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Overview

New differential cross section results since November:

@ Measurements of differential cross sections of top quark pair production as a function of
kinematic event variables in proton-proton collisions at /s = 13 TeV (Submitted to
JHEP,arXiv:1803.03991)

@ Measurement of differential cross sections for the production of top quark pairs and of
additional jets in lepton-+jets events from pp collisions at /s = 13 TeV (Submitted to
PRD,arXiv:1803.08856)

Talk by Pedro tomorrow:

@ Measurement of jet substructure observables in tt events from pp collisions at
V/s = 13TeV (CMS PAS TOP-17-013)

@ Study of the underlying event in top quark pair production at /s = 13 TeV (CMS PAS
TOP-17-015)
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Measurement kinematic event variables in e/u-+jets

35.9fb 1, 13 TeV, Sub. to JHEP, arXiv:1801.03991

Measurements of variables that do not need a reconstruction of the top quarks.

Measurement based on “stable” particles (>30 ns) within experimental acceptance

— avoid theory extrapolations.
Objects use RIVET definitions see CERN-CMS-NOTE-2017-004. plugin available 11662081

@ Selection: exactly 1 e/, at least 4 jets, at least 2 b-tagged jets.
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35.9fb !, 13 TeV, Sub. to JHEP, arXiv:1801.03991

Systematic uncertainties
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35.9fb !, 13 TeV, Sub. to JHEP, arXiv:1801.03991
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35.9fb !, 13 TeV, Sub. to JHEP, arXiv:1801.03991
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Lepton related variables

@ e/u pr softer and 7) less
central.

@ also observed for pfss.

X2-tests considering theory
uncertainties
(POWHEGHPYTHIAS) show
compatibility between
measurements and expectations.

15.05.2018 6 /18



Measurement of differential cross sections in e/u-+jets

35.8fb~ 1, 13 TeV, Sub. to PRD, arXiv:1803.08856

35.8fb” (13 Tev)
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Measurements at particle level

35.8fb— 1, 13 TeV, Sub. to PRD, arXiv:1803.08856

Define proxy of top quark based on measurable objects (leptons, jets) in experimental
acceptance:

— clean definition of “top quark” observable.

— avoid theoretical extrapolations.

Definition of particle-level top quarks (CERN-CMS-NOTE-2017-004)
Events with exactly 1 electron/muon, 2 b jets, in total at least 4 jets
Sum momenta of all neutrinos py and find the permutation of jets that minimizes:

K2 = (M(pn + pe + py) — me)? + (M(pjy, + pj,) — mw)? + (M(pj, + pj, + Py) — me)?
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Analysis uses RIVET for particle level level definitions. plugin available 11663958.
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35.8fb !, 13 TeV, Sub. to PRD, arXiv:1803.08856

Parton level
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35.8fb !, 13 TeV, Sub. to PRD, arXiv:1803.08856

Parton level
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top cross sections

Softer M(tt) compared to
POWHEG/MG5(FxFx)+PYTHIA8
and SHERPA.

For M(tt) again
POWHEGHHERWIGH+ too

soft at particle level.

In general: x?-tests (see
backup) considering theory
uncertainties
(POWHEG+PYTHIAS and
SHERPA) show reasonable
compatibility between
measurements and SM
predictions.
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Double-Differential tt cross sections measurements

35.8fb— 1, 13 TeV, Sub. to PRD, arXiv:1803.08856

Results unfolded in 2 dim.
—correction for migrations

among all bins.
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@ Provide more details in
corners of phase space.

@ pr(t) softer in all rapidity

regions.
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35.8fb !, 13 TeV, Sub. to PRD, arXiv:1803.08856
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tt+jets production

35.8fb— 1, 13 TeV, Sub. to PRD, arXiv:1803.08856

pr(t) in bins of jet multiplicity (pr(jet) > 30 GeV)
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35.8fb !, 13 TeV, Sub. to PRD, arXiv:1803.08856

CMS simulation e/u+ets, particle level

T LhE " S
3 MYE 18 =
5 P 6 5
Jet properties S w3
. . . @ = 2
@ Measurement of kinematic properties of o 12 g
. LT . . 8 oy 5
jets in tt system (by, bp, jwsy, jw,) andup g " 0 3
to four additional jets (ji ... ja) ordered g’ b, 8 .g
by pr.- 5 h, 6 5
@ Correct for effects of resolution and ,§ otb 4 g
misidentification of jets. o , Z

pr‘ NN NN NN NN NN e 0

p.b) p.®) pG,)pG,) Pa) p.G) p.G)p.G)
Bins of jet type at particle level

35.8 b (13 TeV) 35.8 fb (13 TeV)

35.8 fb (13 TeV)

3 CMS  elurjets 3 Dala 3 elhrjets 3 Dala 2 CMS _ elurjets 3 Dala

0 particle level I i signal 0 particle level B i signal 0 particle level I @ signal

] i nonsignal 3 i nonsignal 3 i nonsignal

E Single t ° Single t @ Single t

H Multiet, DYM+ets|  § ultjet, DYMWsjets| & Multiet, DYMW-+jets
& Exp. uncertainty & Xp. uncertainty & Exp. uncertainty
fok=1 [ok=] sl

T o T ©|2

8& 8& -1t

100 200 500 600

p,() [GeV]

Otto Hindrichs (UR) top cross sections 15.05.2018 14 /18



-}

35.8fb !, 13 TeV, Sub. to PRD, arXiv:1803.08856

Jets of the tt system
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POWHEG+PYTHIAS:
describes data, but > 1 jet
from parton shower.

MG5+PYTHIAS [FxFx] (tt
+ up to 2 jets NLO):
similar to
POWHEG+PYTHIAS.

SHERPA (tt + 0,1 jet NLO,
up to 4 jets LO): some
deviation description of
add. jets.

POWHEG+HERWIG++-:
jets in tt system too soft
(related to soft pr at
particle level).
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35.8fb !, 13 TeV, Sub. to PRD, arXiv:1803.08856

35.8 b’ (13 TeV)
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35.8fb !, 13 TeV, Sub. to PRD, arXiv:1803.08856

Jets of the tt system
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Conclusion
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Differential tt cross sections:

@ Event variables.

@ 1D, 2D differential cross sections of the top quarks.

@ Differential distributions of jets in tt events.
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New These measurements provide:
3 R - M @ Precision test of the SM top quark production.
{;\g:: - i: @ Tests of parton shower models —improved understanding of
ok - systematics in other measurements, e.g., top mass.
ooost @ PDF constraints.
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Parton level
Distribution x*/dof p-value x2/dof p-value Xx2/dof p-value
POWHEG+DP8 with unc. POWHEG+DP8 NNLO QCD+NLO EW
p1(thigh) 164/12 0173 27.4/12  <0.01
1 (biow) 224/12 0.033 427/12 <001
pr(tn) 16.4/12 0175 24.0/12 0.020 513/12 0.953
[y(tn)] 1.28/11 1.000 1.41/11 1.000 227/11 0.997
pr(t) 22.2/12 0.035 383/12 <0.01 9.56/12 0.654
ly(to)] 2.04/11 0998 242/11 0.99 8.14/11 0.700
M(tt) 7.67/10 0.661 11.6/10 0.314 247/10 <0.01
pr(tt) 5.38/8 0.717 46.5/8 <0.01
ly(tD)| 3.98/10 0948 566/10 0.843 926/10 0507
ly(tn)| vs. pr(ty) 23.6/44 0995 416/44 0577
M(HF) vs. [y(f])|  20.6/35 0975 35.0/35 0.469
pritn) vs. M(tt) 38.9/32 0.188 59.3/32 <0.01
POWHEG+H++ MG5_aMC@NLO+P8 FxFx —
Pr(thign) 6.60/12 0.883 163/12 0.180
P1(tiow) 285/12  <0.01 15.3/12 0.225
pritn) 5.09/12 0.955 11.0/12 0530
y(ty)] 2.39/11 0997 221/11 0.998
pr(te) 6.55/12 0.886 17.4/12 0.136
y(te)| 254/11 0995 399/11 0.970
M(tt) 416/10 0.940 121/10 0275
pr(tt) 55.0/8 <0.01 26.8/8 <0.01
[y(tE)] 11.9/10 0292 8.92/10 0.540
[y(tn)| vs. pr(ty) 57.9/44 0077 402/44 0634
M(tt) vs. [y(tt)| 40.8/35 0.229 58.7/35 <0.01
pr(ty) vs. M(HE)  93.0/32 <0.01 166/32  <0.01
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Particle level

Distribution x*/dof p-value x2/dof p-value x2/dof p-value
POWHEG+P8 with unc. SHERPA with unc. POWHEG+P8
pr(ty) 159/12 0.197 7.21/12 0.844 295/12 <0.01
ly(ty)] 196/11 0.999 148/11 1000  223/11 0997
pr(te) 27.0/12 <0.01 22.3/12 0.034 80.2/12 <0.01
ly(te)]| 455/11 0.951 5.07/11 0.928 4.99/11 0932
M(tt) 5.83/10 0.829 240/10 0.992 9.07/10 0.525
pr(tt) 496/8 0.761 289/8 <0.01 41.2/8 <0.01
|y(t8)| 5.93/10 0.821 6.63/10 0.760 8.61/10 0.570
ly(th)| vs. pr(tn) 35.7/44 0.810 29.6/44 0.953 64.1/44 0.025
M(tt) vs. |y(tE)| 25.9/35 0.867 242/35 0914 56.2/35 0.013
pr(ty) vs. M(tt) 47.4/32 0.039 57.2/32 <0.01 732/32 <0.01
SHERPA POWHEG+H++ MG5_aMC@NTLO+P8 FxFx

pr(tn) 13.5/12 0.335 32.1/12 <0.01 17.4/12 0137
ly(tn)] 232/11 0.997 4.89/11 0936 3.16/11 0.988
pr(ts) 394/12 <0.01 21.8/12 0.040 47.7/12  <0.01
ly(te)| 554/11 0.902 404/11 0969  7.22/11 0781
M(tt) 2.86/10 0.985 52.8/10 <0.01 5.45/10 0.859
pr(tt) 68.7/8 <0.01 46.8/8 <0.01 21.3/8 <0.01
[y(tt)| 12.1/10 0.276 18.6/10 0.046 8.13/10 0.616
ly(ta)| vs. pr(tn) 483/44 0305 116/44 <001  449/44 0434
M(tt) vs. |y(tt)| 41.5/35 0.208 219/35 <0.01 55.7/35 0.014
prity) vs. M(tt)  66.5/32 <0.01 152/32 <0.01 48.9/32 0.028
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With additional jets

Distribution x2/dof p-value x2/dof p-value x?/dof p-value
POWHEG+P8 with unc.  SHERPA with unc. POWHEG+D8

Additional jets 1.52/6 0.958 27.3/6 <001 10.1/6 0.121
Additional jets vs. pr(t,) 35.1/44 0.830 64.6/44 0.023 71.6/44 <0.01
Additional jets vs. M(tf)  27.5/36 0.845 68.9/36 <0.01 38.8/36 0.345
Additional jets vs. pr(tf)  64.6/29 <0.01 181/29 <0.01 175/29 <0.01
prijet) 70.2/47 0.016 374/47 <0.01 133/47 <0.01

I (et)]| 120/70 <0.01 174/70 <001  171/70 <0.01
AR;, 60.9/66 0.655 215/66 <0.01 168/66 <0.01
AR, 64.0/62 0.405 229/62 <0.01 121/62 <0.01

SHERPA POWHEG+H++ MG5_aMC@NLO+P8 FxFx

Additional jets 63.0/6 <0.01 341/6 <0.01 11.1/6 0.086
Additional jets vs. pr(t,) 88.5/44 <0.01 230/44 <0.01 53.4/44 0.156
Additional jets vs. M(tt)  112/36 <0.01 300/36 <0.01 55.1/36 0.022
Additional jets vs. pr(tt)  285/29 <0.01 223/29 <0.01 122/29 <0.01
pr(jet) 768/47 <0.01 624/47 <0.01 111/47 <0.01

I (jet)| 214/70 <001 259/70 <001  133/70 <0.01
AR;, 334/66 <0.01 959/66 <0.01 67.0/66 0.441
ARy 316/62 <0.01 483/62 <0.01 789/62 0.073
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