Measurement of tt normalised multi-differential cross
sections in pp collisions at y/s = 13 TeV, and simultaneous
determination of the strong coupling strength, top quark
pole mass, and parton distribution functions
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la. Introduction : generation of ttbar
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ttbar is mainly generated via gluon fusion at p-p collider

cross section depends on PDF ( of partons inside proton) , coupling ,
mass and so on.



1b. Introduction : top mass

- Since its decay width is wider than that of QCD, top quark decays
W+b quark before hadronization :
Gp-mr..?

[y ~
: 8/ 27

Vip| ~ 1.5 GeV > Aqep(~ 300 MeV)

V(Q

Then, calculating the invariant mass from all of decay
products, the mass of top quark can be deduced . .. 0

‘This is just robust estimation, since the initial top

‘quark has color, whereas the decay products are pbagi
all color singlet. '




lc. Introduction : top mass

Question from Xin : Could you explain a bit more on “top quark pole mass”?

A. Pole mass is defined as the pole position of the propagator

SF(F;)_l Zgﬁ—m—Z(};ﬂ) ﬁ—"’ff’( — Mpole

-- Somehow close to the value obtained from the cross section

-- But, quark does not freely moving like electrons, , ,

-- Need to calculate the correction factor which is not trivial as leptons, owing to its strong

coupling, a. ( ... definitely need to calculate higher order because of bad covergence )
i.e.) propagator for electron at Dirac field is Precise determination of top quark
- 1 1 : -
Sr(p) = mass is one of hot topic

Vip, —m+ie  p—m+ie 4



2. The Compact Muon Solenoid

(CMS) detector

From
https://cms.cern/detector

- at 15 metres high and 21 metres
long, it really is quite compact for all
the detector material it containts;

- it is designed to detect particles
known as muons very accurately; and

- it has the most powerful solenoid
magnet ever made.

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

CMS DETECTOR

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m Pixel (100x150 um) ~1m? ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels
Magnetic field :3.8T

HADRON CALORIMETER (HCA
Brass + Plastic scintillator ~7,000 channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
< Silicon strips ~16m* ~137,000 channels

;?‘Itﬁ FORWARD CALORIMETER
/ " Steel + Quartz fibres ~2,000 Channels



3a. Event Selection

Signal : I-
leptons (e*e, utu, or e*p¥) v \
from W bosons+ 77T '
two jets (=b quark) W-
Reconstruction : -
-- P; cut (for leptons) b

-- Using a particle-flow algorithm
-- Jets, clustering the PF candidates using anti-k; algorithm with R=0.4

-- Ranking the combinations ( for multi-candidates )



Ref : Backgrounds (taken from an ATLAS analysis slide )

Backgrounds due to detector effects
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Backgrounds that have similar event topologies (two leptons, neutrino)
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-vent Selection

From
Figure 1.

y(t) : rapidity of
the top quark

Niet - number of
extra jets not
arising from the
decay of the tt

system
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4. Unfolding and cross section

Background subtraction , where the number of background events are
obtained directly from MC simulations.

Only W->t->I(e or n) background channel are almost identical to the
signal, thus it is normalized.

- The number of signal events after background subtraction are
corrected for detector effects

:> Here, “response matrix” is used for this unfolding procedure, which
returns the full phase space for tt production at parton level .

- Cross section :

| eunf where M.Unf is the number of unfolded
i _ l M; signal events in bins 7 ,
c o BL Bis the branching ratio of tt into the

lepton final states .



Hha. Results: double-differential cross section
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Figure 3: Comparison of the measured [y(t), pr(t) ]/,E’I;GSS sections to the theoretical predictions

# From the paper, “The data distribution is softer,thén that of the predictions...” 10



Hhb. Results: triple-differential cross section
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Figure 11: Comparison of the measured [NO1.2+

ot M(tt), y(tt) ] cross sections to the theoretical
predictions calculated using MC event generators (further details can be found in the Fig. 3

caption).

# From the paper, "POW+HER predicts too high a cross section for N;,;>1..." 11



ba.

- xtraction of a, and mP°'¢ using external PDFs

To extract o, and m,P°le, the measured triple-differential cross sections are
compared to fixed-order NLO predictions
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Figure 14: Comparison of the measured [N]-[i'tl_, M(tt), y(tt) ] cross sections to NLO predictions

obtained using different PDF sets (further details can be found in Fig. 3). For each theoretical 12



ob.

- xtraction of o, and m,Po'e using external PDFs
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Figure 15: Comparison of the measured [N].g'tl_, M(tt), y(tt) ] cross sections to NLO predic-

tions obtained using different ncg(_mzj values (further details can be found in Fig. 3). For each
13



6¢. Extraction of a, and mP°'¢ using external PDFs
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Figure 16: Comparison of the measured [N]-g'tl_, M(tt), y(tt) ] cross sections to NLO predictions

obtained using different thDlE values (further details can be found in Fig. 3). For each theoretical

## Really, model dependent .... .



6d. Simultaneous PDF, a, and m,Po'e fit

The measured triple-differential cross sections are used in a simultaneous
PDF, a, and mPoe fit at NLO, together with the combined HERA inclusive
deep inelastic scattering data.
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Figure 19: Comparison of the measured N2, M(tt), y(tt) ] cross sections to the NLO predic-

tions using the parameter values from the simultaneous PDE, as, and mf'ole fit (further details

jet
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/. Summary

A measurement was presented of normalised multi-differential tt production cross sections
in pp collisions at /s = 13TeV, performed using events containing two oppositely charged
leptons (electron or muon). The analysed data were recorded in 2016 with the CMS detector
at the LHC, and correspond to an integrated luminosity of 35.9 fb~!. The normalised tt cross
section is measured in the full phase space as a function of different pairs of kinematic variables
that describe either the top quark or the tt system. None of the central predictions of the tested
Monte Carlo models is able to correctly describe all the distributions. The data exhibit softer

transverse momentum pr(t) distributions than given by the theoretical predictions, as was

reported in previous single-differential and double-differential tt cross section measurements.

The effect of the softer pr(t) spectra in the data relative to the predictions is enhanced at larger
values of the invariant mass of the tt system. The predicted pr(t) slopes are strongly sensitive

to the parton distribution functions (PDFs) and the top quark pole mass mf °ke {alue used in the
calculations, and the description of the data can be improved by changing these parameters.
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