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The long road of the Higgs boson: a worldwide effort
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Introduction and Outline
A4EA AEOAIT OAOU T & OEA (ECCO AT Ol
one of the main aims of the LHC:

I ldentifying a mass generation mechanism for the SM

A It has given us access to a new sector of the SM with new lines of
enguiry to follow:

I Yukawa couplings, a new type of interaction to investigate
I Gaugescalar boson interactions
I The parameters of the Higgs potential, and iself coupling

A No direct observation of new physics at the LHC after the Higgs bosot
discovery

A Precision measurements of the Higgs are increasingly important and
In various aspects drive the future of HEP
A Properties of the new scalar particle at LH@ this talk:

I Standard Model Higgs Boson Cross Sections and Branching Fractions, STX
differential measurements, EFT interpretations.

I Couplings to fermions and to the top quark
I Couplings to second generation

i See also Maria Moren@ talk on Higgs CP:
https://indico.cern.ch/event/1184945/timetable/?view=standard#Kingletop-measurementsnc

12thinternational Workshop on theCKM 3
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https://indico.cern.ch/event/1184945/timetable/?view=standard#14-single-top-measurements-inc

Fromthe 4 of July 2012 to the end of Ru

~ 5%recision
per exp.

. Main production: ggH, VBF, VH, ttH
nggs story at the LHC Main decay: Yy, ZZ, WW, 11, bb

~109%recision

pp~ per exp.
mm
10 fb-1 14(Ifb1 width
fiducial xsec
STXS
More precision on Higgs properties l
New Combined Fits with all data
v STXS stage0,1  opservation ofHY Zg
width, lifetime, fiducial xsec Direct observation ofttH production Dalitz Il g
v Observation ofHY bb
mass, Spin CB/anomalous couplings  Evidence for ¥ * * (second generation fermions)

Detailed CP analysigin HY VV & H
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SM Higgs Production
and decay at the LHC

top quark

top anti-quark

&>
£ ggF(49 pb) (7/ (7/ two gluons collide ﬂ?:i‘tl:::::n
(one from each proton) (top-antitop)
oy __ y| VBF3.8 pb
g q q
Gluon Fusion Vector-Boson =
(WH1.4pb,ZH0.9pb)  Eysion 5 :
gl w/Z g t E s = " .
ttH (0.5 pb) ; D ;
- H = ._\\\'\\N\’O E
Pk E
q H g i 102/:
Higgsstrahlung  Top Fusion @) 67 e e e e i T

Vs [TeV]

LHC in 2012 athe old) record luminosity (7 x 18 cm<s?) and
energy (8 TeV) was producing SM Higgs bosons (M- 125 GeV) at a
ratex /hr

12th International Workshop on th€KM S

September 182, 2023 o .
Unitarity Triangle



Decay of the Higgs Boson

Needmultipurpose detectorslike ATLAS
and CMS to find the Higgs boson and

Had the Higgs boson been 50 measure |ts propertles at the LHC!
GeV heavier, it would have
been impossible to detect

more than just two channels

ZZ and WW

Had the Higgs been just 10 GeV
lighter, the decays to WW and .
ZZ would have been impossible i

Ol &£AOS

1 | T I

LHC HIGGS XS WG 2013

‘ 7

'l
}

Higgs BR + Total Uncert
=) =)
N

—
<
(]
L1lll

10“30""""\""

1 1 1 1 1 1
100 120 140 160 180 200
My [GeV]

— A very good combination of signastrength for the whole set of
i i decay channels below the togantitop threshold
Only reglon In mH »— A Cross sections are large
Where: A Fermion decays b+t Yare accessible
— A Natural width is negligible
12th International Workshop on th€KM 6

September 182, 2023

Unitarity Triangle



The portrait of theHiggsboson Ars:

Coupling mo dtatigne r

CMS:
Nature 607 (2022) 6

Nature 607 (2022) 52

Total crosssection / Standard Model prediction

i =1.05+0.06=1.05 +0.03 (stat.) +0.03 (exp.) % 0.04 (sig. th.) + 0.02 (bkg. th.).

i I" . .
o~ H— p=oB =0 o Ratio of observed rate to predicted SM event rate
N CMS s’ (13Tev)  fOr different combinations of Higgs boson
qFT T T .
S |§ - m=125.38 GeV wz.+"{ production and decay processes.
|é Pg,,=37.5% "‘_.- ]
- 1 A ATLAS Run 2 e Data (Total uncertainty) Syst. uncertainty I sM prediction
S 10 — e ——
£l g o L
o -2 T 2 _ " e
10 7 ‘_.." Leptons and neutrinos Quarks ggF+bbH % P
- 7 DpEDeE . : e
10°F 4w D WH i HE#EH e e
E‘.j" : Force carriers Higgs boson . ’@ HI_E_' i
4 2ElE O e
1078, 0 bb ww T zz Y o
(% 1-4;"' L o b E ¢ x B normalized to SM prediction
9 1.2:-} % 1.05F H E
s ger T L | T 3 T T T T T Ty o
WIS tisp ATMSRn2 o mmcmenc
1 0_1 1 1 O 1 02 1.10 E A SM prediction E
Particle mass (GeV) 1.05- =
The Higgs couplesvith the particle mass 100F E
0.95F -
: 0.90F =
SM test overmany orders of magnitude 085k E
0805_ | | | | _E
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Bosonicchannels Fermionicchannels

A The discovery channelgy gZZ (high sensitivity, high resolution), WW, (high sensitivity,
low resolution) dominated Run 1 results., precision in Run 2.

A H->bb (low sensitivity, low resolution)observed during Run 2.

CMs 138 fb™' (13 TeV)
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Higgs boson
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Nature 607, 60 -68
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ATLAS: Couplings to"®generation: HY t t

PLB 812 (2021) 135980

700 T T T e e T

v E 600 Es 3 +$atta| df E

A BR,(HY t t €R.17P10"%and large Q0L s-13Tev 1990 “Signaipdi
irreducible DYY t tbackground g COR\[ T TBEE et

@ 400F =

i S/B~0.2% for inclusive events at 125 £ so0F =
GeV § w0t E

. cle . 100 —
A To increase sensitivity: TR R R RR:

i MVA categorization to select events at f AL e S T A X I ST
hlgh S/B’egfrom VBF g _2_++_

.I. NeW FSR recovery tO impI‘OVé mt [) 110 115 120 125 130 135 140 145 150m”:5[(536\1/§30

I Rejection of jets from pileup ———

A Signal extraction from m, fit S @;1:?\/,'135 o
ota tat. yst. ota at. yst.

I background parametrization: |pplu5|ve U an ) cetogories 50 295 (495, +11)
"core" pdf + percategory empirical o et cnegoris 04 £16 (15, 103)
transfer function (with less free | |

ggF 1-jet categories e 24 12 ( £12, £0.3)
parameters) ggF 2-jet categories —@— -06 £1.2 (£1.2, £0.3)
z ~ s N Z. A A ~ A S VBF categories e 1.8 £1.0 ( £1.0, £0.2)
3ECI Al OOO#06COEd t - |
. . Combined HH 12 +06 (£06, _57)
Significance: 2.0 obs. (1.7 ex N R T DA
10 5 0 5 10 15 20
Observed BR limit at 95% CL < 4.70"¢ Signal strength
September 122, 2023 12thinternational Workshop on theCKM 9
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https://doi.org/10.1016/j.physletb.2020.135980

CMS: H’ '[ [ JHEP 01 (2021) 148 Sl T l....li?.?ftf'if‘.?Ie.Y_%
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B iment e ~ I . 1
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A Yukawa couplings between H and muons m (Gav)
137 " (13 TeV)

i Trigger: Single Muon LN AN B R

. . ) ) . CMS Combined (i = 1.19
A Multiple categories targeting different Higgs i  Gombined best it
production modes VBF-cat. | K=1367% e
A Main channels;ggHand VBF productions - [ 95% cL 7
ggh-cat. | =063 m,, = 125.38 GeV

ASECIT Al OOOAMCOE([, o ==

A 0.85< ki 139 VH-cat, | u=5482" : .

A First evidence of H decay to muons
(30 std deV) 4 2 0o 2 4 & 8

Best-fit p
10
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http://dx.doi.org/10.1007/JHEP01(2021)148

ATLAS: Y z z

Direct measurement of coupling to the3'd gen leptons.

ATLAS:J. HiglEnerg Phys. 2022, 175 (2022).

A Threedecaychannelsconsidered Z.hadthad’Z.hadZe,tﬁeZ{
A Targets various production modes, with good sensitivity to VBF in high mass gg8
A ZY z Zleadingbkg) normalization determined from % ¢idata samples using the

O%l AAAAET co OAAET ENOA

A Signal extracted from fit toMissing mass calculatofMMC) mass in bins of BDT.

Main sources of
uncertainties: Signal
theory, Jets, MET

Inclusive HY z z
crosssection
measured

with 13% precision,
and 9 STXS bins
were measured

September 182, 2023

L e e o LA i
—_— 4 n -
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https://link.springer.com/article/10.1007/JHEP08(2022)175

CMSEur. Phys. J. C 83 (2023) 562
VHanalysis
Final states based on the vector boson
decay mode

A 1lepton (WY Q.Y ‘)

A 2leptons (GY QY ‘)
andthree final states of
HY Z Zpadnadnadgel hadd
Dominantbackground wj 'N)&(11) for WH
andddY oI  &El O : (
2D distributions witha ., and n-,of vector
boson
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gqH, ggH analysis
Final statesz.z, ,z,adZeN ez N iEdZnad

Neural network multi classification
with 15 signal classes and 5
background processes

Dominant backgroundsZ+jets
W+jetsoo, and QCDmultijet
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http://dx.doi.org/10.1140/epjc/s10052-023-11452-8

STXS bins, Signal compatible with SM expectati

v [0.60] cB
Hogh 106t NN
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ggH 1.Jet NN
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o = 2 det m [B50.7001
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o et m 001

P [200] cB

aaH =2 et 350

CMS: H t STXS angouplings

STXS measurement performed in a total of 16
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(B—Iniggs coupling to fermiong.{ and
vector bosonsli(,)

"G ww treated as signal

I .close to onell . [15% lower than SM
expectation

2D fit result is consistent with signal
strengths shown in the left.
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CMSBoostedHY Zz Z cuseastiemoiimen

138 fb' (13 TeV)

A Highly Lorentz-boosted Higgsboson (pH,> 250 > foms T s obsened ]
(3 102 LiPreliminary iz gg—H (POWHEG) + XH .
Ge\) to a pair of collimated Tleptons ] nes O OWHEG)
T 10°° T/ E
A Adedicatedboosted Z;,,4Feconstruction g o . 5
. . . 2 s s desssss s =
algorithm and amulti-classNNwith three output £ e
nodes:signal ZY z andfake backgroundsY 10° E
A binned maximum likelihood fit between three S S R
% 4 ‘ '

NN outputs g 2 HH//C/ iy
y s 0 ]

A Background estimations:irreducibleZY z z § 2t 555 - 5500
fake backgrounds estimated from data other pi! (GeV)
backgrounds estimated by MC simulations 138 fo! (13 TeV)
TeMs 3 obsewes ]

o ] ?‘6 1072 \Preliminary ~ ~ 99-H (POWHEG) + XH =
A Observed(expected) significance3.5( | T8 T & = W? b VBF o VH1 2 84 (POWHEG)
A Main systematics: fake backgrounds, tau ID, L SR E
. Qi_ C ]
QCDscaleuncertainty 8 1o Y
© ]
. . . . . . . © -5 _
A Best fit value of inclusive fiducial cross sectionis
1.96986  ..pb, consistent with the SM21.20 pb e ——— .
. » 4 ; .
% 2:.../.'..’%%‘;“ s .;Z'%.“/)././....// s
. 2 * N
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-017/index.html

CMSresultsin CMSPASHIG20-001

AT L AS V H ,HY b b Lrlu_clusiv:si%n_alstrength:

observed significance of 3.3(exp. 5.2 )

VH,HY bb extensively studied using full Run 2dataset

Resolved'EPJC 81 (2021) 1B®osted PLB 816 (2021) 2 e Smuatan Pratmmay T
p v > 1 pp — WH — Iv bb, s = 13 TeV, 1-lepton selection 7

w/z o — Resolved only |~

e 2 Boosted only i

/P/ "E 0.8 — Overlap —

¢ % 06 Resolved Boosted E

A Combination of the two analysesATLAS CONF 2021 (* § (B°T) :Zﬁn&azs E

A Combinedusingn-&>400"(weventsfor boosted only
A Uncertaintiesdominated by b tagging, jet, signaland
V+jetsmodelling. 950 300 350 400 450 500 550 600 650 70

A . . . . . pY [GeV]
STXSneasurementin combinedanalysiswith 7 bins.
—10 + w 10T
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- ] a - :
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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/CONFNOTES/ATLAS-CONF-2021-051/
https://cds.cern.ch/record/2827421

ATLASresultsin Eur. Phys. J. C. 81 (2021) 33

CMS VBF, N bl | 095, 3% 6 23 i

observed significance of 2./ (exp. 2.9,,)

2308.01253/BF production of Higgs boson followed byHY bb decay produces 4 jet final
state, 2 jets in central region (fronHY bb) and 2in forward and backward directions
relative to beam line with large rapidity separation (VBF jets)

Dominant background

A QCDmultijet: Estimated by fit to data in the side bands of thi, distribution

A Z+Jets Estimated from simulation

BDT used to separate signfiom background in 18 categories, 5 per year for VBF, 2 per
year forggHand 2 per year foZ+Jets Signal is extracted from thex ., distribution

90.8 fo' (13 TeV

- — 90.8tb" (13 TeV) .
e mLoue 1 [oms 8. —ig¥..] (99HcCONstrained to SMpred.):
§ SOF Wit ——...—— 0.99 232 (syst)  0.33 (stat) W Ie__ oM - (o= . (TH)
2 9F 4 oma e : | Obs. significance of 2.4 (exp. 2.7,)
_-E,, 30k —QCD(+unc_.) _ i
é 20F :SED::;HIQQS ‘%”“ !-lai:f ——i—— 1.01 939 (syst) + 0.36 (stat) . _
¢ 1w0f : | Inclusive signal strengthdgqH+ggH:
q 2_ e E— _ Ho ——n—— 0.96 + 0.2 (syst) + 0.22 (stat) i H= L T (“I(')“['!)i : (“”HD
3 2% Obs. significance of 2.6 (exp. 2.9,)
N 1E = :
8 03 L T++++++f++i UI”IO?SI“I|1lll‘1AI5“II;IHIE?SI”I(I}HIISHSHIIJ»

B £ Best fit /oy,
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http://arxiv.org/abs/2308.01253
https://link.springer.com/article/10.1140/epjc/s10052-021-09192-8

coupling.

Latest ATLASresultsin 2303.05974

C M S ttH I—IY bb Probing the CP nature of the togdiggs Yukawa

states 0,1 or 2 leptons

1 .. OOAA Ol
Al AOOEAZEAAOEI I

To  PoToTo  To  Ix

CMS Preiiminary 138 o' (13 TeV)
T T | T T T T | T T T T ‘ T
n tot stat syst a
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CMSPASHIG19-011ttH andtH with HY bb in three final

Highr)-b jets and depending on channel jets, isolated
electrons , muons or missing transverse momentum
Dominant background: QCnultijet (P kchannel) andd+ jets.
Normalization ofttB andttC with constrained by fit to data
OAPAOAOA 3
i =1 h
Obs. significance of 1,3(exp. 4.],). Compatibility of 60O
signal strength to SM expectation above 2.

CMS Preliminary 138 o' (13 TeV)
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—tTH 3 ~fiH4  —tIH5

JHERO6 (2022) 97Seebackup
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5jets
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https://cds.cern.ch/record/2868175
https://arxiv.org/abs/2303.05974
https://doi.org/10.1007/JHEP06(2022)097

CMSHiggscouplingto charmquark o YQ

(Phys. RevLett. 131 (2023) 06180{Phys. RevlLett. 131 (2023) 041801 , e
Inclusive HY ccdecay search with 138 fb

> Foms (:”;V) A Yukawa couplings between H and charm quark
Z:Q:J [ Simulation —o- ParticleNet A B(HY CC) = 29 x 102 (+5‘V|9/I T)ID
ER Bevivdoiad A Trigger: MET or single/double iso lepton
fé’ o0l A Multijet backgrounds and need to perforntharmijet
B e tagging
b A Main channelconsidered ppY VHY Tch
N e 8 A O2A Q'I'-E[ KGR AT AE OO0 A OiCARjets 1 A
e '°!6§igna|°;?f§ci;n'cJ topologies Upper limits on B set at 95% CL.:
1! (15 Tev) . { vre co = 14 (% *34, 1) the SM
§ oo CMS 1 4 v Mworcalorr oms < orearetd _ prediction
R = oo L1<ke] <55 (|ke[ <3.4)
E ol e 1 & | Most stringent constraint on k.to
gﬁ g = l date

] Resolved-jet
- Expected 19.0
Observed 13.9

B oL
= Expected 12.6
' Observed 18.3

Validation of analysisstrategy:
Search for the analogous SM proce
== T B, VZ(ZY co

T Wm0 00 0 B F 0 Best it vazy o= 1.010%,5)
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http://dx.doi.org/10.1103/PhysRevLett.131.061801
http://dx.doi.org/10.1103/PhysRevLett.131.041801

ATLASig

gscou

F 2c-tag, ASR
200F

Events after B-subtraction / 10 GeV

3004 T T LN L |

F ATLAé —e- Data

L {s=13TeV, 139" Bl VH(—> cB) (u=-9)
2501 g,142 leptons M VZ(- cT) (u=1.16)

I VW(— cq) (1=0.83)
B-only uncertainty —|
— SM VH(— ct) x 26

nlingto charmquark

60 80 100 120 140 160 180 200

m,, [GeV]

(Eur. Phys. J. C 82 (2022))7

Inclusive HY ccdecay search with 139 fb

A ppY VHY Tch orTaccor 7 oG charm{et tagging

A Control regions to constrain the ttbar and WZ+jets
backgrounds.

A Constraints onk.when all the other Higgs
couplings are SM like is set ‘5 8.5 at 95 %CL

t VH, Y &) < 26(31pbs(exp) at 95% CL

Average efficiency of 27% to tagjets in o
simulated tt— events, and fand lightjet Combination ofVHbband VHccanalyses thanks to the

misidentification rates of 8% and 1.6% orthogonality of tagging selection

(IR N S B S p s

ATLAS
Vs=13 TeV, 139 fo”'
VH,H—cT

0 lepton
Exp.= 40 x SM
Obs.= 35 x SM

1 lepton
Exp.= 60 x SM
Obs.= 50 x SM

2 lepton
Exp.= 51x SM
Obs.= 49 x SM

Combination
Exp.= 31x SM
Obs.= 26 x SM

LA B B

i
[J+t2

----- Expected
— Observed

T
60

I B
80 100

95% CL limit on uVH( 5
cC

September 182, 2023

5

—cComb. (obs)
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https://doi.org/10.1140/epjc/s10052-022-10588-3

2208.00265acceptedPLB
CI\/IS Searches foHY ee :

A Br(HY e*e)=5x10%in the SM
Impossibleto accessat LHC or HILHC
A Look for BSMeffects that enhancethe branchingfraction
Searchfor ggFand VBHRoroduction modes,
BDTbasedanalysiscategorisedaccordingto the
BDT scoreyalidatedin a Y e+e-enrichedregion.
UL onBr(HY e'e) =3.0x 10"{3.0x10"&xpected)[ aT| AS result is comparable:

at 95% CL Br(HY e*e) < 3.&10"%@95% CL
Phys.Lett. B 801 (2020) 135148

To T

Io T Io

Events / 0.05
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:>j B BH—e'e)=30x10" o o008 . 68% expected 95% expected
Tag 3 , Tag2 | Tag1 | TagO -i10 7 T
b []:20 1 % 0.07 =
100000 |- B S 006f- =
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http://arxiv.org/abs/2208.00265
https://www.sciencedirect.com/science/article/pii/S0370269319308706?via=ihub

CMS: Searche®r lepton-flavor violating Higgs decays
2305.18106accepted by Phys. Rev. 02023 result)

A In the SM, the H boson decays to lepton pairs of the same flavor

A In BSMmodels, e.g. incertain 2HDMvariants, Yukawacouplingswhich do not conserve
lepton-flavor are posible

i flavor-violating decays of H boson at 125 GeV
I new bosons at other masses appearing in such final states
A Search forHY e in gluon-fusion and VBF

i Choose mass window beyond the peak from ttbar productioi smoothly falling
background

i Categorization with signal/background discriminating BDT in total 6 categories

Nq_ excess observed for CMS  swiaey
HY e atm=125 GeV i I I T R e RS
BHY €' )<4.4(4.7x10° s ﬁI ssectums = :
obs.(exp.) at 95% CL — e ] =2
Most stringent direct limit """} - _
SO far 10.54 (7.12) x 10 i _ i
vosaoc|
. VBFcati . i - | 18- K ev
ATLAS result; 396(327)x 10
BHY A ) 6.2x10"%5.8x10"%. |
0 2 4 6 8 10 12 14

Phys.Lett. B 801 (2020) 135148 95% CL limit on B(H > ep) [x 10 v
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https://arxiv.org/abs/2305.18106
https://www.sciencedirect.com/science/article/pii/S0370269319308706?via=ihub

CMS: Searches faepton-flavor violating Higgs
decays H,,:(or additional X)Y ¢

2305.18106accepted by Phys. Rev. 02023 re h

A At alarger mass of ~146 Ge¥mild excess is seen x
A significance 3.8 local (2.8s global) Y need more

data to conclude

200

: T i \

A first result of a directXY emsearch with M, < 2m, v

CMS 138 fb' (13 TeV)
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https://arxiv.org/abs/2305.18106
https://www.sciencedirect.com/science/article/pii/S0370269319308706?via=ihub

ATLASLFV Higg#lY ‘ T, HY et JHEP 07 (2023) 166

Searching for Higgs Decays to different flavor leptons: constraints on BrY mt),
Br(HY et), precise probe into offdiagonal yukawa couplings.

Two analyses targeting leptonid decays (different background estimation) and one for
hadronict decays

Gluon fusion, vector boson fusion (VBF), vector boson associated production.
Loose preselection, further cutbased categorization into VBF and Non VBF regions.

Control regions dependent on the analysis to extract normalization of main backgrounds,
and MVA used to enhance sensitivity. Final discriminants for fit built from MVA outputs.

—10™" —
>_F
= e 03 T :
= [ ATLAS [ESA. ATLAS —— Observed
= L _q Mes%cL 1 T Expected * 1o
T 025 Vs=13TeV, 13810 v henn ] Vs =13 TeV, 138-139 fb Expected + 20
" N 3 x SM 1 e )
107 T 02 E B u‘ul:’s%\exn] H PLE 801 (2020) 135148
.q_:, e N1 onossobs) ¥
015 F
01F
3 F et
10 0.05 8550 (e HEP 07 (2023) 166
_ { ofF
P g R b F ] 5?9% e i JHEP 07 (2023) 166
LS = e s Y L ) P P A A AN AP PR 8985 5 :
104 E E i T -01 005 0 005 01 015 02 025 03 .
Fo. ) L i
1 0_4 10_3 1 0_2 10_1 B(H —ert)in% 102 10
|Y | 95% CL upper limiton B(H — II') in %
ut

From the simultaneous fit of the two signals obs. (exp.)ULs at 95% Gin the BRs are:
"(HY et) < 0.20% (0.11%)HY mf) < 0.18% (0.09@dpmpatibility with SM within 2.1s

. .. 23
CMS: BHY { <0.15 (0.15)% andHE( A J< 0.22 (0.16)% at 95% PRD 104 (2021) 032013



https://link.springer.com/article/10.1007/JHEP07(2023)166
http://dx.doi.org/10.1103/PhysRevD.104.032013

Summary

A The Higgs boson particle was discovered in 2012
I Properties of H boson measured with unparalleled precision by ATLAS + CMS
i Approaching theultimate precisionfrom Run 2

I Currently all property measurements are a formidable confirmation of
electroweak symmetry breaking as predicted in the SM

I An enormous effort by a communityreaching from the theorists, the accelerator
physicists, computing experts, detector builders and thanalyzers...

A It couples to bosonsjo leptons and to quarks of the 3rd
generation

I Just seen first evidence that it also couples to the 2nd generation
A HY cc: most stringent limits onf Ao date
A HY t t 3.0 std dev evidence of the decay
i Some mild excesses observeay CMS in the search fdd,,-(or additional X)Y e
whose nature needs to be clarified with further data and additional analyses
A Precision measurements of the Higgs are increasingly important and, in
many aspects, drive the future of HEP
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Theexperimental conditions at the LHC

A The LHC is a discovery machine: the ultimate goal is to
experimentally find the answers to the open questions about
fundamental particles and interactions.

A The big challenge at the LHC is the huge range of cross sections th:
needs to beunderstood:

i (OCA AOI 0O OAAOEIT &£ O 00T E
I Large cross sectionfor previously known processes
I Medium cross sectiorfor not so-well studied processes
I Low cross section for discovery processes
A It should be noted that all challenges at LHC are produced exactly
for this reason:
I Large backgroundsinteresting physics swamped blnown processes

I Large PileUp: to be able to produce some small number of very
interesting events, need to produce so many of dnteresingones that
they even happen in the samerossing

i Large available energy implies the chance to produce a lot of soft or
medium-pT stuff affecting the reconstruction

Vs ~

| OAO.
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LHC dataaking at 13TeV\.

CMS Integrated Luminosity, pp, vs = 13 TeV

180

Data included from 2015-06-03 08:41 to 2018-

I LHC Delivered: 162.85 b !
[ CMS Recorded: 150.26 fb !
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160 fB"%o both experiments! 29 fblin Run 1) \ \
A Both experiments recorded data with superb Q Designvalue

I OAOAI T 20I
95.6%, CMS 93.4%,

A achieved despite challenging pitap
conditions with < p > 35i.e. on average 35
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crossing!

September 182, 2023

£120— .LHC Delivered Recorded: 147 fb'
[_]ATLAS Recorded

ﬁ§= 13 TeV

Delivered: 156 fb”'

10‘-25 ola:zs IUTC 10 Zmol —
160 = - ATLAS
2140 Preliminary
1140 8 F
{120 £ B
3 C
{100 ;;.10();_
@ B
180 § 80—
{60 o -
£ %0
140 T A0
5 40~
120 = C
20—
0:: | |
\\6

ALSTRAN ALY

e e

yan oy
_Month in Year
A" AT T . A R
CMS Average Pileup (pp, vs=13 TeV)

T AATDAS OA

2000

1000

OO0 P M b

Recorded Luminosity (pb '/1.00)

1}
)

12thinternational Workshop ¢ .. . ___ .

Unitaritv Trianale

Run II: <> = 34
2018: <;> = 37
2017: <> = 38
2016: <p> = 27
2015: <> =13

i

a7 (13 TeV) =80.0 mb

10 a0 © 0 .\‘00
Mean number of interactions per crossing

cms;g

UDNEIQIED 612

“OA

6000

15000

14000

3000

12000

27



A

A

ID Efficiency

0.98

0.96

0.94

Data
MC

099
0.98

1.03
1.02
1.01

Bun2
-

ATLAS and CM$econstruction and calibration

1.02

—y
T

Both experiments have excellent reconstruction and
calibration performance, even in the harsh pileup
conditions of Run 2
Cantinuous improvements seen in the calibrations,
Ol AAOOOAT AET CO 1T & A EEAEAT
over a widep;range
i A better understanding of the detectors along with datalriven
and machlne Iearnmg\ technlques mean that object calibrations
AT A AEEAEAT AEAO AOA 1T £OAT 11
environment of Run 2
CMS - 2016-2017, 7§.4tb"l(1lsrey)
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These datasets give both
experiments broad physics
programme potential
High-precision SM
measurements, including
Higgs properties
Detection of extremely rare
processes

Exploration of new kinematic
regimes for potential new
physics signals! 28



General Comments on SM Higgs

searches and measurements
Blind analysis methods are used in ~all Higgs searches at ATLAS/CMS.

We searchecexplicitly for the SM Higgs boson: most analyses use unique
properties of the SM Higgs boson to optimize their search sensitivity relative to
known SM backgrounds.

This means that analyses araodel dependent (.e., the SM!) to varying degrees,
and the significance of an observed excesswihin the context of a search for the
SM Higgs boson.

Due tohistoricalA COA AT AT O h xA NOie@Ativer@OICT Al
Hk C] n &03- n %_

The product of production and decay couplings is what can be
measured, thenthe LHC experiments study a multitude of Higgs
production and decay modeswith complementary sensitivities

12th International Workshop on th€KM

September 182, 2023 Unitarity Triangle

29



Events /0.2

Data / Bkgd

O«

O«

10°

10*

10°

10°E

ATLASIHO A Auce o6 2022 o7

Backgroundmodeling, which is particularly
challenging, and fitting, developing new
technigues to discriminate between signal and
background.
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Beyond SM, AAY t t

A Beyond SM AAY t publishing a first search well surpassing the Run 1
limits in this channel in PRL with just 3.2-¥bf Run 2 data.

A This is a search continued during the whole Run 2: Phys. Rev. Lett. 125
(2020) 051801
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