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Top Priority

+ Top quark plays an unique role in phenomenology studies of both
electroweak and QCD sectors of the SM due to its large mass and short

lifetime
Top Quark Production Cross Section Measurements Status: May 2020
el ATLAS Preliminary
— Theory
b 10° g Run 1,2 /s = 7,8,13 TeV e
- LHC pp Vs =7 TeV .
Bl Data 45-46M!
T o [ n/|
102 . - LHC pp Vs =8 TeV _
- o | A Data 20.2 — 20.3fb™! .
A LHC pp Vs =13 TeV
na - BEl Daa 32-1391 _
A
1 F o o _
B .
A
A
A
A
107! B =] E
1072 —
tt t tW t ttW ttZ ttH tty tZ) 4t
t-chan s-chan fid. ¢+jets



Probe of BSM physics

+ Many well motivated extensions of the SM can modify production and
decays of the top quark that can be tested at the (HL-)LHC for its high
energy and great precision
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Single top-quark production

+ Top quark can be produced singly at LHC via electroweak interactions,
including t-channel, s-channel, and associated production
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t-channel production

+ t-channel production mode enjoys special interest for its large cross
section and several strong physics motivations
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Measurements on total / differential cross sections

+ Experimental precision of ~5-10% for total cross section and with a
precision of ~5-20% at 13 TeV, unfolded back to parton level for easy
comparison to theory
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Measurements on top quark polarizations

+ Polarization of the top quark can be extracted through polar angle
distribution of charged lepton wrt. spin axis in top quark rest frame
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Measurements on top quark mass

+ Single-top quark production offers an opportunity to measure top
quark mass that could be largely independent with those from pair
production in theory and experimental uncertainties
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Modeling of t-channel single top production

+ Surprisingly uncertainties due to theoretical modeling of the signal are
far dominant in the final experimental results, e.g., for the total cross
sections and thus Vtb

1902.07158, ATLAS+CMS, 8TeV 1812.10514, CMS 13 TeV, 36 fb-1
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State of art calculation

+ We will address two questions with the state of art calculations at

NNLO in QCD in a 5-flavor scheme, for t-channel production with
leptonic decays

w double deep inelastic scattering
(DIS) approximation

w narrow width approximation
(NWA)

[Berger, JG, Yuan, Zhu, 2016]
[Berger, JG, Zhu, 2017]

w What are the true theoretical uncertainties in modeling of the t-channel
production, especially related to heavy-quark schemes?

w s it possible to extract top-quark mass without relying directly on kinematics
of the b-jet?
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Heavy-quark schemes

+ The production can be calculated either in a factorization scheme
based on 4 flavor of quarks in the initial state (4FS) or also treats the
bottom quark as a massless parton in initial hadrons (5FS)
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Total inclusive cross sections

+ Shown below are predictions on total cross section as a function of
QCD scales at various orders and in both 4FS and 5FS
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Top quark distributions

+ A direct comparison of the two schemes at the highest order available,
i.e. 5FS@NNLO and 4FS@NLO, on normalized distributions

1. o-————H—"""+—"+"—7F—+—F——+——
g QREERED Map=1my —— Msp=my/4
Eosl ™ Hap=mi/2 Hsr=mi/2 ] transverse momentum of
P S top quark
o N i kSR =S
5 100 smeme e L
= L - w excellent agreement at a few
LH I 1 . .
° 0.95] @ _' percent level in bulk region of
= i a 1 .
S | NNLO(SES) vs. NLO(4FS) : Cross sections
090
0] 50 100 150 200
PT top [G@V]

— 104f " Hapmm ——  fsp=my4
= [~ Hap=my/2 Hsp=mi/2 ] rapidity of top quark
= 1.02¢ ]
b I
‘-d - o
5 100} Sl v even better agreement, differ by
S 098] T a few permille for rapidity up to
= | (@) | 2.4
~ 096 NNLO(5ES) vs. NLO(4FS) -

00 05 10 15 20 25 30
|Yt0p| 13



Top quark distributions

+ A direct comparison of the two schemes at the highest order available,
i.e. 5FS@NNLO and 4FS@NLQO, on absolute distributions
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Predictions vs LHC measurements

+ Select two measurements from ATLAS at 8 TeV and CMS at 13 TeV,
comparing to predictions of both 5FS and 4FS with their nominal scale
choices, for transverse momentum of top quark
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Extraction of top quark mass

+ Mass of the top quark can be extracted from transverse momentum of
the charged lepton without explicit dependence on hadronic activities
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Theory predictions for signal

+ NNLO predictions in 5FS shows a theoretical uncertainty on the
average Pt of lepton of 0.1~0.3%; uncertainties from other sources are

do/dpr; [pb/GeV]
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Background estimation

+ Uncertainties from modeling of SM backgrounds, e.g. from top-quark
pair or W+jets production, are another major theoretical error in the
proposed measurement of top quark mass

<P1,> and fiducial cross .
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Projections for (HL-)LHC

+ Projections for (HL-)LHC are found to be very promising with a total
uncertainty on extracted top-quark mass of about 1 GeV, from theory
modeling on both signal and background processes
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statistical uncertainties (300/3000 fb-1) are much smaller than theoretical ones
from modeling of the signal (t-channel) process with the latter ~1 GeV

theoretical uncertainty due to modeling of background processes are
comparable, ~0.8 GeV
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Summary and outlook

*

The predictions in the 5FS show strong stability for both normalization
and distributions, and are superior to those of the 4FS at comparable
orders

The NNLO predictions in 5FS shows perturbative uncertainty of a few
percents; large modeling uncertainty in experimental measurements
possibly deserves a careful examination

More works on matching 5FS@NNLO to parton showering would be
desirable to further test stability of predictions from 5FS

Extraction of top quark mass with our precision calculation and using
leptonic observables are proposed and shows promising sensitivities

Thank you for your attention!
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