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PRECISION TESTS OF THE STANDARD MODEL
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➤ High precision in the theoretical prediction requires the computation of 
higher order corrections.
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THE MATRIX FRAMEWORK

MATRIX
Munich Automates qT subtraction  

and Resummation to Integrate X-sections 
Code publicly available at https://matrix.hepforge.org

[M.Grazzini, S. Kallweit,  
M. Wiesemann: 1711.06631]

MUNICH
MUlti-ChaNnel Integrator at Swiss (CH) precision

(VVamp, GiNaC, tdhpl…)
OPENLOOPS

(Collier, CutTools…)
TWO-LOOP AMPLITUDES

qT subtraction

5

https://matrix.hepforge.org
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THE TOP QUARK
The top quark is the heaviest particle in the Standard Model:  GeV.mt ≃ 173
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➤ Has a strong coupling with the  
Higgs boson; 

➤ The top mass is a fundamental 
 parameter of the Standard Model; 

➤ The value of the top mass plays a  
key role in vacuum stability; 

➤ The top mass is a standard candle  
at LHC; 

➤ possible window on New Physics; 
➤ Important background both for SM and  

BSM studies.

THE TOP QUARK
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The Top Quark plays a major role both in Standard Model studies 
and Beyond the Standards Model searches!



EXPERIMENTAL MEASUREMENTS
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-EP-2018-039
2018/06/19

CMS-TOP-17-002

Measurement of differential cross sections for the
production of top quark pairs and of additional jets in
lepton+jets events from pp collisions at

p
s = 13 TeV

The CMS Collaboration⇤

Abstract

Differential and double-differential cross sections for the production of top quark
pairs in proton-proton collisions at

p
s = 13 TeV are measured as a function of kine-

matic variables of the top quarks and the top quark-antiquark (tt) system. In addi-
tion, kinematic variables and multiplicities of jets associated with the tt production
are measured. This analysis is based on data collected by the CMS experiment at
the LHC in 2016 corresponding to an integrated luminosity of 35.8 fb�1. The mea-
surements are performed in the lepton+jets decay channels with a single muon or
electron and jets in the final state. The differential cross sections are presented at the
particle level, within a phase space close to the experimental acceptance, and at the
parton level in the full phase space. The results are compared to several standard
model predictions that use different methods and approximations. The kinematic
variables of the top quarks and the tt system are reasonably described in general,
though none predict all the measured distributions. In particular, the transverse mo-
mentum distribution of the top quarks is more steeply falling than predicted. The
kinematic distributions and multiplicities of jets are adequately modeled by certain
combinations of next-to-leading-order calculations and parton shower models.

Published in Physical Review D as doi:10.1103/PhysRevD.97.112003.

c� 2018 CERN for the benefit of the CMS Collaboration. CC-BY-4.0 license

⇤See Appendix E for the list of collaboration members
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Figure 16: Absolute (left) and normalized (right) differential cross sections at the parton level as
a function of pT(tt) (upper), |y(tt)| (middle), and M(tt) (lower). The data are shown as points
with light (dark) bands indicating the statistical (statistical and systematic) uncertainties. The
cross sections are compared to the predictions of POWHEG combined with PYTHIA8 (P8) or
HERWIG++ (H++), the multiparton simulation MG5 aMC@NLO (MG5)+PYTHIA8 FxFx, and the
NNLO QCD+NLO EW calculations. The ratios of the various predictions to the measured cross
sections are shown at the bottom of each panel.



THE PROJECT
The CMS collaboration measured differential distributions for top pair production in 
the lepton+jet channel (Phys. Rev. D,97(11):112003, 2018), presenting parton level 
results. 
➤ Use MATRIX to compute NNLO theoretical predictions for the invariant mass of 

the tt̅ pair, , and the transverse momentum of the hadronically decaying top, 
. Fix the value of the top mass to  GeV and use the NNPDF31 set of 

parton distribution functions with . Consider different choices for the 
central value  of the renormalization and factorization scale: , , , , 

, where  is the transverse mass of the (anti-)top quark, and  is defined as 
. 

➤ Plot the differential distributions obtained for different central scale choices. What do 
you observe? Which ones exhibit a faster perturbative convergence? Which ones provide 
a more reliable estimate of the theoretical uncertainties? 

➤ Compare the theoretical predictions with experimental data. How does the central 
scale choice affect the comparison? Do you observe agreement between theory and 
experimental measurements? If not, can you think about possible justifications?  

➤

mtt̄
pT,thad

mt = 173.3
αS(mZ) = 0.118

μ0 HT /2 HT /4 mtt̄ /2 mT,t
mT,t̄ mT,t(t̄ ) HT

HT = mT,t + mT,t̄


