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The LHC

Few interesting facts
9300 Magnets (among which 1232 bending

dipoles) reaching 8.3T with current of 11,400 A. Ramped to 7.5 TeV in the LHC

The maximum number of bunches (2808) not
reached at Run 2 is limited by the injection kickers
(~1 ps) and by the beam dump extraction (~3 ps)

Beams are made of trains with a total nominal
number of bunches of 2808 each containing

approximately 100 Billion protons. Bunches are
separated within trains by 25ns (approximately
7m).

SPS accelerates protons to 450 GeV,
bunches before injection in the LHC.

Each proton has the kinetic energy of a

mosquito and the total energy of the beams is
350 MJ ~ 1 TGV a 150 km/h.

The booster accelerates
protons at 1.4 GeV.

Accelerated at 50 MeV in a LINAC

TR T profons A
Hydrogen (gas) is ionized in a —_— artipeotnns C, PS brings them to 26 GeV, itis in
duoplasmotron. o the PS that bunches are formed
with a 25ns spacing.

LEIR

First accelerated with a RF quadrupole
at 750 keV. \,

LINACY
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LHC parameters

Circumference 26 659 m LHC is 100m Undel’ground

Dipole operating temperature 1.9 K (-271.3°() .

Number of magnets 0593 LHC Is 27 km Iong )

Number of main dipoles 1232 Magnet Temperature IS 1.9

Number of main quadrupoles 392 Kelvin = -271 Celsius

Mumber of RF cavities 8 per beam

Nominal energy, protons 7 TeV LHC has ~ 9000 magnets

Ncn‘mna[enetgy, ions 2.76 TeV/u (*) LHC: 40 million proton—proton

Peak magnetic dipole field 8337 ..

Min. distance between bunches ~7 m collisions per second

Eesig]rc'lblumi}n{usity ) 103 em™2 571 LHC: Luminosity 100 fb'llyear
0. of bunches per proton beam 2808

No. of protons per bunch (at start) 1.1 x 1011 (aﬂer Start-up phase)

Number of turns per second 11 245

Mumber of collisions per second 600 million

{*} EI"IEI’Q'_I,I' per nucleon
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LHC experiments

CERN Lo
Prevessm_l S

LHC 27 km

: oy
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10 Years of LHC

LHC

splice conacidation
butten collimators
R2E project

ATLAS
experiment upgrade 4
beam pipes 2 2 pOM uEminoshy
75 L nossnd hariscty ] Allce
September 10, 2008 [ p===
| o o 150 15

-
- Run 1 : COM Energies of 7 and 8 TeV and luminosities of ~20

fb-1 for ATLAS and CMS and Pile-Up of ~30-40.

- Run 2: COM Energy of 13 TeV and luminosities (for ATLAS and
CMS) of ~140 fb-1 with Pile Up of ~30-40 (at 25ns - makes
quite a difference out-of-time PU!)

-—

The day the world swd on to particle physics Huge number of lessons learned on how to mitigate PU.
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ATLAS and CMS
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ATLAS and CMS

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

ECAL 76k scintillating C M S

PbWO, crystals

. MUON ENDCAPS
HCAL Scintillator/brass 473 Cathode Strip Chambers (CSC)
Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)

3.8T Solenoid

Si Strips ~16 m?
~137k ch

Steel + quartz
Fibers 2~k ch

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker Pixel

Tracker Pixels & Tracker
C « Pixels (‘100x150 um2)
ECAL ~1m2~66M ch 7y
HCAL +Si Strips (80-180 um)
~200 m? ~9.6M ch
Muons MUON BARREL
250 Drift Tubes (DT) and
480 Resistive Plate Chambers (RPC

Alexey Myagkov , MISP 2024



ATLAS muon toroid




CMS Detector

~13000 tonnes

Total weight
Overall diameter
Overall length
Magnetic field

Niobium-titanium coil

carrying ~18000 A

: 14000 tonnes
:15.0m
:28.7m
:38T

~1m?

SILICON TRACKER
Pixels (100 x 150 um?)

~66M channels

Microstrips (80-180um)
~9.6M channels

~200m?

~76k scintillating PbWO, crystals

Silicon strips
~16m? ~137k channels

FORWARD
CALORIMETER

Steel + quartz fibres

HADRON CALORIMETER (HCAL) ~2k channels

Brass + plastic scintillator
~7K channels

MUON CHAMBERS
Barrel: 250 Drift Tube & 480 Resistive Plate Chambers

Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers
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Particles in detector

Hadron Calorimeter

Muon Spectrometer

om
Key:
Muon
Electron
Charged Hadron (e.g. Pion)
= = = = Neutral Hadron (e.g. Neutr
= ====Photon

silicon
Tracker

; Illll]

Transverse slice
through CWM5

Electromagnetic
Calorimeter

Hadron Superconduct
Calorimeter Solenoid

I‘D.ﬂﬂmﬂy. CERM, Felracmay 2004

Inner Tracker



LHCb and ALICE experiments

ACORDE —_—

M MS N EMCal

M3

ACORDE

Sm 10m I*m 20m ’

* Forward acceptance (2 < n < 5) and down to very low p;

rn(:is;l:teelz\;z?t * Precise vertexing (VELO) - hit resolution of down to

results to be 4 ym achieved; measurements 8mm from beam-line i .
| ector:

showntoday ~*RICH system providing hadron id between 2 and 100 GeV/c ] < e 26 motrs | 21000 Member

Weight: 10,000 tons J| > 30 countries

* High performance muon system
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Data flows

Level-1 Event Storage

kHz
ATLAS 100

CMS 100

LHCb 400

ALICE 1

MByte MByte/s

1 100
1 100
0.1 20
25 1500
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The CMS Experiment

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 um) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 um) ~200m?* ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

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

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

0
O _27% & 0 sop i 015
JE E

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
o 120

~76,000 scintillating PbWO, crystals
— ®5%
E

JE

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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Total Integrated Luminosity in Run 3 (13.6 TeV
p-p data only)

— 90— o

~ ATLAS
— Online Luminosity

oo
o

(s =13.6 TeV

~J
(=]

-~ []LHC Delivered
D ATLAS Recorded

A OO D
===

Delivered: 70 fb™
Recorded: 66 fb'!

Total Integrated Luminosity [fb

30
20
0 . | | ! | !
yon % % yon 2 w2

Month in Year
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Interactions per Crossing 2022-2023

: 300_I T | I T T | I T T T | T 1771 I T T T T T T I T T T T I_
2 - ATLAS Online .
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Alexey Myagkov , MISP 2024

UDNEIGIED £2/2



2024 LHC schedule

LHC hand-aver LHFr TIZ. TI8 and Slarl.Eeam
experiments closed  Commissioning
to BE-OP
Feb Mar
Wk 3 4 5 6 7 8 9 10 11 12 13
Mo 15 22 29 5] 12 19: 26 4 1 18
Tu
We -
YETS GERELER Machine Re-cor
re-commissioning checkout with beamn

Activity #d ays :; D50 test TI2Z/TI8 test G. Fri.

25 ns physics (>1200 bunches) 124 53.7

Special physics runs (incl. setting-up) 2 0.9 Apr ™ T May Jun

Pb-Pb ions physics & p-p ref. run 22.5 9.7 T T S — R,
Beam Commissioning & Intensity ramp-up 42 18.2 ™ w v e A
Scrubbing 3 113 :., st e
Pb-Pb ions & p-p ref. setting-up 6 2.6 sul Aug sep "S5 oa
Technical stop 9 3.9 :k SRR T R R R
Technical stop recovery 2 0.9 = -
Other scheduled stops 0.5 0.2 :;
Machine Development (incl. floating MDs) 20 8.7 - s e ]

Total: 231 100% o=t =totlel=_olelel = » >

Tu setingup £ yp g

Closure of LHC and experimental caverns on Mar/glh 6th 2024 L " g

exey Myagkov , MISH 2?32




/->pu event with ~20 reconstructed vertices

(2012)
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Physics performance

13.1 fb™' (13 TeV, 2016)

E 1 01 1 CMS Trigger pa;hs
10 L
= 10 Preliminary i
2 10° h _ .
o ¢ Y
> 8 I low mass double muon + track
L 1 0 Y double muon inclusive

10’
y4

10°
10°
10*

IIII|T||| IIIII|'|T| IIIII|T|| T

llllllI 1 1 ll]llll 1 1 lIIlllI

1 10 . 100
uru” invariant mass [GeV]
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Physics Objects

Muons (transverse momentum pT) p Mo
Electrons (energy and tr. momentum pT) 'Y
Photons (energy) —>—
Jets (energy and n)
Missing energy and pT vectorial sum of all Nn=0
transverse momentum
olo0 /1‘|=0.88
0=45°
For an “massless particle” (E > M) BZL%T::%;%;M

y = 72 In (1+cos 0)/(1-cos 0)
=-Intan (6/2) =n
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Particles in detector

e _Jrackma] FCAL THCAL_THUoR
Kl I =Y I

I s =
e s e

.“.
Et
NIss

Heavy materials
eg. lron or Copper +
active media

Muons (u)

tracker
e.m. calo

hadron calo,

u detectors
High Z materials

eg. lead tungstate
Lightweight Zone in which only crystals
materials v and u remain

Each layer identifies and measures (or remeasures) the
energy of particles unmeasured by the previous layer

No single detector can determine identity and

Alexey Myagkov , MISP 2024  measure energies/momenta of all particles



Jets at Hadron Collider

Primary goal is to find correspondence between
Detector measurements
Particles in final state

Anti-kT algorithm

Hard partons z
Classes of algorithms P; 1=1,...n no
Cone algorithms
Sequential recombination B ;le:;late all distances B :n?$mgrdc;g:§::5e:i, j with — declare object i a
Requirements — find minimal distance d__ P, =RS(p, p) finale jet
Infrared and collinear safe “Hard” objects
Order independence yes ‘ are slustered
Ease of implementation
- -2 =2 AR’?J'
d;; = min (pT:i,pT’j) 72

P i=1,...,nj; n, <n

Final jets

Alexey Myagkov , MISP 2024

= 2 2 2 2
dip = D ; ARij = (yi — yj) + (¢i — ij)
RS: 4-vector addition: p, = p, + p,

Cacciari, Salam, Soyez, JHEP04 (2008).



O

d2
dp_dy

el
GeV/c

e pp Vs = 8 TeV CMS Preliminary
[ I I I I | L | I | I I I I I | I 1
open:L _=58pb’ (low PUruns) —
10" filled: L = 10.71 fb” (high PU runs) =
o - NLO pQCD describes data
10° — NNPDF 2.1 NLO®NP  _ :
1 over 14 orders of magnitude

107 —
10° —
10° -
10l = 0.0<lyl< 0.5 (x 10) B
- = 05<lyl<1.0(x10% h
4 —=~1.0<lyl<15(x10°) ]
10 - == 15<lyl<2.0(x 109 M
5[ =20<lyl<25(x10' .
107 +—25<lyl<3.0(x 10 =
'5 - +|3"? I':‘:Ily-lllq: .Iq‘ll?l['ﬁ 1D | 1 1 1 1 1 1 | 1 __‘
10751730 40 100 200 000 2000
Jet P, [GeV/c]

Alexey Myagkov , MISP 2024



B-tagging

b-tag efficiency

>elect b-enriched samples using tt sample
t—=> Wb~ 100% - tagging top = tagging b
Select pure b sample by using tt event topologies
— 1(2) high p; leptons, E ., m, & m, constraints Secondary
— 70-80% b-purity after selection

Displaced
cks

CMS study 1(10) fb-

— Efficiencies 40% to 60%
(at E;,. > 100) GeV

— Uncertainty 4-6% for large
data samples |::>

A BN NI LI LI I I B B I
0.14 [ —e— absolute uncertainty for 1 fo™
- | -w absolute uncertainty for 10 fo!
—&— relative uncertainty for 1 b

® - rglative uncertainty for 10 o™’

Primary
Vertex

0.12F

b-Tag Uncertainty Barrel
=]

0.08F CMS
ATLAS study 100 pb* TE e ] oo Jet
— Similar efficiencies, purities 0.04 _!_,,_: I R

— Estimated uncertainty ~10% 0.02F e AlexepMyagkov; MISP 2024



Fat jets

/’\

Small-radius jets | Large-radius jet 1 it
q boosted X __— ' single
: ! fat jet

5 — ire

v > Low top pt High top pr
Boosted jets: Increasing transverse momentum, py

W hoost
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Fat jets clearning

~ 4
~§-o'

Initial jet mi M < e and Y > Yeur

(a) The mass-drop and symmetric splitting criteria.

Initial jet Ry = min[0.3, —52] Filtered jet

(b) Filtering.

Alexey Myagkov , MISP 2024



Hadron-Hadron Collision

The Proton

2R

as seen from the impinging parton underlying event

at scale Q2

hadronisation
final state particles
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Drell-Yan Production pp-> |+|- + X

Hadron production of lepton pairs
Factorising “hard” and “soft” m

components P —=—
Calculate hard partonic subproc

Weight cross section with probability to

end partons with momenta x1 and x2

Integrate over all possible parton momenta

Sum over all possible parton flavors P —P=—

ODY = Zfdxidiﬂjfi(ﬂ?i)fj(mj) - 0(qiq5 — 1)
1,9

Alexey Myagkov , MISP 2024



Hadron-Hadron Cross Section

2 I .I ||I II|| | 'i_l IR I Frrrrm T TTNrn
1.5 . proton
. Paton = “OA.aaas.
‘b - distribution
x . functions
= (PDFs) \
0.5 —
0- | 1 IIIIII| l | IIIIII| & b,
10 10° 10° 107 1

X

Alexey Myagkov , MISP 2024
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Multi-Boson Production

q t_channel V1 q S‘Channe|

TGC

Large number of processes study
Generally good agreement

between experiment and theory
Constraint on anomalous couplings

Alexey Myagkov , MISP 2024
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Ratio of diboson cross-section measurements
to theory

Aug 2023 CMS Prellmmary
CMS measurements 5. 02 7, 8 13 TeV CMS measurements (stat, stat+sys}
vs. NNLO (NLO) theory HoH o  HeH  HeH

Ty = 1.06+0.01£0.12 5.0fb"
Wy, (NLO th.) f—c— 1.16£0.03+0.13 5.0fb™
WY, (NLO th.) . 1.01+£0.00+0.05 137 fb"
ZYy, (NLO th.) K 0.98+0.01+0.05 5.0fb"’
ZY, (NLO th.) - 0.98+0.01+£0.05 19.51b
WW+WZ S 1.01£0.13+0.14 4.9fb"
WW H——O—H 1.24+0.18+0.09 0.302 fb™
WW = 1.07+£0.04£0.09 491"
WW - 1.00+0.02 £ 0.08 19.4 fb™
WWwW - 1.00+0.01£0.06 359 fb"
WZ 00— 0.57 £0.20 £ 0.04 0.302 fb™
WZ H=—H 1.05+0.07+0.06 4.9
WZ HeH 1.02+0.04 +0.07 19.6 fb™
WZ . 1.00+£0.02+0.03 137 fb™ 1
77 b +0.29+0.12 0.302 fb’
77 s A'exeg)"g'f 0334 + 007 49"




TGC,QGC

TGC: Triple gauge couplings QGC: Quartic gauge couplings

Larger cross sections:
e More precise measurement for SM test

e Possibly accurate differential cross section
Multiboson couplings:

e T(Q)GC: WWZ, WWy, WWZy, WWYyy

e BSM TGC: ZZy, Zyy

e BSM QGC : ZZvy, ZZZvy,Zyyy
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Multi-Boson Production

l]\ug 2023 | . . . | . . | | CMS Ereliminary
CMS measurements vs. 7 TeV CMS measurement (stat,stat+sys) b
Theory 8 TeV CMS measurement (stat,stat+sys) (-
13 TeV CMS measurement (stat,stat+sys) [r—
VWV e 1.02 + 0.8511t + 0?!1184 137 fb™
WwWWw L 1.16 £0.30+0.28 137 fb™
WWZ e 0.85+0.31£0.13 137 fb™
wzz = . H 2.18 £1.47 £0.49 137 fb!
Wwy e 1.30£0.22+0.29 138 fb"
Wyy - 1.03+£0.29 £0.34 19.4 fb
Wyy e 0.73+£0.10£0.22 137 fb’!
Zyy R 0.98 +0.11 £0.14 19.4 fb™
Zyy e+ 0.91 £0.09 £ 0.11 137 fb™!

Al esuls at: : ’ Producti40n Cross SectionSRatioz C..,/C °

http://cern.ch/go/pNj7 exp ! “theo
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VBS/VBF Physics motivation

M, ..~ — 11—
sWE" dmgzls + 1]

E
¢

2% | '
2 8 1 0 N s s gl R P U Oy
dmgls + 1] 0. gy i

The Higgs boson contribution cancels exactly the E2 dependance of the
cross section at high energy in massive VBS only
e Unitarises the scattering amplitudes

e Key process linked with Electro-Weak Symmetry Breaking {EWSB)o24



Ratio of diboson EWK cross-section

measurements to theory

Aug 2023 CMS Preliminary
CMS EW measurements vs. 7 TeV CMS measurement (stat,stat+sys) ————
Theory 8 TeV CMS measurement (stat,stat+sys) o
13 TeV CMS measurement (Sstatla\t,szasnsys) i
qqW o 0.84+0.08+0.18  19.3 fb"
qqW . 0.91+0.02+0.09 359fb"

aqZ — ol 093+0.14+0.32 5.0fb"

aqZ o 0.84+0.07+0.19 19.7 fb"
qgZ o 0.98 +£0.04 +0.10 35.9 fb
wWv o 0.85+0.12+0.18 138 fb"
y—->WW | + 1.74+0.00 +£0.74 19.7 fb™
qqWy —— o — 1.77 £ 0.67 £ 0.56 19.7 fb™
qqWy o 0.89+0.11+0.15 138 fb"
os WW HiS e 1.12+0.15+0.17 138 fb™
ss WW + o« —H 0.69+0.38+0.18 19.4 b
ss WW Ho— 1.20£0.11 £0.08 137 fb™
qqZy — . 1.48+0.65+048 19.7 fb"
qqZy A 1.20+0.12+0.13 137 fb"
qqWZ S 1.46 £0.31 +0.11 137 fb™!
qqZZ . 1.19+0.38+0.13 137 fb"

0 1 7 s 4 s

hnp;ﬁgéfns.gﬁ?g?/b N7 Production Cross Section Ratio: Oexp ! Otheo
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EW Vector Boson Scattering

Alexey Myagkov , MISP 2024



Triboson Measurements

* Triboson final states are rare and some are only now becoming accessible at the
LHC

e - Many first observations

- Probe of non-Abelian self couplings of the electroweak
gauge bosons in the Standard Model (SM)

- Sensitive to anomalous Quartic Gauge Coupling

(aQGC) operators

- Can be used to set limits within Effective Field Theories (EFT)

- Backgrounds to SM processes like ZH(yy) and WH(yy) that will become
accessible at run 3 and beyond

Some final states can be used to probe Higgs couplings
to light quarks

Alexey Myagkov , MISP 2024



Multi-Boson Production

ﬁl\ug 2023 | . | . | . | . | CMS Ereliminary
CMS measurements vs. 7 TeV CMS measurement (stat,stat+sys) -
Theory 8 TeV CMS measurement (stat,stat+sys) (I
13 TeV CMS measurement (stat,stat+sys) -
VVV boe 1.02+ 01.5t2a1t + 08.31(84 137 fb™!
WWW . 1.16+0.30 £0.28 137 b’
WWZ e 0.85+0.31+0.13 137 fb!
wzz - . H 2.18 +1.47 +0.49 137 fb
WWy e 1.30+0.22 +0.29 138 fb™!
Wyy R 1.03+£0.29 £0.34 19.4 fb
Wyy e 0.73+0.10+0.22 137 fb™
Zyy HE 0.98+£0.11£0.14 19.4 fb™
Zyy HeH 0.91 £0.09 +0.11 137 fb™!

Al esuls at; : Productidbn Cross SectionsF{atio: C../O °

http://cern.ch/go/pN;j7 exp ! “theo
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Some Measurements - Wyy, Zyy and WZy by
ATLAS (ATLAS-CONF-2023-014)

Z[v*

Z/y %4




Events

Ratio

OO — i

—y
o
w

lll T llllllll T TT

10°

Wyy

TopCR

TopVR

SR

ATLAS-CONF-2023-005

10

PR

ATLAS Prellmlnary
{s=13TeV, 140 0™

W(hv)yy
Post-Fit

0

oo/20

e \\@m

oo/20

40

-
a8 First observation at 5.60 (5.60) obs.(exp.)
EJM%IZ - 0_meas =12.2+2.1-2.0fb (fid!),

m - in agreement with SM
- Dominant uncertainties : systematic on j=y
followed by stat. uncertainty
] N - e¢/u channels, 13 TeV, 140 fb-1
o V']oo - b-jet veto to reduce top backgrounds
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WWy CMS-PAS-SMP-22-006

First observation at 5.60 (4.70) obs. (exp.)!

- 0_meas=6.0%1.0(stat.) £ 1.0 (syst.) £ 0.9 (theo.) fb,
- inagreement with SM

- Statistical, systematic and theory uncertainties
comparable

- Limits set on Higgs Yukawa couplings to u, d, s, ¢ quarks

- e/u channel, 13 TeV, 138 fb-1
- OFOS (W+W- = evpv)

- b-jet veto to reduce WZy and top backgrounds g
- Important backgrounds : -
- j=v, largest background

- Data-driven fake rate estimate in W+jets CR with a fit to
the photon
shower width to extract non-prompt component

CMS Preliminary 138 fb' (13 TeV)

; — =k
= 150 }|}— :// Stat @ Syst - Vy [72.0+6.4] - WWy [121.5+22.9] —
o — —1
q=_~. = —e— Data [414+27] VV [15.1+1.4] Nonprompt /7 [45.7+4.0] —
i - o |
B ~~~ Pred. [420+20] - Top [56.6+6.5] Nonprompt v [109.1:9.0] ]

100 |— H —

I 20<s,,<150 150<m, <250 1 m, ,~250 ]

50 [— S, e

_

Data/Pred.

300

200

100

- j=1, significant background 515
e 1
- Data driven fake rate estimate in dijet CR Mooy I\/Iyagl%) 5.

CMS Preliminary

mPW [GeV]

138 fb" (13 TeV)

Stat @ Syst

—e— Data [916+37]

% Pred. [898+29]

20<m”Y<1 50

// B vy [94 7+9. 3]
VV [21.6+2.4]

- Top [270.9+25.8]

1 50<m”y<250

- WWy [132.5+27.2]
Nonprompt / [77.2+6.5]

Nonprompt vy [300.8+24.3]

m ”7>250

IIlI|1|II|IIIl

e, 7040407070 ,,0

000

MWW TGVl



Z boson invisible width

Constraint on the number of neutrino types
eLook for very energetic jet accompanied
by a large missing transverse momentum

Simalteneous fit to kinematical distribution for

Two datasets- one dominated by Z-boson

decays to invisible particles and other Z boson

Decays to muon and electron pairs

CMS

arXiv:2206.07110
Accepted by PLB

36.3 b ! (13 TeV)

Events/bin

10° pImiSs - jets

up +jets 7

ee +jets 7

Ratio

3 T T I T T T T I T

1L .o o®°

Pull
4

T T T T T T T
A I
b L]
oo %0 .' L]
L] L]
- o

pe P

L

%ot
L3 el og e
P L]

-3 L
500
Alexey Myagkov , MISP 2024
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Z boson invisible width

B I I LI L I L | LILEL 1 I LI i
; SM :
ALEPH |- H———1 - 450 + 48 MeV
L3 H——H — 498 + 17 MeV
The single most precise direct measurement! ' ]
eCompetitive to combined LEP value and OPAL £ H——H 539431 MeV
compatible with expected in SM. - g
CMS et - 523 + 16 MeV
- 1(13 TeV 36.3 fb
B | I 11 1 I 11 1 1 | 11 1 1 | 11 1 ]

400 450 500 550 600
L'iny (MeV)
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WZ (Ivll) polarisation
ATLAS-CONF-2022-053, arXiv:2110.11231 (CMS)

Electroweak VVijj production can proceed in transverse L\“ﬂ-www

(T) or longitudinal (0) polarisation states g
Longitudinal (00) component intertwined with Higgs o
mechanism VBS unitarization: long term goal Inclusive QCD WVjj EW WVjj (VBS)
Probes for the HL-LHC oz T ATLAS Preliminary
currently measurements focus on polarisation or VBS R . L

New: first measurement of joint polarisation states in ek Q} _Qlj'cﬁ;m
inclusive WZ production by ATLAS using DNN S S
reconstruction techniques — observation of I = oy
double-longitudinal component with > 7c Q LN
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Measured joint helicity fractions f00, fOT, fTO and fTT of the W
and Z bosons in W+Z events, compared to NLO QCD fixed-order
predictions
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Measurement of the W Mass at the LHC

ALEPH ATLASPreliminary ¢
DELPHI o
L3 @
OPAL @
CDF ——
DO ——
ATLAS W* —= =
) ® Measurement
ATLASW == Stat. Uncertainty
ATLAS W* — Full Uncertainty ——
1 1 1 | 1 1 1 1 | 1 1 1 1 l 1 1 1 1 l 1 1 1 1 | 1 1 1 1
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Events/0.5 GeV

Events/0.5 GeV

Methods of W mass measurements
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The transverse mass is
e less sensitive to the qT(W) spectrum
e much more sensitive to the hadronic recoil

But, due to pile-up, lepton pT is more
promising at the

Experimental challenges
e control the lepton energy scale at < 0.1%
e pile up conditions
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Top physics

e A E 10° = o b —
Era of Precision Top Quark Measurements E: - ATLAS -]
= ~  ®ep + b-tagged jets 7
. = | 4 [1+b-tagged jets |
At peak instantaneous A H’]Ets g9ec .
luminosities @ ATLAS & CMS: 2 " = combined 7
i S L Vs=136Tev, 20" |
~2 1o @ pOlrS/SeC (per experiment) o 4 Vs=13TeV, 140 0"
~1 single top/sec 2 Vs=8TeV, 202"
. € 102 — Ve=7Tev, 46"  —
were produced during = . V5 =502 TeV. 026 b~
2012 data-taking! r s NNLO+NNLL (pp) ' Y .
. A L Czakon, Fiedler, Mitov, FRL 110 (2013) 252004 _
g o m=172.5 GeV, PDF+ a, uncertainties from PDF4LHC21 |
f o e e s e
_ ﬁ 1.1 PDF4LHC21+scale PDFALHC21 {7} QCD scales only
Overall from both experiments combined: 5
=
~-4M top quarks produced in 2011 (Vs = 7 TeV) ";:1"
o
~24M top quarks produced in 2012 (Vs = 8 TeV) g
~13M top quarks produced in 2015 (Vs = 13 TeV) -%
o
Cross-section values taken from:
hitps://twiki.cern.ch/twiki/bin/view/LHCFhysics/SingleTopRefXsec
https:/ /twiki.cerm.ch/twiki/bin/view/LHCPhysics/TtbarNNLO )
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Measuring the top mass from event
kinematics Submitted to PRL 2402.08713

ATLAS+CMS

A*TII_AS+%M% combined
S fofal Unceriainty
ATLAS
dilepton 7 TeV
lepton+jets 7 TeV
all-jets 7 TeV
dilepton & TeV
lepton+jets 8 TeV
all-jets & TeV
combined
CcMs
dilepton 7 TeV
lepton+jets 7 TeV
all-jets 7 TeV
dilepton & TeV
lepton+jets & TeV
all-jets B TeV
single top 8 TeV

Jhg 8 TeV H
secondary vertex & TeV
combined

ATLAS+CMS LHCIopWG
dilepton
lepton+jets
all-jets
other
combined

1 1 I | 1 | 1 | 1

\s=78TeV

total

stat
m, + total (+ stal + sys1) [GeV)

173,79+ 1.42 (+0.54 £ 1.31)
172334 1.28 (£ 0.75£ 1.04)
17506+ 1.82 [+ 1,95+ 1.21)
17299+ 0.84 (+ 041+ 0.74)
172,08+ 0.91 (£ 039+ 0.82)
173.724 1.15 [+ 0.55+ 1.02)
17271+ 0.48 (£ 0.25+ 0.41)

172,50+ 1.58 i+ 0.43+1.52)
173.49% 1,06 (+ 0,43+ 0.97)
17349+ 1.41 (£ 0.69%1.23)
172224095 £ 0.18£0.94)
172.35%0.48 [+ 0.16 % 0.45)
17232+ 062 £ 0.25£0.57)
172085+£1.20 (£ 0.77 £ 0.93)
173,504 3.14 (+ 3.00%0.94)
173682112 £ 0.20£1.11)
17252+ 0.42 (£ 0.14 £ 0.39)

17230+ 0.59 (+ 020+ 0.51)
17245+ 0,36 [+ 0.17 £ 0.32)
172,60+ 0.45 [+ 0.26+ 0.36)
173,53+ 0,77 (+ 0.43+ 0.64)
172,52 + 0.33 (+ 0.14 = 0.30)

165 170

m, [GeV]

|
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Cross sections of the processes with top

Aug 2023 CMS Prellmlnary

5.02 TeV CMS measurement (L <302 pb™")

7 TeV CMS measurement (L <5.0 fo™)

8 TeV CMS measurement (L < 19.6 fb™)

13 TeV CMS measurement (L <138 fb™)

13.6 TeV CMS measurement (L< 1 fo™")

: _ —— Theory prediction

T o 4 2“4 2z CMS 95%CL limits at 7, 8 and 13 TeV
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All results at: http://cern.ch/go/pNj7



Single top

q ¢ g W q b
b W
W
b t b o q 4

10°

ATLAS+CMS m ATLAS
| LHCtopwaG e CMS

+ ATLAS+CMS
t-channel ,mi% LHClopWG

NNLO t-channel
B scale uncertainty 7

B0} 1BlS
1 1 |

--NLO+NNLL
scale @ PDF @ o, uncertainty

— NLO
T N = [ scale uncertainty
] scale ® PDF @ o, uncertainty 7|

Inclusive cross-section [pb]

Vs [Te
Alexey Myagkov , MISP 2024 [TeV]



he simultaneous extraction of the mt
measured by ATLAS and CMS from a
combination of the 15 input measurements

e SR B D AN PR B B R W75 7 42 77 77 I R L B (N R I R [,
= 178 % L
o) - ATLAS+CMS g s=78TeV " -
= Simultaneous 5 =
. %) 5 combination : 7
Submitted to PRL &) | P es%cL ! 2
e 1741 : i
95% CL : .
| LHCtopWG
173 =
172 =
L W 5 ATLAS 2
171 77 s .
i ; —&— ATLAS+CMS i
| f ceees @HC | MATLAS _ CMS
. | t 1
ol | [ T O

L | - | J | IELLl | lJ | —
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