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Logo: Large

Jet and photon 
measurements with ATLAS
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Logo: Large

Lawrence Berkeley National Laboratory

LHCP 2017

Outline: Jet cross-sections ⇢ Photon highlights   
                ⇢ Jet Event Shapes ⇢ Jet substructure

https://indico.cern.ch/event/517784/timetable/#20170515.detailed
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Governed by one number*:      

fixed order, resummation, non-perturbative regimes

jet multiplicity and energies : event shapes : jet shapes
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Logo: Large

2Quantum Chromodynamics (QCD)

*of course, also depends on the number of 
particles in various representations of SU(3)

↵s
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Governed by one number*:      

fixed order, resummation, non-perturbative regimes

jet multiplicity and energies : event shapes : jet shapes
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Logo: Large

3Quantum Chromodynamics (QCD)

*of course, also depends on the number of 
particles in various representations of SU(3)

↵s

JetsJets
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Logo: Large

4Part I: Jet Multiplicity and Energies
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ATLAS preliminary 
-1= 8 TeV, 20.3 fbs

 R= 0.4tanti-k

8 TeV

~2 TeV @ 20.3 fb-1 ~3 TeV @ 3.2 fb-1

STDM-2015-01

Inclusive anti-kt Jet Cross-Sections
Reach:

(binned in rapidity, y)

|y| ~ 0

|y| ~ 0

NLO is accurate over many 
orders of magnitude 

(slight trend - see backup)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-092/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-01/
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ATLAS preliminary
-1= 8 TeV, 20.3 fbs

 R= 0.4tanti-k
 |y| <0.5

13 TeV8 TeV

ATLAS-CONF-2016-092

Already reaching/surpassing 8 TeV precision!

Part I: Inclusive Jet Cross-sections

JES = jet energy scale (bias)
JER = jet energy resolution (standard deviation)

STDM-2015-01

very important for probing proton structure, in particular the gluon PDF

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-092/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-01/
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Dittmaier, Huss, Speckner
= 8 TeVs

 R= 0.4tanti-k

We are probing a regime where NP effects are negligible.

…but electroweak 
corrections are not small!

EW corrections

STDM-2015-01

JHEP 11 (2012) 095

4

(LO diagrams)

Part I: Beyond fixed order QCD

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-01/
https://arxiv.org/abs/1210.0438
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Figure 3: Unfolded distribution from background-subtracted data of the angular separation between the muon and
the closest jet in the signal region along with several predictions from theory calculations. The lower panels show
the ratio of the theory predictions to the unfolded data. The error bars in the upper panel and the grey shaded
error bands in the lower ratio panels are the sum of the statistical and systematic uncertainties in the measurement.
The shaded error band on the ALPGEN+PYTHIA6 calculation is statistical uncertainty, the band on the PYTHIA8
calculation is statistical and PDF uncertainties and those on the SHERPA+OpenLoops and the W + � 1 jet Njetti
NNLO calculations are scale uncertainties.
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Figure 3: Unfolded distribution from background-subtracted data of the angular separation between the muon and
the closest jet in the signal region along with several predictions from theory calculations. The lower panels show
the ratio of the theory predictions to the unfolded data. The error bars in the upper panel and the grey shaded
error bands in the lower ratio panels are the sum of the statistical and systematic uncertainties in the measurement.
The shaded error band on the ALPGEN+PYTHIA6 calculation is statistical uncertainty, the band on the PYTHIA8
calculation is statistical and PDF uncertainties and those on the SHERPA+OpenLoops and the W + � 1 jet Njetti
NNLO calculations are scale uncertainties.

13

Phys. Lett. B 765 (2017) 132

In fact, real EW emissions 
are measurable! 

STDM-2015-01

W

7

Part I: EW Corrections

Not well-modeled by all setups, 
including dedicated weak shower

https://arxiv.org/pdf/1609.07045.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-01/
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Logo: Large

8Part I: Photon contribution
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1611.06586A related process has 
also been measured 
with isolated photons

NLO QCD captures the shape well

https://arxiv.org/abs/1611.06586
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9Brief interlude: more photon results
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photon-pairs inclusive photons

13 TeV

8 TeV

Single photon is well-described; not the case for photon-pairs.

1701.06882

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-15/
https://arxiv.org/abs/1701.06882
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Logo: Large

10Brief interlude: more photon results
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8 TeV

Resummation works well to describe the soft gluons. 
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-15/
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Logo: Large

11Part II: Event Shapes
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Event shapes played 
a key role in precision 

QCD at e+e-

One observable is the 
Transverse Energy-
Energy Correlation 

Function (TEEC)

with energy-energy correlations 
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NEW

LO+LL does fairly well!

STDM-2016-10

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-10/


 = 8 TeV (NLO)sATLAS ATEEC 
This analysis

 = 7 TeV (NLO)sATLAS TEEC 
Phys. Lett. B 750 (2015) 427

 = 7 TeV (NLO)s 32ATLAS N
ATLAS-CONF-2013-041 (2013)

 = 7 TeV (NLO)sMalaescu & Starovoitov ATLAS jets 
Eur. Phys. J. C 72 (2012) 2041

 = 7 TeV (NLO)s 32CMS R
Eur. Phys. J. C 73 (2013) 2604

 = 7 TeV (NLO)sCMS inclusive jet cross section 
Eur. Phys. J. C 75 (2015) 288

 = 7 TeV (NLO)sCMS 3-jet mass 
Eur. Phys. J. C 75 (2015) 186

 = 7 TeV (NNLO)s cross section tCMS t
Phys. Lett. B 728, 496 (2013)

World average 2016
Chin. Phys. C 40 (2016) 100001

)
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α
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Total Uncertainty
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Preliminary ATLAS
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12Part II: Event Shapes

LO = O(↵3
s)

�2
fit for ↵s

using unfolded data
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NEW

STDM-2016-10

Cut off near +/- 1 due to 
resummation sensitivity  

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-10/
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ATL-PHYS-PUB-2017-009

NEW

Part III: Inside Jets

The radiation 
pattern inside jets 
probes a different 

regime of QCD

The most basic of 
all observables is 

particle multiplicity

Charged particle 
tracks are our 

proxy for particles
Multiplicity scales with the color charge 
(CF/CA): useful for distinguishing q/g!

A track-based q/g tagger

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-009/
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Part III: Inside Jets
We have re-cast a precision QCD measurement 

to calibrate a q/g tagger for Run 2

q/g multiplicity separately measured by exploiting rapidity

Eur. Phys. J. C76(6), 1-23 (2016)

DRAFT

3 Systematic Uncertainties73

The core idea of this note is to use the measurement of the particle-level charged-particle multiplicity74

at
p

s = 8 TeV for quark and gluon jets [22] to derive uncertainties for our simulation at
p

s = 13 TeV.75

The uncertainties on the corresponding particle-level distribution are described in Section ??. Addi-76

tional uncertainties related to the detector-level track reconstruction at
p

s = 13 TeV are highlighted in77

Section ??.78

3.1 Modeling Uncertainties79

Dijet events, pp ! j j ( j = parton), are predominantly pp ! gg at low jet pT and mostly pp ! qq

0 at80

high pT (q = quark, g = gluon) as shown in the left plot of Figure ??. For intermediate jet transverse81

momenta, there is a mix of the gg, qg, qq final states. When the outgoing jets are well-balanced in pT, the82

one that is more forward (higher |⌘ |) has a higher energy and is more likely to be a scattering involving83

a valence quark. For the two highest pT jets in a dijet event, define the fraction in MC simulation that84

are labeled as a quark or gluon jet by f

f,c
q,g, where f (c) denotes the jet of the pair at the higher (lower)85

⌘.3 The fractions f

f,c
q,g are due to parton distribution functions (PDF) convolved with matrix element (ME)86

calculations. The di�erence f

c
g � f

f
g approaches zero at high and low pT and peaks above zero at pT ' 40087

GeV (Figure ??). One can describe
⌦
ncharged

↵
separately for quarks and gluons by the following system of88

equations4:89

⌦
n

f
charged

↵
= f

f
q
⌦
n

q
charged

↵
+ f

f
g
⌦
n

g
charged

↵

⌦
n

c
charged

↵
= f

c
q
⌦
n

q
charged

↵
+ f

c
g
⌦
n

g
charged

↵
, (1)

in each pT bin. If the distribution of the charged-particle multiplicity inside jets is independent of the90

rapidity, then Eq. (??) can be used to extract the average number of charged particles for quark- and91

gluon-initiated jets in a given pT range. Symbolically, for any q/g discriminant X (X = ntrack in this case),92

the method presented in this note will work given that the following is satisfied:93

Pr(X |f) = Pr(X |f, q) Pr(q |f) + Pr(X |f, g) Pr(g|f) (2)
= Pr(X |q) Pr(q|f) + Pr(X |g) Pr(g|f), (and the same for c)

where the first line is true by the law of total probability. Equation ?? is a special case of Eq. (??) when94

taking the mean. To demonstrate that Eq. (??) is valid, one has to show that extracting
⌦
n

q,g
charged

↵
using95

Eq. (??) or directly from labeled jets results in the same answer. This is shown to be true to much better96

than 1% across nearly the entire pT range in Figure ??5 - the open stars, circles, and up triangles are97

all on top of each other and separately the open crosses, squares, and down triangles are also on top of98

each other. In other words, Figure ?? demonstrates that the charged particle multiplicity inside jets (to an99

excellent approximation) only depends on the pT and type (quark or gluon) of the initiating parton.100

3 These definitions only involve the relative position of the two jets. No explicit requirement on the absolute |⌘ | is applied.
4 A similar method was used by UA1 to study quark and gluon jet properties [23]. The key di�erence, discussed below, is that

this analysis only uses rapidity which is largely independent of jet structure (as opposed to e.g. the jet pT).
5 This plot shows the closure for P�����, but a similar level of closure is also observed for H�����++.

10th May 2017 – 15:28 5

https://arxiv.org/pdf/1602.00988.pdf
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Part III: Inside Jets
We have re-cast a precision QCD measurement 

to calibrate a q/g tagger for Run 2

q/g multiplicity separately measured by exploiting rapidity
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Eur. Phys. J. C76(6), 1-23 (2016)

https://arxiv.org/pdf/1602.00988.pdf
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16Part III: Inside Jets

q/g tagging performance

~5% uncertainties across 
a wide range of pT

modeling uncertainties 
from precision 
measurement

transport to 13 TeV with 
experimental tracking 

uncertainties

rejection 
~ 10 @ 50%

ATL-PHYS-PUB-2017-009

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-009/
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17Future outlook

The ATLAS jet program is 
probing all aspects of the 

rich structure of QCD

improvements to jet calibration (including particle flow) 
and tracking inside dense environments

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
StandardModelPublicResults

for the latest results on jet and photon physics, please see

There are exciting new 
opportunities in the near 
future; in particular with 
tracking inside jets!
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NEW

https://arxiv.org/abs/1703.10485
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19Jet Cross-sections
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20Jet Energy Scale Uncertainty

PERF-2016-04ATLAS-CONF-2015-037

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2016-04/fig_12a.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-037/fig_14b.png
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NP and EW corrections for inclusive jet cross-section

We are probing a regime where NP effects are negligible.

But electroweak corrections are not small!

NP corrections

EW corrections

STDM-2015-01

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-01/
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NEW
STDM-2016-10 By construction, 

designed to be less 
sensitive to JES 

(~5% for the xs 
measurement for 

comparable energy)

More sensitive in the 
middle to do softer 

gluon radiationjet angular resolution

Part II: Energy-energy correlation uncertainties

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-10/
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limited by scale 
uncertainties (~4-6%)

Part II: Running of the coupling

STDM-2016-10

NEW

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-10/
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24Part III: Multiplicity Extraction Closure
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Closure Test

ATL-PHYS-PUB-2017-009

NEW

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-009/
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NEW

Part III: Multiplicity with various UE tunes

As part of this effort, 
we have also 

studied UE tuning

The ATLAS A14 tune 
is a better model than 

the Pythia 8 default 
(Monash) and the 

ATLAS AZNLO tune 
used for many Higgs 

analyses

This is a key 
challenge for the 

Hep-ex and Hep-ph 
communities!difference: alpha FSR 10% smaller
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-009/

