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Search for the W' ATLAS

* Several new physics models predict new charged
gauge bosons W'

* Models: extra-dimension KK excitation, Little-
Higgs, top-tlavors (third generation favored).

* Like a heavier brother of the SM W boson, but Space

coupling and chirality are free parameters. o+
* Two chiral states are possible: left (W’L), right (W'R). |
Time

Focus on W'r same coupling const. as the SM W.

S

e Also assume My, > M w,

o Search for a TeV-mass W’ (resonance) via its decay to a (hadronically
decaying) top quark and a bottom quark with full Run-2 ATLAS data
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MICHIGAN STATE ,
Reconstruct the W’ Mass  FATLAS

Jet Trigger Threshold

* Jets are collimated hadrons originate from the high
energy quarks or gluons produced in p-p collisions.

* The b-quark from W' is reconstructed by a
small-radius jet.

* Hadronic top-quark decay has 2 light quarks + 1
bottom quark => Lorentz boosted => 3 quarks
collimated.

* S0 the top-quark is clustered into a large-radius jet.

 Add large- and small-radius jet four-momenta to get
reconstructed W’ mass (Mi).

e Search for a peak in a smoothly falling My distribution.

. Small-radius jet
ot > 500 GeV
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 Bottom quarks hadronize into B-hadrons
travels few millimeters before decay.

 Charged particles decay from B-hadrons
are tracked.

* [hese tracks intersect at the B-hadron
decay vertex; secondary vertex separated
from (hard-scatter) primary vertex.

 Deep Neural Network (DNN)-based b-tag

algorithm to identify secondary vertices
from tracks associated with small-radius
jets.
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2019-005/
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Top-tagging ATLAS

Large-radius |ets cluster hadronic energy 200, R R

| | | -_ ATLAS Prellmlnary —e— Data
deposited Iinto calorimeters. 180: ATLAS Prfinay - pa
160 — Trimmed anti-k, R=1.0 jets —+— Sherpa

— Multijet Selection B Stat. uncert.

140 Top tagger[{€ = 50%)| DNN Total uncert.

A DNN-based top-tagger examine energy
profile within in a jet to:

Background rejection (1/€,, )
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Reject lighte partons with parton showers
in wide angles. ,
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-017/
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 QCD jets can be estimated by data In Y-axis: Iarge radius X-axis: small radius
side-band regions defined by reversing et top- tagged? et b- tagged?
large-radius et top-tagging & back-to-
back small-radius jet b-tagging.

 Assumption: the two tagging
outcomes are uncorrelated.

 And the signal insignificant except in Top-tagged

the signal region(GR). o
Loose top-tagged D C

* Then the background in the SR = Na

— NexNc/Np Not b-tagged B-tagged
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IEREEEIREL Data-driven Background Systematics - exeriues

* [he hypothesis of no correlation
means (Na/Ng)/(Nc/Np) = 1.

Top-tagged
 Using extended sidebands with Loose top-tagged 5 C
large-R |ets less "top-quark” like: Even looser top- | F """""""""""""""""""" E """"""""""""""""""""
tagged :
(Nc/Np)/(Ne/NF) measures the Not b-tagged B-tagged

correlation In data and serve as
a systematic uncertainty
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Validation Region 2
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ATLAS Work in Progress

s =13 TeV, 138.97 fb
80 WP top-tag, 0 b-tag in

Pre-Fit - Data

[ Data-driven
All-had ttbar
I Non-all-had ttbar
~~ Uncertainty

10°
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e Validation region has a mildly tight top-
tagged large-radius jet which contains no
D-tagged small-radius |et to suppress
signals.

Events / 100 GeV
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» Uncertainty band: systematic anad 0=
statistical uncertainties of backgrounds. 1072
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Statistical Analysis R

» Profile-likelihoods with nuisance 5 10°E ATLASWorkin Progress =
: oy S . .C (s =13 TeV, 138.97 fb -
parameters for systematic uncertainties = 10°g 50 WP top-tag, 1 b-tag in E
from jet energy/mass measurements, g 10 o S
top/b-tag calibrations, background 10° MiNon-allhad r 3
= - uJncertainty -
modeling... 10 E
1 :
e Constrained by fit to data. 10~
1072
* |t no excess Is found, exclude signals 107
too large to be compatible with data. L 107
o 1.25F
B 1;,
* Right: Test the fit with pseudo-data made ¢© o7

up D y pre dicted back groun ds 01%80 2000 3000 4000 soooeooo ~ 7000

M,, [GeV]
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Expected Upper Limit  *e
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: IS : O =L e
e EXxclusion limit on rlght— 8 F ATLAS Work in Progress —— opserved 95% oL fimit
handed W pl’O.dUCJ[IOﬂ ;;3 _ 5= 13 ToV. 139 " — = Expected 95% CL Iimit i
Cross-section time o1 3 || Expected 95% CL limit =10 —
- - - > — Expected 95% CL limit xt20
Branching Ratio for different = F NLO W' crose.section (ZTOP)
W’ masses. X - ZTOP: arXiv:1208.4858 -
_ 0
o <
o Expected limit: pseudo-data L
with no signal present. T 102

o Systematic plus statistical

~

" _3 ] | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
uncertainty banas. 1015007 2000 2500 3000 3500 4000 4500 5000
m(W'R) [GeV]



http://www.hep.anl.gov/zack/ZTOP/ZTOP.html
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e Search for W’ to tb in the all-hadronic final
state with ATLAS full Run-2 dataset (139 tb-1).

E— 10? ATLASWork inIProglrelslsl _l olbslerl\,eld ;5;0;,:",',,"' - §
 Multivariate techniques identify top-quark- % s =13 TeV, 139 b ;Ez:::::zt::::m -
initiated large-radius jets and bottom-quark- ~ <° B Expocted 95% CL limit <20 =
initiated small-radius 'e':s. @ NLO W' cross-section (ZTOF) -
_ T —
* Main background estimated with data by z ; :
assuming no correlation between top- and b-  Z1p2 L
tagging. Correlation uncertainty also -
estimated with data. S TR -
1500 2000 2500 3000 3500 4000 4500 5000

: (W) [GeV]

* Expected lower mass limit on right-handea
W’ with SM-W couplings at 4.15 TeV.  -------mmmmmmmmmm s .
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Syst. vs. Stat. Uncertainties *#i

1.5 TeV W’R 2 TeV W’ 3 TeV W’ 4 TeV W’ 5 TeV W’

Systematic 51.8%

Background 13.6% 12.3% 13.4% 13.4% 11.9%
Statistical
Foisson 34.6% 37.7% 41.6% 55.1% 67.9%

Statistical




MICHIGAN STATE ,
Top-3 systematics R

Top-tagging calibrations

Data-driven background estimate

B-tagging calibrations for high

Data-driven background estimate .
momentum |ets

tt background modeling on parton tt background modeling on parton
showers showers

Ranked by impact of varying the nuisance parameters on fit to pseudo-data

15




