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1 ) Extension of SM gauge group with Why more bu m pS?
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Full Run-2 spectrum ¢ pata =

2 cleant muons*
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Full Run-2 spectrum ¢ pata =

2 cleant electrons*
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Fit the observed dilepton
Invariant mass spectrum:

data distribution = f,,(msp) + fi,(msp)
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Analysis strategy

-----------------------------------------------------------

(theory)

e Data
—— Background-only fit

--- Generic signal at 1.34 TeV, I'/m = 0%
-------- Generic signal at 2 TeV,I'/m = 0%
- =+ Generic signal at 3 TeV,I'/m = 0%
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Statistical significance vs. mediator mass...
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ATLAS |s-= 13 TeV, 139 fb™
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Cross section upper limits vs. mediator mass
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Implications for a Heavy Vector Triplet Z'

» Excluded cross sections = excluded couplings

Lepton coupling g
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yOLL are 661’6
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Bonus
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Fvent selection

Electrons: Muons:
ID tracks + energy clusters in EMCal ID tracks + MS tracks
no charge sign requirement muons opposite charge
lowest unprescaled 2e trigger lowest unprescaled 1 trigger
E;> 30 GeV pr> 30 GeV
ln| < 1.37 or 1.52 < || < 2.47 In| < 2.5
|dy/o(dy)| < 5 |dy/o(dy)| < 3
|zpsin @] < 0.5 mm |Zgsin@| < 0.5 mm
medium identification working point high-pT identification working point
(>92% efficient for E, > 80 GeV ) (require 3 hits in precision MS tracking layers)

(69% — 64% efficient from 1.0 TeV — 2.5 TeV)

require o(g/p) below "good muon" threshold
(from ~100% efficient at 1 TeV to 93% at 2.5 TeV)

"gradient” isolation working point "fixed cut tight track only" isolation working point

Event-level: Make pair out of highest pr (same flavour) leptons in event
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Fit the observed dilepton Analysis strategy
Invariant mass spectrum:

data distribution = f,,(msp) + fi,(msp)
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Background model details

b 5 plog(x)

_ % Parameter ee channel (ot channel
- \/E a 178000 =+ 400 138700 =400 «—— normalization
b 1.5+ 1.0 11.8+ 0.5
1, ee Do —12.38 £ 0.09 —7.384+0.12
C = { 1/3, uu Py —4.2954+0.014  —4.13240.017
’ Do —0.9191 £ 0.0027 —1.0637 & 0.0029
b, p; tree Ps —0.0845 £+ 0.0005  —0.1022 & 0.0005

Function chosen based on performance on smoothed simulated SM background

Potential mismodelling is accounted for by measuring difference between
functional fit and smoothed simulated SM background

The magnitude of this "spurious signal" then defines the 1o pull of a nuisance
parameter multiplying the signal component

Extra function parameter p4 available if it significantly improves (> 20) likelihood of

fit to data = not needed in 139 fb-1 fit
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Signal modeling  convolutior

non-relativistic

(Genericsignal] = :Breit- ngner ® : Relatlve m,, resolution :

< parametric, > <truth-|eve| shape> < modelled using >

model-indep. at given width simulated samples

i L L IR IR ] . .
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Systematics

Uncertainty source Dielectron Dimuon

for my [GeV] 300 5000 300 5000
Spurious signal 125 (12.0) £0.1 (1.0) £11.7 (11.0) £2.1(
Lepton identification +1.6 (1.6) 456 (5.6) +£1.8(1.8) 12 (* 25)
Tsolation +0.3 (0.3)  +1.1(1.1)  +0.4 (0.4)  +0.4 (0.5)
Luminosity +1.7 (1.7) +1.7 (1.7) +1.7 (1.7) +1.7 (1.7)
Electron energy scale Y (ﬂjg) o4 (£0.8) - -
Electron energy resolution | 23 (fé:é) o5 (£0.1) - -
Muon ID resolution - - f8;§ (ij?g) f8;2 (fg:g)
Muon MS resolution : : 2.8 (ﬂ;g) +2.4 (2.1)
‘Good muon’ requirement - - +0.6 (0.6) o (i?,?,)

Impact on signal strength from =1c pull on

nuisance parameter
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FX/ my [0/0]

FX/ my [0/0]

ATLAS

3x10°

ATLAS

3x10°

{s=13TeV, 139 fb™

10° 2x10°

s =13 TeV, 139 fb™

10° 2x10°

X = uu

X =

m, [GeV]

Local significance [o]

Local significance [o]

Additional 2D
p-value scans

Channel Excess
po o] mx [GeV] T'x/mx [%]
ee 3.0 773 2.5
(L 2.5 268 2.5
174 2.3 264 0
Deficit
po o] mx [GeV] T'x/mx %]
ee —3.2 1957 4.0
LLfL —2.8 349 8.5
17/ —2.9 1958 3.0
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Channel-wise cross section limits
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Selection efficiency —2N

» Efficiency consistent across spin cases within 4% (absolute)
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Relative invariant mass resolution
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ATLAS Simulation
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Implications for a Heavy Vector Triplet Z'

» Excluded cross sections = excluded couplings
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