLO, the Pythia8 parton shower parameters are fixed to the values obtained by tuning
Pythia8 to the tt̄ measurements. This is based on the assumption that the e↵ective values of ↵ISR

s (mZ )
and ↵FSR

s (mZ ) are not significantly a↵ected by the inclusion of the NLO corrections to the calculations
of the matrix elements of the pp ! tt̄ process. Tables 1 and 2 show the parameters, the correspond-
ing MC settings, and the ranges considered in the tuning for Pythia8 and for the NLO+PS generators,
respectively.

The tuning is performed using Professor v1.4 [33] for the fit to the data, and Rivet v2.2.0 [34] for the
implementation of the measurements. The method implemented in Professor permits the simultaneous
tuning of several parameters by using an analytic approximation for the dependence of the physical ob-
servables on the model parameters, an idea first introduced in Ref. [13]. Polynomials of third-order are
used to parametrise the response of the observables to the generator parameters, the coe�cients in the
polynomials are obtained by fitting MC predictions generated at a set of randomly selected parameter
points, called anchor points. The number of anchor points used is 50 for one-parameter tuning, 100 for
two-parameters tuning, and 400 for four-parameters tuning, with 2·106 dilepton tt̄ events and 107 semilep-
tonic tt̄ events generated at each point. The optimal values of the model parameters are obtained with a
standard �2 minimisation of the analytic approximation to the corresponding data using MINUIT [35].
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Title TextPYTHIA8 ATTBAR tune
Results for PYTHIA8 standalone!

Can describe extra radiation in ttbar data 
by adding a damping factor to the ISR 
emission probability!

The tuned value of αSISR is compatible 
with the Z pT determinations !

The tuned value of αSFSR to light-jet 
shapes is compatible with LEP data!

!
Tune applied to NLO+PS generators Powheg 
and MadGraph5_aMC@NLO!

additional parameters hdamp and 
frac_upp/low have been tuned to data !

a good agreement with data is found for 
both ME generators
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Figure 5: Predictions of Pythia8 with the ATTBAR-ISR (red continuous line) and Monash (blue dashed line) tunes,
compared to the measured di↵erential tt̄ cross sections as functions of (a) jet multiplicity for jets with pT

jet >
25 GeV, (b) jet multiplicity for jets with pT

jet > 80 GeV, (c) leading-jet transverse momentum, (d) 5th-leading
jet transverse momentum, and (e) gap fraction as a function of Q0. The relative statistical (yellow band) and total
(orange band) experimental uncertainties are shown.
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Figure 11: Predictions of Pythia8 (dashed magenta line), MadGraph5_aMC@NLO+Pythia8 (green dashed and
dotted line), and Powheg+Pythia8 (orange continuous line) with the ATTBAR tunes compared to the measured
di↵erential tt̄ cross sections as functions of (a) jet multiplicity for jets with pT

jet > 25 GeV, (b) jet multiplicity for
jets with pT

jet > 80 GeV, (c) leading-jet transverse momentum, (d) 5th-leading jet transverse momentum, and (e)
gap fraction as a function of Q0. The relative statistical (light blue band) and total (dark blue band) experimental
uncertainties are shown.
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WW cross-section
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WW cross-section

Cross-section known at NNLO QCD!
‣ T. Gehrmann et al. [1408.5243] !
‣ 7% higher than NLO !
‣ gg→H→WW only 3% of signal yields 

(considered as a background)!
However different categories for 0 and 
1 reconstructed jet with pT > 30 GeV 
and |η| < 4.7 !
0-jet and 1-jet bin makes the kinematics 
sensitive to higher-order QCD !
!
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WW$selected$events$
•  The&events&are&analyzed&in&four&exclusive&categories:&
•  Separated!between!differentO!and!sameOflavor!leptons!
•  Separated!between!events!with!0!or!1!reconstructed!jet!with!pT!>!
30!GeV!and!|η|!<!4.7!
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Due to observed discrepancy, raised a lot theoretical interest
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WW pT reweighting 
Improve modelling by reweighting pT(WW) of qq → WW to a NLO+NNLL pT 
resummed calculation !
‣ strongly correlated with jet veto: ~3.5% effect on the 0-jet cross-section !
‣ scale uncertainty of 2.8% (resummation) + 2.5% (renormalization) for 0-jet  !

!
!
!
!
!
!
!
!
!

This reweighting procedure raised some discussion !
Stronger prescription from theory community needed for further progress!
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Higher$order$corrections$
•  Lots!of!theore)cal!interest!in!previous!discrepancy,!par)cularly!
w.r.t.!jetOveto!efficiency![1407.4481])[1407.4537]))

•  The&08jet&(or&18jet&bin)&veto&applied&in!this!analysis!makes!the!
kinema)cal!distribu)ons!par)cularly!sensi)ve!to!higherOorder!QCD!
correc)ons.!
•  Improve!modelling!of!gluon!resumma)on,!by!reweight!pT(WW)!of!
the!qq!"!WW!MC!to!a!NLO+NNLL!pT!resumma)on!calcula)on!"!
correlated&with&jet&veto&
•  ~!3.5%!effect!on!the!0Ojet!cross!sec)on.&

•  the!resumma)on!scale!also!provides!a!convenient!handle!to!
determine!the!acceptance!uncertainty!

[1407.4481]+&
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WW normalized differential cross-sections
New nice set of results for MC comparison:!
‣ Measured in the 0-jet category. Results given in a fiducial phase space. 
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WW$normalized$differential$cross$section$
•  Measured!in!the!eμ)and)0Ojet!category.!Fiducial&phase&space&&&
•  DataObackground!unfolded!(SVD!method),!!tested&to&be&
independent&of&the&MC&used&(Powheg,&Madgraph,&MC@NLO)!

②  &&
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A list of items to work on
V+jets have been our workhorse!
‣ however treatment of systematics still approximate: PS and UE tune 

uncertainties not deeply studied!

V+b(b): still something to understand here, e.g. 5F vs 4F, tune,…!
γ+jets vs Z+jets: treatment of correlated scale systematics!
‣ also important for tt and single-top or Z and W for Mw !

EWK corrections: need to tackle them now before 13 TeV data!
tt production is the new benchmark for MEPS@NLO!
‣ allows study of systematics uncertainty/tuning of PS !

VV+jets, ttV, etc… will become increasingly important: !
‣ are present tools good enough?!

Scheduled sessions:!
Thu: tt benchmark analysis!
Fri: PS and matching/merging uncertainty 
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Underlying Event tunes

Family of A14 full-scale tunes1 with
various PDFs to most ATLAS jet and
underlying-event observables.

- Optimized MPI and ISR/FSR parameters.

ATLAS Simulation

ATLAS Data
AU2 CTEQ6L1
Monash
A14-CTEQ
A14-MSTW
A14-NNPDF
A14-HERA
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! Tunes are suitable for high pT processes.
! Improved description of UE data, tt̄ gap

fractions, and 3-to-2 jet ratios.

CUETP8M1 (MonashStar1),
CUETP8S and CUETP6S - tunes2,3

with various PDFs, include CDF and
CMS UE data at

p
s = 0.9, 1.96

and 7 TeV.

! Test model of MPI energy dependence.
! Attempt to describe “soft” and

“semi-hard” MPI scatterings.

Elena Yatsenko 8/23

1based on Monash2013 tune: MB+AU 2based on 4C tune 3based on Z2*-lep tune

ATL-PHYS-PUB-2014-021
CMS PAS GEN-14-001



ISR Tunes Consistency

7
 A14 global tune



Dibosons
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Systematics$
•  PDF&+&αs:!PDF4LHC!prescrip)on,!~!1.3%(0.8%)!for!qqWW!
(ggWW)!!

•  Higher&order&correc/ons![1407.4481]+!
•  reweight!Powheg!by!varying!resumma)on!scale!at!NLO+NNLL!by!
half!and!twice!the!nominal!value:!2.8%(6.9%)!for!0Ojet!(1Ojet)!

•  renormaliza)on!by!half!and!twice!the!nominal:!2.5%(6.3%)!for!0O
jet!(1Ojet)!

!&Same&order&systema/c&on&the&final&signal&efficiency&obtained&
from&Stewart8Tackmann&recipe&[1107.2117]&

•  UE+PS:&&
•  three!different!showering!tunes!of!the!UE!(CMS!tune!Z2*,!ATLAS!
tune!AUET2,!new!Tune!64!Z2*OLep!CMS)!and!two!different!PS!
(pythia!and!herwig).!3.5%&
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WW$particle$level$deDinition$(1/2)$
•  Fiducial!and!differen)al!WW!cross!sec)ons!at!Par/cle&Level&
only!(not!at!Parton!Level)!

•  Par/cle&Level&defini/on:&&
•  stable!par)cles!from!full!ME+parton!shower!generators.!WW&
results&just&before&Final&State&Radia/on&(FSR).&

•  without!any!simula)on!of!the!interac)on!of!these!par)cles!with!
the!detector!components!or!any!addi)onal!protonOproton!
interac)ons.!

•  Defini/on&of&jets&at!par)cle!level:!
•  define!with!an)Okt!algorithm,!with!R=!0.5,!built!from!stable!truth!
par)cles:!electrons,!muons,!taus!and!neutrinos!are!removed!from!
the!collec)on!of!genOpar)cles.&

!
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WW$particle$level$deDinition$(2/2)!
•  Defini/on&of&leptons&at!par)cle!level:!
•  No!isola)on!condi)on!is!imposed!
•  Leptons!just!aler!W!decay!before!FSR!(BORN!leptons)!
•  Parent!of!the!lepton!require!to!be!a!W!boson.!
•  Taus!considered!as!background:!electrons!and!muons!from!tau!
decays!are!not!considered!as!part!of!the!signal.!!

•  Further&cuts&in&the&event:&&
•  Defined!with!hard!jet!veto!in!par)cle!levels:!No&jets&with!|η|!<!
4.7!and!a!given!maximum!jet!pT!(nominal!value!in!the!analysis!is!
jet!pT!>!30!GeV)!

•  Selected!only&eμ&events&with!leptons=electron/muon!are!defined!
as!before,!and!fulfilling:!!
•  pT!>!20!GeV!and!|η|!<!2.5!
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