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Motivation

» Precision measurements of top quark pair (¢f) production

* stringent tests for validity of SM

* crucial role in search for new phenomena

 Large 7 data sample collected at the CERN LHC

* several measurements of differential cross sections for various ¢f decay channels & different
center-of-mass energies

 All measurements performed as function of kinematic observables of:
* Visible part of event (e.qg. jets or charged leptons)

* Intermediate particles [e.g. (anti-)top quark or W boson]
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Motivation

* For some BSM scenarios invisible part of event modified

* precise & direct measurements of undetected particles in event (e.g. neutrinos)

'

Crucial role in search for new phenomena

tt production in dileptonic final state Top s-quark production

~()
pregence of 7Y
modifiee
kinematice of

invigible part of
BSM event
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Introductlon Physics briefing

e First measurement of differential /7 cross section as a function of:

» transverse momentum of dineutrino system p=

» minimum azimuthal distance between [5’.1.” and leptons: min[Aqb(ﬁ%.”,ﬁ-"T-)]

* two-dimensional measurement of both observables

e Selection of observables

* driven by distinction between SM #f process & potential BSM scenarios with comparable
sighature but including additional sources of undetected particles

e Main differences wrt “nominal’ differential measurements:

x» Focus on observables related to dineutrino system lg_lrpiss

» Dedicated DNN regression to improve ﬁ.rPiSS resolution for dileptonic tf events
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https://cms.cern/news/nailing-down-invisible
https://cds.cern.ch/record/2905837

Event selection

- at least , pr > 30
GeV, |n| < 2.4, at least one b-tagged

» two charged leptons ( , muons)
of opposite charge (dilepton channel)

n|l< 2.4, p,>25 (20) GeV for
(sub)leading lepton

« veto on events with additional leptons
(electrons or muons) with p > 15 GeV

» Events further separated into two channels;:

> ete™/uTu~ same-flavor (SF)

o ¢ T different-flavor (DF)

PAS-TOP-24-001

7 CMS Experiment at the LHC, CERN
// Data recorded: 2018-Aug-29 09:37:39.991220 GMT
7= | Run/Event/LS: 321917/ 1197034672 / 655

CMS-PHO-EVENTS-2024-027-3
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https://cds.cern.ch/record/2905837
https://cds.cern.ch/record/2904350

Distributions after event selection

« Clean selection with overall ~78% signal contribution

» Largest background contributions from #f other, single top, and DY +jets
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» Excellent Data/MC agreement, for individual channels & combination, and across different distributions
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https://cds.cern.ch/record/2905837/files/Figure_002-a.pdf?version=1
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]_5."‘!"55 resolution

Detector Level

. Sources of ﬁ_rlpiss: A

*x the two prompt neutrinos produced in dileptonic #f
decays (p.’f.” )

* non-prompt neutrinos from semileptonic meson
decays in jets

* mismeasurement of particle momenta during
reconstruction Particle Level

A

(largest impact arising from mismeasurements in jets) —

—

» Poor resolution or large biases of reconstructed pi' >>

* stability of_unfolding procedure| can be compromised
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https://cds.cern.ch/record/2905837
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Improving ]_5.?"35 resolution

CMS Simulation Preliminary 59.8 fb™' (13 TeV)

« DNN regression to correct ﬁ.'Piss for detector effects

* ensure accurate reconstruction of its magnitude &

3
direction O
* Feed-forward, fully-connected DNN with two output |3 O
nodes: Y 52
N — o
* X & y components of difference between: | <
a O
. : - 1
ﬁmlss & ﬁmlss Q. O)
T,PUPPI T,gen. C LL
_ © | —— DNNu —— PUPPIyu PF 1
(simultaneously correct direction & magnitude of ﬁ.rP'SS) S Sl s S | |
10 20 30 40 50
-Mmiss - -miss Number of primary vertices

. Resolution opr _|mproved by ~15% wrt PTPUPPI
. Resolution of qs(p’rT”'SS) improved by ~12%

* finer binning in differential measurements of target |
observables thanks to bin-to-bin migration reduction . ﬁ.rP'SS from particle flow algorithm
while keeping an stable unfolding

« DNN: ﬁ_rlpiss corrected by DNN regression

« Puppi: l—;_rlpiss pileup-per-particle identification
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https://cds.cern.ch/record/2905837/files/Figure_003-b.pdf?version=1
https://cds.cern.ch/record/2905837

Experimental uncertainties

20 CMS Preliminary 138 fb' (13 TeV)
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» p1 & 2D distribution

*x Jet Energy Scale (JES)
dominant uncertainty for
most bins

. - —)Lﬂ
¢ mln[A¢(pl'i'y9pT)]
* JES uncertainty dominant
at low values

* Lepton reconstruction
efficiency


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-001/CMS-PAS-TOP-24-001_Figure_004-e.pdf
https://cds.cern.ch/record/2905837

Theory uncertainties
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e 2D distribution
« Large p=', lowest min[Agb(pT , P7)] bin: choice of tW—tf overlap removal scheme
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° p_li_l/
* At large values:

choice of tW—#f overlap
removal scheme

< normalization of single
-) :

ol top production
O background

5_57» Matrix element (ME)
L scale

. min[AQ(PY, po)]
* At large values:

choice of tW—tf overlap
removal scheme

» Highest p.’i.” bin & min[Agb(ﬁ’fl.”,ﬁ.f.)] bin: sizeable contributions from ME-Parton Shower matching and ME scale

RWTH
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-001/CMS-PAS-TOP-24-001_Figure_004-f.pdf
https://cds.cern.ch/record/2905837
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Detector level distributions

CMS Preliminary ] :zﬁ)fb" (13 TeV) CMS Preliminary 138 fb™ (13 TeV)
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. slight over fluctuation at large min[A¢(ﬁ1m|'§,§lN,PT)] & ﬁ?'SﬁN

found Iin data

« compatible with simulation considering the large statistical

uncertainties in this phase space
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https://cds.cern.ch/record/2905837
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-001/CMS-PAS-TOP-24-001_Figure_005-c.pdf
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-001/CMS-PAS-TOP-24-001_Figure_005-b.pdf
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-001/CMS-PAS-TOP-24-001_Figure_005-a.pdf
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BSM Closure test

CMS Simulation Preliminary 138 fb' (13 TeV)  potential BSM contributions
| based on stop pair production
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-001/CMS-PAS-TOP-24-001_Figure_006.pdf
https://cds.cern.ch/record/2905837
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BSM Closure test

. CMS Simulation Preliminary 138 fb' (13 TeV) o _ _
T 101} 0<iA¢i<056 0.56<IA¢l<1.08 1.08<IAql<3.14 ]  * expected distributions with
o ; — both neutralinos included iIn
Q 102 —.._.__I_ H—I_ _L | particle level definition
;’P ; correctly reproduced
Q. _3 | |
< 10 1 S
5 9
10~ ;__Response —tt+BSM (p!"=p”" "2 _; % * reasonable sensitivity to
.} Nominal [5.6/12] Regularized [5.9/12] | O distortion In measured
10-5 |1 BBB[37.4/12] | & spectrum from potential
i - : | | | | | | | | | ] .
=AY S . R o 3 BSM contributions
- . : I I I I I I I I I { I
t 1_.._:_ I I ?—:— I I “_: I I j
e 0.8 . | | | | | ¢ 1
: . i I I I I I I I I i
N 06 RN R
&) O o - O 0 o - O 0 o o
T ¥ R & T ¥ R & T ¥ R &
° S b A ° S b A ° S b A
N~ SH N SH N SH
p=" (GeV)

R | tf in BSM Phase space (26.09.2024) | Sandra Consuegra Rodriguez (RWTH Aachen) | 13


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-001/CMS-PAS-TOP-24-001_Figure_006.pdf
https://cds.cern.ch/record/2905837
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« Ratio between theoretical
predictions & measurement in
bottom pannel

« Total (statistical) uncertainty
on measurement Iin orange
(dark grey)

. )(2 tests for all measurements,
both with & without inclusion
of uncertainties on predictions
for quantitative assessment of
agreement (see backup for
detailed summary table)

- Fixed-order theory calculations at NLO and NNLO: 10.1007/JHEP05(2021)212
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-001/CMS-PAS-TOP-24-001_Figure_007-a.pdf
https://cds.cern.ch/record/2905837
https://doi.org/10.1007/JHEP05(2021)212

Differential cross-sections: min[Aqb(ﬁ’.i.” , ]_5-’/;-)]
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- Fixed-order theory calculations at NLO and NNLO:
10.1007/JHEP05(2021)212
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Small shape differences between measured
cross-section & five predictions

Differences match observations from previous
measurements of azimuthal angle between two
leptons, strongly correlated with

min[ AG(F4, )]

| |
ATLAS+CMS Preliminar _
LHCIOpWG y Vs = 13 TeV (Nov. 2020)

ATLAS, L=36.11b"
Eur. Phys. J. C 80 (2020) 754

CMS, L =35.9fb"
Phys. Rev. D 100 (2019) 072002

e |

— — ATLAS Powheg+Pythia8

CMS Powheg+Pythia8  p=——afr—-
|

NNLO (NNPDF3.1,u_=y_=H/4)
Phys. Rev. Lett. 123 (2019) 082001

deltaPhi-NNLO
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w2 2n/3 n
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-001/CMS-PAS-TOP-24-001_Figure_007-b.pdf
https://cds.cern.ch/record/2905837
https://doi.org/10.1007/JHEP05(2021)212
https://twiki.cern.ch/twiki/pub/LHCPhysics/SpinCorrelationHistory/deltaPhi-NNLO_nov20.pdf
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Differential cross-sections: 2D distribution

CMS Preliminary 138 fb' (13 TeV)
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- Fixed-order theory calculations at NLO and NNLO: 10.1007/JHEP05(2021)212
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-001/CMS-PAS-TOP-24-001_Figure_007-c.pdf
https://cds.cern.ch/record/2905837
https://doi.org/10.1007/JHEP05(2021)212
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Summary

First differential cross section measurements based on dineutrino kinematics
in top pair production

* Absolute & normalized differential cross-section results based on unregularized Mlain_
least square unfolding method apssﬁt's

- Differential cross sections compared to predictions based on MC simulation & two fixed-order
theory calculations (corresponding to NLO & NNLO in QCD)

- Dedicated DNN regression significantly improving resolution of magnitude & azimuthal angle of
missing transverse momentum

 Remarkable agreement between different theory predictions & measured differential cross
sections

- For both one-dimensional measurements, best overall description provided by POWHEG

- For two-dimensional measurement best agreement provided by NNLO fixed-order calculation
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Thank you!

Contact Sandra Consuegra Rodriguez (RWTH Aachen)
0000-0002-1383—1837
CMS, Higgs & Top Physics, Detector Calibration

sandra.consuegra.rodriguez@rwth-aachen.de
o RWTH Aachen +49-241-80-28721

https://www.rwth-aachen.de/ Personal website:

Lehrstuhl fur Experimentalphysik
| B und |. Physikalisches Institut

https://sconsueg.web.cern.ch/sconsueg/
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Distributions after event selection

« Clean selection with overall ~78% signal contribution

» Largest background contributions from #f other, single top, and DY +jets

CMS preliminary 138 fo” (13 TeV) CMS Preliminary | 138 fb™ (13 TeV)
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» Excellent Data/MC agreement, for individual channels & combination, and across different distributions
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https://cds.cern.ch/record/2905837
https://cds.cern.ch/record/2905837/files/Figure_002-b.pdf?version=1
https://cds.cern.ch/record/2905837/files/Figure_002-c.pdf?version=1

)(2 tests for differential cross section measurements

POWHEG
+PYTHIA

Measurement

POWHEG
+HERWIG

MC@NLO
+PYTHIA
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pr 6.8 (1.6)
min|[A¢(py’, )] 7.3 (1.5)

2D 18.8 (4.9)

8.0 (1.0)
7.4 (1.4)
22.4(3.7)

9.0 (3.9)
11.5 (2.7)
31.6 (8.6)

norm. p+ 6.4 (3.8)
norm. min|A¢(p¥’,¢)] || 5 7.2 (7.0)
norm. 2D 18.1(16.0)

8.3 (3.2)
7.2 (6.7)
21.4 (14.5)

6.4 (5.8)
9.2 (8.4)
28.2 (22.8)
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