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1) Introduction: The LHC and its particle detectors

2) Measurements on the Higgs boson, the top-quark,
electroweak and QCD processes

3) Flavour physics
4) Searches for physics beyond the Standard Model

5) Heavy-ion collisions

Recent physics highlights of experiments at the LHC

Disclaimer:

Cannot possibly discuss all beautiful and impressing results deserving coverage.
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The Large Hadron Collider (LHC)

= The most powerful accelerator ever built. CMS Integrated Luminosity, pp, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2018-10-26 08:23 UTC

= Qutstanding performance in Run 2 at /s = 13 TeV: ~ R T o LnC Dalivered: 162.85 1 80
Record instantaneous luminosity: £ = 2.1x103* cm-2s- & 160 SRS | = cMS Recorded: 15026 1 ! 160
Factor 2 £ 140 |40
g = above design! g 120 |20
3 100 1100
E 8o 180
g 60 160
E a0 140
g 20+ 120
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W0 o g0t W 0 o 0t W o o pet Ty ot
Date
Integrated luminosity (pp) delivered to
ATLAS and CMS: = 160 fb-"
Luminosity levelling at ALICE and LHCDb

Other data sets Pb-Pb, proton-Pb, Xe-Xe

er -- Recent physics highlights of experiments at the LHC

— 100m

= Circumference: 27 km

= 2556 proton bunches _ _ _
- Stable beams efficiency: 49% More information: J. Wenninger, CERN-ACC-NOTE-2019-0007 -



https://cds.cern.ch/record/2668326
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ATLAS and CMS

= Two general-purpose detectors, covering nearly the entire solid angle around the collisions points.

= [nner tracking systems — solenoid — electromagnetic and hadronic calorimeters — muon system

CMS DETECTOR

STEEL RETURN YOKE
Muon Detectors Electromagnetic Calorimeters Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m Pixel (100x150 ym) ~1m? ~66M channels
Overall length :28.7m Microstrips (80x180 ym) ~200m?* ~9.6M channels
. Magnetic field  :3.8T
Solenoid TR SUPERCONDUCTING SOLENOID
— Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?* ~137,000 channels

FORWARD CALORIMETER
e Steel + Quartz fibres ~2,000 Channels

[
/ = \ End Cap Toroid
\ i 5 _
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Recent physics highlights of experiments at the LHC
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CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

‘M vV - u‘e b N\ HADRON CALORIMETER (HCAL)
Barrel Toroid Inner Detector Had ic Calori Sh|e|d|ng Brass + Plastic scintillator ~7,000 channels
adronic Calorimeters

= Various upgrades ongoing during Long Shutdown 2 (2019 — 2022).
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pile-up

High luminosity comes at a prize: pile-up collisions

An experimental challenge
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On average 34 simultaneous pp collisions at the same bunch crossing.

Reconstruction algorithms are designed to keep

performance independent from pile-up.

= Need good reconstruction and separation of primary
(hard scattering) vertex and pile-up vertices.

(o)
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Object reconstruction: charged leptons B2 unversman
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Muons Electrons ©
2
Efficiencies of muon reconstruction, identification, Excellent energy resolution for electrons is =
isolation and vertex association understood at reached as determined with Z - e*e™ events. %
per-mille level due to large samples of Z - u*u~ £
()
and J /¢ - utu”. <
CMS Preliminar Run 2 (13 TeV 5
5, 1;;||||||—;: Luo.oei'-~'.]"y'~[ Elll'A\'(lll) %
c L O 0-0-0-0-0- 000000000 OO e e E - - Inclusive : - =
g 0900 0000000000000000000000000," . | w e 2016 . =
= - 3 © 0.05+ ¥ — <
L] 3 E [ —— 2017 P — @
F ] s : : —— = [Z
» ] ~ —e— 2018 : : T ——__ T T >
0.95—ATLAS = - | o . ] £
- (s =13TeV, 139 fo” E 0.03( fo— - S
- Medium muons —e— Data 4 N - i
£ 0.1<|<25,p_>10GeV —e— MC E E :;:_._ o—i—o- : N |
o 0'02;‘351 = i E &
S Q2 @ Statonly | Sys @ Stat._| ™ N %
e e _ 0.01 ] =
-g 1—0—0-0—0—0—0—0—0—0—0—0—0*0—0—.—.—.—.%»"‘—0— B ] g’
()] . Q8 | _ N e lgl i A T n ‘%
10 20 30 40 50 60 70 80 00 0.5 1 15 2 2.5 g

Number of interactions per crossing Supercluster m|
arXiv: 2012.00578 CMS-DP-2020-021 6



https://arxiv.org/abs/2012.00578
https://cds.cern.ch/record/2717925

Object reconstruction: jets

Jet energy resolution

ranges from 24 +1.5% at 20 GeVto 6 +
0.5 % at 300 GeV for particle-flow jets.

- 0.4 L ' T T T T T T ' ] %)
< ATLAS Anti-k, R = 0.4 (PFlow+JES)3 E
~ 0.35E {5 =13 TeV, 44 fb 0.2<|n <0.7 3 &
S 3 S
c 03 t  Dijet in situ - =
c = ©
2 0'255‘ Noise term in situ, N/p_ 3 5
é 0.2 In situ combination, =
€ 0.15p Nip, ® Sijp, ® C
2 N Iy MC prediction ]

o 0.1 =
o = ]
e 0.05:— ____________________ _
- O:' ] : — ] . %
20 30 102 2x107 10° 2x10° g
(|

Py [GeV]

Measured with dijet events using the dijet-
balance method.
arXiv: 2007.02645

Flavour tagging

Separation of b-, c- and light-flavour jets
with machine-learning techniques*

35.9fb™ (13 TeV, 2016)

- CMS ¢ Data
- Muon-enriched multijet E udsg

10° = 50 < p_ < 250 GeV Ec N
= T [ b from gluon splitting
- I b

0 01 02 03 04 05 06 07 08 09

1

DeepCSV discriminator

JINST 13 (2018) P05011

* Deep neural network implemented with Keras interfaced to
TensorFlow.

BERGISCHE
UNIVERSITAT
WUPPERTAL

Recent physics highlights of experiments at the LHC

Wolfgang Wagner --

N


https://arxiv.org/abs/2007.02645
https://iopscience.iop.org/article/10.1088/1748-0221/13/05/P05011
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The ALICE detector — the heavy-ion specialist #2=%) UNIVERSITAT
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= Understanding the quark-gluon plasma (QGP) — search for new bound states — understanding confinement

= Major upgrade program during

Inner Long Shutdown 2
Jracking = Among others: Upgrade of the
System

TPC completed in 2020, featuring
Gas Electron Multipliers (GEM):

>
“ Rl o0

o, Nig
0iil i,

g Wagner -- Recent physics highlights of experiments at the LHC

Time Projection Time Of
Chamber (TPC) Flight System Muon System
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LHCb — the bottom- and charm-hadron specialist AW univeRsTAT

= Scrutinizing CP violation in the SM — Search for exotic hadrons — Rare B-Meson decays

= Detector optimized for excellent vertex reconstruction and particle identification, e.g. K and m separation

Forward spectrometer
motivated by:

X 10 3 =
Interaction 10000 _
point bb angular
8000 . .
distribution
6000

4000
2000

[Illlllllllllllllllll

0

Vertex Muon system

= Vertex detector, tracking systems and
trigger are currently being replaced.

Ring Image Cerenkov Calorimeters
detectors = Strong contribution of German institutes. -
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Measurements on the Higgs boson, \ ;
\ <
\ =)
the top quark, electroweak and =
g H =2
QCD processes 7
Q
7
z
More on ,Standard Model physics” f}
t at this meeting: %
Y W+ » Hale Sert: A walk through H - 17~ in the CMS [%
g; experiment, T 49.1, today 14:00
E » Matthias Schroder: The Higgs boson at the LHC: :
a glimpse, T 73.1, Thursday 9:45 E
» Reinhild Yvonne Peters: No Time to die? 8’
Scrutinizing the SM and other Top Stories, <
t T 73.2, Thursday 11:00 %’
g » Mathieu Pellen: Stress testing the Standard oy
Y W= _ Model via vector-boson scattering at the LHC, §
t T.74.3, Thursday 15:00

» Jonas Lindert: The quest for precise LHC
predictions, T 99.2, Friday 11:00
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High-p; interactions in proton-proton collisions ...

... described in the parton model

Partonic interaction
(hard process)

_______1

Proton A

Proton B

& /
> > <€ —
Partoni | l j | Parton|
figHl_ v T fi(x, q?)

Perturbative regime
(asymptotic freedom)

Parton distribution functions

Factorisation theorem _ _
Partonic cross-section

a(pp = XY) = X;; [ d8 Lij(8;s,u5) - 635(1 > XY; 85 py)

| A I N NS T o
With — £i(855,y) = j fua(Z) fiys (3) 3¢5 Parton luminosity
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Cross-sections of standard model processes #EY unversiTaT
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Standard Model Total Production Cross Section Measurements status: vay 2020 %
— 1 (&)
9 101 e o ATLAS Preliminary 3 =
= Cross-sections of high-pr N Run 1.2 v5 = 7,813 TeV Theen = 2
SM processes span 10° ¢ e R BT 3 £
. C BBl Data 32-798ibt =
6 orders of magnitude! S S S
10° F - :_cg
= |n 139 fb-' (Run 2 data set): : : so 8 2
I 10* £ LHC pp Vs =7 TeV . %’
= (O(26 billion) W events I : B 0a 4546 2
_ I 0 r o 3 £
= (O(28k) ttH events 0(108) | . | £
F o 2
: 10° £ A o ° E o
produced. : 5 ° = o g
I A n tcﬁal ﬂ a o0
I 101 3 2.0fb! N g - E i
I VBF E
T ! = 2
B o o ]
| =] [ | =
y ttH A = X n g
= = _O_T:— ______________ - 9
- 3 o
PP Z @ ot Wt =

H WW WZ ZZ t ttW ttZ wwz
www

s-chan

-
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The Higgs boson agenda at the LHC BT e,
. L . . Higgs boson branching ratios 2
= Precise determination of Higgs boson properties . 1_}gg|.||.g.|_ %
< Mass —~UseH —»ZZ*and H - yy g Fw =
< CP structure — Use angular distributions § 10 N g o
% Coupling strengths — Measure all accessible production o E — Ei
and decay modes 102 % 5 o
= Search for - ] £
= multiple Higgs bosons as part of BSM physics 1°'3§E—Zv 3 S
= enhancements of “forbidden” decays - W . £
10920 21 122 23 i24 25 126 127 128 129 130 g:
M, [GeV] -
— . o
Gluon fusion Vector boson fusion VH associated production ttH production g
g q__, . q q W, 2 9 oe000—— 1 5
W.Z W, 2 5
___}_]_ _ _ _ H \y____H g
" VV? Z "m — h AN _ (o))
J I— — 1 I ~H 9 T ¢ 5
S
=
o= 48.6 pb 3.78 pb 1.37 pb + 0.88 pb 0.5 pb

for my = 125 GeV/c?

-
w
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Higgs-boson mass Y UnvensAT
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= Measurement in the H — yy channel. g
-
H H H H H (&)
= my, = 125.78 + 0.26 GeV Combination with previous meaiurements in £
H-yyand H - ZZ ©
M 9fb" Z
>1sooof—:'”s'""' "?ngPUS'TeVL CMS £
& - H—yy All categories : Run 1:5.1 o™ (7 TeV) + 19.7 ib™ (8 TeV) — Total Stat. Only b
~, 14000~ S/(S+B) weighted - 2016: 35.9 fo'' (13 TeV) S
£ oo : Data E Total (Stat. Only) g
b . — S+B fit ] Run 1 H—yy —_— 124.70 + 0.34 (£ 0.31) GeV )
o 10000 N B component £
£ 8000 Bl t1o = Run 1 H—s ZZ— 4l ———— 12550 + 0.46 ( £ 0.42) GeV =
Ko r [ ]+¥2o0c . _?
2 6000 = Run 1 Combined — 125.07 + 0.28 ( £ 0.26) GeV 8
5 4000F = >
& 2000F- E 2016 H—yy W—>H 12578+ 0.26 (+0.18) GeV S
CT) E v v v b v v by v v v v Iy v 17 %
0 2016 H— ZZ— 4l —— 125.26 £ 0.21 (+ 0.19) GeV o
E 2016 Combined — 125.46 +0.16 (+ 0.13) GeV ,
E Run 1 + 2016 ot 125.38 £ 0.14|( £ 0.11) GeV 8
SEhe - | §
F 3 1| | | | [ I | | | I | | [ I | | I I | [ I | | | I | 11
~40900 f10 120 130 140 150 160 170 180 192 123 124 125 126 107 128 129 o
m,, (GeV) m,, (GeV) S
5
= Statistical and systematic uncertainties are Currently, the most precise =
at an equal level: +£0.18 GeV each. measurement of mH! ”




Measuring WH and ZH production with H — bb

= Targeted signatures:

ZH - vvbb, WH — ¢vbb and ZH — £*¢~bb
= three main channels: 0¢, 1¢ and 2¢

= Signal strength u =

= Limits to non-SM
contributions are set in

(UXB)ObS = 1.02

(ox

+0.18

B)pred —0.17~

ATLAS

B Linear (obs.)

—68% CL ---95% CL

Vs=13TeV,

Linear + quadratic (obs.)

139 fb™!

VH,H - bb, A =1 TeV

the context of an

e Best-fit (obs.)

effective field theory Linear  Linear + quadrati
(EFT) approach. Cpgs [x 10.0] - [0.017,0.029]  [-0.018, 0.026]
Cuy [X5.0] ——- [0.081,0.22]  [-0.19,0.10]
Cuw [x 2.0] ot tel [-0.17,0.21] [-0.24, 0.18]
Chws [x 0.5] -—e—--- [-0.46, 1.3] [-0.44,1.1]
arXiv: 2007.02873 IR LN — — [13,33] [-10,3.8] U [29, 43]
1 | 1 1 | 1 1 | I 1 1 1 I 1 | 1 | 1 |
—2 0 2 4 6 8

Parameter value

Events /0.13

Data/Pred.

’

as

N
l |I||
|II
WS

|
\\t\\\\

AR
iy
~\N

Boosted Decision Trees
(BDTs) separate signal and
background events

T T | LI | T 1 71 I T T 71 T T 71 I LI | T T 1 I LI I L | LI
104 ATLAS —o— Data

Il VH, H — bb (u=1.02)

s =13 TeV, 139 fb”
0 lepton, 2 jets, 2 b-tags
150 GeV < p¥ <250 GeV

10° 53

[ Diboson
tt
[ Single top
Bl W+jets
B Z+jets
Uncertainty
----- Pre-fit background
— VH,H - bb x5

102 annnm ..-.

0-8 :_l 1| | 111 | 111 | 111 | 1 II_?_II 1 | 11 | 111 | 111 | 11 I_:
-1 -08 06-04-02 0 02 04 06 08 1
BDT,, output
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Evidence for the three-body decay H —» £* ¢~y Ay UNIVERSITAT
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T

Multiple £

amplitudes oM H °

contribute: e s S /S T ! g

vz E’J-

v

> 30_""""""""I""I""""I""I""I"" :g_)

[O) r -- Bkg =

O o5 kg2 S (u=15) 1 2

% 4 — aga+ —yy +Sig (u=1. E i} . P pr (V) @

5 200 ¢ dat ] Require m(#"¢~) < 30 GeV and Ty > 0.3 $

= i £

N 150 = Fit to m(¢£*£"y) distributions in 9 different event categories: 5

10F &

L ATLAS Preliminary ] . (6XB)obs !

© (s=13TeV, 139 10" o Signal strength: y = ——> =15+ 0.5 C

5 In(1+ Sse/ Bgo) Weighted sum J J H (6XB)pred o

o 4+ = Observed significance: 3.2 s.d. (2.1 s.d. expected) =2

(] r ] %

| 2:— 2

= 0f S

N _2# |+ | + | |+ +| | I | I % ;

110115120 125 130 135 140 145 150 155 160 ATLAS-CONF-2021-002
my, [GeV] 16


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-002/
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Evidence for the H - u*u~ decay mode

= Prediction: B(H » utu~) =218 x 1074 o N e
( wu) Distribution of m(u*u™) with 3
= Analysis considers the four major production mechanisms. events weighted by S/(S + B) g
= event categories: ggH, VBF, WH, ZH and ttH 187 167 (13 TeV) %
. . > AR IR I I I LI I I £
= Deep neural networks (DNN) and boosted decisions trees (BDT) &80 cms $ Data E b5
. . = r 1 Q
1 for separating signal and @ 700F Al categories —— S4B (u=1.19) %
137 fb (1 3 TeV) QC) E_ S/(S+B) weighted ... Bkg. component S
@ T T background events. i Sty e : 2
§ 10°F CMS ¢ Data WH-u 3 S 500} - =2
F " 3 . . = . <
H107E Post-it Ezirew 0oy 4 = Simultaneous fit to DNN and S 400f 2
0y versrrunz - MTopasaic [lidoson 3 0+ -y distributions of all 2 | s
105F m, =125.38 GeV — VBF —9gH 3 _ s a\300i 2
ol categories and combination T ool £
10°k with Run 1: 2 :
C d )
107 _ b b b b ] e
10 Signal strength: s 5:_..,.,F.%..|,.,;,..].l,...,..ul.,.,,.... :
1 — (O-XB)ObS — i-é 0- E)
10 (6XB)pred g 5 &
- IIIIIIIIIlIII 1 | | | | | | | | .| | L1110
o 1.194339 (stat. ) *5-12 (syst.) 110 115 120 125 130 135 140 145 150 =
] m,, (GeV)
% 1512_‘ .......... s e % ........ o Ilr__[ 44444444 3 n Observed Slgnlflcance
] E ¢ o - T E
I R A R S S 3.0 s.d. (2.5 s.d. expected) JHEP 01 (2021) 148
0 2 4 6 8 10 12

arXiv: 2009.04363

VBF DNN bin


http://dx.doi.org/10.1007/JHEP01(2021)148
https://arxiv.org/abs/2009.04363
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Combined measurement of production and decay rates Ay UNIVERSITAT
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. . T | LI | LI | LI | LI | L | 1T | LI | LI | LI | LI - i I N ' N I I O
Combine 11 analyses using ATLAS Preliminary  }—e—Total Stat. [ Syst. SM Eli | ATLAS Preliminary N 5
T . . Vs=13TeV,24.5-139 fb" = Vs=13TeV,24.5-1391b" R I
their likelihood functions. = 125,09 GeV, | <25 5 F meimosooy,<2sp, o o £
pSM = 86% Total Stat. Syst Eg"" 1071 L ""mmmeeet SM Higgs boson - v —] "(_U‘
. E 3 n
Good agreement with SM | - i =
d' tlonS| ggF == 1.00 +o007( +005, +005) 2_ » m g
reaic ! 102 A = £
P VBF o = 145 0% ( sors, 532) - A b | ’q;,_
. - n X
Global signal strength: WH ———i 120 93 0L 0 O = K
S E 5
ZH === 0.98 03 ( sote, '313) - My(my) used for quarks 7 8
(O- XB)ObS I +0.21 +0.16  +0.14 107 é_ | I : ! I E g
= = 1.06 i 0.07 ttH+tH F‘IE'A 110 2050 ( Zo4ss _o43) E 14l B <
(O-XB)pred 1 | 111 | 111 | 1 11 | 1 11 | 111 | 1 11 | 1 11 I 111 | 1 11 | 1 11 B . -_8)
06 08 1 12 14 16 18 2 22 24 26 1.2¢ ] %
Cross-section normalized to SM value ([ ata| EEEEEEEERERRE £ { ------------------------- % {— %
ATLAS Preliminary ---- SM ATLAS Preliminary ---- SM 08F | . . . 4 E-
o . oo oo sesow e 0T G :
My = 125.09 GeV, |yx| <2.5 « Best Fit Obs, - my =125.09 GeV, |yu| <2.5 x  Best Fit Obs. : : Q
2:DM Type-| ’ cos(B—i) =t—FoFog:tanB=o.osz 2HDM Type-lI cos(p - ) =0.001, tanf = 25.4 Particle mass [GeV] &
« 10 . - o 10 T
] 5 \\‘\\ :
= Interpretation in Two-Higgs-doublet models 5
(@)}
(2HDMs). §
100 100¢ . . . g
= Assumption: observed Higgs boson is the S
I o
light CP-even scalar h of the model. =
| Type-| Type-l| 9
10:11.00 —OI.75 —OI.50 —OI.25 O.liliO 0.I25 0.;50 0.'75 1.00 10:11-00 —OI-75 —OI-50 —0125 0-;)0 0.I25 0.I50 0.I75 1.00 ATLAS_CONF-2020-027

-
oo

cos(B — a) cos(B — a)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/
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Search for Higgs-pair production "W UNVERSITAT
= Pair production of Higgs bosons provides access to the
g H trilinear self-coupling of the Higgs boson
y 7/ = Search in the HH — yybb channel with B = 0.2633 %.
————— <\ AHHH = Use Boosted Decisions Trees and
\ My = m(yybb) — (m(yy) — my) — (m(bb) — my)
" ) ’ to define 14 event categories of different S/+/B.
= Unbinned maximum-likelihood fit to the
CMS 187 fb (13 TeV) CMS 137 o' (13 TeV) — . )
e et e “wowowes 1 m(yy) and m(bb) distributions for
W isggéw:ig“;: 1 e iségtéw:'g“;"t E extracting the signal yield and set an upper
" THoemowd £ —foee limit
o E W o E
[1]x20c E % 5 C1+20 ] _
l g . o(HH - yybb) < 0.67 o @95% C.L
T 3 Py = 7.7 x asu(HH - yybb)

S/(S+B) Weighted Events / (1 GeV )

B e expected: 5.2 X agm(HH — yybb)

ol

#+LJH§

T = Constraints on the Higgs self-coupling:
H + B component subtracted S10f- H +B component subtracted =

P AT AR I Ll Ll A I I I I i i T T T A
100 110 120 130 140 150 160 70 180 90 100 110 120 130 140 150 160 170 180 %0 HHH

., (GeV) m; (GeV) —3.3 < kK K; =
arXiv: 2011.12373 M

<85
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https://arxiv.org/abs/2011.12373

Determination of the top-quark Yukawa coupling Y;

9 0000000000, gt ¢ = Use tt production for measuring Y,
selecting events in the eu-dilepton channel.
4 H = Sensitive variables: m(bb#¢) ~ m(tt) and y(b¢*) — y(be™) ~ Ay(tb).
9 ~000000000Q ; C CMS_Simulation 137 fb™" (13 TeV)
It 2 45000—— EW corrections —tt (Yt =1)
£ 4ooooE — (Y, =2)
2 =— —tt (Y =0)
= Use dependence of — 27 _and —22_on Y, via a R = t
dm(bbé¢) dy(bbee) t E = J—
virtual Higgs exchange in a detector-level profile- 30000 — e
likelihood fit 25000 — — —
= Result: Y, = 1.1617%¢% 200003—I o !Ayblfb{’||< 1|'0 : |A}|Ib{’bf| |1'0|
e 0055 : i i S S S R
= Complementary to the result from the k-framework 5 e i
(Higgs cross-sections): Y; = 0.98 + 0.14 % of I g = I I B
arXiv: 2009.07123
—~ N N N N N O O O I — AN O O F ¥ ©
< Ye)

-—a e

M, ,,,range [GeV]

Wolfgang Wagner -- Recent physics highlights of experiments at the LHC
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092013
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Evidence for four-top-quarks production

signal-to-background ratio:

> 2 leptons with same-charge 1

@)

- - - 1__ _III|III|III|III|III|III|III|-I-II|III: I

= Very rar:e high-pt scattering t S [ amas +Data it . 5
process! £ 40t (s=13TeVv, 139" [JHW mttZ = S

g % - SR WttH [1Q mis-id = o

= |nthe SM at NLO (QCD and ) _ W[ PpostFit W Mat. Conv. @HF e ] £
EWK corr.): —t 10°E Wlowm,. MHFu £

= -Others [ttt = e

_ . 7z Uncertainty . 3
o(tttt) = 12.0 + 2.4 (scale) fb . t P | 5

= b=

g - ] %

= Use channels with best e 10 =
g

Zz

o

£

&

i

» = 3 leptons |

10—1’_|,I|II!IIII III|III|lIIIIII

= Measured signal strength:

1
i
—
Q
c
(®)]
()

W////Q/‘fﬁ///yﬁ_ 44 7#/7;5#2#;?',4%

Data / Pred.

Strong evidence of
u(ttet) = m‘:s = 2.020% 4.3 s.d. (2.4 s.d. expected)
for this very rare process!

0.5

e 0 o4 02 0 0z 07 o5 08"1
BDT score

Eur. Phys. J. C 80 (2020) 1085
arXiv: 2007.14858

Consistent to 1.7 s.d. with the SM prediction.



https://arxiv.org/abs/2007.14858
https://link.springer.com/article/10.1140/epjc/s10052-020-08509-3
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Testing the universality of the weak coupling to 7 and u 7 iy
M R(T/.U) B(W_)TV)'tE t i1 ac  —m— LEP (Phys.Rept. 532 115 z
= easure — INn events. ATLAS —a— LEP (Phys.Rept. 532 119) -
B(W - puv) 1 ATLAS - this result £
_ /s =13 TeV, 139 fb Statistical Uncertainty ©
= Transverse impact parameter d, () and p(u) : [ Systematic Uncertainty €
distributions are used to separate prompt muons and —e— Total Uncertainty E
. . 8_
muons from the W — tv; - uv,v,v, decay chain. -E—- g
£ L L I L B L L LIS LA BRI IR 3 : %)
£ ATLAS ¢ Data ] - 5}
o 10 (s=13TeV, 139fo" [JPrompt u (fop) 3 : 5
> 10 Signal Region Bl — u (top) _f T T g
£ p-u1, 20<p'<250 GeV [Ju (hadron decay) = 098 1 102 1.04 1.06 1.08 1.1 ]
> Post-Fit Z i £
@ 10 ost-Fi 52 : ﬁl E R(t/wW)=B(W —1tv)/B(W-—-puv) g
Other SM B 2
10° o 25851« Measured value:  R(t/p) = 0.992 + 0.013 &
10° E [+ 0.007 (stat) £ 0.011 (sys0)] |
- " =
10 = Most precise measurement of R(t/u) to date. == =
(@)}
. 1 C
B 1.05 S
& 1 ’/4//‘///74/#//7‘/////////7‘////7‘////7‘////%/////////////////// An excellent 9>_<ample fo_r the LHC as a %
R AR AR I RN precision experiment! =
a "0 0.05 0.1 0.15 0.2 025 0.3 0.35 04 045 0.5
o] mm] arXiv: 2007.14040 Accepted by Nature Physics 22



https://arxiv.org/abs/2007.14040

Observation of photo-production of W*W ~ pairs

Events / 5 GeV

Data / Pred.

Y w+
W
Y w-— 7
ATLAS 1
— 7/ —
150 Vs=13TeV, 139 b ]
: 14 M = 0 :
L —e— Data _
L 1 yvy»WW _|
100 i e el gﬁ;lf\ﬁ;an ]
g Bl ag->WW |
I Non-prompt |
I Other qq initiated a
%4444 Total uncertainty
50 —
T T T T T T T L 77T
1; B . }/ "% I /I 7
S /%)’% %/%/
B 4
0.8 L /{/ 4(0% [ ] T
0'6...| P S B A I A
0 20 40 60 80 100 120
ps* [GeV]

Events

Data / Pred.

1200

1000

800

600

400

200

1.4
1.2

0.8
0.6

W+ = Photon-induced production W*W ~ pairs proceeds
via trilinear and quartic gauge-boson interactions.

= Select e*u™ events targeting WHW~ - etvutv
final states and suppressing Z - ete™ [ utu~.

= Suppress Z - 1tt™ = eTv,v,uT v, v, events by

I|I\I|III|III[III|III|

W- requiring p;~ > 30 GeV.
“eowa | ATLAS | = yy » WTW™ events have low track
(H— g:‘r"r’w Vs = 13 TeV, 139 fo” RPN . .
e p>30Gev multiplicity (elastic, single- or double-

I Other qq initiated
I Non-prompt
B Drell-Yan
44444« Total uncertainty

-----

dissociative production)
= Require ny = 0!

,
Z
L ]

= Fiducial cross-section:

o(lyy > WW~) =3.13 + 0.31(stat.) +

- 0.28 (syst.) fb

— . . & -

- corresponding to 8.4 s.d.
0 i 2 3 g (6.7 s.d. are expected)

Number of reconstructed tracks, N

arXiv: 2010.04019

BERGISCHE
UNIVERSITAT
WUPPERTAL

@)
I
-
(]
e
=
e
®
n
-
C
()
£
—
()
[oX
x
(]
Y—
(@)
2}
-+
ey
=)
<
=)
e
(2}
Q
[
>
<
o
-—
c
(0]
O
(]
o
i
—
Q
c
(@)
(gU



https://arxiv.org/abs/2010.04019
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Measurement of Wy production #=4) universiTAT

77%=" \WUPPERTAL

N
N

137 fb” (13 TeV)

! ! ' |
mPileup +Data
Y e-induced y =
mTop/VV m Double nonprompt A
Wy mNonprompt lepton
N Pred. Unc. mNonprompt photon A
Y conversion .

—Cn/ A2 =2TeV? -

= Probe the WWWy triple-gauge coupling.

= Fit to the m(#%y) distribution for
estimating the signal yield.

—

o
w
|

Events/bin

= Fiducial cross-section: -

0iq = 15.58 £ 0.75 pb (4.8 % prec.)

= Use the pr(y) distribution for setting | W

limits to anomalous gauge couplings

Recent physics highlights of experiments at the LHC

. in the context of effective field theory. %121_
arXiv: 2102.02283 ot \ :
500 1000 1500

Limits of EFT coefficients Photon p_ (GeV) ,
Coefficient Exp. lower Exp. upper Obs. lower Obs. upper %
cwww / A —0.85 0.87 —0.90 0.91 =
cp/ A —46 45 —40 41 5
v / A —0.43 0.43 —0.45 0.45 =

e/ A —23 22 —20 20

N
o


https://arxiv.org/abs/2102.02283
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Measurement of o A2 onnvensiar
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= Measure transverse energy-energy correlations (TEEC) in multi-jet events:

@)
I
-
2
N C . . Y
1 4> 1 E&ER Distribution of the azimuthal 2
s dcosd = Nz Z ONZBE §(cos ¢ — cos ¢;;) differences cos ¢;; of jet pairs 2
O a COoS . ‘=
A=1"qj “kTTk weighted by the transverse g
energies of the jets. 2
Index A runs over the selected events. 9 J °
<
= Use measurements to determine a (m;,) and a,(Q) ATLAS-CONF-2020-025 %
S
] - | ] ATLIASFIII_ 8
\‘/” B ° TEEC 13 T V e arXiv:1805 046A9¢1 i H Q
S C ATLAS A v v = Measurements of the ag running are £
014— Prellmlnary °© IEVE%7802-I;€?2V : arXiv:1412.§g(e313 — > -08-
! L TEEGTTOV o OMSR, extended to a scale of several TeV S
0.12— v CMS incl. jet v CMS o &
i E’,g}ncijet ) aD'gRA: "] = Global fit to all scales: :
01_ arxiv: . arxiv: / as (mz) — 0.1196 E
- - + 0.0001 (stat.) + 0.0004 (syst.) c§
0.08 ] 00074 (scale) + 0.0011(PDF) 2
- ag(m ) = 0.1181+0.0011 (PDG 2018) i +0.0002(NP corr.) 2
0.06— ay(m,) = 0.1196 '’ (TEEC global fit) ] =
| ! L | L

pp | T = Scale uncertainties dominate by far.
Q [GeV]

N
()]


https://cds.cern.ch/record/2725553
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“The” Unitarity Triangle Ay,

Part 3 TN
- ’ %'

Flavour physics

More on Flavour Physics at this meeting:

» Gudrun Hiller: Moving ahead with flavor,
T 48.1, today at 9:45

Wolfgang Wagner -- Recent physics highlights of experiments at the LHC

ViaVap + VeaVep + VgV, =0
» Michel De Can: Highlights from the LHCb experiment, ud Tub cd®cb ta"tb
T 48.2, today at 11:00

N
(o))
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Measurement of B2-B? mixing and the CKM angle y  #¥ unmversmar
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= Measure frequency of Bd-B2 mixing
inBY » Dymtmtm™

Am, = 17.757 + 0.007(stat.) + 0.008(syst.) ps™’

N
(-
O
| LI LI LI LI
[ [ [

o O
o O
S S
“l\

= Relative precision: 6x107%.
More precise than the world average!

Yield / (0.1 ps)
ok [\p—a) p—
S

= Simultaneous calibration of production-flavour tagging 600H
algorithms in the fit. 200!

Average time resolution:

Recent physics highlights of experiments at the LHC

= Use decay channels B? —» DI K*r*n* to determine 200 (o¢) =366+ 051s
PR T I TR TN TR S NN TN TN S PR S T P T T

y=(44+12)° modulo 180° 1 2 3 4 5

t [ps]
Ktmtn Dy = Evidence for mixing-induced CP -
W v W ’ violation at the level of 4.4 s.d. =
b— — I ’ ! = Agreement with world average: 2.2 s.d. | &
B? Dy BY Ktntn— §

arXiv: 2011.12041

N
~



https://arxiv.org/abs/2011.12041

Measurement of the CKM angle y in B - DK* / Dn®

D mesons
reconstructed in the
self-conjugate decay
modes:

D - K{n*m~ and
D - KOK*K~

common to D® and D°

Candidates / (5 MeV/c?)

600 -
500 1

400 ~

300

200

100

LHCb

- B* — DK*
— BE . Dt
| B - D*(— D[zT))K*
mm B* - D*(— D°)K*
B* — D*(— DR))K*
B* — D[n]K*
mm B — D°[z*|KT
Part. reco. mis-1D

Combinatorial
Data

5400 5600 5800
m(DK*) [MeV/c?|

Analysis done in bins of D-decay phase space (Dalitz plot):
— avoids assumptions on variation of the strong-phase across

phase space.

Result: y = (68.7122)°

Most precise single measurement!

arXiv: 2010.08483

Candidates / (5 MeV/c?)

8000 A

6000 1

4000

2000

LHCb

— B* . Dt
— B* - DK*
| B® - D*(— D[xF])x*
B B* - D*(— D[°))x*
B* — D*(— D[y))x*
B* — D[x]n*
Combinatorial

o

5200

l + Data
v T y v T T

5400 5600
m(D7*) [MeV/c?]

LHCb

5800

L1 ] | | | I I 11 1 | |

<
—

o
—
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https://arxiv.org/abs/2010.08483
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Most precise single
measurements!

CP violation in two-body B) and B decays O LnvensiTar
d S //;-;= WUPPERTAL

- M f ~ L B E L N AL B AL AL EELENLL AL IR AL I Q
. easurement o o - LLHCb o 16001 LHCb ~ -
time-dependent CP = 1200 1 < i ] £
o 3 [ } Data 1.9 fb! = 1400F { Data 1.9 %
asymmetries in the decays: = 10001 1 = - . 2
= . _Eoﬁfﬁﬂ" = 1200 ¢ —§?ﬁ KK~ -] g

0 +. - . i T,_{ : * . =
B;-»n'm and > 8()()_—' — B st . 1000:— — B> KK~ g %
BY - K*K~ 600 . 800F ER-

K 600} ; - 5

400: ] C i 5}

3 400F 1 =

. 200" ] 200: ] 09>9‘

= Measurement of integrated J : : £
CP asymmetries in the EEE—— - U g
4 > 4 6 8 10 1 > 3 s 8
decays: Decay time [ps] Decay time [ps] o

0 +o- 5
Bq ~ K*m™ and JHEP 03 (2021) 075 2
B —» K~ m* Acp(BY) = —0.0824 +0.0033 + 0.0033 =
®©

s

Acp(BY) = 0236 +0.013 +0.011

N
(o)


https://inspirehep.net/literature/1835888
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Angular analysis of the decay B™ - K™ 'u™u 7 iy
: . 0 %0, +,,— A" T T T O
Tensions observed in BY - K**u™u~ decays. A : . %
Potential hint to BSM physics: e.g. leptoquarks. 05; BlsM fromDHMV =
Investigate iso-spin partner decay: BY - K* u*tu~ - f g
Veto events with m(u*u~) = g2 close ¢(1020), J/y or (25) E\“‘H %
Write the normalised differential decay rate as function of g 03 ] —— - { — %
and three angles. b ey <
0 5 10 15 @
1.5 —————————— ————————— ; S ] q* [GeVz/c‘*] 3
r ] r LHCDH ] S
A ’L ] L > ; Phys. Rev. Lett. 125 (2020) 011802 2
] i SM from DHMV ] 8
5F ] 5k SM from ASZB ] ) o o
" 77 ';“‘zjj 05% e I = Determine coefficients of the ,
< 0HR %ﬁf ] AT of S e o — decay rate formula as a 5
osh T LHChH 1 b omm | | ] function of g2. g
: ! —4— Data 9fb™! . C m ' ] . g o2
1|  Localdeviation [ SMfrom DHMV - af ‘I‘ 1 = Pattern of deviations at 5
- of300 SRS ] : | | s intermediate g* are confirmed. S
[N TV - B J S TV R T R
¢ [GeVe] ¢ [GVT] arXiv: 2012.13241

w
o


https://arxiv.org/abs/2012.13241
https://inspirehep.net/literature/1784890

Hadron spectroscopy: 59 new particles discovered

11000
1osool

Mass [MeV/c?]

o3P 59 new hadrons at the LHC o23P)
Xp1(3P)
-~ -
70007 B.(2S)* B.(25)* Teece
o ®z (25 @
o 61520 @30
=(0227)" 0 A(6146)° W =1(6227)°
6000 - = b A\(5920)° b @B/(5970)7° O H g M=, (6100)"
W, (59120 --H 85,(5840)* 0 35(6097)  A,(6070)° B(6114)°
55(6097)~ B4(6063)°
2000 X(4700) X(4685)
¢ z? P.(4450)* ®x(4500) P.(4457)* ®x(4630)
® bg X(4274) Pc(4440) V4 N
o X(414 (4220)
oo | @ €C@ o 4140 p (a380)* )’(’é‘;ilzz))" .ZZ(4000)+
® CC_CC —++ ®
® < —cc
® <9qq ) 0
B bag D,(3000)*-° _ . 813090)° =(2939)°
3000 A D;(3000)° @ D,(2860) A(2860)F | Qc(3066)° X1(2900)
cqq D/(2760)g o , ® 8688(5)8;3 =.(2023)° X0(2900)
. D)(2740)° & D;(2760) c = ® .
W ccqqq 5/(2580)° Ds0(2590)
1 1 1 1 1 1 1 1 1 1 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Date
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59 new hadrons and counting

https://cds.cern.ch/record/2749030
agner -- Recent physics highlights of experiments at the LHC



https://home.cern/news/news/physics/59-new-hadrons-and-counting
https://cds.cern.ch/record/2749030

More on “Searches” at this meeting:

>

Part 4

Searches for physics -
beyond the standard model

SM background

Chris Malena Delitzsch: Looking inside jets — jet
substructure techniques and their application in ATLAS,
T 49.2, today 14:30

Jeanette Miriam Lorenz: Searches for electroweak
supersymmetry: highlights, coverage and limitations,
T 74.1, Thursday 14:00

Katharina Behr: To the top and beyond: top quarks as a
probe of new interactions at the LHC,
T 74.2, Thursday 14:30

Miew = Pup* = E* — p - P

Signal

Bump search

>

Myeco
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Search for a heavy CP-odd Higgs boson A WAy UNIVERSITAT
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g = Search for A — ZH events T
withZ - ete™/utu~and H - bb | WW~ 2
®
= Consider only hadronic W-boson decays. £
£
. - o ()
= Search for resonant structures in m(¢*¢~bb) and m(¢*£~qqqq) g
()
spectra. =
E 105 aTLAS | " ~Dam < 2
<, ,F f5=13Tev, 13910 — A-ZHolibb - 3 2
~ s BANRRRARRERRS RERR © 10% £ 1, - 2 category [ Z+(bbbe,cepl) 2 2
O - U b ATLAS . § 4 F My =670 GeV, m_ =500 GeV B Z+(cL) : B
Interpreta“on |n Two_ 9 700 E—* ) Vs =13 TeV, 139 fb_1—: L 10 IE_gluon-gluon fusion produced A %::Ip quark _§' S
Hicas-doublet S B ,.‘...“ 2HDM Type II - 0L B W, VY, Vh ] £
99 600 / 95% CL exclusion - = [C] Uncertainty 3 &
benchmark models: : Obs. tanf=1 1 10 memee E o
o _ - Exp. tanp=1 ] - e, - =
Limits as a function of 500 — Obs. tanp=5 1 = o . .
- _ - - | — c
m(4), m(H) and . =xp- tanb=5 3 107 2
400 - A e t1o tanB=5 ] ;
parameters a and 8 - — Obs. tanp=10] 102 >
- Exp. tanp=10 o
3000 — Obs. tan=20 1 G ABET T T T 5
arXiv: 2011.05639 - Exp. tanf=20 - SL—) 0 51?*t‘o\-\o\fe\‘\-ii\-t-\-ﬁwéwi.W:_;Mr&--\x*v+\x-\+w\+\-\x\+~é =
ool by by by by ey by by ey Ly o Tl ~ O e o by v v b e b e oy 04
200 300 400 500 600 700 800 9001000 & 600 650 700 750 800 850
o

w
w

m,, [GeV] m,., [GeV]


https://arxiv.org/abs/2011.05639
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Search for top squarks and dark matter #2 unvensiman

=" WUPPERTAL

Dark matter production via
mediator exchange

Top squark pair production Exploit common signature: tt + EMss

b ¢ = Select events with etu® + jets + EMIss
p 1
t
P LW
> PCw
D t

= Limit on mediator masses:
m(¢) < 250 GeV (scalar)

1
—

@)
I
-
£
®
i)
o
£
X3 2
1 m(a) < 300 GeV (pseudoscalar) )
~0 =
X1 = Top squark and neutralino mass limits: 2
v TL production; i - t%? / bWi? / bff')‘(? Eﬂ
b g %) 700 :— ATLAS — ~ = ~ Expected Limit (106,,,) 8
O, - Vs=13TeV, 139 fb’! ——— Observed Limit (+105°5) %
g o7oTo) =i L L L L L L ?A*— 600:_A||”mitsat95%CL :IATLA336.1fb",arxw:171o.11412 E‘
e E ATLAS ) Ezata ﬁStandard Model E \E?S C %
w E \{s=13TeV, 1391b" ::z ‘;V’;P = - O
2505 2-b20_30%y38|ecti0n -Z/y+jets - Diboson E 500 = &
200:_ VRtf,SF B Others _: 400 :_ :
Requirement on the i = : - _
: . o C S - C o
ET''% significance: - S ] 300F; 5
100— —: P (gU
3 E 200~ o
-, . - &
- - S 100 =
arXiv: 2102.01444 e — - F ] S
CD i\ 2 _I I 1 1 1 1 I L1 1 1 I 1 1 1 | I 1 1 1 1 I L1 1 1 I 11 1 | I 11 1 |l': I L1 1
s 300 400 500 600 700 800 900 1000 1100
(m] 0 . . . = ~

0 2 4 6 8 10 12 14 16 18 20
EM® significance m(t,) [GeV] 34


https://arxiv.org/abs/2102.01444
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Search for top squarks in tt + jets final states B2 unversman
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q = Consider R-parity violation: the neutralino is unstable. Q

-

. )

Py 2 1 = Assume decay to light quarks. <

" q . . 2

_ E - ; = E7'% s relatively small. ;

. _ 5

T-—-a t CMS 101 fb' (13 TeV) =

= 235000F m m_ | = m 5

t 0 4 S F B x Joco mutiiet Jotner P 40ata 2

P1 1 > - . 5

q 7] 30000F . o

q e RPV m; = 450 GeV (c.: x 4) . <

25000~ ———- Stealth SYY m; =850 GeV (o, x 16) <

~ ] 1S

: , 20000 = 2

= Investigate benchmark model with m(7Y) = 100 GeV. = U . 5
15000 e . - 5

= Train neural network for separating signal and 10000 B T I— - i

background.

B0

agner --

= Top squarks excluded, if
300 < m(t) < 670 GeV

Data / MC

arXiv: 2102.06976 0 0.2 0.4 0.6 0.8 1



https://arxiv.org/abs/2102.06976
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Search for leptoquarks

Pair production Single production
= Leptoquarks carry both lepton number and baryon

30

= m(LQ) > 1.34 to 1.73 TeV (vector)

b b b
-
o
i
i
i
i
i

= Depend on coupling assumptions. 10

©)
I
—
2
9 b I number. e
LQ o | -
b = Consider pair and single production simultaneously. £
5
o
= Target tthv and ttv signatures. 8
LQ 2
LQ 5
g g o - 137 0" (13 TeV) " 137 fo" (13 TeV) 5
% 705— CMS I I?/I?st;entiﬁedt —E % 107 CMS ] I\D/I?stiiientifiedr §
Lﬁ - Boosted top It production = u>J 108 E Resolvedtop [ tproduction g
. . E 1piet Others 7 >2bjets Others
Upper limits on the LQ mass: 60 '™ ook Mot 7Ty 10° " otk M- 17Tev S
S0F B v 10° QoA te ot Tey 3
" m(LQ) > 0.98 to 1.02 TeV (Scalar) 40 0 e vLQ\;h=1.5,M=O.5TeV ] 10— vLQ\;X=1!.5,M=!O.5TeV R
- &
=
(@)]

c|c cjlc 2 '
212 SIS 1 5
. © OF
arXIV: 201 2.041 78 ng % % % 1:_:_:_:._:_:_::::: T
8% 5 8% 0 5E
ol O- ol 05
% 500 1000 1500 2000 2500 % 1000 1500

S; [GeV]


https://arxiv.org/abs/2012.04178
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Search for long-lived particles producing displaced jets Ay UNIVERSITAT

= WUPPERTAL

]\

Benchmark model: Pair production of long-lived neutral scalar

! particle X decaying to a qq pair.
p X L g " Search for events with displaced tracks and displaced vertices
Z* -7 associated with a dijet system.
S~ e 39107 (13 TeV)
p X\ =~ q 'g 10" C||V|S | ¢ | Da’taI | | |
T —10" B oD muttiiet MC
: ]gz Jet-jet model -------- m, = 300 GeV, ct, = 3 mm

@)
I
-
£
%
2
o
£
2
)
5
&
< =)
g =
q w E === my = 300 GeV, ct, = 30 mm <
£ 10° 3
g; oo | L T - my =300 GeV, ct, =300 mm ]
L 105 IIIII A -S_
= Use a multivariate discriminant to separate signal and 10% me T e 3
background events. 102 i
10 |
= Cross-section limits are set as a function of ct and my. 10 T o
1 Ll g.’
= |n addition interpretation in various SUSY models. CED ' =
c\(51 5F - %
= T I E o
Qo5E l 4 = 2
arXiv: 2012.01581 '
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Coherent photoproduction of / /3 and y’ #2 unvensiman
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* Look at ultra-peripheral Pb-Pb collisions. T
()
= Hadronic interactions are suppressed (— event veto). §
[2)
= Large charges - large cross-sections é
e e - - R - - - - - - - > 5
= Coherent production of mesons: 7 =82 3
photon interacts with the nucleus as a whole. " qy = tZe 5
5
o — — 4 =
S 1400 ALICE, Pb—Pb |5, = 5.02 TeV £ M ALIGE Po+Pb > Po+Pbry VS =5.02TeV = Reconstruct: S
= T Uy >yt Zzl T e, ot nuclear J/W = ete™ | utu~ | pp and
i 1200~ S [ - STARLIGHT suppression . R LS 23
g [ UPC, Ly =233 46" | © | — EPsimloci) \l/ _________ - Y' —etentnT [ptuTnTw =
€ 1000~ |y <0.8 pr<0.2GeV/c [ - IMBG (GM) h . . 5
S I N, = 3120 + 61 i '?':EK;.‘SEE%’E o = Measure differential cross- 8
i N,.=58 15 - lvekeoow sections in the midrapidity range: =~ ©
600:— Xz/d0f=0.86 - - 08 < y(tp) < 08 E
i . ) c
400/~ - = Nuclear suppression factor due to <§
zoow ' gluon shadowing: : 2
L r 2 X, q__@
0_ |2|6| 1 |2|8| |4_Z‘3JL| |:;T;| 1 |;‘4'|v‘| ré.lgjr‘&‘v\l';ls"r.*l ot o 2 0%_l4 | g | E | l1 1 6 1 / Rg (x’ QZ) e gnu(:( Q 2) — 0.65 i 0.03 §
' ' ' ' " m,, (GeVic?) ) B B y Jprot(x, Q%)

arXiv: 2101.04577
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Measurement of mixed harmonic cumulants A=Y universiTaT
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pressure gradient in the transverse plane.

=  Almond shape of overlap region creates an anisotropy of the Y A
|
1

— anisotropy of azimuthal particle distribution :

:

|

= Express the single-particle distribution as a Fourier series:

1 (0.0)
P(ga)zz—n 1+ZZvncosn(<p—1/Jn)
n=1

Wolfgang Wagner -- Recent physics highlights of experiments at the LHC

Q " Pb-Pb 5.02 TeV ' PbPb276TeV ALICE ]
% 1.2 :— Pb-Pb 5.02 TeV Pb-Pb 2.76 TeV —: arXiv: 2102.12180 .
S b OMHC(v3V)) © NMHC(v4,v%) . Overlap region of
C = nMHC(v3,v2) 5 | nMHC(vZ,v2) . colliding nuclei
08 % nmHC(v3v)  [%] aMHC(vEV2) +_ E
0.6 | [# nMHC(v3,v4v3) -+ = Fourier coefficient v,, = nth-order flow coefficient
u [im N
041 " 7 = Measure mixed moments of different flow
0.2 - coefficients for investigating correlations as a
[~ Om i . .
0 %‘Z o 02<p_<5.0GeVic, ml <0.8 J function of centrality.
: * Q?«;; Cb:‘g CD:§ QQ "L E . . .
—02F * % 3 = Important input for testing hydrodynamic and
ni T T B B B B ihi i _
0 10 2 30 20 = 50 transport models describing the evolution of a quark

gluon plasma.
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= Experiments at the LHC are measuring a impressingly broad e | mi

B | T T T
- ATLAS

Events

= Precise measurement of the CKM angle y at 5° precision. 072 14 16 8 20 22

Sum of b-tag scores
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range of particle physics phenomena. - (s=13Tev, 139"  [JW mtiz e 2

9 P pny P % BDTS0 Wi CJQmisid 7 =

) ] - Post-Fit mHF e @ Mat. Conv. 7 e

= Test the standard model in various ways: 501 mHFu  Elowm, - &
_ . . . B Oth ]

precision measurements — indirect searches — direct searches o D neanainy E 5

C ] O

= Recent highlights include: a0l E £

- . =

= Super-precise Higgs-mass measurements at 1 pre-mille 20[ - 2

- 0

level. s B

10~ 22 =

: — — N — o

= Evidence forH - £*¢~y and H —» u*u~ decays. 7 f ——— £

. . e s 3

= Evidence for 4-top-quarks production. S s WW% ¥ i
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