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DarkJet:-Resonance Search Analysis Strategy:

See Dilia’s talk for more information!

e Reconstructed Objects: Two Large radius jets (Trimmed LCTopo jets)
e TriggeronLarge-R jets
o Preselectioncuts: |n(j12)| <2.0 pr(j1) > 500 GeV ,pr(j2) > 400 GeV  m(j12) > 50 GeV  myy > 1.3 TeV

Signal scenario: Two dark jets

1) Tagthem using substructure information
2)  Look for aresonance over dijet background
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https://indico.mitp.uni-mainz.de/event/377/contributions/4675/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-047/

ATLAS HEPData Recommendations:
Statistically Limited Searches

Preservation of analysis logic:
o cutflow table for each signal region, for several reproducible or well-defined signal samples

Preservation of numerical values:
o central values for the search regions in each bin
Systematic uncertainties/correlations:
o Asimple stat/syst breakdown is sufficient if the analysis is dominated by statistical uncertainties
SM background predictions
Limits
o Exclusion limits + necessary information for a theorist to emulate the analysis



Di-jet invariant mass
distribution

Data, signal, background counts for
mjj in preselection

Signal mjj shape before signal
region cuts for reinterpretation
validation

Normalisation:
o simulated background is
normalised to the data
o signals are normalised to a
production cross-section of 10 fb.

10
10°
108
107

Events / 100 GeV

107"

4 preselection h

mjy > 1.3 TeV
m(j1,2) > 50 GeV  [n(j1,2)| < 2.0
\pT(jl) > 500 GeV , pr(j2) > 400 GeV
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Distributions of the number of preselection
mjyy > 1.3 TeV

tracks associz}ted.with the two misa) > 50 eV Inlivall <20
leadlng jels (Prlit) > 500 GeV, pr(jz) > 400 GeV )

e The number of tracks matched to the untrimmed jets via ghost association
e Uncertainty band around background : modelling uncertainty
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Signal Region (SR)

Model Independent Limits Mg > 0andné o >0
e Bump hunter test performed to find = - ‘ - - - - g
localised excess in model-independent g [ fﬁ?:\;ﬂ'g‘g'”fi?ﬂ == Eormer 1
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102 2918,
e Algorithm scans the distributions using a |
sliding window of variable width between
two bins and half the total number of bins.
e Highest excess: between i
1500 < mijj < 1700 GeV, with a global o
p-value of 0.63 o
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Signal Region (SR)

€ €
-ntrack,l > 0 and ntrack,2 >0

Model Dependent Limits
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Cutflow Table : Relative Signal Efficiencies

| Selection / Model | A | B | C | D |
my; > 1.3 TeV 929 | 94.8 | 80.9 | 91.8
Jet trigger 93.0 1 93.2 | 925 | 92.3
my,, > 50 GeV, pt3, > 500 GeV, pr,j5, > 400 GeV | 88.5 | 60.0 | 81.3 | 56.1
|my,,| <2 99.9 1 99.9 | 100 | 100
my, , < 600 GeV, prj,, < 3000 GeV 99.8 | 99.7 | 99.9 | 99.8
Signal Region (n; . , >0andng , , > 0) 370 | 2.7 | 11.6 | 55.5

Table 3: Relative efficiency (in %) of each analysis selection with respect to the previous one for models A through D
and m’, = 2.5 TeV. Approximately 90000 events were generated per signal.



Discussion Points

e 4 benchmark models considered: by no means an
exhaustive selection of dark QCD scenarios!
o First timeinterpreting ATLAS data in terms of
promptly-decaying dark QCD resonances

e Theorists: What other information would
be useful to include in our HEPData entry?
o We would love to maximize the
re-interpretability of our results.
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Analysis workflow

Signal Background (dijet MC) Data
« ntrke calculation -
SR VR CR SR VR CR SR VR CR
! sca:lled
Signal Interpolation Shape uncert. ;
Bkg-only:Template
' v

A4

Unlinded S + B fit on SR

SR: ntrke( j1) > 0 and nerke( j2) > 0
CR: nerke( j1) < 0 and nerke(j2) <0

VR: ntrke( j1) > 0 and ntrke( j2) < 0 VR | & | CR | scaled to expected | SR | when testing the fitting 11




>

Pf(m | J)

SR
e Defining from data CR would change the
shape of the mjj distribution

ntrk percentiles — pe
3. Define ntrke:
ne, (myy) = nyg — P€(myy)
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Target Model

Unusual dijet signatures that could arise

from a QCD-like dark sector.

e Assume a heavy mediator Z’ links dark

sector and visible sector
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Consider 4 benchmark  fomcd)
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Graphics by: C. Doglioni, K. Pedro
Compared to the SM,
the dark jets have:

couplings
(=> more tracks)

double hadronization



https://arxiv.org/abs/1712.09279

Tagging Dark Jets

The ungroomed number of tracks But a sharp ntrk cut significantly Which impacts our
inside the jet, ntrk, is a strong => sculpts the background dijet > bump hunt!

discriminating variable. mass spectrum
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Define a new key discriminator nfrkdecorrelated from the dijet mass




Preselection

after preselection
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Triggers: S 10t ATLAS Internal o Daa
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For background Monte Carlo (di-jet quality cut):
pleadingiet__subleding et e signal distributions are:

0.7 < szpleadinthrum,-et <13 o relatively broad

! o shifted to lower values than Z’ mass

e notrimming => narrower signal peak BUT
would increase background significantly

Derivation: EXOT3
Analysis framework: xAODAnaHelpers.
Useful links: Glance, Analysis code, Internal note.



https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/JetUncertaintiesRel21ConsolidatedLargeRScaleRes#Uncertainty_validity_range
https://xaodanahelpers.readthedocs.io/en/latest/
https://atlas-glance.cern.ch/atlas/analysis/analyses/details?id=1585
https://gitlab.cern.ch/atlas-phys/exot/dbl/Analyses/darkjetresonances
https://cds.cern.ch/record/2711879/

Trigger Turn Ons
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