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 Inclusive
 Differential
*  Double-differential ;.. #Z.
* Boosted and resolved tops

Experimental references:
e CMS:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP

e Summary and combinations of LHC Top results:
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots

Brief summary of ONLY latest results on 5.02 and 13 TeV LHC data.
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5, Top quark Palr production @LHC

Main dlagrams F
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CMS,
The CMS detector D

bompam Muon Solenoid
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CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0m
Overalllength ~ :28.7m
Magnetic field :3.8T

Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

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

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

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

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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All types of objects involved (jets, b-jets,
missing transverse momentum, leptons)
* Experimental challenges:
- jet energy scale (< 2%)
- b-tagging efficiency (< 3%) & fake rate
- lepton triggering & identification (< 2%)
JINST 13 (2018) P05011 35.9 fb (13 TeV, 2016)
72 L L L L L L B B LR B
£ 10 cMS ¢ Data
cﬁ = Muon-enriched multijet B udsg
S [ 50<p._<250GeV e o
o 100 T [ b from gluon splitting
~ = 19
2 -
2 -
= 10
10* =
10°
QO 15F —
‘-En 1 0 02000290 0000000000902 0000000000000080080as- _E
T E
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
CSVv2 discriminator
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Variable of interest 2

0%, The challenges

Vove ~ Poisson(M- Agr)

CMS

Compact Muon Solenoid

trigger, reconstruction,
selection efficiencies

@

resolution smearing _.--- 4

acceptance:
fiducial 7
selection .+ '
cuts

full phase space

detector level

fiducial region

Variable of interest 1

* Theoretical challenges:
- enter through unfolding to parton &

particle level

- parton shower & underlying event

modelling

CMS-NOTE-2017-004


https://cds.cern.ch/record/2267573
https://iopscience.iop.org/article/10.1088/1748-0221/13/05/P05011/meta
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o The totally full picture
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Impressive agreement up to now..
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0 The detailed 13TeV picture
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CMS Preliminary o summary,ls = 13 TeV | Jun 2021
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* Inclusive measurements are in good agreement with theory eed to look at

* Exp. uncertainty comparable to theoretical uncertainty
July 2021 Javier Fdez.

differential
measurements!! [
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Latest inclusive measurements|
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Inclusive e/p + jets /s =13 TeV.

Inclusive ep dilepton +/s = 5.02TeV 02TeV
(2017 data) TOP-20-004

TOP-20-001
400 137 fo" (13 TeV)
8 [ CMS e/pu+ets
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« Differential and double-differential in
addition to the inclusive (see next slides)

w
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-001/index.html
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« Event selection:

— Exactly two central,
iIsolated and oppositely
charged leptons

At least 2 jets (with or
without btag)

Corresponding same-
flavour lepton samples
to estimate background

— Reduced statistical
uncertainty after
combination with I+jets

(2015) analysis (27pb1)

« Counting experiment:

July 2021

Data/Pred.

5.02TeV analysis

Inclusive ep dilepton +/s =

(2017 data) TOP-20-OO4
o4 = 60.3 £ 5.0(stat) + 2.8(syst) + 0.9(lum) pb
= 60.3 £ 5.5(tot) pb
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Jet multiplicity
MNLD _ g8 9 1% (ecale) + 2.3 (PDF) 12 (a.) pb
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-004/index.html
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Dilepton with taus

 First measurement at
13TeV including t’s

— Improving relative precision
of 7 and 8 TeV results

« e/u and at least 3 jets, of
which at least 1 is b-tagged
and one identified as
hadronic t

« Background: constrained in a
fit to the distribution of
m(lepton,p;™s%) in two event
categories (e & p)

Inclusive dilepton e/p+t,, v/s = 13TeV
JHEP 02 (2020) 191

July 2021
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http://dx.doi.org/10.1007/JHEP02(2020)191
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#0k Boosted differential cross sections/
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Hadronic & e/u + jets +/s = 13 TeV, 35.9fb"! * (Atleast 1) Top reconstructed as a

Phys. Rev. D 103 (2021) 052008 large-radius jet with transverse
CMS 35.9 o (13 TeV) momentum in excess of 400 GeV
> T T e ever] - Other top: isolated e or u+ MET
® 102k All-jet channel —¢— Data _
Q (] Total unc.
e [ Powheg+Pythia8 ]
L2103 a&\éé?\ngiF:;thiaS 4 10- ;CMS 35.9 b (13 TeV)
|== POWheg+Hel’ng++ = f>'-‘- ;\ ‘ T T T T | L | LI |P rE T I| T I T T T T | T T T I§
£ 4 @ C All-jet channel ]
D10 ©) I [ Total unc. i
) fe) : Powheg+Pythia8 E
© 5 D. aMC@NLO+Pythia8
10 Powheg+Herwig++
E
-6 O
10 B ]
oo R L L L L L L L L L L L L L L L L L © S E
S 10°° | -
O s :1?'3—::;
= A N B I | | e s
1000 1500 2000 2500 3000 3500 4000 g
mt (GeV) 2
ke
o
In both decay channels the observed absolute < P B S s rrareres mrararer
cross sections are significantly lower than the 1000 1500 2000 2500 3000 3’“500 4000
predictions from theory, while the normalized m* (GeV)
differential measurements are well described : :
Notable discrepancies shown
July 2021 Javier Fdez. 12


http://dx.doi.org/10.1103/PhysRevD.103.052008
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e/u + jets /s = 13 TeV. TOP-20-001

137 b (13 TeV)
> 107 ECMS e/u+jets § Data
Q) ¢ E Preliminary parton level - E ﬁﬂ
8 105 mmm i BHRL
= w1t BHBL
e tt nonsignal
o 10* Single t )
Lﬁ . m Multijet, DY/W+jets
10 w2, Uncertainty
10
10
_SE _c 13 ............................................................................... _ i /
o 12 i
Qla " %0777
06 {4547
0

200 400 600 800 1000 1200 1400 1600 1800 200
p.(t) [GeV

000
]

4 event categories based of number of tight (loose) b-tags and

resolved or boosted top-quark candidates:

¢ 2t: 2 resolved top-candidates with 2 tightly b-tagged jets
* 1t1l: 2 resolved top-candidates with 1 tight and 11oose b-tag
*  BHRL: boosted hadronic top (p; > 400 GeV) but resolved

leptonic top, 1 tight b-tag
*  BHBL: both top-candidates boosted, 11oose b-tag on
leptonic side

July 2021 Javier Fdez.

o Differential cross sections

Exactly 1 central, isolated e or n

Differential and double-differential
cross sections in full kinematic range
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Absolute lower, shapes OK
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2D Differential cross sections

e/u + jets /s = 13 TeV. TOP-20-001

137 b (13 TeV)
i 10 L-CMS e/u+jets | 0 < p_(tf) < 50 GeV
8 Preliminary  parton level ¢  Data
Qo 1 Sys @ stat
2 Stat
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o] B 102 kes T " 0us : MG P8 (CP5)
Y| o el i MATRIX
o107 ma
© ® Texr .
10_4 L} ®* A
107°
a (U _\ | 1 1 L1 1 L1 1 L1 1 L1 11 [ ] A
— I ¢
Sttty g
L N R i i |
0 100 200 300 400 500 1500

July 2021

p.(t,) [GeV]
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For the first time the cross section
of the full spectra are obtained
using a combination of resolved
and boosted tt topologies.

Kinematic quantities on parton-level
for individual top-quarks:

Pr(th), Pr(t), [yl
and top-pairs:

= |y(&)]), m(te), p(tt)

The combination of multiple
reconstruction categories allows for
constraints of systematic
uncertainties — significantly
improved precision with respect to
previous measurements

Uncertainties in the jet energy
scale, luminosity, and tt modeling
are the dominant sources.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-001/index.html

Summary
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Top quark pair production measured with high precision at CMS:

* Inclusive results at 5, 7, 8 and 13TeV in good agreement with
predictions, — (multi)differential studies

 Run2 at 13TeV allows to explore the full phase space of top
production in both boosted and resolved topologies:

— Most differential distributions of
POWHEG +PYTHIA/HERWIG, and mg5 aMC@NLO +PYTHIA

— A softer top quark p; spectrum is observed compared to most of the
NLO predictions, specially at high p; and |y]|

— Parton-level cross sections compared to the NNLO QCD calculations
obtained with MATRIX (reduced theoretical uncertainty)

July 2021 Javier Fdez. 15
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Past

special?

top quark is the most massive known particle
* significant contribution of top loops

the top Yukawa coupling is close to unity
* coincidence or special dynamics?

it decays before it can hadronize
* no bound states with top can be formed
* its decay products (W, b) largely preserve
the top quark spin polarization

top properties provide critical tests for the SM
predictions

* very sensitive to BSM effects

Is top quark

UNIVERSIDAD DE OVIEDO
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O full hadronic
O semileptonic

@ dileptonic

CMS
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CMS Integrated Luminosity Delivered, pp, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2018-10-26 08:23 UTC
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Run2: proton-proton @ 13 TeV in 2015 - 2018

total luminosity =163 fb™
« ~108 top quark pairs produced

July 2021

on average 34 interactions per bunch crossing

Javier Fdez.

Recorded Luminosity (pb ‘/1.00)

& LHC: the perfect machine?
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CMS Average Pileup

Hl 2018 (13 TeV): <u> = 37
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The detailed picture
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CMS Preliminary o, summary,jis = 8 TeV May 2019
NNLO+NNLL PRL 110 (2013) 252004 A -
"""" My, = 172.5 GeV, o (M) =0.118+0.001 ———t CMS Prediminary Oy summary}s = 13TeV__ | Jun 2021
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JHEP 02 (2014) 024, L, =53fb" Alljets 834+ 25+ 118+ 23 bb
CMS-PAS TOP-16-013, L =253 b, 25 ns - =e3p
Dil 63
epton ep . Ol 2449+1.4" . +6.4pb
JHEP 08 (2016) 029, L, =19.7fb ] :
L+jets 791+ 1£21+14pb
: CMS-PAS TOP-20-001, L =1371b", 25 ns * HH P
All jets } — o |
EPJ C76 (2016) 128, L, =18.4fb" 2756 £6.1£37.8+7.2pb
: 3 ' 9% NMNPDF3.0 JHEP 04 (2015) 040
: | | MMHT14 EPJC 75 (2015) &
3 4_3 7% NNPDF3.0 JHEP 04 (2015) 040 Frelmisy CT14 PRD 93 (2016) 033008
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CT14 PRD 83 (2016) 033006 oo b b e v b by |
ABM12 PRD 89 (2015) 054028 200 400 600 800 1000 1200 1400
[#,M,) =0.113] [pb]
G 1P
||||||||I|IIII|IIII||||||IIII i
100 150 200 250 300 350 400
o, [pb]

' : : \ look
* Inclusive measurements are in good agreement with theory eed to look at

* Exp. uncertainty comparable to theoretical uncertainty
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differential
measurements!!




