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Overview

The high rate of tt production at the LHC (30m in
2016) allows for precise differential measurements:

@ Precision test of the standard model X\«, E
(unique opportunity to observe a quark) L2d ﬁ‘ |

AN e
\,‘_.(‘ e
soupxsoncar 3

Muonp, =538 GeV.

@ Sensitive to physics beyond the standard model

@ Important background for many searches '

’
.

Differential cross section measurements: pu+jets candidate

. . — . CMS, ces
@ Kinematics of top quarks and tt system in all decay
channels =P o
@ Results at parton and particle levels g
NI

Double-Differential cross sections

extea jot

@ Multiplicities and kinematic properties of
(additional) jets.
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Differential tt cross sections measurements

EPJC 75 (2015) 542, 19.7fb ™1, 8 TeV — New arXiv:1708.07638 sub. to JHEP, 2.1fb %, 13 TeV
In ee, pp, ep final state
Selection:
@ Selection: opp. charged lepton pair, 2 jets at least one b-tagged.
@ In same flavor channels [mz — myg| > 15 GeV and p%iss > 40 GeV

Reconstruction:

@ Algebraic reconstruction of neutrino momenta and jet assignment:
- event pr balance, My, My, constraints.
- smearing according to detector resolution to increase number of solvable events.
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EPJC 75 (2015) 542, 19.7fb~1, 8 TeV — New arXiv:1708.07638 sub. to JHEP, 2.1fb— !, 13 TeV
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New CMS-TOP-17-002, 35.8fb— !, 13 TeV

In e/p+jets final state.

@ Exactly 1 e/u, at least 4 jets, 2 b-tagged jets.

@ Based on lepton and BT use mass constraints of Mg,
My, on leptonic side to obtain p,-component of

neutrino momentum, and correct b-jet.

@ Calculate likelihood A according to 2D mass
distributions of M, M)y on hadronic side and
compatibility of b-jet on leptonic side.
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New CMS-TOP-17-002, 35.8fb— 1,

35.8 b (13 TeV)
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Measurements at particle level

New CMS-TOP-17-002, 35.8fb— !, 13 TeV — CMS-NOTE-2017-004 “Particle level definitions”
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 (see poster by M. Seidel)

o e/u+tjets

Events with exactly 1 electron or muon, 2 b jets, in total at least 4 jets

Sum momenta of all neutrinos py and find the permutation of jets that minimizes:

K? = (M(pn + pe + pp,) — me)> + (M(pj, + pj,) — mw)® + (M(pj, + pj, + Pb,) — mi)?
e Dilepton

Events with 2 electrons/muons, 2 neutrinos and 2 b jets.
Use M(W) and M(t) constraints to select best combination of leptons, neutrinos, and b jets.

CMS simulation
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New CMS-TOP-17-002, 35.8fb— 1, 13 TeV

Comparision parton and particle level reconstruction in e/pu+jets final state

Parton level
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At particle level: more correct reconstructed events, higher purities, and lower uncertainty.
purity(stability) fraction of correct reconstructed events in detector(generator) level bin.
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New CMS-TOP-17-002, 35.8fb— !, 13 TeV

Differential cross sections at particle level in e/u+jets final state.
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New arXiv:1708.07638, submitted to JHEP, 2.1fb~1, 13 TeV

Differential cross sections at particle level in dilepton final state.
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CMS-TOP-16-013, 2.5fb 1, 13 TeV

In all-jets final state

25303 Ten
T

OSgne
Brine
Resolved
@ Selection: at least 6 jets, 2 b tagged. wo “%x
@ Perform kinematic fit for tt reconstruction (based on W and top mu;‘i ‘
mass constrains) i

200 300 00
Reconstructed top mass (GeV)

@ Accept events with 150 < mfjt < 200 GeV, and fit probability
greater than 0.02.

2smiusTen

 Daia
Dsignal
cD

BFitune.

Boosted
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Soft pr(t) confirmed in all-jets channel and persisting in boosted regime.
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New TOP-16-018, 19.7fb— 1%, 8 TeV

Boosted all-jets final state, pp(t) > 500 GeV

@ 2 CA (R =0.8) jets pr > 400 GeV, soft drop mass 140-250 GeV, jettiness 732 < 0.55.

@ Signal yield in pt bins extracted by simultaneous template fit of leading jet mass in
b-tagging and 73, categories.
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PRD 94 (2016) 072002, 19.7fb~1, 8 TeV
Boosted e/u+jets final state, pp(t) > 400 GeV

@ Selection: one e/ close to jet (R = 0.5) and jet (R = 0.8) pr > 400 GeV,
140 < m; < 250 GeV .

@ Merged top jet: invert Cambridge-Aachen algorithm to identify hard subjets (> 5% of
pr), at least 3 subject required.

@ Differential cross sections extracted from 1t+0b and 1t+1b categories.
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Summary differential cross sections
@ Measurements at 7, 8, and 13 TeV in various tt decay channels.

@ pr(t) observed softer, but compatible with standard model within uncertainties in
measurement and theory.

@ Persistent in boosted regime pr(t) > 400 GeV.
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Double-Differential tt cross sections measurements

New CMS-TOP-17-002, 35.8fb— 1, 13 TeV

Results unfolded in 2 dim.
—correction for migrations
among all bins.

CMSSimulation__ elp+jets, parton level (13 TeV)
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Double-Differential tt cross sections measurements

EPJC 77 (2017) 459 , 19.7fb— 1, 8 TeV

CMS 19.7 o (8 TeV)
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tt+jets production

New CMS-TOP-17-002, 35.8fb— 1, 13 TeV

pr(t) in bins of jet multiplicity (pr(jet) > 30 GeV)
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New CMS-TOP-17-002, 35.8fb— !, 13 TeV

CMSsimulation  e/u+iets, particle level (13 TeV)
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New CMS-TOP-17-002, 35.8fb— 1,

Jets of the tt system
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@ POWHEGHPYTHIAS
describes data, but > 1 jet
from parton shower.

MG5+PyTHIAS [FxFx] (tt
+ up to 2 jets NLO) and
SHERPA (tt + 0,1 jet NLO,
up to 4 jets LO),
reasonable agreement.
POWHEG+HERWIG++:
jets in tt system too soft
(explains soft pr at particle
level).
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New CMS-TOP-17-002, 35.8fb—!, 13 TeV

Minimum separation between a
jet and the jets of tt system

@ Jets of tt decay closer due

to higher top pr in
Simulation.

@ Additional jets well
described, but

POWHEG+HERWIGH+
predicts more jets close to

tt jets.
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Conclusion

cms

Data/NNLO

E 0041600003 x p,
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utf.

Otto Hindrichs (UR)

Performed differential cross section in all decay
channels and multiple energies.

Measurements in boosted regime available.

Double-differential measurements.
@ precision limited by systematics except for
boosted regime.
@ most distributions well described.
@ tendency towards softer pr(t) than expected.

Detailed measurements of jet kinematics and
multiplicities.
@ directly related to top and tt properties.
@ descriptions at high jet multiplicities either by
parton shower or LO
— precision of measurement high compared
to expected MC precision.
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Jets of the tt system
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Jets of the tt system

35.8 b (13 TeV) 35.8 b7 (13 Tev) 35.8 b (13 Tev) 35.8 b (13 Tev)
VS alpres « Daa Z nFcms  a < Daa VS eprjets « Daa W EOVS  aes + Daia
Sy S 2 sat T Sty o O st iy e O st Sy B st
43 wf St St w i
1 Bowreops + Bowrecps Bowmec s + Pomecps
| Sotacs P | SoEmaCs HESH © | SEaCs
o i ek RS RN RSN
RN TR e o) e
0f N » i
0 B
E —
P 1o o0 ¥
e 2l 2ls 2l
H H g 12 H § 12 H g
é £ £l £
B IR I O G Rl 3l bt S bk *
o8
o
5 1 15 2 25 3 4 a5 06 5 1 15 2 25 3 4 a5 05 1 15 2 25 3 35 4 45
AR ([b) AR(,) AR (i)
Additional Jets
35.8 1 (13 TeV) 35.8 b7 (13 Tev) 35.8 b (13 Tev) 35.8 b (13 Tev)
£ CMS eluriets « Data £ CMS  efuriets « Daa E *FoMs  enves « Daa CMS  eiuriets « Data
- 25 [ Preiminary paric level Sys O stat - 10 Preiminary pariclelevel Sys 0 stat Preliminary particle evel Sys [ stat 08 E- preliminary particle level Sys [ stat
45 St 45 St 45 | Sta ) o
WE- 1 Bowneops + Bowe T : + Pomecps
; | Suereacs | Soeeacs . Seenea s i Suereacs
: RSN [ RS ] ! e RR-
s ﬁ H H MG5 P [Frx] 4. MGS P8 [FxP L1 1G5 P8 [Frix] 1G5 P [P
My : »
E
E—— [—
H 3l 8l
T [ ‘
)

Otto Hindrichs (UR) tf 18.00.2017 25/ 21



-}

New CMS-TOP-17-002, 35.8fb— !, 13 TeV

358 b7 (13 Tev)

358" (13 Tev)

multiplicities for various pr(jet) thresholds:

358" (13 Tev) 35,81’ (13 Tev)

g S e powos | E s e z NS e £ [TS— 5,5 100Gev
o [y B 2 Ly v 2 o [ o $ o [, M ot
sesmden stat oo e stat
§ Foweors J— Wl Y A —— ; fomeoes
POWHEC 10 POWHEG Hi+
0E N e MGS P8 [Fxx]
hi
L ) e w0t g g
. .r.‘ o L sandpel
Elg 15 F Zls Bz 2lg 2°
8|s 8= 8l 2 8lz
Zg el l‘1HJ 28 e 28 12
f ‘T“““ b Et -
b \ . “ T
s s : 5 g O —
Aciona s oo sl st
Gap fraction:
Fraction of events without at least n jets above pp
threshold.
35.8 b (13 Tev) 35.8 fb™ (13 Tev)
jets o elutiets
Primiary pauie el S Lo E preimnay pomerese
R oo F L.,r'*" @ Well described by
s E ey
« D 0% + D POWHEG+PYTHIAS and
S st 0s £ ¢ Sl sat
: bowes P os b  Pownecps MG5+PYTHIA8 [FxFx].
§ SHERPA CS 0.88 || & SHERPA CS
L. Pouneo rore oz £ Pomes e
G5 B3 [FiF] ons B! MGS P8 (PP @ POWHEG+HERWIG++ and
e 082 B .
ge .. F SHERPA some differences.
e 7} [
1 i
- oo el 1
T T T R = R R
p, [GeV] p, [GeV]
Otto Hindrichs (UR) tf 18.00.2017 26 / 21



