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Outline

» We present a search for new heavy
resonances decaying to top quark pairs
» CMS combination of channels
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Top Quark Identification

» For lepton+jets mode, need to

efficiently identify non-isolated leptons

» Standard isolation requirements will

remove large fraction of signal
acceptance

» Use component of pr transverse to
jet axis (Ptrel)

» Efficiencies measured
and validated in data/simulation
comparisons
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Top Quark Identification
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» For hadronic mode, use jet substructure
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Outline

» Several final state topologies considered; combined in final results

jet with top-tag

jet with top-tag




Outline

» Several final state topologies considered; combined in final results

jet with top-tag
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Dilepton Channel

» Select 2 pon-lsolated leptons, 2 jets, 8 500 CMis Prefiminary 1o o T ]
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Lepton+Jets Channel (Resolved)

» ‘Standard’ reconstruction of one object
corresponding to one parton from top
decay

» 1 isolated lepton
» 4 jets
» At least one b-tag

» Chi-squared algorithm used to
reconstruct masses
» Background is fit to a functional form;

templates used for signal discrimination

» Analysis loses sensitivity at ~1 TeV due
to boosted nature of decays
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Lepton+Jets Channel (Boosted)

» Maintains sensitivity to resonances
above 1 TeV through use of non-
isolated leptons, top-tagging algorithms

» 1 electron or muon
» At least two jets, pr > 150, 50 GeV
» Can select both partially and fully
merged hadronic top decays
» Missing Er

» Events categorized based on number of
CMS top-tagged jets and number of b-
tagged jets

» Mistag rate determined from
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Lepton+Jets Channel (Boosted)

» Maintains sensitivity to resonances
above 1 TeV through use of non-
isolated leptons, top-tagging algorithms

» 1 electron or muon
» At least two jets, pr > 150, 50 GeV
» Can select both partially and fully
merged hadronic top decays
» Missing Er

» Events categorized based on number of
CMS top-tagged jets and number of b-
tagged jets

» Mistag rate determined from
W +jets control region

» Signal regions have high top purity
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All-Hadronic Channel

» Two selections for optimization across mass range:
» Low mass — two R = 1.5 jets, pr > 200 GeV, HEP top-tagged Jet with top-icg |

» High mass — two R = 0.8 jets, pr > 400 GeV, CMS top-tagged

» Main background is QCD multijet production
» Reduced through use of subjet b-tagging
» Determined by inverting top-tagging algorithm requirements
» Measure rate in QCD dijet events in data
» Parameterized as function of jet pr, N-subjettiness value, b-tag score

» Validated through closure test
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All-Hadronic Channel

» Two selections for optimization across mass range:
» Low mass — two R = 1.5 jets, pr > 200 GeV, HEP top-tagged
» High mass — two R = 0.8 jets, pr > 400 GeV, CMS top-tagged

jet with top-tag

» Main background is QCD multijet production
» Reduced through use of subjet b-tagging
» Determined by inverting top-tagging algorithm requirements
» Measure rate in QCD dijet events in data
» Parameterized as function of jet pr, N-subjettiness value, b-tag score
» Validated through closure test

jet with top-tag
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All-Hadronic Channel

Events / 100 GeV

Data / Bkg

» Events divided based on number of subjet b-tags, Hr, and jet rapidity difference
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Sensitivity

» Boosted analysis selections critical for high-mass regime!
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Results

» We observe no significant deviations

Vv
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Conclusions

» We performed a search for heavy
resonances decaying to top quark pairs
» Combination of several event
topologies

» Critical reliance on specialized object
reconstruction methods
» Lepton (non-)isolation
» Top-tagging algorithms

» No deviation from SM expectation is
observed, we exclude masses up to 2.4
to 2.9 TeV depending on physics model

» Results available, paper submitted to
PRD
» http://arxiv.org/abs/1506.03062
» CMS-B2G-13-008

» We look forward to what Run 2 holds
for this search

» Thank you for your attention!
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CMS Top Tagger

Example: CMS Top Tagger decomposition

Primary decomposition

AR(A,B) >
Cluster B adjacency Cluster B
Decluster Cluster A . ® criterion Cluster A . ®
= continue
B is too soft.
A and B pass Remove it.

adjacency and
momentum Decluster
fraction criteria agam
Primary
decomposition
succeeds

Secondary decomposition

3 final subjets

Individually
decluster A
and B

A and A" pass
criteria

B and B are
too close
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HEP Top Tagger

HEP Top Tagger details

Step 1:

Mass drop
decomposition

—_—

Step 2:

Loop over all
combinations of
3 mass drop
subjets

Step 3:

Recluster with
Rir=min(0.3,ARmin/2)

—_—

G

HEP Top Tagger
Mass drop decomposition

Input
cluster

Step 4.

Filtering: keep only
the 5 leading /
subjets

Isinput ) yes |Save output
mass < 307, subjet

no

Does input
have 2

parent
clusters?

Split
input into
2 parent
clusters

mi>mz2

Subjet 2

Save output

Cos s
3
Step 5:

Remove
subjet 2
Repeat reclustering and filtering procedure for all combinations of 3

C mass drop subjets
mi<0 8 Minput ?
Gfs
@

Step 6:

Pick the combination

with filtered mass
closest to the top mass.
Recluster to force 3
subjets
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HEP Top Tagger

HEP Top Tagger - W mass selection

Bi-dimensional distribution based on the ratio of subjet pairwise masses
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N\1-20 cAR=1.5m<2.4
o\ [ p.>200 GeV/c
- — tt simulated with MADGRAPH ¢
ma3 M _
Roin < < Rpax 5
mM123 0.8
—4

RmaX:<1+fW)me/mt — n6

Rmin — (1 - fW) X mW/mt §O_4__

T2 5 0.35 —92 = i
mM123 :..'.| -
% 04 06 08

L
0. 1 /1.2 14
atap(m_ /m,,)

0.2 < arctan s < 1.3

mio
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N-Subjettiness

J. Thaler, K Van Tilburg
arXiv:1011.2268

» A measure of the consistency of jet
constituents with N number of subjets

Zn constituents
1—

pr; min{AR;;, ARy, ..., ARy ;}
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Other Models Results

Upper limit on o
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Systematics

. Prior . Had. channel Had. channel

Source of uncertainty . 20 l+jets .
uncertainty high-mass low-mass

Integrated luminosity 2.6% &) &3] &) &)
tt cross section 15% O = g
Single top quark cross section 23% &) &3]
Diboson cross section 20% &) &3]
Z+jets cross section 50% &) &3]
Wjets (light flavor) cross section 9% ®
Wjets (heavy flavor) cross section 23% ®
Electron+jet trigger 1% ®
Hr trigger 2% &) &3]
Four-jet trigger +1o(pr) ©
Single-electron trigger +1o(pr, 1) ®
Single-muon trigger and id +1o(pr, 1) @ @
Electron ID +1o(pr, 1) b e
Jet energy scale +1o(pr, 1) & & & ®
Jet energy resolution +1o(7y) o = = =
Pileup uncertainty +lo > @ D D
b tagging efficiency(*) +10(pr, 1) & D D
b tagging mistag rate (¥) +1o(pr, 1) e b b
CAS8 subjet b tagging unconstrained ®
CAS8 t tagged jet efficiency unconstrained &) &)
CAS8 t-tagged jet mistag +25% ©
CA15 t-tagged jet efficiency +1o(pr, 1) ®
QCD multijet background sideband ® ®
PDF uncertainty +1o &) &) &3] &)
tt ren. and fact. scales 40Q%and 0.25Q% | & @ e o>
Wijets ren. and fact. scales 4Q? and 0.250Q? ®
Wjets matching scale p 2y and 0.5u ®
MC statistical uncertainty © © © ©

() AK5 and CA15 subjets
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Likelihood Fit Results

Process Best fit Prior Posterior
value uncertainty ~ uncertainty

tt 0.99 15% 2.1%
Wjets (light flavor) 0.99 9% 5.0%
Wets (c flavor) 1.06 23% 21%
Wjets (b flavor) 0.95 23% 18%
Single top quark 0.83 23% 22%
Z+jets 1.72 50% 36%
Diboson 1.02 20% 19%
CAS8 t-tagged jets scale factor 0.94  unconstrained 3%
CA8 subjet b tagging scale factor 1.3  unconstrained 1.5
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Cross Section Limits

7 T,/ My — 1%

Mgz (TeV)  Expected (pb) Expected range (£1c) (pb) Expected range (+20) (pb) Observed (pb)
0.75 0.61 089 — 043 1.3 — 032 0.86
1.0 0.18 0.27 — 0.13 0.37 — 0.099 0.088
1.25 0.082 0.12 — 0.058 0.18 — 0.042 0.14
1.5 0.04 0.057 — 0.028 0.089 — 0.02 0.041
2.0 0.013 0.02 — 0.009 0.029 — 0.0067 0.011
3.0 0.0086 0.013 — 0.0059 0.021 — 0.0043 0.0059
7Ty /Mgy = 10%
My (TeV)  Expected (pb) Expected range (£1c) (pb) Expected range (+20) (pb) Observed (pb)
0.75 0.83 1.2 — 057 1.8 — 042 0.89
1.0 0.26 037 — 0.8 053 — 0.14 0.13
1.25 0.13 0.19 — 0.09 0.26 — 0.067 0.22
1.5 0.063 0.089 — 0.044 0.13 — 0.03 0.064
2.0 0.023 0.034 — 0.016 0.055 — 0.011 0.018
3.0 0.023 0.036 — 0.016 0.055 — 0.011 0.017
RS KK gluon
Mg, (TeV)  Expected (pb) Expected range (+1c) (pb) Expected range (+2c) (pb) Observed (pb)
0.7 1.7 25 — 12 38 — 084 3.5
1.0 0.42 0.6 — 028 084 — 0.21 0.24
1.4 0.16 023 — 0.11 032 — 0.078 0.25
1.5 0.12 017 — 0.083 0.24 — 0.059 0.15
1.8 0.064 0.098 — 0.045 0.15 — 0.032 0.056
2.0 0.05 0.074 — 0.034 0.12 — 0.024 0.038
2.5 0.045 0.068 — 0.03 0.11 — 0.021 0.034
3.0 0.059 0.088 — 0.039 0.15 — 0.028 0.041
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