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Jets: what are they”

Jets are collimated sprays of hadronic particles produced in proton-proton collisions
at the Large Hadron Collider.

calorimeter energy

_ = reconstructed jet
particle-level ~ [m]



Jets: why are they important’

Jets are (by far) the most dominant final state objects produced in the proton-proton
collisions at the Large Hadron Collider.
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Jets: why are they important’

Jets are (by far) the most dominant final state objects produced in the proton-proton
collisions at the Large Hadron Collider.
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Jets: why are they important’

Jets are key ingredients to study physics (test the Standard Model, search for new
phenomena, etc.) in the proton-proton collisions at the Large Hadron Collider.

CERN-EP-2017-157

—

—t b ek
o
<L DI DR

Cross section of inclusive jet production
3
I| II I| II |
>
> > [
> > [
> > O
> ]
| 4 ]
> C]
> Ol
> O
»
> >
»
»
>
>
[0 [ | @)
[ | O
@)
|
O
]
LG

(:lﬂti-kl R=0.4 ATLAS

{s=13TeV, 81nb'-3.2%b" lyl < 0.5 (x 10%
0.5 <lyl <1.0 (x 107)

°

O

B 1.0slyl<15(x10°)
O 15 <lyl<2.0(x10°) —
A
A

I| I| Il I| ll I| l||

2.0 <lyl <25 (x 10"
25 <yl <3.0 (x 10"%) =

T

d°c/dp_ dy [pb/GeV]
3

—
<
»

10712

-15
10
-18
10 NLOJET++ (CT14 PDF) x AN
Non-pert. corr. x EW corr. A

10_21 | | | | | I I | | | | |

Systematic

Ap
— uncertainties AAA A
BA

Jet transverse momentum



Jets: why are they important’

Jet energy calibration (scale) & resolution are the important systematics in many of
these physics analyses.

CERN-EP-2017-157
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http://inspirehep.net/record/1634970

# of particles

Energy measurement: example

Calorimeter
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Consider injecting a beam
of pions with precise
energy into a calorimeter

The ATLAS calorimeters
are non-compensating:
hadrons are measured on
average with less energy
compared to electrons
and photons



Energy measurement: example

7.‘.—|- Consider injecting a beam

Calorimeter < of pions with precise
E — 90 GeV energy into a calorimeter

o The ATLAS calorimeters
are non-compensating:
hadrons are measured on
average with less energy
compared to electrons
and photons

# of particles

1. Calibration: scale

measurement to true
value (on average)
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# of particles

Energy measurement: example

+ Consider injecting a beam

Calorimeter < of pions:. with preci§e
E = 90GeV energy into a calorimeter

T

SR L The ATLAS calorimeters
are non-compensating:
hadrons are measured on
average with less energy
compared to electrons
and photons

. Resolution: the
T R B L standard deviation
50 60 70 80 90 100 110 (approx. gaussian)




ATLAS calorimeters

Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC) —————
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LAr electromagnetic
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ATLAS calorimeters

Tile extended barrel
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ATLAS calorimeters
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Run: 191426
Event: 86694500
2011-10-22 17:30:29 CEST hitp.//uilus.ch
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Run: 191426
Event: 86694500
2011-10-22 17:30:29 CEST




Conservation of momentum

‘ ZPT _ ref _pprobe — 0

Probe
probe want to study its calibration & resolution
Pt
R KRS <
ref
Pt
% Reference

well-measured

: X
v V3
(ideally)
v
ref probe
P = Pr
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Conservation of momentum

3 Jet
Any momentum imbalance between a
well-measured reference particle & a
probe jet attributed to resolution of
our jet energy measurement.
probe
Pt
proton “bunch”
"ol e r e R L ET TP < -6--o
P
Ap =

V+jet event
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Conservation of momentum

proton “bunch”

jet

Any momentum imbalance between a
well-measured reference particle & a
probe jet attributed to resolution of
our jet energy measurement.

The reference can also be a jet as long
as we are sure it is “well-measured”.

dijet event
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IN-SItu measurement

well-calibrated .
detector region .-

(p%robe ) 77probe)

Define the asymmetry of the dijet system:

Study this quantity in jet transverse momenta & detector region: (

avg

P

9 77probe)
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Jet energy resolution

Perfect balance (calibration + resolution) will always give zero asymmetry.
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Jet energy resolution

Perfect balance (calibration + resolution) will always give zero asymmetry.
We observe a width around zero due to energy resolution.
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Jet energy resolution

First results of my work on jet energy resolution in data collected in 2016.
Monte Carlo simulations also studied for comparison.
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Summary

* Detailed understanding of ATLAS detector’s jet energy measurement is crucial for the

experiment’s physics analyses.

« Work is ongoing to determine the jet energy resolution in-situ using 2015-2017 data.
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“Dijet” event”

Strictly speaking, a dijet event in data is a one which exhibits dijet topology: this is not
necessarily a true dijet event!

more realistic picture:

consequence: these selections introduce systematics that must be carefully studied.
24



Why the slope”

Resolution of a sampling calorimeter typically take the form
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2011-04/

Probing other detector regions”

Dijet event asymmetry will exhibit resolution effects from both reference (well-calibrated) & probe
(want to study resolution) detector regions.
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What about calibration?

Perfect balance (calibration + resolution) will always give zero asymmetry.
Measurements requiring calibration will be centered away from zero.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2017-008/
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Fem : :
— “m= f(E i input jets
PT cosh 7 ; : f ( ; {77ce117 chell}) * topo-cluster input jetss
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angular resolution negligible relative to that of
energy for jets measured in ATLAS
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