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Summary. — We present results of a tune of the initial- and final-state radiation
parameters of the Pythia8 Monte Carlo generator to various measurements of tt̄
production performed by the ATLAS experiment at

√
s = 7 TeV. The tune is

further applied to the next-to-leading-order generators MadGraph5 aMC@NLO and
Powheg, and additional parameters of these generators are tuned to the tt̄ data.

At the LHC collider, for the first time, tt̄ processes can be measured with enough
accuracy to be used in Monte Carlo (MC) tunes. Aim of this work is to study the
sensitivity of these measurements to the initial- (ISR) and final-state radiation (FSR)
parameters in the Pythia8 generator. The tunes are performed with the Professor
program and with Rivet for the implementation of the measurements. For the first time
in the context of MC tuning the correlations in the uncertainties among bins of the same
observable and of different observables have been considered.

The Monash tune is used as baseline tune and four parameters are considered for
the optimization. These are the value of αS(mZ) in the initial- and final-state showers,
a fudge factor for the damping of the ISR radiation (pISR

T,damp) and the infrared cut-off
of the final state shower (pFSR

T,min). The ISR parameters are tuned to a measurement of
differential tt̄ cross sections as function of jet multiplicity and transverse momentum and
a measurement of gap fraction as function of Q0. The tuned parameters are found to
be in agreement among the two different analyses and with the AZ tune to Z pT data.
A measurement of jet shapes in tt̄ events is used to tune the FSR parameters. The result
show tension between the light- and b-jet shapes, the low value of αFSR

s (mZ) obtained
for the b-jet shapes being incompatible with LEP data. Removing the b-jet shapes from
the tune helps in obtaining a χ2/ndf close to one and gives a value of αFSR

s (mZ) of 0.137,
compatible with LEP determinations. The resulting high value of pFSR

T,min, of about 1 GeV,
leaves however an undesiderable gap between the infrared cut-off of the shower and the
starting scale of hadronization. A combined tune of all four parameters (ATTBAR)
is finally performed [1]. The resulting values of the parameters, as shown in table I,
are in agreement with the independent tunes. Including correlations allows to reduce

Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0) 1



2 S. AMOROSO

 jetsN

3 4 5 6 7 8

P
re

di
ct

io
n/

D
at

a 

1

1.5

 25 GeV≥ jet

T
p
Data
Statistical uncertainty
Total uncertainty
PYTHIA8 ATTBAR
POWHEG+PY8 ATTBAR-POWHEG
MG5aMCNLO+PY8 ATTBAR-MG5aMCNLO

ATLAS  Preliminary
-1 = 7 TeV, 4.6 fbs

 [GeV] 0Q

50 100 150 200 250 300

P
re

di
ct

io
n/

D
at

a 

1

1.1

jet veto region |y| < 2.1
Data
Statistical uncertainty
Total uncertainty
PYTHIA8 ATTBAR
POWHEG+PY8 ATTBAR-POWHEG
MG5aMCNLO+PY8 ATTBAR-MG5aMCNLO

ATLAS  Preliminary
-1 = 7 TeV, 2.1 fbs

Fig. 1. – Predictions of Pythia8 (dashed magenta line), MadGraph5 aMC@NLO+Pythia8

(green dashed and dotted line), and Powheg+Pythia8 (orange continuous line) with the AT-
TBAR tunes compared to the measured differential tt̄ cross sections as functions of jet multi-
plicity for jets with pjet

T ≥ 40 GeV and gap fraction as a function of Q0.

Table I. – The optimal parameters and their uncertainties as determined in the ATTBAR tune.

Parameter ATTBAR

αISR
s (mZ) 0.121 ± 0.004

pISR
T,damp 1.18 ± 0.08

αFSR
s (mZ) 0.137 ± 0.003

pFSR
T,min [GeV ] 1.26 ± 0.17

χ2
min/dof 92/85

the uncertainties in the parameters by up to 50% and to obtain a χ2/dof close to one.
The variation in the ISR and FSR parameters induces a change in the underlying event
activity. Assuming universality between tt̄ and Z boson production, the MPI cut-off has
been retuned to Z events and a value of 2.28 GeV is obtained.

The ATTBAR tune is finally applied to NLO+PS generators and two additional
parameters related to the scale of the process are tuned to data. In Powheg the damping
factor for the singular part of the real radiation (hdamp) is tuned, obtaining a preferred
value of 1.8 ·mt. In MadGraph5 aMC@NLO the considered parameters are frac upp and
frac low, which determine the minimum and maximum fractions of the reference scale
used as an upper limit for the MC subtraction term. The best agreement with the data is
found by fixing both parameters to the same common value f and using the local-recoil
strategy, for which a value of 0.54 is obtained in the tune. The predictions of the tunes
to the three generators are shown in fig. 1.
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