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Abundance of Beautiful Physics at LHC




Focus on ATLAS and CMS
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Focus on ATLAS and CMS
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Exploring 9 Orders of Magnitude in Cross Section

Standard Model Production Cross Section Measurements Status: February 2022
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Inclusive Jet Cross Section

I JHEP 02 (2022) 142 I

double-differential measurements of R=0.4/0.7 anti-k; jet production

key to test QCD at the highest achievable energy scales
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generally very good agreement




Ratio to NNLO CT14®NP®EW
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Inclusive Jet Cross Section

key to test QCD at the highest achievable energy scales

I JHEP 02 (2022) 142 I

double-differential measurements of R=0.4/0.7 anti-k; jet production

agreement worsen using H; as scale instead of jet p;

large PDF uncertainties indicate sensitivity to high-x gluon PDF

Jet P, (GeV)




Inclusive Jet Cross Section

I JHEP 02 (2022) 142 I

double-differential measurements of R=0.4/0.7 anti-k; jet production

key to test QCD at the highest achievable energy scales

QCD analysis at NLO of

R=0.7 jet cross sections
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| arXiv:2202.12327 [hep-ex] |

stringent test of V-A of electroweak sector

Arg = (N (cos 8.>0) - N (cos 6.<0))/ i / e
(N (COS e|- > O) + N (COS 9|- < O)) / quark
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I arXiv:2202.12327 [hep-ex] I

stringent test of V-A of electroweak sector

Ars = (N (cos 8, > 0) - N (cos 6, < 0)) / i i, Pl i
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I arXiv:2202.12327 [hep-ex] I

stringent test of V-A of electroweak sector

.
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I arXiv:2202.12327 [hep-ex] I

stringent test of V-A of electroweak sector

forward configuration:
-
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I arXiv:2202.12327 [hep-ex] I

stringent test of V-A of electroweak sector
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complementary sensitivity to new Z’:

lower mass limit of 4.4 TeV

A2

2.2
2
1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

138 b (13 Te
T

=<

III|III|III|§II

|III|III|III|III|

= Expected * 1 std. deviation
------ Expected + 2 std. deviation
—— Observed

|
|
A
-z
|
—

IIIIII|III|III|III lIlIIIIlIlI'iIIlIIIlIIIJ-

| o

- JTT

500

73500 4000

Z' mass (GeV)

| powerful probe of BSM physics I

I S T T T RO N B R
2000 2500 3000




I ATLAS-CONF-2022-011 I ¢

no direct link between searches and SMP

measurements: control regions used

to derive adhoc scale factors from data
novel approach by ATLAS:

unfolded particle-level measurements in BSM

(here SUSY) associated topologies

m_ > 100 GeV
60 < E,"s5/GeV < 100
60 < m_J/GeV <100

<]



I ATLAS-CONF-2022-011 I

no direct link between searches and SMP

measurements: control regions used
to derive adhoc scale factors from data
novel approach by ATLAS:

unfolded particle-level measurements in BSM

(here SUSY) associated topologies
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I ATLAS-CONF-2022-011 I

no direct link between searches and SMP

measurements: control regions used
to derive adhoc scale factors from data
novel approach by ATLAS:

unfolded particle-level measurements in BSM

(here SUSY) associated topologies
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1 Observation of Electroweak W*W- Boson Production

I CMS-PAS-SMP-21-001 I

first observation of W:W?= using 2016 data only
W+W- more challenging due to large top background
electroweak production characterized by large

separation in jet pseudorapidity and high invariant jet mass

electroweak production
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I CMS-PAS-SMP-21-001 I

first observation of W=W+ using 2016 data only

W+W- more challenging due to large top background

electroweak production characterized by large

separation in jet pseudorapidity and high invariant jet mass

m,/An; bins for ee/pp, DNN discriminant for ey

o, =10.2% 2.0 fb
o, M =9.12 0.6 fb

first observation with 5.6 (5.2) SD obs. (exp.)

dominated by statistical uncertainty
sizable systematic uncertainty from
QCD scale choice for background
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I CMS-PAS-SMP-21-013 I

{ Observation of W*W* from Double-Parton Scattering

DPS allows studying correlation of partons

inside same proton

q (p 1) g:l:
q (p 1) g:l:
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7 (02) Y

DPS vs SPS
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I CMS-PAS-SMP-21-013 I DPS vs SPS
DPS allows studying correlation of partons /o) - q q
inside same proton ¢ p

approximately described by

+
pps _ 1 0,05 b

Ons =5 G (n(A=b)=1:2) 62 v

O ~ (transverse inter-parton distance)2



I CMS-PAS-SMP-21-013 I

DPS allows studying correlation of partons

Observation of W*W* from Double-Parton Scattering

DPS vs SPS
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I CMS-PAS-SMP-21-013 I

DPS allows studying correlation of partons

inside same proton

approximately described by

n O,0
021;5:5 3eﬁB, (n(A=b)=1:2)

~ (transverse inter-parton distance)?

two BDTs to discriminate against WZ

and non-prompt lepton background

DPS with 6.2 SD observed

o, ., "°"=0.16 £ 0.02 (stat) £ 0.02 (syst)
+ 0.02 (model) pb

effective cross section of 12.2 +29 ,, mb

in sync with vector boson results:
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Observation of Tri-Boson Production

direct test of gauge boson self-interactions
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. Differential Probe of tt Production

| CMS-PAS-TOP-20-006 I

variety of up to tripple-differential cross section

measurements in dilepton final states

€.9. Prtops Yitr Mits Prtts---

uncertainties halved compared to previous results
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| CMS-PAS-TOP-20-006 I

variety of up to tripple-differential cross section

measurements in dilepton final states

€.9. Pritopr Yitr Mits Prits---

uncertainties halved compared to previous results

NLO predictions slightly too central
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| CMS-PAS-TOP-20-006 I

variety of up to tripple-differential cross section

measurements in dilepton final states

€.9. Pritopr Yitr Mits Prits---

uncertainties halved compared to previous results

best described by MiNNLOPS
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| CMS-PAS-TOP-20-006 I

variety of up to tripple-differential cross section

measurements in dilepton final states

€.9. Prtops Yitr Mits Prtts---

uncertainties halved compared to previous results

best described by MiNNLOPS
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| CMS-PAS-TOP-20-006 I

variety of up to tripple-differential cross section

measurements in dilepton final states 50-\ |
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variety of up to tripple-differential cross section

measurements in dilepton final states
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tt Production at Highest Energies

I arXiv:2202.12134 [hep-ex] I

differential measurements probing boosted top quarks
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tt Production at Highest Energies

differential measurements probing boosted top quarks

reaching transverse momenta up to 2 TeV

explore linear dependence of JEC on reconstructed top mass:

t,h
do,/dp!" [pb/GeV]

Prediction
Data

reduced uncertainty up to a factor of 4 !
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tt Production at Highest Energies

differential measurements probing boosted top quarks

reaching transverse momenta up to 2 TeV

explore linear dependence of JEC on reconstructed top mass:

t,h
do,/dp!" [pb/GeV]

Prediction
Data

reduced uncertainty up to a factor of 4 !
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Fiducial phase-space

e Data
— PWG+PY8
— PWG+H7
— MCatNLO+PY8

Stat. unc.

-- PWG+PY8 (NNLO rw.)
-- PWG+H7 (NNLO rw.)

IHEENI]]

-- MCatNLO+PY8 (NNLO rw.)

Stat.+Syst. unc.

IlIllIIIl lIlIlIllI Illllllll |

{

II|I IIIIII|

W1 NRINT

>
)
O}
E

170“—

169

168

167

171

_I T | T T 1T | T T 1T | T T 1T | T T 1T | T T 1T
- ATLAS Simulation
Vs=13TeV, 139 fb

- Linear Fit:
- m' = 93.61 + 75.55 JSF

1 1 | ) | | | Il I_
1.01 1.02 1.03
Jet Scale Factor (JSF)

_I\l\ll\l\ll\l\l
0.97 0.98 0.99 1

significantly improved performance
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tt Production at Highest Energies

I arXiv:2202.12134 [hep-ex] I

&

differential measurements probing boosted top quarks

reaching transverse momenta up to 2 TeV
studying QCD radiation in boosted regime =
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Understanding ttW

I CMS-PAS-TOP-21-011 I
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ttW production dominated by qg W W

previous results above SM (but compatible) i ‘ e ¢
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Understanding ttW
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Understanding ttW

ttW production dominated by qg
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-, : -, .

previous results above SM (but compatible) qd ™ y
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Pinning down the top quark mass

I CMS-PAS-TOP-20-008 I
baseline observable: m, from kinematic fit
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my,,: key parameter to check consistency of SM



Pinning down the top quark mass

I CMS-PAS-TOP-20-008 I
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baseline observable: m, from kinematic fit

~ 50% events with correct object matching
less than 5% background
adding 4 complementary observables to

constrain systematics — total reduction by 40%
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L Pinning down the top quark mass

I CMS-PAS-TOP-20-008 I
baseline observable: m, from kinematic fit
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Electroweak Top Quark Production

t and tW channels of single top production very well established at LHC

good agreement with SM predictions at 7, 8 and 13 TeV

~ ATLAS+CMS Preliminary t-channel .
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q q
single top quarks produced via V-A: W
maximally polarized along direction of spectator quark
polarization inferred from template fit to three b t
orthogonal angular distributions of lepton from top decay px
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single top quarks produced via V-A: W+

maximally polarized along direction of spectator quark
polarization inferred from template fit to three b t

orthogonal angular distributions of lepton from top decay
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excellent agreement with NNLO predictions
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q q
single top quarks produced via V-A: W
maximally polarized along direction of spectator quark
polarization inferred from template fit to three b t

orthogonal angular distributions of lepton from top decay

use unfolded distributions of cos 6, and cos 6,,to constraint C,,, and C,

E 1_| LI B L B LI I -I [T |_
o - ATLAS e best-fit value |
i s PR 68% CL I
050 s=13TeV, 139 fb 95% CL b
I * SM prediction ]|
NI P b

[ ]
—0.5_— 3 -
-1 Lol L | cl ]
-1 -0.5 0 0.5 1 1.5 2
th

limits on C_,,, improved by factor of 3
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| spin: powerful and complementary probe of BSM I
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fundamental probe of top-electroweak couplings
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fundamental probe of top-electroweak couplings

dedicated DNN provides clear separation between g

signal and background in region with tagged forward jet
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ATLAS and CMS started a new era of particle physics

several new, rare processes with full Run 2 data set observed
boosted final states allow to probing new regions of phase space

key to success

excellent performance and calibration of leptons, photons and jets
novel machine learning techniques (S/B separation, object identification,
regression, ...)

simultaneous fits of several parameters including systematic uncertainties

framework of effective field theory provides a universal language to preserve our results

and might reveal first hints of BSM physics in high precision measurements
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