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Standard Model Production Cross Section Measurements
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Dijet measurement

* Dijet double differential cross section compared to NNLO pQCD calculation

* Probe very high Q

* Extract asand PDF as my=

CMS 29.6 o' (13 TeV)
' T
4 Data V' 39,9,9,9 o O
L CT18 NNLO x NP x EW Iq’q’\ NS
102310910141081 0_
10181C‘)7131IO]71821 05
o N 41.0 7

415

. 1012108102
mar= = _|_‘—|_|_ 10°102 5 ¢ -
-4
| 1025
Yo

ﬁﬁsssss

Pis =i titas
anti-kt (R=0.4) S0,

200 ~500 1000 2000
{pT)1,2 (GeV)

CMS, arXiv: 2312.16669
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* Using ptZ (ISR recoll) to extract as

ATLAS, arXiv:2309.12986
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Hadron Coll

Jet substructure

- MC simulation

- Theoretical calculation
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Jet substructure In searches CMS-PAS-BTV-22-001

* |dentification of boosted jets types

* Benefit greatly from developments in machine learning techniques
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Jet substructure In searches CMS-PAS-EX0-24-007

* |dentification of boosted jets types
* Benefit greatly from developments in machine learning techniques

* rely on jet substructure inputs, PS model crucial
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Understanding and improving PS

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

Recent CMS jet substructure measurements

Reference, /s

1808.0734
13 TeV pp

1809.08602
5.02 TeV pp/PbPb
1911.038
13 TeV pp

2004.00602
5.02 TeV pp/PbPb

2101.0472
5.02 TeV pp/PbPb

2109.0334
13 TeV pp

2210.08547
5.02 TeV pp/PbPb

2211.01456
13 TeV pp

2312.16343
13 TeV pp

2311251003
13 TeV pp
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13 TeV pp
2405.02737
5.02 TeV pp/PbPb
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q/g-jets (AK2),
pr>40
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Jet substructure and
softdrop observables

Jet shapes
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Jet shapes
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Understanding and improving PS

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

Parton shower
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ALICE: arXiv:2111.00020
Lund Plane measurements CMS: af;ivl:‘;312.16343 @

ATLAS: Phys. Rev. Lett 124 (2020) 02
ATLAS: arXiv:2407.10879 (W/top jets)
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Data/MC differences already been used to calibrate jet substructure at CMS



A new way to probe jet formation: energy-energy correlators
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Theory summary talk at BOOST 2024
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EEC and E3C measurements
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EEC vs PS models

CMS, PRL 133 (2024), 071903

CMS Supplementary 36.3 fb (13 TeV)
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Many EEC measurements ongoing

ALICE pp and pPb
arXiv: 2409 12687

STAR: PoS HP2023 (2024) 175
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Many EEC measurements ongoing

EEC

10

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

CMS-PAS-HIN-23-004 1.70 nb™'PbPb (5.02 TeV)
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E5C/E2C: a new way to extract o

Chen, Gao, Li, Xu, Zhang, Zhu,
arXiv:230/.0/510
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https://arxiv.org/abs/2307.07510

E3C/E2C at different energy scales

CMS Supp/ementary

36.3 fb' (13 TeV)

1 aF | r ﬁ}, T ﬁ}, A A A ?: | ﬁa
I I I I I I I
ol01.6F pJet 9|7 220 GeV 1 gt p Thlet: 220-330 GeV ! o p Tile‘: 330-468 GeV o ! pJet 468-638 GeV
N
il 1.4 - : £ I ../ : | __f
1ok I A1 I | A4 I \ A4 I r. _
n : * : A1 : ‘ | A : *.I‘ A : ‘ _
1 I * I I = I I I = "I
£ 08r T ™ s e 7
g 0.6 ] : ] : | : T | : 7
b - - — +} +H — +} HH— - - —
= 11F T i
T > \
£1.05F + N . N |
> NS \ :
(s 8 : N
o = ' \ N .
- Al | e — - [r— A
90.95 =t A { A ——— =t - e ———_, A
g 0'9 B +} T M +l +l MErar T | M .- IR e | P | M P | ]
1 aF ; } | } T + + ] Hhe— ] T
: jet. : 1_ jet. ; ‘_ jet. :
o0 1.61 ' p)°': 638-846 GeV pX*. 846-1101 GeV pX*:1101-1410 GeV
] Y 1.4 : : .E_ | f_ : 4+
1.2 : - T e T “qim* +
1| = + -
1 = 5 I * I
Lﬂ‘.’ 0.8k N 1 T * 1
O o.aF un I w I
@ ittt } - +——
=R \
-
1.05 N \
E 1 §k‘ t‘\: Ek ____ } \§\‘.\ \ =l .“w- § \\\\-\\“ R\ \ N\
o —SEE g o l—g- v e eI ——— “\\ o i S N S sSSRR At
90.95 F—i— " + i N =S \\ T A *
E 0'9 P | aaaaal sl M 7] sl aaaaal sl M i sl aaaaal sl M i sl aaaaal sl PR
-3 2 1 -3 2 1 -3 _2 1 -3 _2 1
10 10 10 X, 10 10 10 X, 10 10 10 X, 10 10 10 X,
e Data -a= PYTHIA8 CP5 (pT-ordered) —— PYTHIA8 VINCIA -+ PYTHIA8 DIRE

-e— HERWIG7 CH3 (angular-ordered)

-== HERWIG7 DIPOLE

-4— SHERPA2

Slope of ESC / E2C
o o o
| | | | | | | | | | | | | | | | | | I.Olj | | | I.\ll | | | IE“E

O
o

o
~

0.3

0.2

O
1=
n

Asymptotic freedom!

* Data

=0.118
=0.136
=0.100

—ay(m)
o(m)

og(m)

-
-
- -
- -
- -
-
.....
-~
-
-
-
-
-
-
-
-
-
-

36.3fb7 (13 TeV)

200

400

P PR I TR R S (NN N SN TR NN SN TN TR NN TR N S M
600 800 1000 1200 1400 1600
pE (GeV)



E3C/E2C vs NNLLapprox

Data agrees with NNLLgpprox within uncertainty
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1/odo/dv

ratio to data

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
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What could be done In the future?

 New ideas of using EEC to probe variety of physics
 Heavy flavor
e Confinement

 Jop and W mass measurements

~Also sensitive to dead cone
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CMS pPreliminary 17} 138 fb~1, Run 2 (13 TeV)
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