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The group at UBA has specialized in the area of jets/b-jets
at the three levels of the ATLAS data processing chain

Data taking (trigger ):
I L1 (hardware): Measurement of the b-jet trigger efficiency using FTK tracks

I HLT (software): tuning of b-jet trigger and improvement of jet trigger efficiency

Data reconstruction (performance):
I Jet energy calibration and resolution

I Identification of W -bosons using jet substructure

I Identification b-jets produced via gluon splitting (g → bb̄)

Data analysis (physics):
I Precision measurements of QCD jet cross sections:

I Inclusive jets (see G. Marceca’s talk tomorrow)
I Dijets (see G. Marceca’s talk tomorrow)
I Multijets

I Searches
I Supersymmetry: 3bjet+0lepton or multijets final states
I Exotics: extra dimensions, composite quarks, DM, FC Higgs couplings
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Tuning of b-jet trigger

I Jet is tagged by applying a likelihood ratio
test on discriminant variables

I Algorithm is tuned to achieve predefined
tagging efficiency points

I Large improvement of b-jet trigger
performance between Run 1 and Run 2

I Offline efficiency is higher because of
more sophisticted tracking b-jet efficiency [%]
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Improvement of the jet trigger performance in 2017

Methodology:

I Jet energy corrected using longitudinal
structure of the calorimeter shower and
tracking information

Consequence:

I Trigger efficiency rises much more
rapidly

Application:

I Higher fraction of useful events for a
given trigger rate

Trigger efficiency vs leading jet pT
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MC-based jet energy calibration

I Jets are reconstructed from different
constituents

I Response: Average fraction of the
true jet energy measured at
calorimeter level

I The jet energy is corrected by
1/Response
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Global sequential calibration

I Jet response depends on variables sensitive to particle composition and
distribution of energy in the jet (for instance, number of tracks, ntrk)

I Resolution improves after correcting for this effect
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Calibration of jets of different sizes

Our group leads the team deriving the
data-driven jet energy calibrations for
anti-kt jets with R = 0.2 and R = 0.6

Applications:

SM precision measurements:

I Allow direct comparison with CMS

I Help to understand R=0.4 vs R=0.6 data/theory differences

I Constrain hadronisation and UE models (non-perturbative effects)

Jet substructure:

I Reclustering of large-R jets from R=0.2 jets:
intrinsic pile-up subtraction and per-subjet calibration

Searches:

I Improve signal acceptance of analyses, like h→aa→bbbb
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Search for new phenomena in high-mass final states with a photon and
a jet from pp collisions at

√
s = 13 TeV with the ATLAS detector

Eur.Phys.J. C78 (2018), 102
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Search for high-mass γ+jet resonances

I Signals:

I Evaporation of non-thermal quantum black holes:
I QBH ADD with 6 extra dimensions (n=6)
I QBH RS1 with 1 extra dimension (n=1)

I Decay of excited quark (q∗)

I Complements dijets search  [TeV]q* or mthM
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I Focus on s-channel production of a resonance

I Strategy: Search for bump in the steeply falling
background from SM γ + jet production

 [TeV] jγm
2 3 4 5 6S

ta
t. 

si
gn

ifi
ca

nc
e 

2−
1−
0
1
2

1.1

E
ve

nt
s 

/ 0
.1

 T
eV

3−10

2−10

1−10

1

10

210

310

410

510

610 ATLAS
-1 = 13 TeV, 36.7 fbs

data

/ndof = 0.912χbkg fit 

σ1±bkg fit uncertainty 

 = 5.5 TeV
q*

q* m

I Main background: SM t-channel γ + jet production

DRAFT

2.2 Backgrounds176

2.2.1 Irreducible background177

Tree-level γ + jet events may be produced through either Compton scattering of a quark and a gluon178

or through quark-antiquark annihilation, as shown in Fig. 4. In the LHC’s proton-proton collisions, the179

quark-gluon diagrams account for most of γ + jet production at all center-of-mass energies. There is180

no tree-level gluon annihilation process (Fig. 5 shows the leading order Feynman diagram). Production181

through these diagrams, with the photon participating in the hard scatter and back-to-back with the leading182

jet, is called “prompt” production.183

Events with a real high-pT photon and one or more jets can also arise from multi-jet production. This184

category, called “fragmentation” production, consists of dijet or higher-order events with secondary185

photons produced during fragmentation of the hard-scatter quarks and gluons, or photons radiating off186

a quark. While such photons tend to appear near or inside jets and thus fail isolation criteria, the much187

larger multi-jet cross sections (e.g. the ratio of dijet to γ + jet cross sections is order αs/α) mean that188

such fragmentation production can be a non-negligible contribution to isolated γ + jet signatures. On the189

other hand the contribution from fragmentation photons is rapidly decreasing with EγT, reaching the few190

% level already above 200 GeV ( see for example Ref. [25] ).191

At next-to-leading order, JETPHOX provides the state-of-the-art calculation of γ + jet differential cross192

sections and a simple “partonic” event generator for the 2 → 2 and 2 → 3 diagrams. It includes both the193

direct and the fragmentation processes, as well as the gg box processes, but it does not shower partons nor194

does it simulate the underlying event. JETPHOX rate predictions for inclusive isolated photon production195

and isolated photon production in associationwith a jet have been tested against LHC run 1 data and against196

data from other colliders up to 1 TeV in photon pT, where they agree with the data within the uncertainties197

[26–30]. Taking advantage of high statistical sample in a wide range of Mγ j . the JETPHOX sample is to198

validate the background modeling with a functional-form.199

Besides JETPHOX sample, QCD γ + jet samples are generated with Sherpa [31] at a Leading-Order200

(LO) approximation, full-event generator for the direct photon production. In this case the contribution201

of the real emission of up to three partons is included. Also the Sherpa predictions have been compared202

with data showing a good description of the shape of the main kinematic quantities [29, 32].203

�
(a)

�
(b)

�
(c)

Figure 4: Standard Model γ + jet production at tree level.

8th March 2017 – 23:37 13
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Selection
Only some examples

Cuts to improve signal-to-noise ratio:

|ηphoton| < 1.37
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Purity Measurement

True and fake photon contributions
evaluated with template fit on
photon isolation distribution (Eγ

T,iso):

I Fakes: Data in a CR
(orthogonal to SR)

I True photons: MCs

I Eγ
T,iso = ET,iso − 0.0022× Eγ

T

I ET,iso : Energy around the photon
within ∆R = 0.4.

I The purity is ∼ 92%± 4%
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Upper limits on cross-sections and lower limits on the masses
q∗
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I No significant deviation from the background-only hypothesis is observed

I Cross-section limits for generic Gaussian-shaped resonances are extracted
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Two analyses in progress:

1. Search for resolved dijet resonances produced in association with a
photon or a jet

2. Search for flavour-changing Higgs couplings
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1. Resolved Dijet+ISR

ATLAS searches for DM mediators
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Traditional high-mass dijet search:

I Low-mass reach limited by jet
trigger prescales

Alternative:

I Resolved Dijet+ISR, 4 channels:

I Trigger on ISR object: γ or jet

I Dijet system: bb̄ or inclusive

p p

γ

Z’

q
q

or jet

Scope of Dijet+ISR search:
I Search for new particles decaying into a pair of jets
I Alternatively:

I Set model-specific limits on mZ ′ using MC signals
I Set model-independent limits for reinterpretation using Gaussian shapes

Previous preliminary results but never published by ATLAS or CMS
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2. Flavour-changing Higgs couplings

Motivation:

I Search for Htq FC coupling

I CMS reported 2.4σ in H → µτ

I SM BR(t → Hc) ∼ 10−15

I In 2HDM BR ∼ 10−3

Strategy:

I Event selection: MET+lepton+4jets (2 b-jets)

I Top and Higgs mass constrains

I Main background: t t̄ semileptonic
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Conclusions

Extensive range of activities in jets/b-jets by the Buenos Aires group in ATLAS

Trigger

I Tuning and measurement of efficiency of b-jet trigger.

I Optimization of jet trigger bandwidth through improvement of resolution.

Performance:

I Identification of gluon-splitting b-jets and boosted W-boson large-R jets
using machine learning MVA techniques.

I Ample involvement in jet energy calibration and resolution, coordinators
of the data-driven effort to calibrate jets of different sizes.

Physics:

I Main analysts of the QCD precision measurements on the inclusive,
dijet-mass and multijet production cross-sections.

I Search for exotic particles in the γ+jets and dijets+ISR channels, and
BSM FC Higgs couplings in the 4jets(3b)+lepton+Emiss

T channel.
I Supersymmetry searches in two jet channels: 3bjet+0L and multijets.
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Search for new phenomena in high-mass final states with a photon and
a jet from pp collisions at

√
s = 13 TeV with the ATLAS detector

Eur.Phys.J. C78 (2018) no.2, 102

arXiv:1709.10440 [hep-ex]
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https://arxiv.org/abs/1709.10440


Background

I Irreducible background:

I “Prompt” production:

I Compton scattering of a quark and a
gluon

I quark-antiquark annihilation

I gluon annihilation (not at tree-level)

I “Fragmentation” production (multi-jet
production):

I Photons from hadron decays

I Photons radiating off a quark

DRAFT

2.2 Backgrounds176

2.2.1 Irreducible background177

Tree-level γ + jet events may be produced through either Compton scattering of a quark and a gluon178

or through quark-antiquark annihilation, as shown in Fig. 4. In the LHC’s proton-proton collisions, the179

quark-gluon diagrams account for most of γ + jet production at all center-of-mass energies. There is180

no tree-level gluon annihilation process (Fig. 5 shows the leading order Feynman diagram). Production181

through these diagrams, with the photon participating in the hard scatter and back-to-back with the leading182

jet, is called “prompt” production.183

Events with a real high-pT photon and one or more jets can also arise from multi-jet production. This184

category, called “fragmentation” production, consists of dijet or higher-order events with secondary185

photons produced during fragmentation of the hard-scatter quarks and gluons, or photons radiating off186

a quark. While such photons tend to appear near or inside jets and thus fail isolation criteria, the much187

larger multi-jet cross sections (e.g. the ratio of dijet to γ + jet cross sections is order αs/α) mean that188

such fragmentation production can be a non-negligible contribution to isolated γ + jet signatures. On the189

other hand the contribution from fragmentation photons is rapidly decreasing with EγT, reaching the few190

% level already above 200 GeV ( see for example Ref. [25] ).191

At next-to-leading order, JETPHOX provides the state-of-the-art calculation of γ + jet differential cross192

sections and a simple “partonic” event generator for the 2 → 2 and 2 → 3 diagrams. It includes both the193

direct and the fragmentation processes, as well as the gg box processes, but it does not shower partons nor194

does it simulate the underlying event. JETPHOX rate predictions for inclusive isolated photon production195

and isolated photon production in associationwith a jet have been tested against LHC run 1 data and against196

data from other colliders up to 1 TeV in photon pT, where they agree with the data within the uncertainties197

[26–30]. Taking advantage of high statistical sample in a wide range of Mγ j . the JETPHOX sample is to198

validate the background modeling with a functional-form.199

Besides JETPHOX sample, QCD γ + jet samples are generated with Sherpa [31] at a Leading-Order200

(LO) approximation, full-event generator for the direct photon production. In this case the contribution201

of the real emission of up to three partons is included. Also the Sherpa predictions have been compared202

with data showing a good description of the shape of the main kinematic quantities [29, 32].203

�
(a)

�
(b)

�
(c)

Figure 4: Standard Model γ + jet production at tree level.
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DRAFT

�
Figure 5: Lowest order gg → γ + jet process in the Standard Model.

2.2.2 Reducible background204

Events without a photon and a jet at parton level can also pass the event selection, and are called fakes. By205

far, the dominant process is from dijet events, in which one of the jets fakes the photon selection. The fake206

background is greatly reduced by using stringent quality cuts on the shapes of Electromagnetic showers,207

as known as a tight photon ID, and isolation selection with energy recorded around core energy deposits208

by a particle.209

3 Datasets and Monte Carlo samples210

3.1 Data sample211

In this analysis the dataset collected in the 2015 and 2016 physics runs is used. The prompt single212

photon trigger, HLT_g140_loose, is used for the data-taking, and the total integrated luminosity amounts213

to 36.7 fb−1.214

3.2 Monte Carlo samples215

Excited quarks samples at different invariantmasses have been generatedwith Pythia 8.186 [33]. NNPDF216

2.3 [34] parton distribution functions and the A14 tune [35] of the underlying event have been used. The217

generated events are passed through ATLAS detailed detector simulation based on GEANT4 [36] and218

reconstructed with the same software used for data. Details on the excited quarks samples, cross sections219

times branching ratios and total number of simulated events can be found in table 6.220

Samples of QBH decaying into a photon and a parton are generated with the QBH 2.02 generator and221

Pythia 8.186 for hadronisation and underlying event. CTQ6L1 PDF set has been used together with the222

standard A14 tuning of the underlying evens. As for the excited quarks samples, events are passed through223

the detailed ATLAS detector simulation. The same reconstruction as in data is used. Details on the QBH224

samples, cross sections times branching ratios and total number of simulated events can be found in Tab.225

7 and 8 for the ADD and RS models, respectively.226

To study the background properties, a large number QCD photon + jet events have been generated using227

Sherpa 2.1.1 [31] with CT10 PDF set [37]. For these samples up to three real parton emissions are228

included. The samples have been binned in EγT to cover the full spectrum relevant for this analysis. In229

each slice three samples are generated depending on the flavor of the jet : b-jet, c-jet and light jet. The230

events have been passed through full detector simulation. More details on the slices, cross sections, filter231

efficiency and number of generated events can be found in Tab. 9.232

8th March 2017 – 23:37 14

I Reducible background:

I Fakes: Events with a jet but without a photon (for instance dijet events)

I Significantly reduced by using tight photon ID and isolation selection
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Purity-corrected mγj distribution vs theory prediction
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Background Modelling

Fit function to data:

fb(x ≡ mγj/
√

s) = pa(1− x)pb x−
∑k

n=0 pn logn x

Allows to modify the functional form simply by adding or removing dof:

I k = 0 (1) is used for QBH (q∗) signal search
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Uncertainty on the Background Modelling

Non-closure from the choice of the functional form (spurious signal):

I σspurious evaluated with a s+b fit on bkg-only simulated dataset

I Number of signal events is taken as possible bias due to non perfect
modelling of the background shape

18 / 18



Signal Modelling

I Non-parametric distribution at a
certain mass point is estimated using
a kernel density estimation (KDE)

I Global model created by morphing all
the pdfs at fixed mass
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Search for resolved dijet resonances produced
in association with a photon or a jet

(work in progress)
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Analysis description
I Search for resolved dijet resonance in two channels:

I Jets with no flavour requirement

I At least two b-tagged jets

I High-pT ISR object used for triggering

I ISR object can be a jet or a photon
I Challenge in jet case: Which jet is ISR?
I Factor to consider:

I Efficiency for selecting correct jet pair in signal

I Solution:
I Consider leading pT jet as ISR (appropriate

until ∼ 700 GeV)

I Smooth background from QCD can be
described by fitting data

I Upper range of the search set by dijet
high-mass search

I Lower range set by point at which a single
large-R jet is preferable to reconstruct the Z ′

Overview of this result

�4

• Analysis strategy somewhat developed in 
previous CONF note (ATLAS-CONF-2016-070) 
but not yet published. 

• Our goal: publish a paper with both jet and 
photon ISR, using full 2015+2016+2017 
datasets. First paper in this channel! 

• Improvements on 2016 CONF include: 

• New photon trigger for improved sensitivity 

• Improved fitting methodology 

• Addition of b-tagged channel 

• Testing brand new R21 recommendations/
2017 data to smooth the way for everyone!

q

q̄ q
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Cut to improve signal-to-noise ratio

y∗ < 0.75

Additional cuts: centrality
• Optimisation studies looked at various additional 

variables we could select on (thrust, pT 
asymmetry, ΔR between jets, y* = (y1-y2)/2) 

• Selecting on y* alone was sufficient to get all 
available discriminating power 

• Last year, had two separate y* cuts for jet, photon 
ISR channels 

• We found y* < 0.75 is appropriate for both
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Limit setting cartoon

Photon ISR

Two triggers:
I Single photon: 170 < mjj[GeV] < 300

I Photon + three jets: mjj[GeV] > 300

Jet ISR

y
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Figure 12: Invariant mass distribution for Sherpa multijets requiring on one side events to pass HLT_g140_l oose
trigger and leading photon pT > 150 GeV (single-photon trigger); and on the other hand, events to pass
HLT_g75_t i ght_3j 50noL1_L1EM22VHI trigger, leading photon pT >95 GeV and two leading jets pT >65 GeV
(multi-object trigger) . No y⇤cut is applied.

and Figure 17 shows that the selection based on single jet triggers leads to a simpler and smoother mj j333

distribution. Since the previous iteration of this analysis found substantial dif culty f tting the jet ISR334

channel in data, and since preliminary tests in Monte Carlo do indicate that the jet ISR channel is more chal-335

lenging to f t even with the simplest selection, we opt to use the single-jet triggers for this analysis selection.336

337

The def nitive trigger and basic cut selection for both channels in all periods are shown in summary in338

Table 3.339

Channel Period High-Level Trigger Event Selection Luminosity [ fb 1]
photon ISR, mj j >303 GeV 2015 [no trigger, no dataset]
photon ISR mj j >303 GeV 2016 HLT g75 tight 3j50noL1 L1EM22VHI Leading photon pT >95 GeV Subleading jet pT >65 GeV 33 009
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