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Outline

Physics with Jets

- Inclusive jets at 8 TeV

- Inclusive jets at 13 TeV

ATLAS-CONF-2016-092

- Dijets at 7 TeV

JHEP 1406 (2014) 059

Physics with Photons

- Inclusive γ at 8 TeV

Eur. Phys. J. C74 (2014) 3071

- Inclusive γ at 13 TeV

Phys. Lett. B770 (2017) 473-493
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Jets
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Physics with Jets

- Jet production is the dominant high-pT process at the LHC
- Jet observables play an important role in the study of:
→ The structure of the proton
→ The color interaction and its coupling strength αs

→ Physics beyond the Standard Model.

σpp→jets =
∑
i ,j

∫
dx1 fi/1(x1,Q)

∫
dx2 fi/2(x2,Q) σ̂ij→jets(x1, x2) (1)

- Experimental reconstruction:
→ 3D topological clusters of calorimeter cells as inputs of jet algorithms
→ Anti-kT with R = 0.4, 0.6
→ Multi-step process to calibrate the energy of the jet
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Inclusive jet production
√
s = 8 TeV

- L = 20.2 fb−1

- 70 GeV ≤ pT ≤ 2.5 TeV

- |y | < 3, in equal step of 0.5
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ATLAS preliminary 
-1= 8 TeV, 20.3 fbs

 R= 0.4tanti-k

√
s = 13 TeV

- L = 3.2 fb−1

- 100 GeV ≤ pT ≤ 3.2 TeV

- |y | < 3, in equal step of 0.5
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uncertainties
Systematic

 EW corr.×Non-pert. corr. 
×NLOJET++ (CT14nlo) 

)0 10×| < 0.5 (y|

)-3 10×| < 1.0 (y |≤0.5 

)-6 10×| < 1.5 (y |≤1.0 

)-9 10×| < 2.0 (y |≤1.5 

)-12 10×| < 2.5 (y |≤2.0 

)-15 10×| < 3.0 (y |≤2.5 

Relative uncertainty of 2.1% on the integrated luminosity not included

- 11 (9) orders of magnitude in central (forward) rapidity region

- Good description (in log scale) of data by NLO QCD calculations
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Inclusive jet production
√
s = 8 TeV
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√
s = 13 TeV
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 Preliminary ATLAS

- JES uncertainties ∼ 5% for pT < 1 TeV

- small effect due to JER uncertainty

- Single-hadron energy response main uncertainty at high-pT for
√
s = 8 TeV

- More data allowed to constraint single-hadron energy response for√
s = 13 TeV
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Inclusive jet production
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→ NLO pQCD (NLOJet++)

- µR = µF = pjet,max
T

- PDFs: CT14, MMHT2014,

NNPDF3.0, HERAPDF2.0

- PDFs, scale choice and αs as

theoretical uncertainties.
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 = 8 TeVs
 R=0.4tanti-k

|y|<0.5

ATLAS Simulation preliminary

- σtheory = σNLO × kNP × kEW

- kNP = σ(hadrons)
σ(partons)

- ∆NP envelope of several LO MC

predictions.

- KEW electroweak correction factor
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Inclusive jet production
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→ NLO pQCD (NLOJet++)

- µR = µF = pjet,max
T

- PDFs: CT14, MMHT2014,

NNPDF3.0, HERAPDF2.0

- PDFs, scale choice and αs as

theoretical uncertainties.
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Dittmaier, Huss, Speckner

= 8 TeVs

 R= 0.4tanti-k

- σtheory = σNLO × kNP × kEW

- kNP = σ(hadrons)
σ(partons)

- ∆NP envelope of several LO MC

predictions.

- KEW electroweak correction factor
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Inclusive jet production
√
s = 8 TeV
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- NLO pQCD above the measurements for pT . 100 GeV

- Toward higher pT NLO pQCD closer to data

- For pT > 1 TeV rise of NLO pQCD with respect to data (10-20%)

- Similar behaviour for different PDF sets

- HERAPDF2.0 significantly lower than data in 300 < pT <1000 GeV
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Inclusive jet production
√
s = 8 TeV
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- Powheg (NLO+PS) below NLOJet++ at low pT

- Toward higher pT tendency to be below the data

- For pT > 1 TeV different behaviour than NLO QCD

- Powheg prediction less dependent on the jet radius
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Inclusive jet production
√
s = 8 TeV
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- Powheg (NLO+PS) below NLOJet++ at low pT

- Toward higher pT tendency to be below the data

- For pT > 1 TeV different behaviour than NLO QCD

- Powheg prediction less dependent on the jet radius
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Inclusive jet production
√
s = 13 TeV
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- Good description of data by NLO pQCD within the uncertainties

- Similar shape predicted by CT14, MMHT2014 and NNPDF3.0

- For |y | > 2, tendency for the NLO pQCD prediction to overestimate the

measured cross-section in the high pT range.
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Inclusive jet production at NNLO

- Recently, inclusive jet production at NNLO has been computed
→ ArXiv:1611.01460
→ ArXiv:1704.00923

- QCD NNLO predictions have been compared to ATLAS inclusive jet

measurements at
√
s = 7 TeV

- Good description of the data by the

NNLO using µR = pT

- 10%-20% of difference at low pT in
the central region between scales
µR = pT,1 and µR = pT
→ Differences not covered by the

scale uncertainty!

- Similar prediction at high pT
between scales.
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Dijet production

- Measurement of the differential cross section as a function of the dijet mass
→ sensitive to BSM resonances and new interactions

- anti-kT jets with R=0.4 and 0.6

-
√
s = 7 TeV, L = 4.5 fb−1

- p1
T > 100 GeV, p2

T > 50 GeV, |y | < 3.0

- Measurements in different y∗ = |y1−y2|
2 bins for 0.3< m12 <5 TeV
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Dijet production

- NLO pQCD theoretical calculations performed by NLOJet++

- µR = µF = pmax
T e0.3y∗

(ensure positive cross-section at large y∗)

- NLO pQCD calculations corrected by hadronisation and UE effects
and EW effects.
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Dijet production
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- Good description of the measurements by NLO pQCD calculations using

CT10, NNPDF2.1 and MSTW 2008 for R = 0.4 and 0.6.

- Disagreement in some ranges of m12 and y∗ using the HERAPDF1.5 PDF

set.
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Dijet production at NNLO

- Dijet production at NNLO has been
computed

→ ArXiv:1705.10271v1

- QCD NNLO predictions have been

compared to ATLAS dijet

measurements at
√
s = 7 TeV

- Predictions estimated assuming

µR = m12

- Large reduction in the scale

variation.

- Excellent agreement with data

across seven orders of magnitude.
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Photons
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Physics with Photons
- Photon production allows to test pQCD and PDFs information.

- Prompt photons represent a cleaner probe of a hard interaction than jet

production.
- Inclusive photons can be produced by two main mechanism:
→ Direct-photon: γ produced in the hard interaction
→ Fragmentation: γ coming from the fragmentation of a high-pT parton

σpp→γ+X =
∑

i ,j ,b

∫
dx1 fi/1(x1,Q)

∫
dx2 fi/2(x2,Q) σ̂ij→γb +∑

i ,j ,a,b

∫ 1
zmin dz Dγ

a (z , µf )
∫
dx1 fi/1(x1,Q)

∫
dx2 fi/2(x2,Q) σ̂ij→ab

γ

g

q
q

g

g

γ

g

q

q

q

- Essential to require the photon to be isolated; E iso
T < Emax

T in a cone of

radius R=0.4 (suppress π0(η0...)→ γγ and fragmentation contribution)
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Inclusive photon production
√
s = 8 TeV

- L = 20.2 fb−1

- 25 GeV ≤ EγT ≤ 1.5 TeV

- |ηγ | < 2.37

- EγT,iso < 4.8 + 4.2·10−3 · EγT GeV
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√
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- L = 3.2 fb−1

- 125 GeV ≤ EγT ≤ 1.5 TeV

- |ηγ | < 2.37

- EγT,iso < 4.8 + 4.2·10−3 · EγT GeV
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- 4 regions of ηγ : [0.0,0.6], [0.6,1.37], [1.56,1.81], [1.81,2.37]

- 10 orders of magnitude in central rapidity region for
√
s = 8 TeV

- Good description (in log scale) of data by NLO QCD calculationsJosu Cantero (OSU) inclusive jet, dijet, photon June 13, 2017 20 / 26



Inclusive photon production
√
s = 8 TeV
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- γES main uncertainty for EγT > 100 GeV (central region ∼ 2-4%)

- Background subtraction dominates at low EγT but negligible at high EγT
- The uncertainty on the admixture of direct and fragmentation photons

increases at low EγT
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Inclusive photon production
√
s = 13 TeV
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- γES main uncertainty for EγT > 100 GeV (central region ∼ 2-4%)

- Background subtraction negligible at high EγT

- γ identification uncertainty of 2-6% at high EγT
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Inclusive photon production
√
s = 13 TeV

- NLO pQCD (JetPhox),
µR = µF = µf = EγT

- JetPhox underestimates
the measurements
(∼10%)

- Theoretical uncertainties
amounts to 10-15%

- Description improved at
EγT > 500 GeV (central
region)

- Still stat. uncertainty
too high for EγT > 1 TeV
(important 2016 data for
this region)
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Inclusive photon production
√
s = 8 TeV

ATLAS
-1 = 8 TeV, 20.2 fbs

Data 2012

Lumi Uncert.
NLO:
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- Theoretical uncertainties much larger than experimental uncertainties!

- Comparison to improved NLO QCD calculations using PeTeR program:

resummation of QCD threshold logarithms at NNNLL and large electroweak

Sudakov logarithms

- Improved description of the data: PeTeR vs JetPhox

- Reduction of theoretical uncertainties: ∼ 20% < NLO QCD (JetPhox)
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Inclusive photon production at NNLO

- Recently, inclusive photon production at NNLO has been computed
→ ArXiv:1612.04333

- QCD NNLO predictions have been compared to ATLAS inclusive photon

measurements at
√
s = 8 TeV
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- Theoretical uncertainty reduced by a factor ≈3 with respect PeTeR!

- Trend of the calculations to be above the data at high EγT
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Conclusions

- Measurements of inclusive jets and inclusive photon production in pp

collisions at
√
s = 8 and 13 TeV have been presented.

- Measurements of dijet production at
√
s = 7 TeV have been presented.

- NLO QCD calculations describe within the uncertainties the inclusive jets
production for several PDFs.

→ 13 TeV measurements allows to provide additional experimental
information to constraint the PDFs at higher x values.

- Good description by the NLO QCD calculations of dσ/dm12. (Excellent

agreement by NNLO QCD)

- NLO QCD calculations underestimate the inclusive photon production
measurements.

→ NLO QCD supplemented with resummation+EW corrections describes
the data.

→ Tendency of theoretical predictions to be above the data at high EγT
→ Experimental information to constraint further PDFs.
→ 13 TeV measurements to extend the measurements toward higher EγT
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Backup
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Inclusive jet production
√
s = 8 TeV

- L = 20.2 fb−1

- 70 GeV ≤ pT ≤ 2.5 TeV,

- |y | < 3, in equal step of 0.5
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√
s = 13 TeV

- L = 3.2 fb−1

- 100 GeV ≤ pT ≤ 2.5 TeV,

- |y | < 3, in equal step of 0.5
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Relative uncertainty of 2.1% on the integrated luminosity not included

- 11 (9) orders of magnitude in central (forward) rapidity region

- Good description (in log scale) of data by NLO QCD calculations
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Background estimation

The background (π0, η0 → γγ) is strongly reduced after ID and isolation

cuts
Residual background is estimated using the “two-dimensional side bands”
data driven method.
→ based on the definition of a “tight-isolated” signal region A and three

background control regions B,C,D: “tight-nonisolated”,
“nontight-isolated”, and “nontight-nonisolated”.
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E

­5 0 5 10 15 20 25 30 35

ID
γ

A

C D
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Photon identification

• photons are narrow/well contained, whereas bkg have broader profile and

bigger Ehad
T fraction→ discriminating variables based on

longitudinal and transverse

shower shape variables

• hadronic leakage: Rhad;

• second layer of ECAL: Rη, Rφ
and wη2;

• first layer of ECAL : ∆Es , Eratio

Fside, ws3 and wstot;
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Photon identification

• photons are narrow/well contained, whereas bkg have broader profile and

bigger Ehad
T fraction→ discriminating variables based on

longitudinal and transverse

shower shape variables

• hadronic leakage: Rhad;

• second layer of ECAL: Rη, Rφ
and wη2;

• first layer of ECAL : ∆Es , Eratio

Fside, ws3 and wstot;
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Jet algorithm

→ To ensure a close correspondence between

jets and the final-state partons;

→ On the theoretical side:

- infrared safety;

- collinear safety;

- input-object independence;

→ In hadronic interactions, jets are defined using

the transverse-energy flow in the y − φ plane

(boost invariant algorithm);

→ Two types of algorithms:

- Cone algorithms;

- recombination algorithms;

dij = min(E 2p
T ,i ,E

2p
T ,j)

∆2
ij

R2 , di ,B = E 2p
T ,i

• p = 1 kT algorithm;
• p = −1 anti-kT algorithm;
• p = 0 Cambridge/Aachen algorithm;
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Inclusive jet production at NNLO

- Recently, inclusive jet production at NNLO has been computed
→ ArXiv:1611.01460
→ ArXiv:1704.00923

- QCD NNLO predictions have been compared to ATLAS inclusive jet

measurements at
√
s = 7 TeV

Josu Cantero (OSU) inclusive jet, dijet, photon June 13, 2017 26 / 26



Inclusive jet production

√
s = 8 TeV
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- JES uncertainties ∼ 10% for pT < 1 TeV

- JER uncertainty ∼ 5% at low pT

- JER uncertainties highly reduced at high pT for
√
s = 13 TeV
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Dijet production
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- Good description of the measurements by NLO pQCD calculations using

CT10, NNPDF2.1 and MSTW 2008 for R = 0.4 and 0.6.

- Disagreement in some ranges of m12 and y∗ using the HERAPDF1.5 PDF

set.
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Inclusive jet production
√
s = 13 TeV
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- Different predictions by CT10, HERAPDF2.0 and ABM12 for |y | < 1.0

- Good description of data by NLO pQCD within the uncertainties using CT10

and HERAPDF2.0

- ABM12 underestimates the measurements for pT > 200 GeV and |y | < 1.0
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Inclusive jet production
√
s = 8 TeV
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- Powheg (NLO+PS) below NLOJet++ at low pT

- Toward higher pT tendency to be below the data

- For pT > 1 TeV different behavior than NLO QCD

- Powheg prediction less dependent on the jet radius
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