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| HC data

® Impressive performance of the LHC VS Integrated Luminosity
* Huge amount of data available RunA 7 TeV 4.5 fbo-
for measurements 8 TeV 20 fb-
* Increasingly challenging dataset, BURD 5.02 TeV | ~250/300 pb-1
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—120— 17— - B L R R
Qo | ATLAS Online Luminosity _ =) -~ ATLAS Online 0 2011-12:(uy/n . =18/14 3
>100[ — Mnb Ezatav - = 900F B=7,8Tov, 264" :
£ A i S 8001 I 2015-18: (i, =34/29 3
o - — 2017pp i > - {5 =13TeV, 147 b’ -
E gob —— 20mm B Z 7005— B 2022-24:(uy/p  =52/61 7
J [ —s PP ] £ 600 {s=136TeV, 141 fo’ =
B ol : 5 cook E
< 60— ] - — —]
e 7t ] 2 400k -
3 [ ] 5 400F E
S 40 — S 300E 3
B ] @ - -
i 1y O = 33
0r k. - el
oL 1 | T ] 0L =
Yo MO ol oct 0 10 20 30 40 50 60 70 80
Month in Year Mean Number of Interactions per Crossing

Lidia Dell’Asta 3 LFC 2024



Electroweak physics
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Electroweak physics
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® | HC data allows to test electroweak theory by

° performing precise measurements of single
W and Z bosons

° investigating higher energy regime with
multi-bosons production
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W and Z boson transverse momenta -

® Measurements of the pr of W and Z bosons

° Using pp data at 5.02 and 13 TeV
* Direct measurement of pt(W) can improve future measurements of W mass
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W boson mass and width
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® |mproved measurement of mw and
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https://arxiv.org/abs/2403.15085
https://indico.cern.ch/event/1441575/

W boson hadronic decay branching fractions

CMS

® Measurement of
RY = BW — cq)| B(W - qq’)
from tf events in semi-leptonic final state
* Exploiting dedicated ¢ — Xuv tagger

« Most precise measurement of R (4%)

° Factor of 2 improvement w.r.t. world average
* Dominant systematic uncertainty: charm tagging

efficiency
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-009/index.html

Di-boson production
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® Extensive measurements of di-boson

production

* New inclusive and differential
measurements on Run3 data
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Tri-boson production

- CMS Preliminary 138 fb~! (13 TeV)

- . WZV Observatlon 1 1 ! 1 1 ! 1 1 T T U T T U U T
® - B T | T ]
Tri-boson productions very rare CMS_P AS-SMP-22-018 v T - w2y |
processes, some of them only s0l ™= Vv Nonprompt?  { Data |

| . VVV B Nonprompt y N\ Unc.

Events / bin

now accessible at the LHC

® Give access to triple gauge 7 >\/Mé
couplings (TGCs) and quartic
gauge couplings (QGCs)
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CMS measurements vs. 7 TeV CMS measurement (stat,stat+sys) 4
_d [ [ |
Theory 8 TeV CMS measurement (stat,stat+sys) - o [ | | } +
s |
13 TeV CMS measurement (stat,stat+sys) o+ ~ I | | | |
stat SYysS ..‘EO —
VVV - 1.02+0.21+0.14 137 fo" S 100 200 300 400 500
WWW e 1.16 £0.30 +0.28 137 b
£0.31 +0.13 1 Process SR
WWZ b——&——H 0-85 —_ . —_ . 137 b VV 13.0 :|: 0.3
Wzz  + . — 2.18 £1.47 £0.49 137 b VVV 0.69 4 0.05
) Vo 1.38 = 0.76
WW ey 1.30 £0.22 +0.29 138 fb™
! Top 3.34 + 0.55
Wryy 1.03+£0.29 £0.34 19.4 fb™ Nonprompt / 12.9 + 2.8
Wyy e 0.73+0.10+0.22 137 fb" Nonprompty ~ 15.8 4 2.2
; WZG signal 60.8 + 3.5
Zyy H&H 0.98 +0.11 £0.14 19.4 fb
p Total background  48.5 + 3.7
0 ' — ' — ' — s ' 8 Observed 108
Al results at: i i in:
it p://c;fnéghfgg N7 Production Cross Section Ratio: o,/ 6,

[ATLAS’s W2y PRL 132 (2024) 021802]
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-018/index.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021802

Vector Boson Scattering

® QGCs experimentally
accessible also In

Vector Boson Scattering

Aug 2023

Wyjj observation and differential cross-section g 1so

arxiv:2403.02809

I

qqWw
qqWw
qqZ
qqZ
qqZ
WV
wv—->WW
qqWy
qqWy
os WW

ss WW
aqZy
qaly
qqWZ
qqZZ

!

CMS EW measurements vs.

Theory

!

7 TeV CMS measurement (stat,stat+sys)
8 TeV CMS measurement (stat,stat+sys)

13 TeV CMS measurement (stat,stat+sys)

H—eo—+

HH——

ssWW +#—e&—+

H—e—H

e S |

stat

0.84 +0.08 +0.18
0.91 +0.02 +0.09
0.93 +0.14 +0.32
0.84 + 0.07 +0.19
0.98 + 0.04 +0.10
0.85+0.12+0.18
1.74 +0.00 + 0.74
1.77 +0.67 + 0.56
0.89+0.11 +0.15
1.12+0.15+0.17
0.69 +0.38 +0.18
1.20 +0.11 £ 0.08
1.48 +0.65 + 0.48
1.20+0.12+0.13
1.46 +0.31 + 0.11
1.19+0.38 +0.13

CMS Preliminary

——e——

bt

19.3 fb!
35.9 fb™
5.0 fb
19.7 fb™
35.9 fb
138 fb™
19.7 fb™
19.7 fb™
138 fb™
138 fb™
19.4 fb™
137 fb™
19.7 fb™
137 fb™
137 fb™
137 fb™

]

0
All results at:

http://cern.ch/go/pNj7
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-8" # ] Total unc.
o o ° Ef [o] Sherpa 2.2.12
O102k +o ° D* [&] MadGraph5+Pythiag
e} ]
10—3: * 1) _
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
https://arxiv.org/abs/2403.02809
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032017

HIgQQS boson physics

[More in P. Francavilla’s talk tomorrow]
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HIgQQS

boson production and decay

CMS

1

7 10 E s 'E E
& - ATLASRun2 1§ % ATLAS Run 2 - Nature 607 (2022) 52
s T 1 g F = . Nature 607 (2022) 60
S 10 = 210 E
0 = 3 = = e 3
g F = - c —=— -
o ©
°© | - . ] @102 -
= —— E - % .
= ¢ Data (Total uncertainty) T - - ¢ Data (Total uncertainty) —=*— a
~ ] Syst. uncertainty 7 = | ] Syst. uncertainty =
1075 B sM predicti —— E mm - =
E prediction = = SM prediction % -
s jsb—F—F+—+— 1 s =
T 110 S : 1
s Lo 7 & #31° 21w g z & ]
9 L = «%» E 0 E 1_ % — % 7] 2
é:“ 0.5 | | | | —_—10 &U 0.8-_ ! ! ! | e —1
ggF + bbH  VBF WH ZH ttH tH bb  WW T z2z YY Zy pp
Production process Decay mode
g q VH w/z K tb b/c t/u Wiz " Y
" Kw, g t
Kz Kz E ..... ¢ Hemee - w
q T i i g b Kb,C,T,IJ- KW’Z w
b/c t/u Wiz vZ
e Data (Total uncertainty) Syst. uncertainty LL SM prediction
tH | | | | | | | | | | II_@I_| | | | | | l .
| 2 o | ey | ® Main production modes and
ttH | .
. F' 4 * | decay modes assessed with
- A 5 s - Run2 data
Gl . e | Hs Bl I * Next in line: tH and H—cc
ZH | '@ | | | | | | | | I_EI_I | | 1 1 I I
0 1 2 1 2 3 4 0 1 2 1 2 3 0 1 2 0 1 2 3 4 @ Re_dISCOVery Wlth Rung data
bb ww 7T 4 Yy nu
6 x B normalized to SM prediction
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https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04892-x

Higgs boson couplings )

EXPERIMENT

Nature 607 (2022) 52

Nature 607 (2022) 60

CMS 138 fo' (13 TeV)
CMS 138 b (13 TeV) ® Observed +1 SD (stat)
> T T T T T T T T T — 4
& |?3 1 m,=125.38 GeV W Z t. mm= +1 SD (stat @ syst) +1 SD (syst)
> i R ]
E [ " j — +2 SDs (stat @ syst)
_ y — ; Stat Syst
10 3 E Ky —— 1.02+0.08 #0.05 +0.05
o | z - ;
v I b l K5 — 1.0410.07 +0.05 =+0.05
102k T ¥ 4 :
; % - s
¢ Vector bosons Ky —-— 1.10+0.08 20.06 £0.05
3 ¢ 3" generation fermions B
10°F u . E Ky —— 0.92+008 0.05 +0.06
- i,x" ¢ 2" generation fermions ] B !
- SM Higgs boson | K —=— 1.01f8:1(1) +0.07  +0.08
< 1?_12_. | L L | E B
. T T T L +0.17 +0.12
0 qoF | l l osk E b § 0.990,15 012 g7
*g 1.0F-f-mmrmrmmemmeeees }f """""""""" 1-00;"'{*""'{"" ” B | 0.92+008 2005 1006
= 0.8F 0.95F 3 T - JeTEE S SR
m 06'||| ] Lo ol ] Lo ol Ll B
1021 +0.19
107 1 10 10° Ky ————— 112702 019 1500
Particle mass (GeV) - ; N
Kzy | I_%éil_ 1.65037 035 009

0 05 1 15 2 25 3 35 4
Parameter value
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https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04892-x

Using Machine Learning - Flavour tagging

2017 2018\ 2019 /2020 2021 2022
Year

2023

Lidia Dell’Asta FTAG-2023-01 45

\

- CMS Simulation Preliminary 13.6 TeV
e =1 ° r T 1l 1. I LI B
'% | it events, pr > 20 GeV, Inl < 2.4, €p=70% .
\ . , \ G_)‘ = . . . .
® Machine learning techniques heavily 2100—- oo ot raiontion Jio¢
used for flavour tagging o 80: Run1 Run 2 | Run 3 :
i i Xx61 S
® |mpressive development over the ‘ P B 10°
years, using more sophisticated 60| .
architectures _ = A10°
: Or o
® Latest developments not yet used in  mm
B ! _ 1
the analyses 20 g I I 10
i i x18
i E x1.0 B
0_ : L - 100
CSVv1 CSVv2 DeepCSV DeepdJet PNET UParT
70'_"'|"'_'I":'I'"_'_I""I""I""I"_
- ATLAS Simulation Preliminary 42500 D )
6ol VS =13 TeV GN2 CMS-DP-2024-066
tt jets, p = 70% _:2000 -
s >0 E_ : i % —2 tracks b jet
S a0F  Run 3 reco 15003 0000 biadron \
g E E i "qz ------ impactt
q__)‘ 30 :— i DL1d . 1000 E parameter
SEEN i - k=2
20 ] ] — 5 d
oL ; . o
il 5 |
Z ! . o - primary vertex
ot ] ' 1o
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/
https://cds.cern.ch/record/2904702?ln=en

ttH(— bb)

® Re-analysis of ttH(—bb) analysis at 13 TeV
[JHEP 06 (2022) 97] with

° improved b-tagging (DL1r, see before)
° state-of-the-art machine learning

° improved modeling of backgrounds
(tt + heavy flavour, see later)

® Qverall uncertainty improved by factor of 1.8,
4,60 observed significance (5.40 expected)

T T I T T
106 :—ATLAS ¢ Data

)
T
a') —
> B P _ =
L - {s=13TeV, 140 fb ttH (u,, = 1.0) 3 | | | | | j |
B tf.H(bb) . B iitH (|Jﬁt =0.81) - ATLAS lefTotal Unc. mESyst.only [ Stat.only ' SM + Theory
~ Single-lepton and Dilepton  []Background 7 Vs = 13TeV, 140tb", my=125.09Gev Total  ( Stat. Syst.)
5| Post-fit / ] . . )
0 7/Brgd.Une. 2 plieo,60) GeV | p——— 125 0% RN -

- 1 piel60,120)Gev [ = 077 05 I0a Tow

10¢ | pHe[120,200) GeV |- Hese—] 088 04 (033 Joz -

- 1 pel200,300)Gev |- b= 077 ok o3k fom -

‘ —JJ—L"L— o £[300,450) GV | bemmmeme 027 9T e T -

103:_ - +0.89 +0. +0.

R | N R | | | - pf €[450,0) GeV [ H—==e=—v 063 ‘08 o071 - o048 n
© _ I —
o 1.3 - #H (u_ =1.0)+ Bkgd 7 . . .

o 12k - (pSM_ ) Bk —= Inclusive |- =] 0.81 *9o% ol 0 -

S 45 fH (p_ = 0.81) + Bkgd e B | l | | | | |

© i

g L L e e e e aa s '_/._ITI _ 0 1 2 3 4 5 6
0955 2 15 1 0.5 oin/ oM
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https://link.springer.com/article/10.1007/JHEP06(2022)097
https://arxiv.org/abs/2407.10904

VH(=bb/cc) £

® Re-analysis of previous VH(—bb/cc) analyses at 13 TeV
* improved b-tagging (DL1r, see before) ATLAS-CONF-2024-010
° introduced BDT discriminant for boosted events

' ' ' Wl 0T 25_ [ L L
® Obpservation of WH(—bb) with 5.30 significance 8> = ATLAS Preliminary
20p s=13TeV, 140 fo"
» Uncertainty on VH(—bb) improved by ~20% 150 Vi, - bbiee -
. 10- E
® Best observed limit (11 x SM) on VH(—cc) :
S -
g ? ATLAS Preliminary VH, H— bb, V — leptons cross-sections § O;_ E
_ 8 10° = (s=13 TeV, 140 fo! ® Observed == Tot. unc. Stat. unc. = 5 =
ag) — = Expected || Theo. unc. = 10:— E
B V=W V=2 _ E .
102 L — = C % o
X E_T_ — + = —15 gfg:;’eeg 99550/(/3 (C;)|I__ 4 (S)Ii\a/lserved Bestfit
3 B —X - == ] - — Observed 68% CL. (hz)=(0.91,1.0)
™ 10 = _ _ = ~20F ... Expected 68% CL. E
E ® —_— E _25: | | 111 | 111 | 111 | 11| | 111 I 111 | L]
X 1 _— — ] 04 06 0.8 1 1.2 1.4 1.6
) = T T T = U
£ B TS
> 2r - T = — E
R o
o (0] s (4 # -
o -1kl 1 [CMS’s VH(—co) PRL 131 (2023) 061801]
© B, T8y = % o s 7, 2 L, O
o WY ew, ok, o, 62, V,(/)fzv A L 6,
%0 G; 0, 0, ", Goy "% Q@f s C; WOOQ v6‘00(? oy
/4 QL QL QL v L QL el
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.061801

CMS

SANNT
68% Cl

Using ML - Dealing with systematics

® Standard classifier training (cross-entropy-based NN training,
. . . v . — Arg = -0.44 +0.47
CENNT) optimizes for signal vs. background discrimination . Af- 030 +0.30 68% Cl
without considering systematics and other effects that affect CENNT
. . . L Arg = -0.60 +0.62
the ultimate figure: uncertainty A(r,) on a physics parameter A= 029 +0.20
® New systematics aware NN training (SANNT) proof of . +. o CMS Preliminary _ 415 f.b'; (13 TeV)
principle (applied to H — 77 in 2017), to directly optimize for é‘ ‘\ i ]
\ \ , \ 2.5_‘\ ‘\ ll’ _l
min. A(r,) in the neural network training H \
® CENNT optimizes for separation, while SANNT concentrates 200 3 /7
signal in bins with smaller background uncertainty oA / /]
® Total systematic uncertainty improved by 25%
1.0 . £
w217 415MI(18Tey) e 2017 _ 4157 (13TeV) : SN | /| /]
%106? Cl\lnS - Signal | l Bkg.| unc. 3 %106§_ CMS —— Signal | l Bkg.| unc. : I i \\‘ i i // i 1
T 105; Preliminary =3 Background 7 o 105; Preliminary T3 Background 7 0.5 B i \\ , : /, i —
8 104 _ _ i o E ‘:\I\\ 'T/ir' | | i
sl SANNT O
10%¢ 4 10%F . o | : | : :
: E O i i i i
101— {1 "F 3 OAJ]LLIfﬂlLI\
c;oo: I | | l l | 03100—.|I....\‘I....l.l...I...I.%.— 4§50:_|||=|\|| T T IEIII—
_—51.2:—ﬁ Signal Bkg. unc. — §12—ﬁ Signal Bkg. unc. | = 8 i Jﬁ H‘ ;
HE | 2 | 8.0 0.5 70 !
L ¥ - & - T S S T Sk R rs
B S~ PO = P = P = = P < I € A' B S = PR P = P = e = P I € CMS-PAS-MIL.G-23-005
y y
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/MLG-23-005/index.html

VBF H(—T1T) and VBS WWH(—bb) :

CMS

£

EXPERIMENT

® Re-analysis of H(—T1T) analysis at 13 TeV
[JHEP 08 (2022) 1/5],
improving VBF and ttH

* Most precise single measurement of VBF

L L L L B L L B
H—tt Vs=13TeV, 140 fb’
Theory p-value = 99%

Tot. (Stat. Syst.)

+0.32 +0.15 +0.28
0.94 -0.27 ( -0.15 -0.22 )

—————
ATLAS
—Tot. [ Syst.

ggF

+0.63 +0.53 +0.35
0.91 -0.60 ( -0.51 -0.33 )

VH —

+0.17 +0.12 +0.12

VBF e 093 L5 (041 o010 )

+1.01 +0.87 +0.52
0.77 -0.92 ( -0.77 -0.50 )

ttH [ °

Combined ]

(oxB)™?/(oxB)™M

Lidia Dell’Asta arxiv:2407.16320

® Search for H(—bb) + WW(—=IVvIv) in
Vector Boson Scattering

* First analysis targeting Ky, using
single Higgs boson VBS production

«::S' 10 CMS —e— Observed
_8 " Preliminary — Expected
I= I [ +10 Expected
— 10° [ ]+26 Expected
) :
o
Q
S
1 2|
O 10 §
32 :
8 -
10
1k
—1 | Ll | |
104 2 0 2 4 6
Kyy
19 CMS-PAS-HIG-24-001 LFC 2024



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-001/index.html
https://link.springer.com/article/10.1007/JHEP08(2022)175
https://arxiv.org/abs/2407.16320

DiHiggs production £

® Actively searching for diHiggs production
 Access triple Higgs boson coupling, k;

* Also accesses other interactions, e.g. VVHH (kyy)

® Exploring all possible final states
® New ATLAS combination of all searches

ATLAS —e— QObserved limit (95% CL)
* HH > bbtr+ bbyy + bbb~ [AFAS Expected limit (95% CL)
: . Vs =13 TeV, 126—140 fb! (U =0 hypothesis)
+ multi-leptons + bbll+Ermiss oM == Expected limit +10
GggF+VBF(HH)=32'8 fb ..
® U rt . t 1 1 Expected limit £20
ncertainty on NOW ~
y 'MHH Obs. Exp.
< 8_ 1 | I I 1 | 1 I I I 1 I I 1 I I 1 I 1 _I 1 B _ )
c [ ATLAS — Combined —— blzy]( i bbil + Eiss — 10 14
N TEVE=13TeV, 126—140 11 honren e
B . . T . . :
- HH combination 1 Multilepton— * 17 11
6~ All other k fixed to SM —— Obs.: 95% CL [-1.2,7.2] :
N ——- Exp. (SM): 95% CL[-1.6,7.2] ] o
i3 - (SW): 95% BLI1.6.72 bbb * 53 8.1
4 = bbyy— * 4.0 5.0
3 E phTtT |- * 59 33
2k = T
. E Combined— ¢ 2.9 2.4
__ __ IliIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
T ] 0 5 10 15 20 25 30 35 40
0: ] 95% CL upper limit on HH signal strength uyy
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801

Jop quark physics

Lidia Dell’Asta 21 LFC 2024



Top quark pair production

&) (e

L

PERIMENT

EX

® tt production measured at all /s in various final states, including fully hadronic
°* Run1 ATLAS and CMS measurements combined
°* New measurements on Run3 data,

reaching

~3% uncertainty on inclusive cross-section

| ATLAS+CMS Preliminary
LHCtopWG April 2024

—_
o
w

NNLO-+NNLL, PDF4LHC21 (pp)

= NNLO+NNLL, PDF4LHC21 (pP)

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

Inclusive tt cross section [pb]

—_
o
N

(X gl g | & E 2 24

10

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

ATLAS comb., ee, uu, ey, l+jets (5.02 TeV, 257 pb") 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]
ATLAS, eu (13 TeV, 140 fo™) [5]

CMS, en (13 TeV, 35.9 fb ™) [6]

ATLAS, l+jets (13 TeV, 139 fb™) [7]

CMS, l+jets (13 TeV, 137 fb™) [8]

ATLAS, eu (13.6 TeV, 29 fb™) [9]

CMS, ee, py, ey, l+jets (13.6 TeV, 1.2 b)) [10]

| llIIIll

[1] PRD 89 (2014) 072001  [6] EPJC 79 (2019) 368
[2] JHEP 06 (2023) 138
[3] CMS-PAS-TOP-23-005* [8] PRD 104 (2021) 092013
[4] JHEP 07 (2023) 213
[5] JHEP 07 (2023) 141

[7] PLB 810 (2020) 135797

|
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[10] JHEP 08 (2023) 204 * Preliminary
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
https://www.sciencedirect.com/science/article/pii/S0370269323007104
https://link.springer.com/article/10.1007/JHEP08(2023)204

Top quark pair production @

EXPERIMENT

- ¥ : : fid ; _fid
® Inclusive tt cross-section measurements Source of uncertainty Aoyi [oip (%] Aoy/oy [%]
with experimental uncertainties comparable  Data statistics 0.15 0.15
, MC statistics 0.04 0.04
to theoretical ones Matrix element 0.12 0.16
: h variation 0.01 0.01
® damp
ATLAS’ Runz’ in the eH Channell o Parton shower 0.08 0.22
reaching 1.8% uncertainty: luminosity is [ # + heavy flavour 0.34 0.34
: : : Top pt reweighting 0.19 0.58
the main Smgle source of Uncertalnty Parton distribution functions 0.04 0.43
Initial-state radiation 0.11 0.37
DStopwar Prefiminary o summary, 5 = 13 TeV  Apr 2024 Final-state radiation 0.29 0.35
....... NNLO+NNLL PRL 110 (2013) 252004 L Electron energy scale 0.10 0.10
ot el (M) = 0-118:0.001 total stat ' Electron efficiency 0.37 0.37
scale® PDF® o, uncertainty o, (stal) (sysh):+ (lumi) Electron isolation (in situ) 0.51 0.51
JAHTE';,%‘:”Q%%) 11, L= 0t hH 829+ 1+ 13+ 8 pb |—> Muon momentum. scale | 0.13 0.13
ATLAS, l+jots ) e B30L 0.4 36 14 pb Muon reconstruc'tlor% efficiency 0.35 0.35
PLE 810(2020) 135797, L, =139 Muon isolation (in situ) 0.33 0.33
o akets e #1864 4.3+ 126+ 18 pb Lepton trigger efficiency 0.05 0.05
CMS, en ] e 803+ 2+ 25+ 20 pb Vertex association efficiency 0.03 0.03
EPJCT9 (2019) 368, L, = 3591 Jet energy scale & resolution 0.10 0.10
&I\SE 6;&%/2%) 191, L =3591" |_H 781+ 7£62£20 pb b:tagging efficiency 0.07 0.07
CMS, l+jets . - 888+ 2+ 26+ 20 pb tt/Wt interference 0.37 0.37
TP 09 (2017 051, B, =22 B I_VVt cross-section 0.52 052 |
S PAS Toh 15015, L —25315" F—e— 834:25+118£23pb Diboson background 0.34 0.34
Sll\lllasfolﬂ'z%tzi 092013, L =1371b" H-I 791% 1+ 212 14 pb ttV and ttH 0.03 0.03
o o . PDFALHC21 J.Phys.G 49 (2022) 080501 Z + jets background 0.05 0.05
NNPDF4.0 EPJC 82 (2022) 428 Misidentified leptons 0.32 0.32
MSHT20 EPJC 81 (2021) 341 Beam energy 0.23 0.23
CT18 PRD 103 (2021) 014013 Luminosity- 0.93 0.93
o : ABMP16 PRD 96 (2017) 014011
' Pre'|'m'”ary | | | [es(m) =|°'”5] | | Total uncertainty 1.6 1.8
l I | | I I | I I | I | 1
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CMS

Top quark pair production

® Differential and double-differential tt cross-section measurements as a function of several
lepton kinematic variables

°* CMS, Run2, now looking also at the invisible part of the event:
differential measurement w.r.t. vv system kinematics in ep final state

* DNN to improve Ermiss measurement
* New mean of distinguishing SM vs BSM scenarios

CMS Preliminary 138 fb" (13 TeV)
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CMS

Top quark pair + heavy flavour jets @

® tt + heavy flavour jets important irreducible background to ttH(bb) and
difficult to simulate

® Extensive differential cross-section measurements,
both in ep (ATLAS) and I+jets (CMS) channels

CMS - [+jets ATLAS - ep
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Top quark pair + heavy flavour jets
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EXPERIMENT
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Single top quark and associated productions
)

@ All three main single top quark production channels measured at all /s

CMS

EXPERIMENT
* Both inclusive and differential cross-section measurements
° Some recent results:
°* measurement of tW at 13 TeV [ATLAS, arxiv:2407.15594]
* measurement of tW at 13.6 TeV [CMS, CMS-PAS-TOP-23-008]
® Rare associated productions, tt+X and t+X (X = W, Z, y) measured as well
° recent tty inclusive and differential measurement [ATLAS, arxiv:2403.09452]
% IS tty, ttZ and ttW inclusi i
° 5 to 10% precision on tty, an Inclusive cross-sections
3 B H H N 5 e +0.07 =
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CMS

Rare processes - ttZ, tZg and tWZ

_ CMS Preliminary 138 b (13 TeV)
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Top quark mass @ -

EXPERIMENT

® |ndirect measurements from cross section measurements (~1% precision)
Uncertainty impact [GeV]

® Direct measurements from top quark decay products Uncertainty category |y~ ATIAg CMS
' : ] -JE 0.18 0.17 0.25
° Boosted topologies and alternative methods (soft muon in jet) also Et]agsgmg 0o o1e 0o
eXplored ME generator 0.08 0.13 0.14
: . ES1 0.08 0.18 0.06
® New ATLAS + CMS combination ;ES2 oo oo
° 15 measurements from Run1 both at 7 and 8 TeV Method 0.07 006  0.09
CMS b hadron B 0.07 — 0.12
ATLAS+CMS Preliminary Miop SUMmary, Vs = 1.96-13 TeV  April 2024 QCD radiation 0.06 0.07 0.10
LHClopWG Leptons 005 008 007
""""""""" LHC comb. (Feb 2024), 7+8 TeV LHctopwa [1] I —— i
statistical uncertainty total stat ) JER 0.05 0.09 0.02
total uncertainty m,,, * total (stat = syst = recoil) [GeV] ’L dt  Ref. CMS top quark pr 0.05 — 0.07
LHC comb. (Feb 2024), 7+8 TeV  HM™ 172.52 = 0.33 (0.14 = 0.30) 20 fo! [1] Background (data) 0.05 0.04 0.06
World comb. (Mar 2014), 1.9+7 TeV +—++H 173.34 +0.76 (0.36 = 0.67) <8.7 fbl L2 Color reconnection 0.04 0.08 0.03
ATLAS, l+jets, 7 TeV = 172.33 £1.27 (0.75 £ 1.02) 461", (3] .
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ATLAS, all jets, 7 TeV H . 1 175118 (1.4£1.2) 461", [4] g-JES 0.03 0.02 0.04
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CMS. I+jets, 13 TeV 17177 < 047 591" (18] Total systematic 0.30 0.41 0.39
CMS, single top, 13 TeV 17213 377 (0.32 %) 35.9 b, [19] Statistical 0.14 0.25 0.14
CMS, boosted, 13 TeV 173.06 = 0.84 (0.24) 138 b, [20] Total 0.33 0.48 0.42
3] JHEP 3) 01 15) CMS-PAS-TOP-22-001 Ota . . .
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Conclusions

® Presented status of electroweak, Higgs boson and top quark physics at the LHC
® Huge amount of data collected allows to:
° make precise measurements, e.g. W boson mass...
° look for very rare processes, e.g. diHiggs, tW/Z...
® Usage of machine learning is boosting:
° object identification, e.g. b-tagging
° analysis strategies, e.g. systematics aware NN training
® Many other very interesting measurements (no time to show everything today), e.g.:
° Lepton Flavour Universality tests [arxiv:2403.02133, PRD 105 (2022) 0/2008]
° 4tops observation [EPJ C 83 (2023) 496, PLB 847 (2023) 138290]
® Run3 is ongoing
* More data than RunZ2 already collected
° Expect 300 fb-1 before next long shutdown before HL-LHC
® Stay tuned!
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Jet cross-section ratios A@s

EXPERIMENT

® Measurement of cross-sections and ratios of inclusive jet multiplicity bins, as a function of
various observables

° Then construct ratios of the inclusive jet-multiplicity bins, sensitive to as
® (Good description by Pythia of Ra2 vs Hte at low and high scales.
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