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Status: July 2018

ATLAS Preliminary

Run 1,2
p
s = 7,8,13 TeV

Theory

LHC pp
p
s = 7 TeV

Data 4.5 � 4.9 fb
�1

LHC pp
p
s = 8 TeV

Data 20.2 � 20.3 fb
�1

LHC pp
p
s = 13 TeV

Data 3.2 � 79.8 fb
�1

Standard Model Production Cross Section Measurements



Dijet measurement 5CMS,arXiv: 2312.16669
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CMS
 (13 TeV)-133.5 fb

         Data
)0 10× < 0.5 (max         |y|
)1 10× < 1.0 (max0.5 < |y|
)2 10× < 1.5 (max1.0 < |y|
)3 10× < 2.0 (max1.5 < |y|
)4 10× < 2.5 (max2.0 < |y|

  EW×  NP ×CT18 NNLO 

 (R=0.8)Tanti-k

• Dijet double differential cross section compared to NNLO pQCD calculation


• Probe very high Q


• Extract αS and PDF αS (mz)= 0.1179  0.0019, 1% NNLO uncertainty ±

Gluon PDF

https://arxiv.org/abs/2312.16669


Z+jet measurement 6ATLAS, arXiv:2309.12986
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ATLAS ATEEC 0.1185 ± 0.0021
CMS jets 0.1170 ± 0.0019
H1 jets 0.1147 ± 0.0025
HERA jets 0.1178 ± 0.0026

 inclusivetCMS t 0.1145 ± 0.0034
 inclusivetTevatron+LHC t 0.1177 ± 0.0034

T
CDF Z p 0.1191 ± 0.0015
Tevatron+LHC W, Z inclusive 0.1188 ± 0.0016

2 decays and low Qτ 0.1178 ± 0.0019
 bound statesQQ 0.1181 ± 0.0037

PDF fits 0.1162 ± 0.0020
 jets and shapes-e+e 0.1171 ± 0.0031

Electroweak fit 0.1208 ± 0.0028
Lattice 0.1184 ± 0.0008
World average 0.1179 ± 0.0009

 8 TeV
T

ATLAS Z p 0.1183 ± 0.0009

Hadron Colliders
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• Using pTZ (ISR recoil) to extract αS


• N3LO + N4LLa prediction, αS (mz)= 0.1183  0.0009 ±

https://arxiv.org/abs/2309.12986
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Jet substructure 

- MC simulation 
- Theoretical calculation
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ATL-PHYS-PUB-2023-017

CMS-PAS-BTV-22-001

• Identification of boosted jets types


• Benefit greatly from developments in machine learning techniques


• rely on jet substructure inputs, PS model crucial

Jet substructure in searches 



Jet substructure in searches 10CMS-PAS-EXO-24-007

• Identification of boosted jets types


• Benefit greatly from developments in machine learning techniques


• rely on jet substructure inputs, PS model crucial



Understanding and improving PS

• Traditional jet substructure observables: 
event shapes, soft-drop mass

11

Recent CMS jet substructure measurements



Understanding and improving PS

• Traditional jet substructure observables: 
event shapes, soft-drop mass
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Getting more fundamental: restore jet formation chain 13

Decluster jets to mimic shower chain

Parton shower

Record ΔR and kT of each splitting Lund Plane



Lund Plane measurements 14ALICE: arXiv:2111.00020  
CMS: arXiv:2312.16343  
ATLAS: Phys. Rev. Lett 124 (2020) 02 
ATLAS: arXiv:2407.10879 (W/top jets) 

Data/MC differences already been used to calibrate jet substructure at CMS



A new way to probe jet formation: energy-energy correlators 15

E1E2

E2

xL
ΔR1,2

E2C

E2C =
dσ[2]

dxL
=

n

∑
i,j

∫ dσ
EiEj

E2
δ(xL − ΔRi,j)

Chen, Moult, Zhang, and Zhu, arXiv:2004.11381 

Lee, Meçaj, and Moult, arXiv:2205.03414 

Chen, Gao, Li, Xu, Zhang, and Zhu, arXiv:2307.07510

ΔR1,2

E1

E2

Quark/Gluon HadronConfinement

Large : parton

Small : hadron

xL
xL

https://arxiv.org/abs/2004.11381
https://arxiv.org/abs/2205.03414
https://arxiv.org/abs/2307.07510
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Theory summary talk at BOOST 2024
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 (13 TeV)-136.3 fbCMSPreliminary

EEC and E3C measurements 17

Non-interacting hadron 
random distribution 

integer power-law scaling
Interacting partons 
non-integer scaling

Phase transition 

from parton to hadron

Time

Confinement

Using all neutral & charged hadrons > 1GeV in a jet

CMS, PRL 133 (2024), 071903



18EEC vs PS models

Data vs various parton shower 
model, difference ~ 10% 


No model match data well in 
all  region


           : Data stat error 

               : Exp systematic 

               : Theo systematic 
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CMS, PRL 133 (2024), 071903



BOOST 2023    Jul 31, 2023

Many EEC measurements ongoing 19

STAR: PoS HP2023 (2024) 175 ALICE pp and pPb
arXiv:2409.12687



BOOST 2023    Jul 31, 2023

Many EEC measurements ongoing 20

CMS PbPb, CMS-PAS-HIN-23-004



BOOST 2023    Jul 31, 2023

E3C/E2C: a new way to extract αS
21

At LL, E3C/E2C is a linear function of   

Ci factors enter E3C and E2C and partially cancel

αs

∝ αS(Q)ln xL + O(α2
s )

Chen, Gao, Li, Xu, Zhang, Zhu, 
arXiv:2307.07510

   Slope  αS(MZ) ↑ ↑

https://arxiv.org/abs/2307.07510


BOOST 2023    Jul 31, 2023
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 (13 TeV)-136.3 fbCMS
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Asymptotic freedom!
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E3C/E2C at different energy scales
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Data agrees with  within uncertainty NNLLapprox

E3C/E2C vs NNLLapprox

 (13 TeV)-136.3 fbCMS
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 αs(mZ) = 0.1229+0.0040
−0.0050

 = 0.1229+0.0014(stat.)+0.0030(theo.)+0.0023(exp.)
−0.0012(stat.)−0.0033(theo.)−0.0036(exp.)

Uncertainty ~ 4%, Q~ O(10) GeV, collinear regime

Most precise from jet substructure to date



What could be done in the future?

• A lot of developments in PS models


• Spin correlation in PS


• Towards NLL and NNLL models, Panscale, Deductor, ALARIC..


• Interesting to be tested experimentally

24



• New ideas of using EEC to probe variety of physics


• Heavy flavor


• Confinement


• Top and W mass measurements

25What could be done in the future?

Also sensitive to dead cone 
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Toponium 26CMS-PAS-HIG-22-013

A ttbar bound state with a cross section of 7.1 pb 
an uncertainty of 11%


