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CMS
The top quark

m So far no signs for BSM physics in

q,/
direct searches y
.. . t q,v
m Precision measurements of its
properties could reveal indirect effects b

m Includes both QCD and EW
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The top quark mass

CMS

m Extensive effort in
CMS to measure m;

m Covered in
[Marco's talk] and
[Matteo's talk]

Many more already
published —

CMS Preliminary

May 2021

CMS Run 1 legacy
PRD 93 (2016) 072004

2015, muon+jets
TOP-16-022 (2017), 2.2 fb™

Lepton+ets
EPJC 78 (2018) 891, 35.9 fb™

Dilepton
EPJC 79 (2019) 368, 35.9 fb™

All-jets
EPJC 79 (2019) 313, 35.9 fb™

Lepton+ets, all-jets
EPJC 79 (2019) 313, 35.9 fb™

Single Jet, p_> 400 GeV Py

PRL 124, 202001 (2020)

Single top
TOP-19-009 (2020), 35.9 fb™*

Tevatron combination
arXiv:1608.01881 (2016)

World combination
ATLAS, CDF, CMS, DO
arXiv:1403.4427 (2014)
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https://conference.ippp.dur.ac.uk/event/925/contributions/5708/
https://conference.ippp.dur.ac.uk/event/925/contributions/5706/

Charge asymmetry in tt

[TOP-21-014, submitted to Phys. Lett. B]

CMS
NEW!
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m Study of central-forward
asymmetry in tt

_ N(Aly[>0)=N(A|y|<0)
N(Aly[>0)+N(Aly[<0)

(Aly] = lytl = lyzl)

m Ac

m At LO, no asymmetry
Higher order effects in qg — tt

Boosted regime enriches qg
production

SM prediction ~ 1%
m Could be influenced by BSM
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-014/

Charge asymmetry in tt

[TOP-21-014, submitted to Phys. Lett. B]

CMS

m Measurement in (+jets

m AKS8 jets with pt > 400 GeV

Top and W tagging

m Boosted, semi-resolved and

resolved reconstruction strategies

m Choose best tt reconstruction with
— 2
X2 — (MleprIep> + (

Olep

Mhad—Mhad

Ohad

— Measure Aly| in bins of Mz

(Mg > 750 GeV)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-014/

CMS
Charge asymmetry in tt NEW!

[TOP-21-014, submitted to Phys. Lett. B]
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m Maximum likelihood fit and likelihood-based unfolding

m Two Mg bins: [750,900], [900, o]
m Differential in lepton flavor (electron, muon)
m Three years
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-014/

Charge asymmetry in tt

[TOP-21-014, submitted to Phys. Lett. B]

NEW!

CMS

m Ac also obtained in fiducial and full phase space with
acceptance from generator level

m Good agreement with SM

m Largest uncertainties:

QCD scales, FSR, Top pt modelling, JEC
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-014/

_ Cms, |
CP violation in tt (/+jets) ;

[TOP-20-005, submitted to JHEP]

m Search for CP violation in tt

m Can be caused by BSM physics, see chromoelectric dipole
moment (CEDM) interpretation in [Jiwon's talk]

m Construction of 4 CP observables based on final state
4-momenta — full reconstruction

O3 = Que(Pv, Pos Pes Pj,) < Qe - (Fr X Fj),

Og = Que(P, p, — P, Pes Pj,) « Qu(Po — Pg) - (Pe X P,),
O =4 (po — Pp)e(P, q, po, Pp) * (P — Pp)z* (Po X Pp )z
O14 = €(P, pp + P5, Pes Pj,) « (P + P5) - (Fe X Pj,)-
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-005/
https://conference.ippp.dur.ac.uk/event/925/contributions/5721/

CP violation in tt ((+jets)

[TOP-20-005, submitted to JHEP]

CMS

]

m (+jets channel, > 4 jets, 2
b-tagged
m tt reconstruction with y?

m Measure CP observables and
define asymmetry:

_ N(0;>0)—N(0,;<0)
ACP = N(6,>0) TN(0;<0)
i=3,612,14

m Expected to be zero in SM
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-005/

CP violation in tt ((+jets)

[TOP-20-005, submitted to JHEP]

CMS

m Background estimation with

fit to myp

m Additional uncertainty from

different shapes in signal

region
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-005/

CP violation in tt ((+jets)

[TOP-20-005, submitted to JHEP]

CMS /|

Measured asymmetry [%]

m True Acp is diluted by detector and reconstruction effects
m Measurement of Ap = D - Acp

m Estimate dilution factor D = ¢, — ¢, (fractions of correct and

wrong sign of O; compared to generator level)

m Smaller D for O3 and Og because they are sensitive to charge

of b quarks
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-005/

CP violation in tt ((+jets)

[TOP-20-005, submitted to JHEP]

CMms. |

CMS 138 b (13 TeV)
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% Al inetjets ¥ A inptets
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i A'cp in lepton+jets § A'cp in lepton+jets (8 TeV)
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cp compatible with SM
JEC, JER and
background estimation
largest exp. uncertainties
ME-PS matching and UE
largest model
uncertainties

Precision improved by a
factor of 3

BSM interpretation in
[Jiwon's talk]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-005/
https://conference.ippp.dur.ac.uk/event/925/contributions/5721/

CP violation in tt (dilepton)

[TOP-18-007, submitted to JHEP]

CMS

m Similar analysis in dilepton . 559113 7eY)
4 BRI REER R R R D
. . © CMS ¢ Data
m 2 opposite sign leptons, P e channels W s
. 5 N (01>0) 163327 I <t other
>2 Jets, > 1 b—tagged @ 1wl NOg0): 63222 B singet
Mo
m my > 20 GeV and outside Z %D:

mass for ee and uu

m Full tt reconstruction with

ms and myy constraints

m Discard events where no
solution for neutrinos is
found

m Two CP observables:
Ol = E(Pt’ Pt Pe+, pf_)r O3

. Total Unc.
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-007/index.html

CP violation in tt (dilepton) ‘E

[TOP-18-007, submitted to JHEP]

cMs./ |

m Both Acp(0:3) = N(013>0)=N(013<0) ., cictent with zero

= N(013>0)+N(013<0)

m Largest source of uncertainties from limited background

sample size

Acp(O1) = 0.0024 + 0.0028 Acp(03) = 0.0004 + 0.0028
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-007/index.html
https://conference.ippp.dur.ac.uk/event/925/contributions/5721/

Measuring mi.; in boosted tt

[TOP-21-012], [Stewart et al, JHEP 11 (2015) 072], [Thaler & Wilkason, JHEP 12 (2015) 051]

CMS
NEW!

function of mjet

[Matteo's talk]

m /+jets channel in boosted regime

— Increase precision by calibrating jet

m; extraction covered in

Differential tt cross section as a

mje; important jet substructure
observable (QCD, taggers, ..

)

Two-step jet clustering with XCone

mass scale and FSR modeling
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https://cds.cern.ch/record/2809549?ln=en
http://dx.doi.org/10.1007/JHEP11(2015)072
https://link.springer.com/article/10.1007/JHEP12(2015)051
https://conference.ippp.dur.ac.uk/event/925/contributions/5706/

CcMS
Measuring mje; in boosted tt NEW! i

[TOP-21-012], [Phys. Rev. Lett. 124 (2020) 202001] —
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https://cds.cern.ch/record/2809549?ln=en
 http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-005/index.html

Measuring mje; in boosted tt
TOP-21-012], [Phys. Rev. Lett 124 (2020) 202001]

NEW!

CMS,

m FSR modeling calibrated with jet
substructure 735

m Tune MC to describe jet substructure
in boosted regime
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https://cds.cern.ch/record/2809549?ln=en
 http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-005/index.html

cms |
Measuring mje; in boosted tt NEW! :

[TOP-21-012]

m Regularized unfolding with
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https://conference.ippp.dur.ac.uk/event/925/contributions/5706/

Summary

CMS

m We are within precision era of top physics at LHC

m Many properties of the top quark are measured with high

detail
m So far no significant deviation from the SM is found

m Experimental uncertainties well under control
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