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ttbar+jets comparison

With the statistical accuracy reached at the LHC, top pair 
production is a new benchmark process

Currently, already a lot of efforts being made within the 
experimental communities to assess systematic 
uncertainties in MC modelling. 

For example, for the top mass, one of the dominant 
uncertainties is the modelling of radiation

The top pT spectrum is badly modelled

Also ttbar+jets is the dominant background to ttbar+Higgs 
production, and the dominant uncertainty
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Agreement has been made on the generator setup and 
observables to study; analysis routine is being written

On June 15 there will be a ttH/tH subgroup of 
LHCHXSWG meeting dedicated to MC 
validation/simulations within ATLAS & CMS

Probably after that, we can finalize the analysis 
and start making the predictions

Extensive list of simulation programs and methods, 
MadGraph5_aMC@NLO, Sherpa, OpenLoops, 
MEPS@NLO, Herwig++, Pythia8, UNLOPS, FxFx 
merging, POWHEG, …

CMS has agreed that we can use some of their event 
samples to perform this analysis. ATLAS hasn’t 
agreed just yet…

LesHouches2015, wiki

ttbar+jets comparison



V+b(b)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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Norbert Neumeister – Purdue University SM@LHC 2015

Z + b-jets
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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
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4/5 flavour schemes

Idea: perform a careful study on the differences between 4F and 5F 
scheme calculations 

Study both Zb(b) and Wb(b). Important differences in kinematics! 
(see next slide)

Both at particle level (after hadronisation) and parton level (before or 
after shower) 

Predictions from Powheg (Wbb 4F only), Sherpa, and MG5_aMC will 
be generated… others are still welcome

Interest by Gavin Hesketh, Vitaliano Ciulli, RF, Marek Schoenherr, Paolo 
Francavilla, Gionata Luisoni, Davide Napoletano, Carlo Pandini, Frank 
Krauss …



bb-jets in 4 flavour

Fraction of events containing 0, 1 
and 2 b-jets for Wbb and Zbb 
processes in the 4-flavour scheme, 
at NLO+PS accuracy

Important differences due to 
different kinematic structures

Not obvious if shower approach 
(which resums large logs), or fixed 
order (which take mass effects 
correctly into account) is the 
better description

Figure 2: Fractions of events (in percent) that contain: zero b-jets, exactly one b-jet, and exactly
two b-jets. The rightmost bin displays the fraction of b-jets which are bb-jets. The two insets show
the ratio of the aMC@NLO results over the corresponding NLO (solid), aMC@LO (dashed), and
LO (symbols) ones, separately for Wbb̄ (upper inset) and Zbb̄ (lower inset) production.

cle level. In the case of MC simulations, this means giving all final-state stable hadrons3 in

input to the jet algorithm. We adopt the anti-kT jet clustering algorithm [49] with R = 0.5,

and require each jet to have pT (j) > 20 GeV and |η(j)| < 2.5. A b-jet is then defined as a

jet that contains at least one b-hadron; a bb-jet is a jet that contains at least two b-hadrons

(hence, a bb-jet is also a b-jet). This implies that we make no distinction between the b

quark and antiquark contents of a jet. We point out that at least another definition of

b-jets exists [50] which has a better behaviour in the mb → 0 limit, in the sense that it

gives (IR-safe) results consistent with the naive picture of “quark” and “gluon” jets. In

practice, this is relevant only in the pT ≫ mb limit. Since this region is not our primary

interest in this paper, we stick to the usual definition; however, it should be obvious that

any jet definition can be used in our framework.

In fig. 2 we present b-jet rates, as the fractions of events that contain zero, exactly

one, or exactly two b-jet(s). In the case of MC-based simulations, there are also events

with more than two b-jets and more than one bb-jet, but they give a relative contribution

to the total rate equal to about 0.4% (for Wbb̄) and 0.6% (for Zbb̄), and are therefore not

reported here. The rightmost bin of fig. 2 shows the fraction of b-jets which are bb-jets.

There is an inset for each of the two histograms shown in the upper part of fig. 2. Each

of the insets presents three curves, obtained by computing the ratio of the aMC@NLO

results over the NLO (solid), aMC@LO4 (dashed), and LO (symbols) corresponding ones.

3In order to simplify the Herwig analyses, weakly-decaying B hadrons are set stable.
4We call aMC@LO the analogue of aMC@NLO, in which the short-distance cross sections are computed

at the LO rather than at the NLO. Its results are therefore equivalent to those one would obtain by using,

e.g., MadGraph/MadEvent [51] interfaced to showers.
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RF et al., 2011

Figure 1: Representative diagrams contributing to ℓνbb̄ and ℓ+ℓ−bb̄ production at the leading
order. ℓνbb̄ production can proceed only via a qq̄′ channel, diagram (a). For ℓ+ℓ−bb̄ production the
qq̄ channel, diagram (a), is dominant at the Tevatron, while the gg channel, diagram (b), largely
dominates at the LHC.

Cross section (pb)

Tevatron
√
s =1.96 TeV LHC

√
s =7 TeV

LO NLO K factor LO NLO K factor

ℓνbb̄ 4.63 8.04 1.74 19.4 38.9 2.01

ℓ+ℓ−bb̄ 0.860 1.509 1.75 9.66 16.1 1.67

Table 2: Total cross sections for ℓνbb̄ and ℓ+ℓ−bb̄ production at the Tevatron (pp̄ collisions at√
s = 1.96 TeV) and the LHC (pp collisions at

√
s = 7 TeV), to LO and NLO accuracy. These

rates are relevant to one lepton flavour, and the results for ℓνbb̄ production are the sums of those
for ℓ+νbb̄ and ℓ−ν̄bb̄ production. The integration uncertainty is always well below 1%.

the ℓ+ℓ−bb̄ sample. The predicted production rates at the Tevatron and at the LHC are

given in table 2 where, for ease of reading, we also show the fully inclusive K factors. The

contribution of the gg → Zbb̄+X channels is clearly visible in these results: at the Tevatron

σ(ℓ+ℓ−bb̄)/σ(ℓνbb̄) is quite small (and of the same order of the ratio of the fully-inclusive

cross sections σ(Z)/σ(W )), whereas at the LHC ℓ+ℓ−bb̄ and ℓνbb̄ differ only by a factor of

two.

We now study the impact of NLO QCD corrections on differential distributions, at

both the parton level and after showering and hadronisation, and in doing so we limit

ourselves to the case of the LHC, where the kinematical differences between Wbb̄ and Zbb̄

production are more evident. The parton shower in aMC@NLO has been performed with

fortran Herwig [42, 43, 44], version 6.5202.

We start by summarizing our results for b-jet rates. Jets are reconstructed at the parti-

2Automation of the matching to parton shower in the MC@NLO formalism to Herwig++ [45] and to

Pythia [46] (see refs. [47] and [48] respectively) is currently under way.
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First results
First results look promising: pT(b-jet) is well-modelled; no significant differences in 
shape for 5F and 4F

All predictions agree with each other also at small DeltaR(b,b): no sign for the need 
of resummation or inclusion of mass effects

although maybe undershooting the data a bit there

Thanks to Davide Napoletano for the plots

Data
4F MCatNLO
5F MEPSLO massive
5F MEPSLO massless

0

0.05

0.1

0.15

0.2

0.25

0.3

Z+ ≥ 2 b-jets

d
σ
(Z

b
b
)/

d
∆
R
(b
,b

)
[p
b
]

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0.6

0.8

1

1.2

1.4

∆R(b, b)

M
C
/
D
at
a

Data
4F MCatNLO
5F MEPSLO massive
5F MEPSLO massless

10−4

10−3

10−2

10−1

Z+ ≥ 1 b-jet

d
σ
(Z

b)
/
d
p
T
/
N
b-
je
ts
[p
b
/
G
eV

]

10 2

0.6

0.8

1

1.2

1.4

b-jet pT

M
C
/
D
at
a



Higgs+jets

At last Les Houches, a comparative study for 
Higgs (+jets) has been made at the NLO+PS 
level, including merging for various 
multiplicities

In general, good agreement has been found 
between the various codes

Missing in previous comparison is to compare 
to higher order calculation with/without 
(analytic) resummation

Common project with SM group

Topics First events

Generator comparison – pp ! tt̄ + jets
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Higgs+jets

In the recent years, great 
improvements have been made in 
analytic computations

For example, NNLO for H+j known, 
NLO H+3j, jet-veto including NNLL 
resummation, …

For non-trivial observables it is not 
obvious which ones can be decently 
described by fixed order calculations
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Figure 10: Transverse momentum distribution of the first, second and third leading jet in H+1 jet,
H + 2 jets and H + 3 jets, respectively; on the left with the default scale choice B, on the right with
the scale choice A.

For the rapidity distribution of the jets in the lower row of Fig. 9 we have applied the
same scaling procedure as for the pT distribution in order to obtain a better readability of
the plots. Also for the jets the K-factor is flat to a very good approximation, with a small
reduction of the scale uncertainties when going from 8 to 13 TeV. As for the Higgs, one
can observe a relative enhancement of the regions with large rapidities in the 13 TeV result.
This is due to the fact that the increased center of mass energy increases allows to fill more
the phase space corners where the particles are scattered towards the forward/backward
regions, while at the same time fulfilling the pT requirements on the jets.

We conclude this section by discussing the impact of higher-order corrections on the
wimpiest jet in H+1 jet, H+2 jets and H+3 jets configurations. In NLO calculations for
W/Z +jets performed with scale B, it was noted that the transverse momentum spectrum
of this jet exhibits a flat K-factor [123]. We test for the effect in Higgs+jets production for
the first time, and we find a similar behavior, as exemplified in Fig. 10 (left). The green
curves show the first jet in H + 1 jet, the blue ones the second jet in H + 2 jets, and the red
ones the third jet in H+3 jets. The ratio plots show the transverse momentum dependent
K-factors for the three cases, scaled by factors of 20/3 (H+1 jet), 2 (H+2 jets), and 2/3 (H
+3 jets). It is evident that the K-factors are not only flat over the entire range, but they are
also very similar for all three calculations. Fig. 10 (right) shows the same analysis for the
scale choice A. In this case the K-factors have a larger transverse momentum dependence.
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First results

First results for Sherpa with MEPS@NLO and HEJ

still low statistics and very preliminary

VBF cuts Sherpa
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Overview.

[Simon Plätzer & Marek Schönherr on behalf of the shower uncertainties group]

What we’re really after are event generator uncertainties.

A very complex and highly non-trivial exercise.
Attempted two years ago, and failed due to complexity.

Need to start somewhere to get a full understanding.
Will look at perturbative part first, then go further ahead.

Disclaimer: Work is just starting.

Simon Plätzer (IP

3

Durham & Manchester) Shower Uncertainties 1 / 3

Uncertainties in Shower and matching to matrix elements
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Shower & Matching Uncertainties.

Use available shower algorithms to cross-validate uncertainty prescriptions.
Unique setting as opposed to check-order-by-order in fixed order corrections.

Uncertainty precriptions are algorithm specific and should be decided by each generator.

1) Start with LO+PS as matching may hide important details.

2) Add in matching/merging and check that uncertainties are improved in the regions
where we expect an improvement.

3) Look at higher jet multiplicity: Do we recover LO+PS uncertainties?

4) Cross-validate versus analytic resummation where available.
[Thanks to Frank Tackmann for providing results.]

Look at a small set of representative observables:
e+e� event shapes, colour singlet p? spectra in inclusive jet bins, maybe Z plus jet.

Simon Plätzer (IP

3

Durham & Manchester) Shower Uncertainties 3 / 3



Irreducible*Background*
Subtrac3on:*To*do*or*not*to*do?*

Jon*Bu8erworth,*Vitaliano*Ciulli,*
Paolo*Francavilla,*Frank*Krauss,*Carlo*

Pandini,*Luca*Parrozzi,*…**



The$problem…$
•  Even$in$fiducial$cross6sec7on$measurements,$more$than$one$

“process”$may$contribute$to$the$same$final$state$
•  Subtrac7on$is$en7rely$theory6based,$even$if$there$are$control$

regions$
•  OAen$contribu7ons$are$subtracted$before$unfolding,$so$

cannot$be$undone/redone$if$theory$improves$
•  Can$we$do$beEer?$
$



Well,%ATLAS%did…%
•  W+b%jets%measurement%

…%with%and%without%
single;top%subtrac>on%

•  Size%of%contribu>on%vs%
pT%of%b;jet%

•  Effect%on%systema>cs%
varies%with%kinema>c%
region,%but%go%from%
16%%before%subtrac>on%
to%54%%aKer,%due%to%
theory%uncertainty%in%
top%radia>on%

%

arXiv:1302.2929-(JHEP)-
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Figure 8. Measured differential W+b-jets cross-sections with the statistical plus systematic un-
certainties as a function of pb-jetT in the 1-jet (left) and 2-jet (right) fiducial regions, obtained by
combining the muon and electron channel results. The measurements are compared to the MCFM
predictions and to the Alpgen predictions interfaced to Herwig and Jimmy and scaled by the
NNLO inclusive W normalization factor. The ratios between measured and predicted cross-sections
are also shown.

from the Alpgen simulation interfaced to Herwig and Jimmy has beeen applied to both
calculations. This correction represents a 25% effect on the total cross-section, concen-
trated in the lowest momentum bins of the 1-jet region. The DPI contribution in Alpgen
has been shown to agree at the detector level with the ATLAS measurement of �e↵ in the
W+2-jet sample [60]. Based on this measurement, a +39

�28% uncertainty is assigned to the
DPI correction. The non-perturbative and DPI corrections for the 1-jet and 2-jets regions
are presented in table 7. The fully corrected MCFM predictions are presented in table 8
for the 1-jet, 2-jet and 1+2-jet fiducial regions.
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Well,%ATLAS%did…%
•  W+b%jets%measurement%

…%with%and%without%
single;top%subtrac>on%

•  Size%of%contribu>on%vs%
pT%of%b;jet%

•  Effect%on%systema>cs%
varies%with%kinema>c%
region,%but%go%from%
16%%before%subtrac>on%
to%54%%aKer,%due%to%
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top%radia>on%

%

arXiv:1302.2929-(JHEP)-



The$project…$
•  Choose$the$final$state$with$two$leptonic$W’s$and$two$

b8jets$as$a$demonstra:on$
•  Consider$on8$and$off8shell$top$contribu:ons,$WW+bb$

diagrams$without$top,$and$WWjj$diagrams$when$the$
b8jets$are$too$far$forward$to$be$tagged.$

•  Genera:on$with$Sherpa$
•  Rivet$analysis$
$



The$project…$
•  First$plots,$s1ll$trouble4shoo1ng,$but$demonstrates$that$

indeed$diagrams$both$with$&$without$top$contribute$in$the$
interes1ng$kinema1c$regions$

•  Plan$to$study$this$and$compare$impact$of$theory$uncertain1es$
on$future$subtracted$and$unsubtracted$measurments$

N"Jets'a)er'WW'cuts'''''VBF'cut'flow''''''''''''''N"Jets'a)er'VBF'cuts'
$



Thanks to the organisers for 
the wonderful workshop!


