First 13 TeV search for new heavy spin-0
resonances decaying into top quarks at CMS

A. Anuar, K. Beernaert, A. Grohsjean,
C. Schwanenberger, N. Stefanov, G. Van Onsem

28 March 2017

CMS

A. Anuor (DESY) AH — tt DPG 2017, Munster 1710



Introduction Motivation

Introduction

@ Search for resonant ¢ decaying to tt

e Consider both pseudoscalar A and scalar H

e Ais of particular interest as BR(A — tt ) ~ 1, A — VV forbidden by CP
conservation

e Interference with SM taken into account for the first time in CMS

e Coupling between ¢ and top quark denoted with the letter g ;
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Introduction Strategy

Analysis strategy

@ Search performed over 2016 CMS data totalling 35.7 fo~!
@ Focus on the dileptonic channel

@ Both W bosons in top decays decay leptonically, with £ = e or i
o Complimentary semileptonic search not covered here

@ Generated signal points:

@ 2D [my, [y] array in
(400, 500, 600, 750) GeV and (2.5%, 5%, 10%, 25%, 50%) m,
@ g, ossumed to be 1

@ Set limits on Qiﬁ through shope analysis on my; spectrum

@ Increased sensitivity by exploiting other observables on top of my;
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Introduction Selection

Event selection

@ 2 opposite-sign isolated leptons: pr > 25,20 GeV, || < 2.4

@ my > 20 GeV and AR > 0.4 from all jets
@ In same-flavor channels: |mg, — mz| > 15 GeV and E+ > 40 GeV
o Events with additional leptons are vetoed

@ 2 leading (additional) jets: pr > 30 (20) GeV,
o At least one is b-tagged
@ Corrections to account for data-simulation differences

o Object-based scale factors
@ Pile-up reweighting

nl <24
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Introduction Reconstruction

tt kinematic reconstruction

@ Missing neutrinos in the event — tt system is underconstrained
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Introduction Reconstruction

tt kinematic reconstruction

@ Missing neutrinos in the event — tt system is underconstrained

@ Reconstruct the tt system with an analytical routine
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@ Impose constraints based on known top and W masses
e Assume F 7 is entirely due to the neutrinos _
@ Resulting polynomial in o solvable leading to full tt system
kinematics
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Introduction Reconstruction

tt kinematic reconstruction

@ Missing neutrinos in the event — tt system is underconstrained
@ Reconstruct the tt system with an analytical routine
(arXiv:hep-ph/0603011)
@ Impose constraints based on known top and W masses
@ Assume F 7 is entirely due to the neutrinos

@ Resulting polynomial in p” solvable leading to full tt system
kinematics

@ Increase efficiency by solving for
all lepton-jet combinations

@ Account for detector effects by
random object smearings

@ Procedure described in detail in
CMS-PAS-TOP-16-01
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Limits with M Systematics

Systematic effects on my;

@ Crucial to evaluate systematics
aoffecting my; shape o SBThIA3TeY
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Limits with M Systematics

Systematic effects on my;
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tt
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Limits with m, -

tt

Limits

Limits with my;

@ Limits evaluated with
m;; templates
@ MC-estimated background
processes:
o tt(+V)
@ Single top
o V+jets
e Diboson

@ DY yield estimated from data

Top pair / bin
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Limits with M

Limits with my;

Limits

@ Limits evaluated with
my; templates

@ MC-estimated background
processes:

35.7 fb! (13 TeV)
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Limits with M

Limits with my;
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2D spin correlation limits Variables

Spin correlation variables

@ Top quark spin information is
inherited by the charged leptons

@ Exploit this fact to probe the
spin of the tt mother

e Different ¢ and gluon templates
@ Also sensitive to A vs H
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Spin correlation variables
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2D spin correlation limits Limits

2D limits

@ Set limits with the 2D template of
mtg VS Chel
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2D limits
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2D spin correlation limits Limits

2D limits

@ Set limits with the 2D template of

Myt VS Chel . 35.7 o (13 TeV)
o . BT T T T[T I T T[T T T T[T I [ T T T T[T T T [ TTTT[TT]
@ Limits on A(2.5%) on the right ZF Private work ]
@ Significant improvement vs a5 ACSIDNImIS 0N g, .
Mo -only limits [ | exp.z20 [llExp.+ 10 -- Exp. 95% CL ]
tt : ]
20— —
151 ]
wof- .
o 3
:.".' ....l....I....I....f....]....l....[..-
400 450 500 550 600 650 700 750
m, (GeV)

A. Anuar (DESY) A — tt DPG 2017, Munster 9 /10



2D spin correlation limits Limits

2D limits

@ Set limits with the 2D template of

Myt VS Chel 35.7 o (13 TeV)
Nm‘g."l""|""|""|""|""|""|""|".
N Private Work ]
@ Significant improvement vs asf M 20Nmis on g, .
Mo -only limits [ | exp.z20 [llExp.+10 -- Exp. 95% CL ]
tt : ]
@ Similar effect seen for H(2.5%) “F E
15 ]
wof- .
o 3
:.I....f....l....l....f....]....l....[..-
400 450 500 550 600 650 700 750
m, (GeV)

A. Anuar (DESY) A — tt DPG 2017, Munster 9 /10



2D spin correlation limits Limits

2D limits

@ Set limits with the 2D template of

Myt VS Chel 35.7 o (13 TeV)
ﬁsgf'l""|""|""|""|""|""|""|".
N Private Work ]
@ Significant improvement vs asf M 1O Nmis 0N g .
Mo -only limits [ | exp.z20 [llExp.+10 -- Exp. 95% CL ]
tt : ]
@ Similar effect seen for H(2.5%) “F E
15 ]
wof- .
o 3
:.I....f....l....l....f....]....l....[..-
400 450 500 550 600 650 700 750
m, (GeV)

A. Anuor (DESY) AH — tt DPG 2017, Munster 9/10



Summary
Summary

@ An overview of the search for resonant spin-0 ¢ production
decaying to tt has been presented

@ Emphasis on the increased sensitivity by exploiting spin
correlation observables on top of the m; spectrum
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Summary
Summary

@ An overview of the search for resonant spin-0 ¢ production
decaying to tt has been presented

@ Emphasis on the increased sensitivity by exploiting spin
correlation observables on top of the m; spectrum

Thanks for your attention!

Any questions?
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Backup

Backup slides
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Backup A limits
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Backup A limits

A(25%) limits
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Backup A limits

A(50%) limits

Left is 1D, right 2D

35.7 fb* (13 TeV) 35.7 fb! (13 TeV)

L R L IR LIRS LR IS UL R BV Ll Il UL IS UL RN LS I I
r Private Work 1 r Private Work 1
L - 2 i L - 2 i
25— A(50%) 1D limits on g“i _ 25— A(50%) 2D limits on gq‘f _
[ | expt20 [llexp £ 10 -- Exp.95% CL ] [ | exp.z20 [lExp.+10 -- Exp. 95% CL ]
20— — 20— —
15 — 15— —
10 — 10— —
5 — 5 —
P N PRI A A AR A T A s e T s s e T I s T Ty

400 450 500 550 600 650 700 750 200 450 500 550 600 650 700 750




Backup H limits
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Backup H limits

H(109%) limits
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Backup H limits

H(S0%) limits
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