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PRECISION TESTS OF THE STANDARD MODEL

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

» High precision in the theoretical prediction requires the computation of
higher order corrections.
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THE IMPORTANCE OF PRECISION
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THE MATRIX FRAMEWORK M. Wisseman: 1711,06631]

MUNICH

MUIti-ChaNnel Integrator at Swiss (CH) precision

(Collier, CutTools...) (VVamp, GiNaC, tdhpl...)

qr subtraction

MATRIX

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



https://matrix.hepforge.org
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Version: 2.1.0 Mar 2023
Reference: arXiv:1711.06631

Munich —- the MUlti-chaNnel Integrator at swiss (CH) precision —-—
Automates qT-subtraction and Resummation to Integrate X-sections
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. Grazzini (grazzini@physik.uzh.ch)
. Kallweit (stefan.kallweit@cern.ch)
M. Wiesemann (marius.wiesemann@cern.ch)

MATRIX is based on a number of different computations and tools
from various people and groups. Please acknowledge their efforts
by citing the references in CITATIONS.bib created with every run.
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<<MATRIX-MAKE>> This is the MATRIX process compilation.
<<MATRIX-READ>> Type process_id to be compiled and created. Type "list" to show
available processes. Try pressing TAB for auto-completion. Type
or "quit" to stop.
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<<MATRIX-MAKE>> This is the MATRIX process compilation.

<<MATRIX-READ>> Type process_id to be compiled and created. Type "list" to show
available processes. Try pressing TAB for auto-completion. Type
"exit" or "quit" to stop.
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MATRIX is based on a number of different computations and tools
from various people and groups. Please acknowledge their efforts
by citing the references in CITATIONS.bib created with every run.
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<<MATRIX-MAKE>> This is the MATRIX process compilation.

<<MATRIX-READ>> Type process_id to be compiled and created. Type "list" to show
available processes. Try pressing TAB for auto-completion. Type
"exit" or "quit" to stop.

process_id process description

pph21

ppz01

ppwol

ppwx01l
ppeex02
ppnenex02
ppenex02
ppexned?2
ppaad2
ppeexa0d3
ppnenexad3
ppenexad3
ppexnead3
ppzz02
ppwxw@2
ppemexmx04
ppeeexex04
ppeexnmnmx04
ppemxnmnex04
ppeexnenex04
ppemexnmx04
ppeeexnex04
ppeexmxnmo4
ppeexexned4
ppttx20
ppaaad3

H on-shell Higgs production (NNLO)

z on-shell Z production (NNLO,NLO EW)

Wh-— on-shell W- production with CKM (NNLO)

WA+ on-shell W+ production with CKM (NNLO)

en— e+ Z production with decay (NNLO,NLO EW)

v_et- v_et+ Z production with decay (NNLO,NLO EW)

en— v_et+ W- production with decay and CKM (NNLO,NLO EW)
e+ v_en- W+ production with decay and CKM (NNLO,NLO EW)
SEI ERGETINE] gamma gamma production (NNLO)

e”— e™+ gamma Z gamma production with decay (NNLO)

v_e”- v_e”+ gamma Z gamma production with decay (NNLO)

e”— v_e™+ gamma W- gamma production with decay (NNLO)

e™+ v_e”- gamma W+ gamma production with decay (NNLO)

Z7Z on-shell ZZ production (NNLO)

WA+ WA- on-shell WW production (NNLO)

e”— mut- e+ mut+ ZZ production with decay (NNLO,NLO gg,NLO EW
en- en- e+ e+ ZZ production with decay (NNLO,NLO gg,NLO EW
e”— e+ v_mut- v_mut+ ZZ production with decay (NNLO,NLO gg,NLO EW
e”— mut+ v_mut- v_et+ WW production with decay (NNLO,NLO gg,NLO EW
et e+ v_et- v_et+ ZZ/WW production with decay (NNLO,NLO gg,NLO EW)
e”— mut- e+ v_mut+ W-Z production with decay (NNLO,NLO EW)

en— et— e+ v_et+ W-Z production with decay (NNLO,NLO EW)

e”— e+ mut+ v_mut- W+Z production with decay (NNLO,NLO EW)

en— e+ e+ v_en- W+Z production with decay (NNLO,NLO EW)

top anti-top on-shell top-pair production (NNLO)

gamma gamma gamma gamma gamma gamma production (NNLO)
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<<MATRIX-MAKE>> This is the MATRIX process compilation.

<<MATRIX-READ>> Type process_id to be compiled and created. Type "list" to show
available processes. Try pressing TAB for auto-completion. Type
"exit" or "quit" to stop.

process_id description

pph21

ppz01

ppwol

ppwx01l
ppeex02
ppnenex02
ppenex02
ppexned?2
ppaad2
ppeexa0d3
ppnenexad3
ppenexad3
ppexnead3
ppzz02
ppwxw@2
ppemexmx04
ppeeexex04
ppeexnmnmx04
ppemxnmnex04
ppeexnenex04
ppemexnmx04
ppeeexnex04
ppeexmxnmo4

nnaavavnaiA

ppttx20

on-shell Higgs production (NNLO)

on-shell Z production (NNLO,NLO EW)

on-shell W- production with CKM (NNLO)
WA+ on-shell W+ production with CKM (NNLO)
en— e+ Z production with decay (NNLO,NLO EW)
v_et- v_et+ Z production with decay (NNLO,NLO EW)
en— v_et+ W- production with decay and CKM (NNLO,NLO EW)
e+ v_en- W+ production with decay and CKM (NNLO,NLO EW)
SEI ERGETINE] gamma gamma production (NNLO)
e”— e™+ gamma Z gamma production with decay (NNLO)
v_e”- v_e”+ gamma Z gamma production with decay (NNLO)
e”— v_e™+ gamma W- gamma production with decay (NNLO)
e™+ v_e”- gamma W+ gamma production with decay (NNLO)
Z7Z on-shell ZZ production (NNLO)
WA+ WA- on-shell WW production (NNLO)
e”— mut- e+ mut+ ZZ production with decay (NNLO,NLO gg,NLO EW
en- en- e+ e+ ZZ production with decay (NNLO,NLO gg,NLO EW
e”— e+ v_mut- v_mut+ ZZ production with decay (NNLO,NLO gg,NLO EW
e”— mut+ v_mut- v_et+ WW production with decay (NNLO,NLO gg,NLO EW
et e+ v_et- v_et+ ZZ/WW production with decay (NNLO,NLO gg,NLO EW)
e”— mut- e+ v_mut+ W-Z production with decay (NNLO,NLO EW)
en— et— e+ v_et+ W-Z production with decay (NNLO,NLO EW)
e”— e+ mut+ v_mut- W+Z production with decay (NNLO,NLO EW)
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top anti-top on-shell top-pair production (NNLO)
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THE TOP QUARK

The top quark is the heaviest particle in the Standard Model: m, ~ 173 GeV.
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Aluminum Silicon Phosphorus
3 4 5 6 7 8 9 10 n 12 26.982 28.086 30.974
21 22 23 24 25 26 21 ZQ 29 30 31 32 33
Sc Ti Cr Mn Fe Co Ni Cu In Ga Ge As
Scandium Titanium Vanadium Chromium Manganese Iron Gobalt Nickel Copper Linc Gallium Germanium Arsenic
44.956 41.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 12.631 14.922
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THE TOP QUARK

The top quark is the heaviest particle in the Standard Model: m, ~ 173 GeV.
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44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38
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5 Y Ir Nb Mo Te Ru Rh Pd
Yitrium Zirconium Niobium Molybdenum ~ Technetium Ruthenium Rhodium Palladium
88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42
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the six quarks. Top
Quarks are an enigmatic
particle whose personal

life is sought after by

- thousands of physicists.
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THE TOP QUARK

The Top Quark plays a major role both in Standard Model studies

and Beyond the Standards Model searches!

» Has a strong coupling with the

[

’ 180
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Higgs boson;

. 178 |

!> The top mass is a fundamental |
|  parameter of the Standard Model; % % .~ 7 7 o |
£ i g ‘ SRR |
| s |
| > The value of the top mass plays a > sl .
. R K) E F R
key role in vacuum stability; s |
. g 172+ 1
> The top mass is a standard candle = [ .- ..~ |
| at LHG; ol |
| Stability | ||
> possible window on New Physics; 16 "
‘i 120 122 124 126 128 130 132 I
{ > Important background both for SM and Higes pole mass My in GeV ﬂ

‘ . |
il BSM studies. "




EXPERIMENTAL MEASUREMENTS
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN) 25
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Figure 16: Absolute (left) and normalized (right) differential cross sections at the parton level as

a function of pr(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
(© 2018 CERN for the benefit of the CMS Collaboration. CC-BY-4.0 license NNLO QCD+NLO EW calculations. The ratios of the various predictions to the measured cross
sections are shown at the bottom of each panel.

*See Appendix E for the list of collaboration members



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 tt pair, m,;, and the transverse momentum of the hadronically decaying top,
pr,, - Fix the value of the top mass to m, = 173.3 GeV and use the NNPDF31 set of
parton distribution functions with a¢(m,) = 0.118. Consider different choices for the
central value g, of the renormalization and factorization scale: Hy/2, Hy/4, m;/2, my,
mr;, where myp 7 is the transverse mass of the (anti-)top quark, and Hyp is defined as
Hy = myp, + myp;.

> 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?



