i

Search for new resonances coupling to
third generation quarks
at the CMS experiment

Jordan Damgov (Texas Tech University)
on behalf of the CMS Collaboration

Lake Louise Winter Institute 2017
Lake Louise Canada ,February 19-26, 2017




Introduction

% Many BSM models predict new resonances

by adding new gauge field,
Higgs sector or considering extra-

dimensions

> Randall-Sundrum (RS) gravitation,

extending the

gKK(combined)
Z'(1.2%)(combined)

9, (dilep)

> Kaluza-Klein (KK) excitation of gluons,

> Composite Higgs models,

> Colorons,
>

> Many of the heavy new particles

preferably couple to tops

8TeV run:

Z'(1.2%)(dilep)

gKK(semiIep)

Z'(1.2%)(semilep)

g, (al-had)

t Z'(1.2%)(all-had)
Wi(lep)

W'(had)

(@]

t*(dilep)

> Stringent limits on various models

13 TeV run:

t*(semilep)

ct()=2 cm(e+u)

> Parton luminosities for heavy particle

production increased a lot

Limits from 8TeV run

3 tt Resonances

tb Resonances
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Boosted Top topology

% Top quarks originated from heavy resonance decays are produced

with a large boost

v/ b-jet
Non-boosted V. vﬁ

top pair W,
PP t peg

-

b Y

W
i;qq"
b-jet” jet

jet

o

Hadronically decaying top:

3 well separated jets (one b-jet)

Leptonically decaying top:

One b-jet, isolated lepton,
missing transverse energy
from neutrino
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Boosted
top pair

/
w

b

Hadronically decaying top:
One merged jet — top tagging
Leptonically decaying top:
One b-jet, E; s NON-isolated
lepton
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Top tagging at CMS cms-pas-ame-15-002

% Top tagger inspects the

substructure of hadronic decays of «

the top quarks

Large variety of discriminating
variables are studied within CMS

19.7 o™ (8 TeV)
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v Validation is performed
with the 8 TeV
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Top tagging at CMS cms-pas-82G-15-002

CMS Preliminary 2.6 (13 TeV)
T T T

2 120/~ ‘AKB jots with ;;r>;oo ‘Gev. hi<2.4, 110 GeV<M, <210 GeV E
Top-tagging: reconstruct fat jets (AK8) and look at "' Zr, |,
substructure (subjets) 4 E
n-subjettiness T,/T, E
> is the jet more 3- or 2-subjet-like ? £ T 4. L
> typical value : 1,/1,< 0.69 SR PSRN Nhar
Jet 15,
S Of t-drop mass mSD QMS Preliminary 26fb (13 TeV)
> mass of the groomed jet [ S e i
> removes soft and wide angle radiations wo;;::f;z:;z:z: |
> typical value : 110 < m¢y< 210 GeV : E
50
b-tagging : use properties of b-hadrons g ‘|‘ 13
> track impact parameter 808 A dhats)
> Secondary VerteX ' . Jet softdrop mass [GeV]
R CMS S‘/n‘w‘lat‘/or‘)‘ o 1‘3‘T‘eV
Lepton isolation: A

> Modified - using 2D rejection cut
> AR (p/e, j) > 0.4 or
> pyel(u/e, j) > 20 GeV

A M, =2TeV
AR, p:‘ selection (muon)
AR, pf‘ selection (electron)
++++=+ Mini-isolation (muon)

«== Mini-isolation (electron)

o e e b b
0.85 0.9 0.95 1

Prompt lepton efficiency
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tt resonances
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CMS-PAS-B2G-15-002
tt Resonances CMS-PAS-B2G-15-003

Semi-leptonic channel:

> Lepton p;> 50 GeV, E and two jets

T, miss

> Search for large-R jets with top-tag elu+jets, 1t tag 2.6 b (13 TeV)
GCJ 80— I(::’Il’wls'm'n r —— E_)ata
Reconstruct invariant tt mass by o [ rermnay B

. - , [ Other SM
reconstructing t,., and t, oo L Z'3 TeV (0=1 pb)

v Choose best hypothesis with minimal

— 2 _ 2
2 _ [ Miep = Miep <Mhad - Mhad)
X = +
aMlep O-Mhad

4ra 'T'ﬁ# bzt W =

PR IR CE YIRS 1O & T E

Hadronic channel: 8 %5, 1’ o }ﬂ’" . -
> 2 leading jets p; >500 GeV, top-tagged ° R Gl

> Scalar sum of jets p;: HT> 1000 GeV
> |A@(jq, J)| > 2.1 rad

Events are split into categories by the number of top-tag, b-tag and rapidity gap
between two AK8 jets
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CMS-PAS-B2G-15-002
tt resonances CMS-PAS-B2G-15-003

2.6 (13 TeV)

Semi-leptonic channel *§1o4,§n¢s T T b ]
d d 4 LI = = re iminary Non-Top Multijet 3
d tt uses simulation with additional e o

— 1 TeV Narrow Z' ]
—— 2TeV Narrow Z' |
—— 3 TeV Narrow Z' %

4 TeV Narrow 2' ]

correction factors
d W+jets is constraint by fitting the ;

background-only hypothesis to data in

multiple categories based on lepton

1071 = PRI T SR \5‘ L1 —]
flavor and number of t- and b-tagged ¢.@= i T 1
jets sel T a
(] 1000 2000 3000 _ 4000 5000 6000

tt Invariant Mass (GeV)

Hadronic channel:

2.6fb™ (13 TeV)

3 Multi-jets: using data driven goofems T Lo E
technique. Top-tag mistag rate is G oo ™™ =+ QOD Simulation (Pytia 8)
. o] - Ayl<1.0, O btag .
evaluated and used to predict the 2 i E
background contribution by °°5§t"-"""'_;¢4___ E
. . 0.04 ' .t -
extrapolation from control region o e e
d tt - taken from the simulation; 3 | S
allowed to vary within the ooiE- L

uncertainties during the limit . L

. 500 600 1000 2000 3000 4000
setting Jet Momentum (GeV)
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Limits at 95% CL are set for four

BSM scenarios:

tt resonances - limits
| Signal | Leptonic | Hadronic |

CMS-PAS-B2G-15-002
CMS-PAS-B2G-15-003

Narrow Z’ [0.6-2.3] TeV [1.4-1.6] TeV

s 7’ boson with relative with of

1, 10, 30%

“ KK excitation of a gluon in the

Wide 2’ [0.5-3.4] TeV [1.0-3.3] TeV

Extra wide Z’ [0.5-4.0] TeV [1.0-3.8] TeV

Randal-Sundram model KK gluons [0.5-2.9] TeV [1.0-2.4] TeV
2.6fb" (13 TeV)
1 g 105 ;\ T | T T ‘ T 1T T T T T T ‘O‘b L (\j LI L B B B
, CMS Preliminary 26f"'(13Tev) = ~ f CMS c Serl’ed
= 100 = = iminary e xpecte
2 E. e Expected (95% CL) T 40+ Freliminary P
= I —— Observed (95% CL) = F B 10 Exp.
: 102 -- KK gluon (LO x 1.3) B 10k =2 o Exp.
. - I - 1o Expected x . f —— RS Gluon (LO x 1.3) ]
o 10E [ ] =20 Expected o 102E =
~ = c = 3
o F S - ]
e g %% E
o 5 -
2 10—1 - (_I-) 1? E
ST E 2 F ;
= C Lo
- o 10 =
10k
& 0% E
Q‘ -3 | 11 1 I 1 I 1 I 111 I | N I - I | N I - | - ]
SR RE S O A s P 10° 500 200535053306 33004005
MgKK [TeV] Mg [GGV]
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W’ resonances




. CMS-PAS-B2G-16-009
W'—-tb CMS-PAS-B2G-16-017

Only right-handed interaction searched for
> W* resonance with narrow width (3%)

A Semi-leptonic channel:
> lepton p;>180 GeV

> at least 2 jets of which at least 1 b-tagged jet
> prtop > 250 GeV

4 Hadronic channel:
> at least 2 jets with p;>350GeV - one top-tagged and one b-tagged

> b-jet m;< 70 GeV

> W’ mass reconstruction:
v Semi-leptonic: lepton, E
v hadronic: 2 leading jets

2 jets

T,miss?
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CMS-PAS-B2G-16-009

W'—t b: backgrounds cyspassic-16-017

Events / bin

Semi-leptonic channel:

W+Jet initially is taken from the
simulation, then check and corrections are
derived from a control region with 0 b-tagged
jets and relaxed selection. Separate corrections
are derived for light and heavy flavor W+jets
using iterative procedure.

Pull

Hadronic channel:
QCD multijet is derived from data.
Average b-tag rate (p,n) is estimated from

control region with m¢, (50,170) and t;/1, > 0.75

Counts per 100 GeV

ttbar background: Both channels take it from
simulation; the prediction is check in data in
control region(s) - orthogonal to the signal
selection

~ 500 1000 1500 2000 2500 3000

CMS Preliminary 129" (13 TeV)
\\\I\\\\‘\\\\‘ \\\\\\\\ ‘\\\\‘\\\\‘\\\\
104 E H —_ @ Data
e+jets th =1 AW —Iv (LF) + Z/y*—I'T + W
W (HF)
103 | [t + Single-Top

===W'g, m=1.5TeV x 20
m=2.0 TeV x 20

|
20N
T T L) 1 1) N 111 B B S L R R R
K>
K
RS
K>
o
K
R Iy
Q
[
| |1

500 1000 1500 2000 2500 3000 3500 4000
M(tb)

2.55fb" (13 TeV)

N L A B B
10 CMS e data
0° = Preliminary [_Jaco

I

05 I single top
XX 1 ¢ background uncertainty
. W', at 1400 GeV

= W'gat 2000 GeV

== Wpat 2600 GeV

Qo
ES

3500
M, (Ge
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W't b limits

Hadronic W' — tb

Exclusion at 95% CL.;
[1.0 - 2.0] TeV

2.55fb" (13 TeV)

CMS-PAS-B2G-16-009
CMS-PAS-B2G-16-017

Leptonic W' = tb

with 12.9 fb-1 of 2016 data

CMS Preliminary

Exclusion at 95% CL:
[1.0 - 2.67] TeV

12.9fb™ (13 TeV)

— iro) I
ﬁ‘- s CMS N o 10¢ — Theory M__<<M,, 3
— 107 —— Observed limit (95% CL) 3 —_ C S Theory M "> M, -
= = Preliminary e 8 [ 95% CL obiserved 1
! N Expected limit (95% CL) - > LN —— 997 LL observed |
_c 10°g = rooL NS, 95% CL expected
S E 68% Expected 3 Qo 1 E_ ] +1o expected _§
m 10 95% Expected — 1 - - || +20 expected ]
X E 3 - - - —
_;CC : v — W', signal E S [ |
5 1 RN ~ m 107 AR =
i o TR TS 3 X AN ]
€ e o i T e i
- 107'g E = " Invariant Mass Analysis
Qo £ All-Hadronic Channel E g_ 102} e/utjets N g = 1072 -
Q —2 11 I 11 1 I 11 1 I 11 1 I 11 1 I | I - I | I - I | I - I 11 1 I Q : :
10 = L ol L L L
= 1 12141618 2 22 2.|<1/| 2.6T2'\8/ 5 1000 1500 5000 5500 3000
w, (TeV) W' Mass [GeV]
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Z’ resonances
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Z'->tT’ (T’ = Wb) - hadronic cs826-16.013

Fll‘St of 1ts kmd at LHC ﬂ

% Three-jet topology
% Boosted top quark
< AK8 jet with p> 400 GeV and

% soft drop mass 110 - 210 GeV
% N-subjetines: t;/t, < 0.86

% Boosted W-jet W, H, Z
<% AK8 jet with p>200 GeV
% Soft drop mass 70-100 GeV Events categorization:
% N-subjetines: t,/t, < 0.6 v 2 b tag category
v 1b tag category

% b-jet
<% AK4 jet with p>100, |n| <2.4
% b-tag with “Combined Secondary Vertex v2 “ algorithm

% Reconstructed invariant mass of the T’ is required to be larger than 500 GeV
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Z'->tT" (T’ = b W) backgrounds cvs-826-16-013

Dominant backgrounds: QCD multijets and top production (tt and single top)

d QCD multijets: derived from data
d Estimated with events from a control region
 Shape correction derived from the simulation

J Normalization derived from data

A Top production: using simulation

J Correction factors for DATA/simulation

QCD control regions: inverted b tag on AK4 jet:

SR1btag SBforlbtag SR2btag SBfor2b tag

Selection

1ttagand 1 W tag
Subjet b tag on t-tagged jet

1 AK4 jet, pp > 100 GeV,
AR(t-/W-et, jet) > 0.8

b tag on AK4 jet

mt > 500 GeV

Jordan Damgov (TTU)
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Z'-> tT' (T’ = b W) limits ossz-16013

269" (13 Tev)

% 300 cMS Lb;t_agdce:tegory
o C o~ ata
. o o o . o 250}Prellmmary I top o sideban
Cross section limit at 95% CL: = F S
0 . . 2 200¢ 2.0 TeV. m! 0.6 TeV
> bW/tH/tZ - 50/25/25% - warped extra-dimension 8 o e o Tov
(o) F
> bW - 100%
50 +.
-1 :
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= - o el BR(bW)=1 2o OF
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c 1 c 1 0ok ]
— - — C C [
2 | . "y
S5 I =) : 10E f .h *}
10_1; IR BT T T T N S ST N S RO S S 10_1; T T T T :E) g;”” - o -
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.. . 5 T cmsM©° & & ¥ cMS g8 1 cus B
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’ ’ g 3 5 £ 3 § £ 3
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Summary

> New heavy resonances searched at CMS at 13 TeV
v Z' — tt : semi-leptonic and hadronic channels
v W' = tb : leptonic and hadronic channels
v 7’ = tT’ (T’ = bW) hadronic channel

> No sign of new physics

> Run Il (2016) data already under process - stay tuned !




