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https://cds.cern.ch/record/2900788

£ Collecting the data

EXPERIMENT

Trigger rates

/ Run 2 Run 3 \ Level 1 trigger 100 kHz
e Recorded luminosity 147 fo! 183 fb! (end of 2024) High-level trigger reduces
e Good for physics 95.6% 93.1-96.5% the rate down to 3 kHz
e Number of interactions 34 54 (recording to disk)
per bunch crossing JINST 19 P05063 2024
e [Luminosity uncertainty 0.83% 29/, Preliminary :
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atias SM total production cross section measurements
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This costs too much
energy! | think I'll
hang out down there.

| have no vacuum
expecation value!

Electroweak
symmetry breaking

SM Higgs coupling to vector bosons and fermions  Higgs triple and quartic self-couplings
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/@ Higgs boson production and decay channels
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£ Higgs boson production and decay channels
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. Measured o - B
Signal strength = Nature 607 52-59 (2022)
SM prediction IsM fd
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ATLAS Run 2 summary: Measurements in agreement with the SM predictions


https://www.nature.com/articles/s41586-022-04893-w
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Re-discovering Higgs boson

Eur.

Phys. J. C 84 (2024) 78

Higgs boson discovery was announced by ATLAS and CMS Collaborations in 2012

2024: Re-discovering Higgs in the same decay channels using first Run 3 data (2022)

Each channel measured 1n fiducial phase space and extrapolated to full phase space for

combination
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https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5
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Previously: H—zz provided the most sensitive
measurement of vector-boson fusion (VBF)
=>used to further investigation

compatibility with the SM:
overall p-value of 6% (reasonable agreement)

For vector boson fusion:
—first measurements for higher p_ "
—most precise for p_ " <200 GeV

;@ Higgs — TT di ifferential cross-section

gg—H, 1-jet, 120 < p? <200 GeV

9g—H, > 1-jet, 60 < p: <120 GeV

gg—H, > 2-jet, m, < 350, 120 < p: <200 GeV

gg—H, > 2-jet, m > 350 GeV, p'; <200 GeV

gg—H, 200 < p;‘ <300 GeV

gg—H, p: >300 GeV

qq'—Haqq', > 2-jet, 60 < m, < 120 GeV

qq'—Hag, > 2-et, 350 <m_ <700 GeV, p: <200 GeV
99—>Hag’, > 2-jet, 700 <m, <1000 GeV, p: <200 GeV
q'—Had’, > 2et, 1000 <m < 1500 GeV, p: <200 GeV
qq—Hag’, > 2jet, m > 1500 GeV, p: <200 GeV
qq—Haq’, > 2-et, 350 <m <700 GeV, pt! 2200 GeV
qq—Hag, > 2-et, 700 <m, <1000 GeV, P! 2200 GeV
qq'—>Haq’, > 2-et, 1000 <m <1500 GeV, P! 2200 GeV
aq—Hag’, > 2jet, m > 1500 GeV, p'T" >200 GeV

tH, p!' < 200 GeV

ttH, 200 <p'' < 300 GeV

tH, pt > 300 GeV

arXiv:2407.16320

ATLAS Hott f5=13TeV, 140 fb"
~Tot. @Syst. \:Theory  p-value = 6%
Tot. (Stat. Syst.)
- 035 081 (0% %%)
s 050 0% (0% 0%)
» 053 078 (i %)
P, 500 500 (% 5%
& 099 0% (0% %)
L 151 5% (4 9%)
. 0.94 588 (0% 03
g -0.96 17 (0% %)
- 024750 (%% B%)
= 168 0o (0% 0%
3 012 0% (0 o)
- 16 551 (0% Da)
e 098 0T (0% %)
140 0% (9% %)
a 120 9% (9% %9
L 21 55 (53 55
. 22 31 (4 08
o ”IIIIHsls”tilill(iliifllll‘]:élzl
0 5 10 15 20
(oxB)™*%/(oxB)™

signal strength

HA  uoisnj 33

AdA

H»


https://arxiv.org/abs/2407.16320

;@ Higgs boson mass

Full Run 2 data set 1s used to measure the mass of Higgs boson

Improved precision: Combination of Run 1 and Run 2 data
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H— py mass resolution systematic reduced by a factor 4! 1o


https://www.sciencedirect.com/science/article/pii/S0370269323006494?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269323002149?via=ihub
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£ Higgs boson mass

Phys. Rev. Lett. 131 (2023) 251802

Full Run 2 data set 1s used to measure the mass of Higgs boson

Improved precision: Combination of Run 1 and Run 2 data
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.251802
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atias tEH proc{uction arXiv-2407.10904
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Main challenge: How to separate signal

Pushing our understanding on #H(bb)

ttH signal
—Improved reconstruction and particle
identification: PFlow jets, DL1r h-tagging
— Improved modelling of background:
data-driven corrections, systematic model tthb background

g

~I

— Machine learning:
Better signal / background classification b
Improved Higgs reconstruction

~ I

12


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-24/
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Best single measurement to date!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-24/
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£ Higgs decay width from ttH and titt

Constraints on Higgs decay width /7, use to be obtained from ZZ* final state

NEW: Using combined measurement of
ttH

t i

|
S

Target processes

Off-shell measurement

pp — titt
On-shell measurement
Production Decay
ggF, VBF, WH, ZH, ttH, tH H — yy
tTH + tH H — bb
WH, ZH H — bb
VBF H — bb
geF, VBF, WH + ZH,ttH+tH H — ZZ
ggF, VBF H—> WW
WH,ZH H—->WW
ggF, VBF, WH + ZH, ttH + tH H—> 171

ggF+1ttH +tH, VBF+ WH+ZH H — upu
Inclusive H— Zy

and  tttt productions
9

——

¥ 25
Iy =86%,) MeV

2

Difference 2¢ from
the SM predictions "o
primary caused by 1

the tttt cross-section
0.5

arXiv:2412.01548

arXiv:2407.10631
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Constraints on /7, from off-shell Higgs production

[4.31’%5 (4.173%) MeV. obs. (exp.)]
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https://arxiv.org/abs/2407.10631
https://arxiv.org/abs/2412.01548

£ Higgs couplings to fermions and vector bosons

EXPERIMENT

—Higgs boson coupling Nature 607 52-59 (2022)
to fermion vector bosons % [Tamasrns T
= K ﬂ L mV % E %Kc.:l([ y §
gF F /’7 gV T FLV ELL|§ 101§_ - SM p?ediction _§
SM: 1, = 1, %, = 1 e Ll Do) -
New physics: . # I, x,# 1 10—%—/”!/ B Oe \II_
Measurement of Yukawa coupling to bottom . 11°: IR & @F-. -: E
is reaching precision era! ;L 12_ l
v 1: - ﬂ
Growing interest towards the second 0_83_””1 L t. f — i.
generation (Yukawa coupling to charm) 10” 1 10 10°

Particle mass [GeV]
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https://www.nature.com/articles/s41586-022-04893-w

S The Yukawa couplings to bottom and charm

EXPERIMENT

—Legacy VH (H—bb/cc) improves and combines previous full Run 2 results:
VH(cc), VH (bb), boosted VH (bb)
® Dbetter reconstruction and calibration, extended acceptance of events
e improved flavour tagging, that combines b- and c-jet identification
e Complex fit model (~50) SRs and (~100) CRs defined by tagging and kinematic criteria

arXiv:2410.19611 ~ aspm
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E E : ) Ok W o . f
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E 1 < E & .. O J 1
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E E = \ J E
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: ] mprovemen e A E
s " 1 ~ 15 \ j 1
10 = 0 = ! P 3
: ] ,leb =0 92+().16 15 % 1 \ / .
_q5— Observed 95%CL o SM ) = VH s —0.15 F 68% CL \ / E
£ - Expected 95% CL ~ + Observed best fit 1 = J 0.5~ Mo Ny S —
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o dt C
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https://link.springer.com/article/10.1140/epjc/s10052-022-10588-3
https://link.springer.com/article/10.1140/epjc/s10052-020-08677-2
https://www.sciencedirect.com/science/article/pii/S0370269321001441?via%3Dihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-20

£ di-Higgs production

EXPERIMENT

Challenging: pp— HH cross-section 1000% smaller than pp—H

Access to trilinear 4, coupling, unique probe of V'Vhh interaction k.,

Dominant SM processes:
gluon-gluon fusion (6=31.05 fb)

H

s SM
K/]. e j'/I/I/I//lhhh

9 9000000000000 > P---------- H g9

Destructive
Interference

9 9990000000000 «—O---------- H g

vector boson fusion (6=1.73 fb)
q q

a
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EXPERIMENT

Combination

Hun = 0. 5+12( +07 syst. )
Uncertainty comparable

to SM signal!

-1.2< K, <7.2 95% CL
Best constrian on thh

0.6 <x,,<1.5 95% CL

CMS: 0.67 <x,, <1.38 95% CL
Nature 607, 60-68 (2022)

,@ d‘l-,‘}{lggS p?’OC[llCthTl Phys. Rev. Lett. 133 (2024) 101801

—e— Observed limit (95% CL)
ATLAS Expected limit (95% CL)
Vs =13 TeV, 126—140 b (HHH = 0 hypothesis)
SM _ [ Expected limit £10
Oggr+ ver (1) = 32.8 fb [ Expected limit +20
Obs. Exp.
bbif + Emiss - + 10 14
Multilepton— * 17 11
bbbb— * 5.3 8.1
bbyy- * 40 50
ot | [ * 59 33
Combined|— p 2.9 24
1 : | I | T I | T | I | I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I |
0 5 10 15 20 25 30 35 40

95% CL upper limit on HH signal strength uyy

New

New
New boosted

part
Improved

Improved
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https://link.springer.com/article/10.1007/JHEP02(2024)037
https://arxiv.org/abs/2405.20040
https://arxiv.org/abs/2404.17193
https://arxiv.org/abs/2404.17193
https://link.springer.com/article/10.1007/JHEP01(2024)066
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.032012
https://link.aps.org/doi/10.1103/PhysRevLett.133.101801
https://www.nature.com/articles/s41586-022-04892-x

SMtop quark . I".q
decay ¢ Yooov@

~

£ T op quark sector

EXPERIMENT

. . . . . o tt decay modes
Top-quark pair production via strong interaction b

9 t 9 t 4
9 & g t q

Single top production via weak interaction

t

all hadronic

tau + jets

t i tau + jets

lepton + jets
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ATLAS

EXPERIMENT

—
o
w

Inclusive tt cross section [pb]

—
o
™

10

Ratio to
Prediction

s Top quark pair production

T T T l T T T I T T T I T T T T T T I

I
. ATLAS+CMS Preliminary
LHCtopWG April 2024

NNLO+NNLL, PDF4LHC21 (pp)

== NNLO+NNLL, PDF4LHC21 (pp)

— Gzakon, Fiedler, Mitov, PRL 110 (2013) 252004
My, = 172.5 GeV, (M) = 0.118 +0.001

Tevatron comb. (1.96 TeV, <8.8 fb™) [1]

ATLAS, ep (13 TeV, 140 fb™) [5]
CMS, en (13 TeV, 35.9 fo™) [6]
ATLAS, I+jets (13 TeV, 139 fb™) [7]
CMS, l+jets (13 TeV, 137 tb™) [8]
ATLAS, ep (13.6 TeV, 29 fb ™) [9]

(X aul g | 2 E L 29

[1] PRD 89 (2014) 072001  [6] EPJC 79 (2019) 368

[2] JHEP 06 (2023) 138 [7] PLB 810 (2020) 135797
[3] CMS-PAS-TOP-23-005* [8] PRD 104 (2021) 092013
[4] JHEP 07 (2023) 213 [9] PLB 848 (2024) 138376
[5] JHEP 07 (2023) 141 [10] JHEP 08 (2023) 204

ATLAS comb., ee, uy, ey, l+jets (5.02 TeV, 257 pb’1) 2]
CMS comb., ey, l+jets * (5.02 TeV, 302 pb™) [3]
LHC comb., LHCtopWG, ey (7 TeV, 5 fb) [4]

LHC comb., LHCtopWG, ep (8 TeV, 20 fb™) [4]

CMS, ee, uy, ey, l+jets (13.6 TeV, 1.2 o™ [10]

L 1L 111ll

| IlIIIII

‘o
%
>

'rIlIIIIIllIlIf ‘||'||

Phys. Lett. B 848 (2024) 138376

First Run 3 measurement, using
2022 data, dilepton decay channel

— 0 /0, => uncertainty reduction
— compatible with SM predictions
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https://www.sciencedirect.com/science/article/pii/S0370269323007104

EXPERIMENT

JHEP 11 (2024) 101

T
ATLAS

MCFM TUJU21
MCFM nNNPDF30
MCFM nCTEQ15HQ
MCFM EPPS21
CMS 8.16TeV p+Pb

ATLAS+CMS 8TeV pp (extrap.)
I L 1 1 I

T T = T
p+Pb |s =8.16 TeV
165 nb™

Fl¥ Data total unc.
| Data stat. unc.

PRL 119 (2017) 242001

JHEP 07 (2023) 213

£ T op quark pair production in p+Pb and Pb+Pb

arXiv:2411.10186

0 20 40

60

80 100
Gy [nb]

Observed with significance > So

in each of used channels

MCFM TUJU21

MCFM nNNPDF30

MCFM nCTEQ15HQ

MCFM EPPS21

CMS 5.02TeV Pb+Pb

ATLAS 5.02TeV pp (scaled)

ATLAS
Pb+Pb |s,,, = 5.02 TeV
1.9 nb™

PI¥ Data total unc.
| Data stat. unc.

PRL 125 (2020) 222001

JHEP 06 (2023) 138
1 | 1 1 1 | 1 1 1 | 1 |

I 1 1
)

-2 0

6 8 10
G lub]

Obs (exp) significance 5¢ (4.106)

Consistent with different nuclear PDF's!



https://arxiv.org/abs/2411.10186
https://link.springer.com/article/10.1007/JHEP11(2024)101

;@ Top quar/{entanglément

Quantum state of one particle cannot be described independently from another particle.
= Correlations of observed physical properties of both systems

— Measurement performed on one & . L
system seems to be influencing other T T
system entangled with it. observed affected

Single observable D: i Stk

—depends on the angle between leptons measured
in the parent top/antitop rest frame
if D <- ' => entanglement

Entanglement is observed with sensitivity of more than 5S¢
observed D = —0.537 £ 0.002 [stat.] = 0.019 [syst.]
expected D =—0.470 £ 0.002 [stat.] £0.017 [syst.]

Main source of systematic uncertainty is signal modelling.

Particle-level D

-0.2r

-0.5-

Nature 633 (2024) 542

| ATLAS Son

/s=13TeV, 140 fb'

[ |
_______________________ Y
[poscososoosasncsasoossaog

H —.— Limit (Powheg + Herwig7) |

---- Limit (Powheg + Pythia8)

o I Theory Uncertainty
@ Data 1
é @ Powheg + Pythia8 (hvq)
[ Powheg + Herwig7 (hvq)
340 < my < 380 380 < myz <500 my; > 500

Particle-level Invariant Mass Range [GeV]
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https://www.nature.com/articles/s41586-024-07824-z

£ T [op quar/{ mass

EXPERIMENT

Phys. Rev. Lett. 132 (2024) 261902

ATLAS+CMS combination
7 & 8 TeV data

m, = 172.52 + 0.14(stat) £ 0.30(syst) GeV

Relative precision of 0.2%!

ATLAS+CMS

............ ATLAS+CMS combined

s stat uncertaint %l
total uncertainty

ATLAS
dilepton 7 TeV
lepton+jets 7 TeV
all-jets 7 TeV
dilepton 8 TeV
lepton+jets 8 TeV
all-jets 8 TeV
combined

CMS
dilepton 7 TeV
lepton+jets 7 TeV

Vs=7,8TeV
total

stat
m, * total (* stat + syst) [GeV]

173.79+1.42 (= 0.54+1.31
172.33+1.28 (£ 0.75+ 1.04
175.06+ 1.82 (+ 1.35+ 1.21)
172.99+0.84 (£ 0.41£ 0.74)
172.08+0.91 (+ 0.39+ 0.82)
173.72+1.15 ¢ 0.55+ 1.02)
172.71+ 0.48 (+ 0.25+ 0.41)

)
)

17250+ 1.58 (£ 0.43+1.52
17349+ 1.06 (£ 0.43+£0.97

)

)
all-jets 7 TeV 173.49+ 1.41 (£ 0.69+ 1.23)
dilepton 8 TeV 17222+ 0.95 (+ 0.18+ 0.94)
lepton+jets 8 TeV 172.35+ 0.48 (£ 0.16+ 0.45)
all-jets 8 TeV 172.32+0.62 (+ 0.25+ 0.57)
single top 8 TeV 172.95+1.20 (£ 0.77+ 0.93)
Jhy 8 TeV 173.50+ 3.14 (+ 3.00+ 0.94)
secondary vertex 8 TeV 173.68+ 1.12 (£ 0.20+ 1.11)
combined 172.52+ 0.42 (+ 0.14 + 0.39)

ATLAS+CMS LHCtopWG
dilepton 172.30+ 0.59 (£ 0.29+ 0.51)
lepton+jets 172.45+0.36 (+0.17+ 0.32)
all-jets 172.60+ 0.45 (£ 0.26+ 0.36)
other 173.53+0.77 (+ 0.43+ 0.64)
combined 172.52+ 0.33 (+ 0.14+ 0.30)
I B I B R
165 180 185
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http://dx.doi.org/10.1103/PhysRevLett.132.261902

;@ Top quark associated production

A‘g_l} Aﬁev Dstatistical uncertainty

---- theory prediction I:l stat. @ syst. uncertainty arXiv:2404.10674

theory uncertainty

. + stat. + syst.
tiz [140 o™ ﬁ 860 + 40 + 40
arXiv:2312.04450

1tZ — result reaches the precision of the theory

ttw [140 o] 880 £50+70 . .o
o otor ooy i W — slightly above the SM prediction (1.40)
tZq [139 o] E)] 97 £13+7

JHEP 67 {E20) 24 tZq — precision well > 56

JHEP 09 (2020) 049

AN () ek ﬂ 996208224 | tr0tWy — differential distr. agree with the SM

PR 121 (ks 11 ifj **®*®*" | tqp— first observation (obs. significance > 9.30)
o s L [ 225245240 | 4 tops — first observation (obs. significance > 6.16)
gl 3 5 vovond v v asenl 55 ssenl Lol

1 10 10° 10° 10*

24

Cross-section (fb)


https://arxiv.org/abs/2404.10674

Gk 1166 production

ATLAS
] - L] | | | n _—
arXiv:2407.13473
-+ Data m  Powheg+Pythia8 ttbb
* Powheg+Pythi§8 Powheg+Herwig7 ttbb
Powheg+Herwig7 ®  Sherpa tihb Stat. unc.
*  MG5_aMC@NLO+Pythia8 % Sherma Total unc.
MG5_aMC@NLO+Herwig7 o 1126.NLO (off-shell)
* * H
: 3 :
eu+ =3bt e 1
s B « " |
* * i
* * i
eu+ =3b=1l/ct | B -_5_|
o = * l.
* % i
bt * H
eu+ =4l & —en—
+1 * y
| | ]
- * 1
¢ % i
eu+ =4b=1l/c} = —
o ATLAS . 1
V5=13TeV, 140 fo~? i
1
1

0 20 40 60 80 100 120 140

Ofig [fb]

Dominant systematic uncert.: b-tagging, JES, tt-bar modelling.

06 08 1.0
MC/Data

Sl
S

t g

—large irreducible
background for ##H(bb)
—using events with 1e and

lu from tt-bar decay
—inclusive cross-section
—precision higher than
in theory predictions
—differential cross section
—difference between any
2 models smaller than
measured uncertaint and

theor. QCD scale uncer.
25


https://arxiv.org/abs/2407.13473

Sab ttec production

EXPERIMENT

—using 1€ + 2¢ tt-bar decay channels
—b/c tagger—simultaneous
identification of c-jet and b-jet
—used to define regions sensitive for
tt + Ic and #t + >2¢ production

ATLAS Simulation
Vs =13 TeV

i

[
=)
v
1

| S

/(1 + exp(-Dy))

b@60% [ 0.6

.

b@70% [ yaf T F

BN light jets |
 cjets
I b-jets

L TR S R R i
0.6 0.8 1.0
1/(1 + exp(-D¢))

NLO+PS prediction unpredicts the observed results,

g

tf +jets

tF +light

tt+1c

tt+ >2c

tt+>1b

arXiv:2409.11305

Data total/stat. uncertainty
®  tf Powheg+Pythia8
>

tf Powheg+Pythia8 hgamp = 3m;

tt Powheg+Pythiag pard = 1
<+ tf Powheg+Herwig7

-

-+

=

tf MadGraph5_aMC@NLO+Herwig7 -

tf + bb Powheg+Pythia8

tf + bb Powheg+Pythiag pfad = 1

tf + bb Powheg+Pythia8 hy,q = 2

tt + bb Powheg+Pythia8 dipole recoil
tf + bb Powheg+Herwig7

tf+ bb Sherpa 2.2.10

Omeas [PD]
___.—_'_ ___.—_'_
(47.1+2.3)x0.1 ———— ——
P — il
-— ——
(36.0+1.8) x 0.1
—_———
—
6.4+0.9 ——
1.28+0.25 . E
—eEig . 1
—— ——
3.46+0.24 1
|
0 1 2 4 5 6 7 050 0.75 1.00 1.25 1.50

Vs=13TeV, 140 fo'

Fiducial cross section [pb]

MC / Data

but are compatible with them 26


https://arxiv.org/abs/2409.11305

S &
as Electroweak sector

EXPERIMENT

—— my= 80366.5 £ 15>

B e 17252 +033 GeV
..... my= 49511011 GeV

g 68/95% cLof My and M;

cL of E\ectroweak

Fit wio my and
(Ewr Phys. J.CT4 (2014) 3046)
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/@ W boson mass and width arX1v: 2403. 15089

EXPERTMENT CERN press release

7 TeV pp-collision data re-analyzed (improved fitting techniques, updated PDFs)
Improved WW-boson mass First measurement of W-boson width at LHC

Overview of m,, measurements

************************ ] Overview of I', measurements

LEP Combination ATLAS _[ e l- ------------------------- ¥ T

Phy Rop, $32 2013) 119 - DELPHI ATLAS - - =

=80376 + 33 _4 : : E r. Phys. J. C 47 (2006] 309
E =7 TeV, 4.6 fb [ || 4 =2404 +17 4

""bb’(piu}'z') ”””””””””””””””””””””””””” || S S op Vs=7TeV, 461

Phy Flov. Lot 108 (2012) 151604 :'-‘ ® == Eur {‘-’\hl;s J. C 47 (2006) 309 - ° -

=80375+ 23 MeV ' I, =1996 + 140 MeV |
v L3

CDF (Run 2) N Eur. Phys. J. C 47 (2006) 309 - [ ) -

Science 376 (2022) 6589 || ] 10 T, =2180 % 142 MeV |

m,, = 80434 + 9 MeV
.......................................................... E- .3....._.. o o i i i i i i éJIFEFhPy's_‘J C 47 (2006) 309 L} (] L

LHCb 2021 [ T, =2140+ 108 MeV

JHEP 01 (2022) 036 - e — Combination

= 80354 + 32 MeV dalE
my e’ i Phys. Rep. 532 (2013) 119 = @ =
' H I, =2195+ 83 MeV
ATLAS 2017 ik oo T Sl B e R
E Fgg"i?\()] Cigsr\(/\zms) " . Measurement :.-\ i Phy Rev. Lett. 103 (2009; 231802 L} a
[stat. Unc. o =2028£ 72 M @ Measurement
CDF i

QTLAE 2024 W Totel Unc. [ - Phys. Rev. Lett. 100 (2008) 071801 Ostat. nc. meom

mk‘fswgzrzaau 16 MeV .SM Prediction :. ' SH= B Dy-202272MeV .Total Unc. i I S S
________________________ il I ATLAS 20 SM Prediction

This worl u [N N
80200 80300 8o400  H - Bbrauey i
m,, MeV] 1500 2000 2500

ATLAS, 7 TeV:m, =80366.5£15.9 MeV Dl
CMS, 13 TeV (2016 data only):  LREV Ly ¢

m. =80360.2 + 9.9 MeV Most precise single measurement!
W - ) °

i C tible with SM within 2
Tension between the CDF and LHC results! ompatibic wi WIthin 26 28



https://cds.cern.ch/record/2910372/files/SMP-23-002-pas.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-24/
https://home.cern/news/press-release/physics/improved-atlas-result-weighs-w-boson

EEEEEEEEEE

- ATLAS

L L
— m,, =80366.5 + 15.9 MeV
B m,=17252 £ 0.33 GeV
----- m,=125.11+0.11 GeV
s 68/95% CL of m,, and m,

III‘I|IIII
.

s 68/95% CL of Electroweak

Fit w/o m,, and m,
(Eur. Phys. J. C 74 (2014) 3046)

1 1 I 1
175 180 185

m, [GeV]

W boson mass (0.02%)
arXiv: 2403.15085
—re-analysed 7 TeV pp data

Top quark mass (0.2%)
Phys. Rev. Lett. 132 (2024) 261902
—[LHC comb of 7 and 8 TeV meas.

Higgs boson mass (0.09%)

Phys. Rev. Lett. 131 (2023) 251802

—ATLAS combination of Run 1 and
Run 2 pp data
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-24/
http://dx.doi.org/10.1103/PhysRevLett.132.261902
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.251802

£ Lepton Flavour Universality

EXPERIMENT

_______ Eur. Phys. J. C 84 (2024) 993
CERN press release
Assumption: I L L L D
W/Z couplings are independent of mass I:?E.IF:I;AS
—LFU is fundamental axiom in the SM e'esWW, V5=183-207 GeV - ’
ATLAS :
Test: pp—W, Vs=7 TeV, 4.6 fb”
Measure the ratio of boson decay rates 'F;F')"_?VB /Se8 TeV. 26 & =
—Vsing Per, and W_WV/I r?pl\i% Vs=13TeV, 36 fb"
— Analyze W-bosons from top quark decays ’ ’ :
PDG average ——
pje ATLAS (this result) s
RW —_— 0.9995 :I: Oo0045 —_— pp—>tt ‘/7 13TeV 140fb l i I
092 094 096 098 1 102

Higher precision than current world average! BW-uv)/BW—ev)
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https://doi.org/10.1140/epjc/s10052-024-13070-4
https://atlas.cern/Updates/Briefing/LFU-Wdecays

)

ATLAS

EXPERIMENT

Using 20.2 fb'! of 8 TeV pp collisions data
Based on Sudakov peak in Z-boson p..
Z-boson p._measure strength of recoil of Z-boson,

which 1s proportional to a
S

80

o from recoil of Z boson

pp — Z, Vs =8TeV

60

do/dp_ [pb/GeV]

40

I|III‘III

)
)
-

20

~,
L
-
~
-
~

-
-
Sean
-
~a

-
~a
~
~
- ~
~
o
=

— —
— — — — —
— —

Most precise experimental determination achieved!

15
p. [GeV]

q

Precision depends on precise theory predictions

ATLAS ATEEC

CMS jets

H1 jets

HERA jets

CMS tt inclusive
Tevatron+LHC tt inclusive
CDF z P,
Tevatron+LHC W, Zinclusive |
 decays and low Q?

QQ bound states

PDF fits

e*e jets and shapes
Electroweak fit

ATLAS Zp_8TeV

arXiv:2309.12986

|
ATLAS

I I I
-@- Hadron Colliders

-@- Category Averages PDG 2022
-@- Lattice Average FLAG 2021
-@- World Average PDG 2022
-®-ATLASZp_8TeV

0.1185+ 0.0021
0.1170+ 0.0019
0.1147 £ 0.0025
0.1178 £ 0.0026
0.1145+ 0.0034
0.1177 £ 0.0034
0.1191 £ 0.0015
B 0.1188+0.0016__
0.1178 £ 0.0019
0.1181 £ 0.0037
0.1162 + 0.0020
0.1171 £ 0.0031
0.1208 + 0.0028

| DR al179x00009 _
0.1183+ 0.0009
|

0.115

| |
0.120 0.125 0.130
as(mz)
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https://arxiv.org/abs/2309.12986

,@ B-physics

CP-violation phase ¢_in B’ —J/yp
Eur. Phys. J. C 81 (2021) 342

Fﬁ ATLAS T
g 0'12__ CMS, J/yK*K~, 116.1 fo'! {s=7,8,and 13 TeV |
68% CL contours
0.1+ .
LHCb, J/wK*K™, 4.9 fo
0.08 B LHCb, all channels, 4.9 fo"
0.06 ATLAS, J/wK'K", 99.7 fb A
o2 o0 oz
¢, [rad]
¢, =-0.087+ 0.036 (stat.)+ 0.021 (syst.) rad

Al =0.0657 £0.0043 (stat.) = 0.0037 (syst.) ps™
I’ =0.6703 £0.0014 (stat.) = 0.0018 (syst.) ps’!

B’ —uu effective lifetime
JHEP 09 (2023) 199

CMS 2011-2016 ——
LHCb 2011-2016 ——
LHCb+CMS 2011-2016 —
LHCb 2011-2018 —
CMS 2016-2018 ——
B ATLAS N
ATLAS 2015-2016| =e=— \F—13 TeV, 26.3 fo!

i 15 > 25 3 35 4
Bs—mu Effective Lifetime [ps]

Obs = 0. 99+0 42

T o.07 (stat.) £ 0.17 (syst.) ps
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https://link.springer.com/article/10.1140/epjc/s10052-021-09011-0
https://link.springer.com/article/10.1007/JHEP09(2023)199

)

ATLAS

EXPERIMENT

B’ meson lifetime

J=e=] Measurement with total uncertainty
Statistical uncertainty
[ Systematic uncertainty

ATLAS B’— J/y K™, 140 fv'@13 TeVv

1.5053 = 0.0012 (stat.) £ 0.0035 (syst.)

ATLAS B"> Iy K. 4.9 fv'@7 Tev

1.509 + 0.012 (stat.) £ 0.018 (syst.)

LHCb B’— J/y K™ 1 ib'@7 Tev

1.524 + 0.006 (stat.) £ 0.004 (syst.)

LHCb B’ Jiy K, 1 fv'@7 TeV

1.499 * 0.013 (stat.) £ 0.005 (syst.)

LHCb B’— K*1~, 1 fv'@7 TeV

1.524 + 0.011 (stat.) £ 0.004 (syst.)

CMS B’— J/y K™, B> Jiy K?. 19.7 b @8 TeV
1.515 + 0.005 (stat.) = 0.006 (syst.)

DO B’— D*v, X, 104 fb'@1.96 TeV

1.534 + 0.019 (stat.) £ 0.021 (syst.)

CDF B’— J/y K™, B> J/y K. 43 fb'@1.96 Tev
1.507 £ 0.010 (stat.) + 0.008 (syst.) .

Belle I B°—D K*/n*, 190 fb™' @Y (4)

1.499 * 0.013 (stat.) £ 0.008 (syst.)

BaBar B'—D™I"V,, 81 b @Y (4$)

1.504 +0.013 (stat.) * " (syst.)

0.013
Belle multiple channels. 140 b @Y (45)
1.534 + 0.008 (stat.) = 0.010 (syst.)

ATLAS

]

=

3
———

==

I ——

| P———— |

arXiv:2411.09962

Using B® — J/yK"° decays
full Run 2 of 13 TeV pp collisions

average decay width:

I =0.6639 = 0.0005 (stat.) + 0.0016 (syst.) + 0.0038 (ext.)

e ratio of average decay width:
Ta
T~ = 0.9905 £ 0.0022 (stat.) + 0.0036 (syst.) = 0.0057 (ext.).

Results are in agreement with theoretical predictions and
with measurements from other experiments.

156
B [ps]
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https://arxiv.org/abs/2411.09962

/@ Searches

Very nice summary from Monica Dunford

10° Standard Model Production . . I,
oo Sectich Mg Dynamics and symmetries
10*
sSusY
103
a
102 Baq
10! ‘.; W f > © 26 Z x Extra dimensions,
A ; s ( gravitons, quantum
1 black holes
107!
10°?
10-3 Dark matter

Higgs to
invisible to less
than 11%

Compositeness

are the three
generations just
smaller constituents

q*to 6.7 TeV

Charged-lepton
Leptoquarks flavour violation

A symmetry connecting What forbids it
the lepton/quark sectors

Additional
vector bosons Scalar leptoguarks

to 1.2 TeV

Inspired from ATLAS
Exotics, SUSY,

extended Higgs
physics reports
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https://arxiv.org/abs/2403.09292
https://arxiv.org/abs/2403.02455
https://arxiv.org/abs/2405.04914

EXPERIMENT

£ Magnetic monopoles

arXiv:2408.11035

Ultra peripheral collisions (UPC) in Pb-Pb
UPC used to search for magnetic monopole pair production

= 107 I 2 10°
@ [ Background 1)
‘% 10°F Pb+Pb |5, =5.36 TeV 7 Bkg. uncertainty &
& 5 — Signal, m = 100 GeV ©
W CRT: VR SR
10 E s 10
10°
10°
10 1
1
210k
o 11k
god 1o
w© V.9 H
(=] Q . S
08565 07 075 08 08 09 095 1
T

262 ub! data collected in 2023, VSw = 5.36 TeV
Looking at high pixel activity with no associated tracks

Pb*
A i
M
M
Pb
Pb

T lllll"l T lllll"l ]

T T llllll[

T & OF ) = 3

ATLAS
Pb+Pb s, = 5.36 TeV, 262 ub!
FPA Model
ja,| = 1g,

Observed 95% CL limit
Expected 95% CL limit

].--lu_{xl.rvlurvll--
LN

anldal

Magnetic monopoles

with mass <120 GeV
excluded at 95% CL

111 llJlll

11 lllllll

P Expected 95% CL limit 210 . R
. oA Model fag =836 ToV Improves on limits
A FPA Model, {S,, = 5.02 TeV —
oy e i 3 reported by MoEDAL
20 40 60 80 100 120 140 160
Monopole mass [GeV] 35


https://arxiv.org/abs/2408.11035

2035 - 2041

/@ ATLAS Upgrade 11 s

EXPERIMENT Run 3 HL - LHC
e r— 13.6 TeV, so far 183 fb™! 14 TeV, 3000 fb! total

Trigger and data acquisition
Level 1 trigger at 1 MHz

Improved High-Level Trigger
(150 kHz full-scan tracking)

_ inner detectors Electronics Upgrades
LAr & Tile calorimeters

Muon systems

Additional small upgrades
Luminosity detectors (1% precision)

\ Qndcap calorimeters HL-ZDC

barrel New Small Wheel (NSW)
muon chambers muon chambers

el

barrel toroid magnet

endcap
muon chambers

endcap toroid
magnet

New muon chambers
Inner barrel region

barrel electromagnetic calorimter

High Granularity Timing Detector

solenpid magnet

with new barrel hadronic calorimeter (HGTD)
RPC and sMDT forward region 2.4 <|n| <4
detectors

all silicon, ||< 4 with 30 ps track resolution 36

@w Inner Tracking detector (I@ Low-Gain Avalanche Detectors (LGAD)




»@ Higgs coupling to SM particles

ATL-PHYS-PUB-2022-018

¢ H— uuand H— Zy measurements still limited Ky

by size of the collected dataset Ky
Kz

¢ Other couplings dominated by theoretical Kg
uncertainties (despite assumed /2 improvement) K,

® |Impressive projected precisions Ky

® 1.5% for boson couplings K,

® 2-4% for fermion couplings K,

(s = 14 TeV, 3000 fb ' per experiment

[ | Total

o

ATLAS and CMS

— Statistical HL-LHC Projection

—— Experimental
—— Theory Uncertainty [%]
2% 4% Tot Stat Exp Th
— K 1.8 08 1.0 13
= | 1.7 08 07 13
= 1 15 07 06 12
= 25 09 08 2.1
—— - 3.4 09 11 3.1
——— 3.7 13 13 3.2
= 1.9 09 08 15
= 1 43 38 10 17
— 9.8 72 1.7 6.4
0.02 0.04 0.06 0.08 0.1 0.12 0.14

Expected uncertainty

Dominated
by theo.
uncert.

Data
sample
size
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~

N T I T T T T I T T T T I T
- ATLAS Preliminary " .
- —+—No syst. unc. B
— Vs=14TeV -]

£ Di-Higgs production

Significance [0]
(2]

- - e - Baseline ]
EXPERIMENT [ HH-bbyy+bbt™ T~ +bbbb Theoretical unc. halved n
e 5/~ Projection from Run 2 data —+— Run 2 syst. unc. -

Asimov data (k) = 1)

Multiple updates since the European strategy i ]
—Update of bbzz and bbyy for Snowmass 3 // E
(ATL-PHYS-PUB-2022-018) o .
—Updated of bbbb (ATL-PHYS-PUB-2022-053) L E
combined with bbzz and bbyy |

e Di-Higgs significance for 1 experiment
o Reach 4.9¢ stat-only
o 3.4 g with systematics (wrt 3.0 at ESPP)
e (Constraints on self-coupling
o &£ 1[0.5,1.6] at 68% CL (wrt [0.25, 1.9])
—Recent update of bbzr (single channel)
ATL-PHYS-PUB-2024-016 e

e Di-Higgs significance for 1 experiment [ — Run2 syst ung ]
o  Reach 4.60 stat-only I -
o 3.5 ¢ with systematics (wrt 3.0 at ESPP) I ]
e Constraints on self-coupling IR | S 4 9%
o xg£[-0.1,2.7]1U [4.5, 6.4] at 95% CL I i

Integrated Luminosity [fb™']

AR AR BN R
ATLAS Preliminary

Vs =14 TeV, 3000 fo!

HH - bbyy + bbTt* T~ + bbbb

Projection from Run 2 data

Asimov data (ky = 1)

—+— No syst. unc.

—eo— Baseline

—2AIn(L)
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EXPERIMENT

£ epton flavour violation decays

H—er and H—urt latest results published in JHEP 07 (2023) 166

At HL-LHC we expect the limits to be improved by factor of 4-5

OT T, VBF
0.128 (exp)

ETpagthT, VBF
0.045 (exp)

eT,+uT, non-VBF
0.047 (exp)

ETpagtHT, non-VBF]|
0.051 (exp)

€T, +UT,
0.042 (exp)

EThaa*thT,
0.033 (exp)

et+ut
0.024 (exp)

ATL-PHYS-PUB-2022-054

LA N L I I L I

ATLAS Preliminary I HL-LHC
Vs = 14 TeV, 3000 fb™ HL-LHC, Alternative

Projection from Run 2 data MMl Run 2, {s=13 TeV, 138 fb"
2 POI

Run2/HL-LHC = 3.7

Run2/HL-LHC = 5.1

Run2/HL-LHC = 3.9

Run2/HL-LHC = 4.5

Run2/HL-LHC = 3.8

Run2/HL-LHC = 5.1

Run2/HL-LHC = 4.8

8T, +UT , VBF

€T +UT, non-VBF

v b b e b b

0.1 0.2 0.3 0.4 0.5 0.6 0.7
95% CL upper limit on B(H — et) in %

LA L L L L L L Y N

ATLAS Preliminary I HL-LHC
Vs = 14 TeV, 3000 [ HL-LHC, Alternative

Projection from Run 2 data Nl Run 2, {s=13 TeV, 138 b
2 POI

Run2/HL-LHC = 3.6

VBF
Run2/HL-LHC = 4.6

Run2/HL-LHC = 3.4

non-VBF]|

Run2/HL-LHC = 2.5

Run2/HL-LHC = 4.0

Run2/HL-LHC = 3.5

Run2/HL-LHC = 3.9

Lo b b by by Py g Iy

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
95% CL upper limit on B(H — p1) in %
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£ Conclusions

EXPERIMENT

e Small part of very interesting results provided by the ATLAS Collaboration
have been presented

e Results based mainly on full Run 2 datasets (many refined analysis)

e So far, no significant sign of new physics

e We can expect many Run 3 results with improved techniques

e Prospects for HL-LHC promise bright future :)
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Thanks you for your attention!
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EXPERIMENT

H—yy, 31.4 fb’!

@ _Re-discovering Higgs boson

H—ZZ7Z*—4%,29.0 fb!

Eur. Phys. J. C 84 (2024) 78

Leptons

Photons

Leptons pr > 5 GeV, || < 2.7

Lepton selection and pairing

Leading (sub-leading) pY  p}/m,, > 0.35(0.25)
Pseudorapidity In| < 2.37 and outside 1.37 < |p| < 1.52
Isolation (AR = 0.2) EXJEY < 0.05

Lepton kinematics pt > 20,15, 10 GeV
Leading pair (m)3) SFOC lepton pair with smallest |mz — mg|

Subleading pair (m34) remaining SFOC lepton pair with smallest [mz — mg/|

Event selection (at most one quadruplet per event)

Di-photon system

Mass window 105GeV < my, < 160 GeV

= +14
Tfid,yy = 7673 fb

Source Uncertainty [%]
Statistical uncertainty 14.0
Systematic uncertainty 10.3
Background modelling (spurious signal) 6.0
Photon trigger and selection efficiency 5.8
Photon energy scale & resolution 53
Luminosity 2.2
Pile-up modelling 12
Higgs boson mass 0.1
Theoretical (signal) modelling <0.1
Total 17.4

Mass requirements 50 GeV< myp < 106 GeV and 12 GeV< may < 115 GeV
Lepton separation AR(¢i, L) > 0.1

J /W veto m(€;, €;) > 5 GeV for all SFOC lepton pairs

Mass window 105 GeV< myr < 160 GeV

If extra lepton with pt > 12 GeV  quadruplet with largest matrix element value

ofid.ac = 2.80 £0.74 fb

Source Uncertainty [%]

Statistical uncertainty 25.1

Systematic uncertainty 7.9
Electron uncertainties 6.3
Muon uncertainties 3.8
Luminosity 22
ZZ" theoretical uncertainties 0.7
Reducible background estimation 0.6
Other uncertainties <1.0

Total 26.4 43



https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5
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ATLAS

EXPERIMENT

tH proc{uctzon

Control Regions
A

Reconstruction

NN

Boosted
CR

Reconstruction
NN

Sort by max.

tt + jets
Classifier

Single-
lepton
boosted
Event?

arXiv:2407.10904 submitted to EPJC

Signal Regions
A

Event passing
Preselection

Boosted STXS 1 SR
SR [0, 60)

STXS 2 SR
[60, 120)

Yes N

STXS 3 SR
[120, 200)

Single-
Classification lepton

NN boosted
Event?

Region Name
Truth pff [GeV]

Y
STXS 4 SR STXS 5 SR
[200, 300) [300, 450)

ttH

Classifier
above

Threshold?

Reconstruction
NN

STXS 6 SR
=450
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-24/

)

EXPERIMENT

Pre-fit impact:

[16=0+A0 6=0-46
Post-fit impact:

mo=0+A8170=0-48
—— Nuis. Param. Pull

{fH FSR

ttH PS & had

tT+>2b FSR

tf + > 2b dipole PS

tf + 1b PS H7

b-tag EV 0 c-jets

{ + > 2b matching

A, tTH STXS theory unc.
b-tag EV 5 b-jets

tt + 1b scale [T

b-tag EV 0 light jets
tt+21c hy,

A,y tTH STXS theory unc.
{t + > 2b scale [T

tW diagram subtraction
kg, .1 dilep

b-tag EV 4 b-jets
Z +jets XS

t + 1B PS H7
b-tag EV 7 b-jets

aas ttH production

Ac _}_/GSM
tt
-0.1 -0.05 0 0.05 0.1

o
ATLAS
Vs=13TeV, 140 fb™

1

=
L
——
———
e
—
—i—
E= )
—
—
—
e
———

. .
— ..

TN FETT PN R FEETE SRTE FUUT P

-2 -15 -1 -05 0 05 1 15 2

(8- 6,)/A0

arXiv:2407.10904 submitted to EPJC

Uncertainty source Aoy (fb) Aoyig [ o (%)
Process modelling
ttH modelling
t1H radiation +35 =21 +9 -5
ttH parton shower +32 -19 +8 -5
tfH matching <0.1 -0.3 <0.1 -0.1
ttH theory +25 -17 +6 -4
tf + > 1b modelling
tt + > 1b radiation +31 +8
tt + > 1b parton shower +29 +7
tf + > 1b matching +19 +5
1t + > 1¢ modelling +18 +4
17 + light modelling +5 +1
tW modelling +16 +4
Minor background modelling +19 +5
Flavour tagging +36 +9
Jet modelling +22 +5
Monte-Carlo statistics +17 +4
Other instrumental +10 +2
Total systematic uncertainty +85 =75 +21 -18
Normalisation factors +21 +5
Total statistical uncertainty +54 +13
Total uncertainty +101 =92 +25 —22
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S The Yukawa couplings to bottom and charm

EXPERIMENT

L2 NI LN BN BB B NN L R N IR BB
ATLAS VZ, Z-» bb/ct, Vs=13 TeV, 140 fb”!
— Total unc — Stat. unc Tot. ( Stat., Syst.)
WZ, 2> bb ——g—— 100 0% (3%.9%)| 6.40
7Z,Z>b5|  F—e=—i 0.81 315 (008.%13)| > 100
----------------------------------------------------------- BRI LB AR AL AL B L B AL B B
_ ATLA VZ, Z—> bb/cT, {s=13 TeV, 140 fb”'
Comb. VZ, Z—» bb e Qg2 013 (1005 w012) S RS IS T
Ll — Total unc — Stat. unc Tot. ( Stat., Syst. )

A T R RN BN N SR B L
0.6 0.8 1 12 14 16 18 2 22
+0.48 (+0.24 +O.42)

bb
Mvz WZ,Z— cC ——e—i—1 1.46 "\ (D024 034

22,75 5| He— 071 732 (377, %%)
for the first time > 50 comb. vz, 2> - 0.98 *028 (1013 -022)

L L L L1 PR TRT T T T SN H NT T S T S A
06 1 15 2 25 3 35 4
cc 46

Hyz




;@ The Yu

EXPERIMENT

First observation of WH—bb (5.3

WH, H— bb

ZH, H— bb

Comb. VH, H— bb

o)

T T T T T T T T
ATLAS VH, H— bb/cT, Vs=13 TeV, 140 fb"!
— Total unc — Stat. unc Tot. ( Stat., Syst. )

—e—— 095 0% (311, 7012)

R—e—r— 088 0% (9.°0%)

Heemom2 g (38,90)

ol by by v b v b b by by
06 08 1 12 14 16 18 2 22

bb

l'LVH

Results compatible with SM

lep X ng [fb]

\

o x B

Ratio to SM

—
o
w

—k
()
™

—
o

—_

—
<

O N

Rawa couplings to bottom and charm

ATLAS VH, V — leptons, H—> bb cross-sections
{s=13 TeV. 140 b ® Observed == Tot. unc. Stat. unc.
= , == Theory (SM) [_] Theo. unc. 3
L V=W - V=2 -
— _?__h .- 0 7
3 G _ =
= Y -
E- + =
3 [+ B
— 'H' =
e 1 S I R ¢ £
- £ 2 7 I r - X I I :
P 7 2 % Vold4 ) 7. 2. 7 D¢
5o, "5 1, o, Doy, Sy, SV;i V2, Vg2, 2,7 e,
V/SOGf N 7 q00 » v6‘00 G@p ISOG » VQSO » vqoo » V@OO G& L
ol o, Qo Gy o, Gy G, Gy

Probe p. . spectrum up to 600 GeV
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£ di-Higgs production

EXPERIMENT

Many possible decay channels:
bbbb

bbrr

bbyy |

bbt™ € + E ™
Multileptons

Number of hadronic taus

o b C +EM™

L

H—bb and H—ZZ*/WW*/tr
Multileptons
( w Legend
£+2Thag 204+2Thag
\_ J channels
yy+ML
YV+Thad YY+2(£,Thad) 2£SC+Thad channels
yy+f

3 4

Number of light leptons
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EXPERIMENT

do,/dp." [pb/GeV]

Prediction
Data

107!

£ T op quark pair production

—
ATLAS
fs =13 TeV, 139 fb™
Boosted
Fiducial phase-space

* Data
— PWG+PY8
— PWGHT
= MCaINLO+PY8

Stat. unc.

=« PWG+PY8 (NNLO rw.)
== PWG+H7 (NNLO rw.)
=== MCatNLO+PY8 (NNLO rw,)

Stat.+Syst, unc,

arXiv:2404.10674

In the differential measurements:
agreement between measurement
and prediction improved when
comparing to NNLO QCD fixed
order predictions (or after NNLO
reweighting of MC)
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https://arxiv.org/abs/2404.10674

p ) . arxXiv: 2403.15085 submitted to EPJC
attas W boson mass and Width  cory oecs ronse

EXPERIMENT

7 TeV pp-collision data re-analyzed (improved fitting techniques, updated PDFs)

Ld Ld
Improved WW-boson mass First measurement of W-boson width at LHC
C MS Pre/iminary _________________________ Overview of I', measurements :
oy o Fitopmmem  |ATLAS ‘ S—
myw in Me! . v = 2404 % 173 Me ] 4
LEP combination | 80376 + 33 | i oPAL Vs=7TeV, 4.6 ——
Phys. Rep. 532 (2013) 119 I B Phys 4. C 47 (2006 09 |
DO - 80375 + 23 {—.—q . 13 = E—
PCRs '1:08 (2012) 151804 ' ‘Eir.zl?‘yasoi %guseos; 309 |
L 804335+ 9.4 ; peay | i
Science 376 (2022) 6589 i ?L'EZE‘;ZJ .7 2106159 " e =
LHCb — 80354 + 32 |_L_| o Combination
JHEP 01 (2022) 036 | Phys. Rep. 532 (2013) 119 = @ =
I, =2195+83 MeV
ATLAS L 80366.5 + 15.9 e - B T s S R R S
arXIV240315085' Sme [0 EPJC ! Pj’\ys Rev. Lett. 103 (2009) 231802 | | . da
CMS L 80360.2 + 9.9 | - —= EWfit 1 Lo © Measurement
This Work ' oghlyjsFRev. Lett. 100 (2008) 071801 |:|Stat. Unc. = : ® =
. | . 1l . | ) | W r,-20@e2Mey WTotalUne. i | ]
80300 80350 80400 80450 I ATLAS ¥ SM Prediction -
mw (MeV W LBy i
w (MeV) 1500 2000 2500

ATLAS, 7 TeV: m,, = 80366.5 + 15.9 MeV ATLAS. 7 TeVs 7 = 2202 limw v
CMS, 13 TeV (2016 data only):  LREV Ly ¢

m. =80360.2 + 9.9 MeV Most precise single measurement!
W - ) °

i C tible with SM within 2
Tension between the CDF and LHC results! ompatibic wi WIthin 26 50



https://cds.cern.ch/record/2910372/files/SMP-23-002-pas.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-24/
https://home.cern/news/press-release/physics/improved-atlas-result-weighs-w-boson

£ o from recoil of Z boson

EXPERIMENT

arXiv:2309.12986

lllllllllllf

|
pp —Z
Ys=8TeV, 202"’

Iil]lllllllill

-

¢

MSHT20 PDF

-O—ZpT

Scale variations

|

+

lllllll[lllllllllllllllllllll

NLL

NNLL

N3LL

N*LLa
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6=) B physics

EXPERIMENT

o}
— CP violation in the B$- J/y¢ decay occurs due to interference Bq{B "
of direct decays and decays occurring through B} — B mixing ) s—»*‘\g} 0
r S
b AW ———
0 g oscillation frequency is characterized by Am,,
B Bk hed B mass difference of heavy (B,,) and light (B,)
mass eigenstates
s — VWWWN—

b
%%

_ quantities involved in  BY— BY mixing:

CP-violating phase ¢ — weak phase difference between amplitudes of
B-mixing and direct decay

- some New Physics models predict large values, while satisfying all
existing constrains

Width difference Al's = I'(B.) — I'(B+):

- should not be affected as significantly as ¢s by beyond-SM physics
Average decay width I's = [T'(B)) + I'(Bx)] / 2
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ATLAS

EXPERIMENT
— L} _— L]

Events / bin

Data / Bkg.

agnetic monopoles

_— ] L |
A TR Al S TR e 8 S
ATLAS -e- Data, 262 ub’
[ Background
Pb+Pb VSNN= 5.36 TeV %Bkg unceﬂainty
— Signal, m = 100 GeV

CR1i VR SR

T, inspired by the transverse thrust

MnpixCl

T = (1/npixc1) Z |7; - A
i=1

00 o
QWO ..
On-r

where 7; is the direction (unit vector) of a given pixel cluster in the transverse plane with respect to the
origin of the ATLAS coordinate system, and the transverse direction 7 maximizes the expression and
corresponds to an azimuthal angle ¢7. The solution for 71 (or ¢7) is found iteratively. The direction of 7
roughly aligns in r—¢ with the monopole’s trajectory. The 7 variable has a maximum value of 1, for a set
of fully aligned pixel clusters, and a minimum value of around 2/, for a uniform distribution of clusters in

the transverse plane.
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£ Higgs decay width from ttH and titt

EXPERIMENT

6 T T E 1 T T 171 °
< F | - arXiv:2407.10631
N f . ATLAS — Observed

5;_ (s=13TeV,36.1-140f0" ... Expected 1

I U SO os%ct -

3 .

2 -

1= -

0: lebdul==="" :

10
I\, [MeV]
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https://arxiv.org/abs/2407.10631

ATLAS

EXPERIMENT
_—— L] _— n I n _—

)ff-shell Higgs production

Higgs on-shell and off-shell production are connected to Higgs decay width

2 2 2 2
pp—H—-ZZ _ SHgg 8HZZ pp—H—ZZ _ SHeg SHZZ
onshell

mHl" o offshell MZZ — my

Ooffshell
il o 1’

Oonshell

H

O N

interference effect => deficit of gg—~ZZ, which
depends on the off-shell signal strength

13 TeV result arXiv:2412.01548:

off-shell Higgs production measured with 3.7¢ significance

do/dm, [fb/Ge

107 fh‘\ —

Experimentally unable to distinguish H production from gg—>ZZ background:

T T T T T T

A TLAS Simulation

| Eur. Phys.J.C (2015) 71:335

LA A I S R

L —=-9g> (H'=)2Z
% ' R (H._’)ZZUloﬂ»sneuﬂo) =

s=8TeV

99— H* = ZZ(S)
99— ZZ (B)

-6 L1 PR SR N Y
10 100 400

PR R T L1
600 800 1000
Mzz[GeV]



https://arxiv.org/abs/2412.01548

ATLAS .7ﬁ

EXPERIMENT

do"/dp_(j,) [fo/GeV]

Pred. / Data

)

do"dAG=™ [fb/rad]

Pred. / Data

g

T T T T T T T T —
ATLAS —4— Data, total unc. m  Powheg+Pythia8 =
V5=13 TeV, 140 fb” Data stat. unc. A Powheg+Herwig?7 —]
a ! ¥ MadGraph5+Pythia8 B85 ggH+VH+ttH =
N =
L] =
155 | E
. . E
st || i E
50 100 150 200 250 300 350 400 450 500
P (i) [GeV]
2.4 = T T 1) B o =
E ATLAS —4— Data, total unc. m  Powheg+Pythia8
22 (5213 TeV, 140 " Data stat. unc. A Powheg+Herwig?
2B 7 ’ ¥ MadGraph5+Pythia8 fEEE ggH+VH+ttH
1.8
165 -
E X
1.4 E
12
B
0.8
0.6 —
0.4
15E !
| ! |
: | 1 ¥
0.5

|

2 3
AQF™ [rad]

;‘ [fb/GeV]

do'¥/dp

Pred. / Data

I

do™dAGFI™ [fb/rad]

Pred. / Data

gs — 1T di ifferential cross-section

0.07

0.06

T T ;
ATLAS —4— Data, total unc.
Data stat. unc.

Vs=13 TeV, 140 fb"

T T
m Powheg+Pythia8
A Powheg+Herwig7
¥ MadGraph5+Pythia8 S8 ggH+VH-ttH

IIII|IIII|IIII’

0.03F E
0.02— E
0.01— _ =
1.5 %— _§
2 oy " ;
E I | T E
0.5 E

0 100 200 300 400 500
pt [GeV]

T T T T T T T
[ ATLAS —— Data, total unc. ®  Powheg+Pythia8

0.8

E_ Vs=13TeV, 140 fb"

p."r‘<200 GeV

0.6

0.4

0.2 =

Data stat. unc.

p:‘>200 GeV

A Powheg+Herwig7
¥ MadGraph5+Pythiag JEEE ggH+VH«ttH

I

15

0.5

T[T T[T

—-

K
N

72
A¢;‘9”ed [rad]

St e
il

Aq)ﬁigned rad]

arXiv:2407.16320
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/@ Flavour tagging

C-jet rejection

70

60

50

FTAG-2023-01

RN N LT L NN RO
- ATLAS Simulation Preliminary
- VS =13 TeV

- ttjets, ey =70%

Run 3 reco

DL1d

DL1r

e - —————————————————————
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