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JET SHAPES AND EMD

JET SHAPE AND ENERGY MOVERS DISTANCE ~ °

E
» You have to fill in holes with piles of sand - what is 5% )
AW

the least number of steps that you would need to
take carrying a bucket of sand?

» This is a generic measure of the difference
between two point collections. P3P

» Event/jet shape variables involving a minimisation can
often be expressed in terms of EMD.

» For example; thrust, its specialisations and the Fox-
Wolfram moments.

» This is convenient, as lots of libraries to solve EMD exist.
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JET SHAPES AND EMD

THRUST AND ISOTROPY

atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/
CONFNOTES/ATLAS-CONEF-2022-056/

This study considers 3 event shapes;

= Thrust, defined as usual. This can be seen as
the EMD to a dipole configuration.

= 2D event isotropy. This is the EMD to a ring of
128 points.

= 3D event isotropy. This is the EMD to a
cylinder of 16 by 22 points.

They are applied to multi jet (Njets > 2) events
with Ht2 > 400GeV where Hr; is the scalar sum
of the two largest jet |p1].
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ATLAS Preliminary ® Data = Pythia
[1 Powheg+Pythia < Powheg+Herwig

Sherpa (AHADIC) V Sherpa (Lund)
HT2 = 500 GeV + Herwig (Ang. ord.) £3 Herwig (Dipole)

Ratio to

[T

— Total Syst. --- Stat. Unfolding
= = MC Model JES+JER -+ = Conditions

©
o
©
QO
>
-
k=
©
T
o
&)
-
-

Relative

|
| O
© o
o O

ATLAS Preliminary ® Data ® Pythia
[1 Powheg+Pythia <$ Powheg+Herwig
Njets =2

Sherpa (AHADIC) V Sherpa (Lund)
3 HT2 = 500 GeV + Herwig (Ang. ord.) 3 Herwig (Dipole)

Ratio to

— Total Syst. -- - Stat. Unfolding - —
= = MC Model JES+JER - = Conditions _' '

— L
r— - e o

AL DT S

uncertainty Data

Relative

EXPERIMENT



ATLAS Preliminary ® Data Pythia
N ) [1 Powheg+Pythia < Powheg+Herwig
jets =

Sherpa (AHADIC) V Sherpa (Lund)
HT2 = 500 GeV + Herwig (Ang. ord.) £3 Herwig (Dipole)
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ATLAS Preliminary ® Data Pythia
N > 9 [J Powheg+Pythia <& Powheg+Herwig
jets =

Sherpa (AHADIC) V Sherpa (Lund)
HT2 = 500 GeV + Herwig (Ang. ord.) £ Herwig (Dipole)
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STRONG COUPLING FROM MULTI-JET EVENTS

JET SHAPES TEEC AND ATEEC

» cds.cern.ch/record/2846586

» EEC = Energy-Energy Correlation. Product of jet
energies, as a function of the opening angle
between each pair of objects.

dX LiL;
— ——0(COoS @. : — COS
d cos ¢ Z ,[ 52 (cos i, 2

l,]

» TEEC = Transverse Energy-Energy Correlation.
Same as EEC, but only in the transverse plane.

» ATEEC = Asymmetry of Transverse Energy-Energy
Correlation. Compares the forward (or acute angle)
and backward (or obtuse angle) correlations.

dx’ dX dX

ATLAS dCOS¢=dCOS¢_dCOS(ﬂ'—¢)
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STRONG COUPLING FROM MULTI-JET EVENTS

SHOWER MODEL FITS

» Jets are Anti-K71 0.4

» 3 different MC generators;

= Pythia 8; NNPDF 2.3 LO; pT ordered shower.

= Sherpa; CT14NNLO; Catani Seymour
Subtraction (CSS) shower.

= Herwig 7; MMHT2014 NLO; angle ordered

= Herwig 7; MMHT2014 NLO; CSS with dipole

» Plots shown are low Hrz region, all values of
Hto > 1000 GeV considered.

» No single MC method works at all values, but
Sherpa and Herwig 7 (angle ordered) are
preferred.
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STRONG COUPLING FROM MULTI-JET EVENTS

STRONG COUPLING CONSTANT

—— Fit Uncertainty

ATLAS
» Predictions for TEEC and ATEEC are fitto | Worid Average P0G 2022

Total Uncertainty

. 1 ATLAS TEEC Vs = 13 TeV (NNLO)
each bin of Hr2 and cos(). 2 B memass
' ATLAS ATEEC Vs = 13 TeV (NNLO)
"'-"_'I This analysis

ATLAS TEEC Vs = 8 TeV (NLO)

» First fit to use NNLO theory predictions for —t memlmene

i ATLAS ATEEC Vs = 8 TeV (NLO)
i ! Eur. Phys. J. 77 (2017) 872
1

this measurement.

: CMS tt production Vs = 13 TeV (NLO)
- Eur. Phys. J. C 80 (2020) 658

CMS tt from dilepton events Vs = 13 TeV (NNLO)

} Value Of OS(mZ) frOm TEEC — 0.1 1 75 + '—l—iﬂ Eur. Phys. J. C 79 (2019) 368

CMS W™ and Z production Vs = 7 and 8 TeV (NNLO)

H JHEP 06 (2020) 018
0.0006 (exp.)+00034_0001 7/ (theO.) ""é" SIEAESPigc;Il;Zg/ZerZegzrzosssection Vs = 13 TeV (NNLO)

| | | | | | : | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0.11 0.12 0.13 0.14 0.15 0.16 0.17

» Value of a;(mz) from ATEEC = 0.1185 + I agm,)

0.0009 (eXp.)+O°0025-o,oo12 (theo.)
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STRONG COUPLING FROM Z BOSON PT AND RAPIDITY

 BOSON DRELL-YAN N _~

» cds.cern.ch/record/2854867 : S — A

» Measurement based on 15.3 mill decays Z # ee* orppu* . - T _~ &
» Binned in pr and rapidity (y).

» Collins-Soper frame is used to simplify the © - ¢
dependancy.

» Polynomials with coefficients containing prandy
dependance are used the create templates for
unfolding.

» This fitting method allows use of predictions from the
complete lepton phase space.

Excellent sensitivity to the strong coupling constant.
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—@- Hadron Colliders
ATLAS -@- Category Averages PDG 2022
Preliminary -@- Lattice Average FLAG 2021
-@- World Average PDG 2022
-®- ATLAS Z P, 8 TeV

ATLAS ATEEC
CMS jets

W, Z inclusive

tt inclusive

t decays

QQ bound states
PDF fits

e'e jets and shapes
Electroweak fit
Lattice

World average
ATLAS Z p, 8 TeV

0.1185 = 0.0021
0.1170 = 0.0019
0.1188 = 0.0016
0.1177 = 0.0034
0.1178 = 0.0019
0.1181 = 0.0037
0.1162 = 0.0020
0.1171 = 0.0031
0.1208 = 0.0028
0.1184 = 0.0008
0.1179 = 0.0009
0.1183 = 0.0009




-

f

f

—— Fit Uncertainty
Total Uncertainty
------ World Average PDG 2022

ATLAS TEEC Vs = 13 TeV (NNLO)
This analysis

ATLAS ATEEC Vs = 13 TeV (NNLO)

This analysis

ATLAS TEEC Vs = 8 TeV (NLO)
Eur. Phys. J. 77 (2017) 872

ATLAS ATEEC Vs = 8 TeV (NLO)
Eur. Phys. J. 77 (2017) 872

CMS tt production Vs = 13 TeV (NLO)
Eur. Phys. J. C 80 (2020) 658

CMS tt from dilepton events Vs = 13 TeV (NNLO)

Eur. Phys. J. C 79 (2019) 368

CMS W* and Z production Vs = 7 and 8 TeV (NNLO)

JHEP 06 (2020) 018

CMS inclusive jet cross section Vs = 13 TeV (NNLO)

JHEP 02 (2022) 142

ATLAS ATEEC
CMS jets
W, Z inclusive

tt inclusive

T decays
QQ bound states
PDF fits

e'e jets and shapes

Electroweak fit

ATLAS Zp_8 TeV

0.17

ag(m.) .
-@- Hadron Colliders
AILAS —-@- Category Averages PDG 2022
Preliminary -@- Lattice Average FLAG 2021
-@- World Average PDG 2022
-®- ATLAS Z p, 8 TeV

0.1185 + 0.0021
0.1170 = 0.0019
0.1188 = 0.0016
0.1177 = 0.0034

- 0.1178 = 0.0019
0.1181 = 0.0037
0.1162 = 0.0020
0.1171 = 0.0031

0.1208 + 0.0028

0.1183 = 0.0009

0.125 0.13
ocs(mz)

ONCLUSION

THANK YOU.
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0.8 Particle-level
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ATLAS —i— PDF uncertainty ATLAS —i— PDF uncertainty

—— Total uncertainty —— Total uncertainty
ATEEC Vs = 13 TeV (NNLO) PDG 2022 TEEC Vs =13 TeV (NNLO) PDG 2022

MMHT 2014 E MMHT 2014

CT14 f CT14

NNPDF 3.0 e NNPDF 3.0

0112 0.114 0.116 0.118 0120 0.122 0.124 0.126
ocs(mz)
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ATLAS Preliminary
pp — 2

Uncertainties 8 TeV, 20.2 fb™

—@— Total
—p— Data stat

MC stat
—4— Central electron
—4&— Muon
—4— Forward electron
Background
—4— PDFs

Relative uncertainty
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—
<
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=" 0. 1020 ATLAS Preliminary op — Z

8 TeV, 20.2 fb

+
+

MSHT20 PDF
-/ pT
Scale variations

NLL N°LL N*LLa




Experimental uncertainty
PDEF uncertainty
Scale variations uncertainties
Matching to fixed order
Non-perturbative model
Flavour model

QED ISR
N4LL approximation

Total

+0.00044
+0.00051
+0.00042
0
+0.00012
+0.00021
+0.00014
+0.00004

+0.00034

-0.00044
-0.00051
-0.00042
-0.00008
-0.00020
-0.00029
-0.00014
-0.00004

-0.00088




ATLAS Preliminary
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