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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

- Inclusive v at 8 TeV
Eur. Phys. J. C74 (2014) 3071
- Inclusive v at 13 TeV

Phys. Lett. B770 (2017) 473-493
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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 «s

— Physics beyond the Standard Model.

O pp—jets = Z/dxl fi/l(Xl,Q)/dxz fija(x2, Q) Gijsjets(x1,x2) (1)
i

- 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

- : edarea-basedipile- Residual pile-u
EM-scale jets Origin correction ) ia ‘ G
up correction: correction
Jet finding applied to Changes the jet direction Applied as a function of Removes residual pile-up
topological clusters at  to point to the hard-scatter  event pile-up pr density dependence, as a
the EM scale. vertex. Does not affect E. and jet area. function of u and Nev.
Absolute MC-based Global sequential Residual in situ
calibration calibration calibration
Corrects jet 4 Reduces flavor A residual calibration
to the particle-level energy  and energy leakage effects is derived using in situ
scale. Both the energy and  using calorimeter, track, and  measurements and is
direction are calibrated.  muon-segment variables. applied only to data.
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Inclusive jet production
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- 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
Vs = 8 TeV Vs = 13 TeV
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- JES uncertainties ~ 5% for pr < 1 TeV

small effect due to JER uncertainty

Single-hadron energy response main uncertainty at high-pr for \/s = 8 TeV

- More data allowed to constraint single-hadron energy response for
Vs =13 TeV
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Inclusive jet production
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- PDFs: CT14, MMHT2014,
NNPDF3.0, HERAPDF2.0

- PDFs, scale choice and «s as
theoretical uncertainties.
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Inclusive jet production
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Inclusive jet production

/s = 8 TeV
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- NLO pQCD above the measurements for pr < 100 GeV
- Toward higher pr NLO pQCD closer to data
- For pr > 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 < pr <1000 GeV
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Inclusive jet production

Vs = 8 TeV
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Powheg (NLO+PS) below NLOJet++ at low pr

Toward higher pt tendency to be below the data
For pr > 1 TeV different behaviour than NLO QCD

Powheg prediction less dependent on the jet radius
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Inclusive jet production
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Powheg (NLO+PS) below NLOJet++ at low pr

Toward higher pt tendency to be below the data
For pr > 1 TeV different behaviour than NLO QCD

Powheg prediction less dependent on the jet radius
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Inclusive jet production
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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
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Measurement of the differential cross section as a function of the dijet mass
— sensitive to BSM resonances and new interactions

anti-k jets with R=0.4 and 0.6
Vs=T7TeV,L=45fb"1

px > 100 GeV, p3 > 50 GeV, |y| < 3.0
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Dijet production

- NLO pQCD theoretical calculations performed by NLOJet++
- pur = pr = paxe0-3Y" (ensure positive cross-section at large y*)

- NLO pQCD calculations corrected by hadronisation and UE effects
and EW effects.
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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 mi2 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

HR = M2
- 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: v produced in the hard interaction
— Fragmentation: v coming from the fragmentation of a high-pr parton

Opp—sy+X = ,’bedxl fin(xi, Q) [ dxa fija(x2, @) Gjjsyp +

l,.labfzmm dz DW (2, s fdxl f/:l x1, @ de2 f/2 X2, Q) 6Uﬁab

- Essential to require the photon to be isolated; Ei° < EX4% in a cone of
radius R=0.4 (suppress 7°(n°...) — v and fragmentation contribution)
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Inclusive photon production
Vs = 8 TeV

Vs = 13 TeV
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- 4 regions of 77: [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
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Inclusive photon production

\E = 8 TeV
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- ~ES main uncertainty for EJ > 100 GeV (central region ~ 2-4%)
- Background subtraction dominates at low E7 but negligible at high E7}

- The uncertainty on the admixture of direct and fragmentation photons
increases at low E7
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Inclusive photon production
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- vES main uncertainty for EJ > 100 GeV (central region ~ 2-4%)
- Background subtraction negligible at high E}.
- 7 identification uncertainty of 2-6% at high E]
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NLO pQCD (JetPhox),
prR = pF = pr = E]
JetPhox underestimates
the measurements
(~10%)

Theoretical uncertainties
amounts to 10-15%
Description improved at
EY > 500 GeV (central
region)

Still stat. uncertainty
too high for E] > 1 TeV
(important 2016 data for
this region)
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Inclusive photon production
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Inclusive photon production

/s = 8 TeV
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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

10 MCFM
Inyl< 0.6
LHC 8 TeV
= 13
E 0.100 MCFM
2 2 :T I,1< 0.6
Y gL
0001}  ATLAS Data g "
3 < 1ot ¢ za
£ NNLO M
= NL( Z 09
1079 0.5} NNLO
Ho=E} NNLO(1+Agw)
13 13F NNLO(1+Agw)
o 12 ) o 12} PeTeR (EW+N’LL)
< J <
= L .
= ] ;
<10 ‘{ ’ ) <
3 09 Z 0.
038 038
otk 1]
100 200 500 1000 00 200 500 1000
E|GeV] E}[GeV]

- Theoretical uncertainty reduced by a factor ~3 with respect PeTeR!
- Trend of the calculations to be above the data at high E}.
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Conclusions

- Measurements of inclusive jets and inclusive photon production in pp
collisions at v/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 do/dmi2. (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 E]
— Experimental information to constraint further PDFs.
— 13 TeV measurements to extend the measurements toward higher E].
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Backup
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Inclusive jet production
/5 = 8 TeV J/5 = 13 TeV
- L=202fb?! - L=32fb"1
- 70 GeV < pr < 2.5 TeV, - 100 GeV < p1r < 2.5 TeV,
- |yl < 3, in equal step of 0.5 - |yl < 3, in equal step of 0.5

T T L —3 S,lolz [ . ——
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- 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 (7°,7° — ~7) 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” .

a £ E
o 5 1.04E
3 1.02
k=) 1=
n =
0.98
0.96?Q
0.94f
0.92- _[ . N S
09 Ldt= 4610 Data 2011 §=7TeV |
F 9 [n)<1.37 B
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086} \\‘\\H‘\\\\‘\\\\‘\\\\‘\\\\‘H\;
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Photon identification

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

— discriminating variables based on bigger E’T"’d fraction
longitudinal and transverse

shower shape variables
e hadronic leakage: R .q; ‘ y
e second layer of ECAL: R, R, e ““'
and w;p;
o first layer of ECAL : AE;, E..iio

Fside, Ws3 and Wigot;

INONR)

[ E—
[m

INONGIR )

NN )

INGNGE )
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Photon identification

e photons are narrow/well contained, whereas bkg have broader profile and
— discriminating variables based on bigger E’T"’d fraction
longitudinal and transverse

shower shape variables O R S B £
e hadronic leakage: R .q; o I

o Ut B Bed
e second layer of ECAL: R, R, e -

and w;p;
o first layer of ECAL : AE;, E.iio
Fsider Ws3 and Wstot

0010203 0.4 05 0607 08 09 1

N NG
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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 — ¢ plane
(boost invariant algorithm);
— Two types of algorithms:

- Cone algorithms;

- recombination algorithms;

2
dj = min(E¥, E¥) 24, dip = E¥,

o p =1 kt algorithm;
o p = —1 anti-kt algorithm;
e 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

measurements at /s = 7 TeV

— NLO
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inclusive jet, dijet,

photon

QCD NNLO predictions have been compared to ATLAS inclusive jet

ATLAS, 7 TeV, anti-k jets, R=0.4, NNPDF3.0 Hepry

NNLOJET wepr
e xxxl!lll/—l_
o atsep00tr Y 1 J

<05
e e o FETTITII IS I
Seutmis 2229 90-4-F1 I

05<lyl<10

10<y<15

—
15<lyl<20

20<ly| <25

14
25<y|<30

100

1000
pr (GeV)

June 13, 2017



Inclusive jet production
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Systematic Uncertainty (relative to nominal)
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- JES uncertainties ~ 10% for pr < 1 TeV
- JER uncertainty ~ 5% at low pt
- JER uncertainties highly reduced at high pt for \/s = 13 TeV
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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 mi> and y* using the HERAPDF1.5 PDF

set.
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Inclusive jet production

Vs = 13 TeV
o o ATLAS
S17 S, p sz o 3Preliminary
g 1 gi-z Ldt=321"
2 2 1 15=13Tev
= =

o
@

0.8 anti-k, jets, R=0.4

2= 20sly|<25 E

Data

J NLOJET++
uo=p =pT
Non-pert and
EW cor.

e CT10

14fp  10sbi<1s

E HERAPDF
77 20

. ABM12
A

o gy 10" b (Gev]
- 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 pr > 200 GeV and |y| < 1.0
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Inclusive jet production
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Powheg (NLO+PS) below NLOJet++ at low pr
- Toward higher pr tendency to be below the data
For pr > 1 TeV different behavior than NLO QCD

Powheg prediction less dependent on the jet radius
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