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A brief (pre)history of #imme SM

Thomson's electron Einstein's photon

Combining results Max Planck's
black body experiment and the
photoelectric effect, Einstein
predicts the existence of photon.

Confirming Jean Perrin's
hypothesis on the origin
cathodic rays.

CONCERNING AN HEURISTIC POINT OF
VIEW TOWARD THE EMISSION AND
TRANSFORMATION OF LIGHT

BY A, EINSTEIN

PROFOUND formal distinction exists be-
tween the theoretical concepts which physi-
cists have formed regarding gases and other
ponderable bodies and the Maxwellian theory of
electromagnetic processes in so-called empty
space. While we consider the state of a body to

be completely determined by the positions and
velocities of a very large, yet finite, number of
atoms and electrons, we make use of continuous

* Ann. . Physik 17, 132 (1905); Translation published
with the permission of Annalen der Physik.
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i Department of German.

Anderson's muon

When studying the effect of
cosmic rays on a platinum
plate, some particles deposit
less energy than electrons
while having the same
electric charge. I N EREERR

+AE/E, ~aE/E,
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AQ\©
Rutherford's proton

After the discovery of the
nucleus in 1911, the most
elementary nucleus was called
proton (from the ancient Greek
"protos”, first).

Détecteur
(sulfure de zinc)

Theoretically postulated

\O3%

Chadwick's neutron

Following the discoveries of
Bothe, Becker and the
Joliot-Curies on radioactivity,
J. Chadwick demonstrated
the existence of the neutron.

In 1930, it was not

observed until 1956.

Fig. 1. Schematic diagram of neutrino detector
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Building the SM

In the 50s, the SM was looking like more or
less similar than St Malo, looking with today's
eye: both needed huge efforts
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Towards a more complex SM / @

The principle of observing new particles requires 3 ingredients:

- A source of energetic
Source of particles particles (coming from
the cosmos at first, then
from the first particle
accelerators);

- A medium for these
particles to interact;

- a technique for
A 1 @ observing incident and

outgoing particles.

N4
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Towards a more complex SM

The principle of observing new particles requires 3 ingredients:

- A source of energetic o >

particles (coming from A
the cosmos at first, then =
from the first particle

acce|erators); I\/Iany new particles are observed !

- A medium for these And there seems to be many of them ...

particles to interact; | |

- a technique for So we start to classify them by properties.

observing incident and i — =
outgoing particles. 0 ... AR
ST [ IY L
miéﬁﬁiﬁﬁéééﬁéiﬁ'h
A+B—-oC+D+.. m

Nature 160 (1947) 855-857
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In 61, Gell-Mann, Zweig, Glashow and Bjorken
worked their way to propose a partonic
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A history of accelerators

1962-68

Wimshurst machine L'accélérateur Linéaire: Orsay Standford Linear Accelerator Center
~ few keV 2,3 GeV up to 50 GeV — 3 kms

1971 - 84 1989 - 2000 1992 - 2011

DESY: Hamburg PS/ISR: CERN SPS: CERN LEP: CERN Tevatron: Fermilab
up to 20 GeV up to 62 GeV up to 450 GeV up to 209 GeV up to 980 GeV
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Towards a more complex SM

o/c MOTT

proton are observed:

> They are modelled with so-called form-factors

modifying the usual photon exchange.

> Only the parton model could explain this !

At SLAC, in 73, some strange electron scattering on

> At that time only 3 K'warks were predicted: u, p, s.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.23.935

Towards a more complex SM

At SLAG, in 73, some strange electron scattering on The model was finally accepted after the so called
proton are observed: November revolution in 74 :
> They are modelled with so-called form-factors
modifying the usual photon exchange. oof b T g eend | -
> Only the parton model could explain this ! ol T | 1o} seecTRoueTeR In the same PRL
» At that time only 3 K'warks were predicted: u, p, s. Cosof (I =, issue (Phys. Rev.
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Phys. Rev. Lett. 23, 935
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Phys. Rev. Lett. 23, 935 The story went on with the discovery of the
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The photon, the weak and the Higgsgl®

In 1933 Fermi suggested that the [3-decay of nucleus was due to a new interaction, designated later on as
weak interaction.

Physical Review. 105 (4): 1413-1415.
But In 1956, Wu showed that this interaction was l 1 1 | ] ] i l *

. . . .20F —
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This world “Mirror” world TIME IN MINUTES

Between 61 and 67, several theorists came out with possible solutions to restore the "broken" symmetries.
» Gladshow and Weinberg came with the first idea introducing new massive gauge bosons ;
> They would need another breakthrough to understand the spontaneous symmetry breaking of this...

Louis D'Eramo (LPCA) - 25/11/2024 - JRJC - Introduction to SM Physics



https://journals.aps.org/pr/pdf/10.1103/PhysRev.105.1413

In 73, Gargamelle at CERN found

evidence of neutral currents in the
leptonic and hadronic channels.

e YR A clear sign that the Weinberg theory
S . armaEmmERt \\os correct.

Phys. Lett. B 126, 398 (1983).

Phys, Lett. B. 46 121 (1973) ths Lett. B 122 103 (1983) Lok (a) ' ' o
T GeV .
1 = EVENTS WITHOUT JETS F wh 7 — e 4 e F"‘*1SL:"E°V‘e::5 )
It was not until 1983 and the use of the SPS s SR 7] S I .
with a 450 GeV beam, that the UA1 and UA2 VI A ol ‘dh\ | -
. . . 12 5 30 1 %
experiments could claim the direct 7 ,,3 ’ ° oln ;’H e e
observation of the W and Z bosons ! = N )
§ "2 . Second Level Cuts
. e E + W — e + I/e~ > . : 6 Events :
Have a look at the small signal and 5 ,f n o i
background... et o T B E— | |
Events/2CeV % : E s | Final Cuts )
g; 1 1@ R . L L Events .
T 10 20 30 L0 Gev ) )
Transverse electron energy (GeV) 0 L |J1."| 1
0 50 100 150
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The photon, the weak and the Higgs
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Now we have the SM as we understand it nowadays.
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The photon, the weak and the Higgs 4 S

One massive problem in the theory is the need to accommodate for massive gauge bosons, while leaving
the photon massless ...

The general SM theory is also unable to allow other elementary particles to get a mass (not even predicting their
values).

Separately in 64 (Brout and Englert), (Higgs) and (Guralnik, Hagen and Kibble) utilised the concept of symmetry

breaking through the phase transition of a new scalar field ¢, causing a non trivial Vacuum Expected Value (v.e.v.
noted v).

The great success of this theory is when linearising the field around this v.e.v. you
can get several terms:

» 3 massive gauge bosons — W+ (degenerate in mass) and Z with my, < my;

> 1 massless gauge boson — photon;

> A new boson (now called Higgs boson) with unique properties: it can couple to

itself ! V(g d) = — u*dp"d + AP )

A side effect of this new scalar field, is the possibility to accommodate now for a mass term for other particles !
> The so-called Yukawa terms (introduced later on by Weinberg in 67) are not originating from first principles but

allow to describe in a compact way the oscillation and CP violation proposed by Cabibbo-Kobayashi—
Maskawa in the famous CKM matrix in 73 !

Louis D'Eramo (LPCA) - 25/11/2024 - JRJC - Introduction to SM Physics




The photon, the weak and the Higgs

It took a long journey even with the most advanced machines to reach the discovery !
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See more in

The Higgs portrait to this day rasansu'stai
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The future is Higgs

See more in Arthur's talk

When linearising the Higgs
potential around the vey,
one gets :

V(H) D| u* H*|+|v H’

2" Two parameters
of the potential »

linked by: ) — ”_2 = 12\/2 G,
1%

» The first piece of information came from the
Higgs boson discovery:
> First measurement of Higgs mass,

combined with precise determination of G:
my = 125.09 GeV

o u = 388.45 GeV
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» Direct access to A through Higgs pair creation:

» Coupling strength denoted as «;, = A7/ Aqy,

> |n direct way this is measured with production of
pair of Higgs bosons —strong effect on XS.

> |n indirect way this has an effect on the single
Higgs cross-section and deviations in kinematics.

107'E

2
10—20 -15 -10 -5



Exploring alternative scenarios

The measurement of the Higgs potential is a key element to answer the nature of its mechanism.
The exact value of A can lead to very different shapes and could help us to understand better the type of
transition that occurred from the high temperatures to the current situation.

Equiprobable shapes of the
potential given our current
knowledge.

777//\ 7
LHC (Now)

Taken from Nathaniel Craig's talk
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https://indico.fnal.gov/event/56615/contributions/255033/attachments/162423/214683/Craig_Fermilab_MuonColliders.pdf

Exploring alternative scenarios

Several other models can show a non zero vacuum expected value with a different second order
contribution:

(—m2HTH + A(HH)? + 92(H'H)?,  Flementary Higgs |
pseudo Nambu-Goldstone boson emerging from

strong dynamics at a high scale
Coleman-Weinberg Higgs| EWWSB is triggered by renormalization group (RG) effects.

Tadpole-induced Higgs |EWSB is triggered by the Higgs tadpole

minimal composite Higgs model/

composite twin Higgs model : SMEFT with 0,
different coupling to top quark | i

190/7.020/8

Models
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How to produce theses particles ?
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6.5/6.8 TeV

Located under the French-Swiss border, the Large Hadron

Collider is the final piece of a staged acceleration chain
allowing high luminosity proton-proton collisions.

LHCb

With a 13 TeV center-of-mass energy, it has allowed the ATLAS

and CMS collaboration to record
phase of the LHC.

400
bS CMS B LHC delivered: 389.35 fb~
26 GeV 350} 71 CMS recorded: 359.01 fb™
5
<300
Collider 3
¢ Q 250}
periormance g
= 200}
PhyS|cs 3
< 150]
o
— U X QCZ 'c_% 100 L
(S
= 50
0 e

»\‘\ RN »\bc »\6 »\6 \’\ \‘?J \‘5 Q/Q (L\ (L‘?/ f;’b
W N e e ya® g e gt g ya® ye® e et

Date

Introduction to SM Physics

of data during the

The phase is

now ongoing at an
unprecedented
energy of 13.6 TeV,
allowing to record
of data

so far.




Why is it hard to measure SM ?

Standard Model Total Production Cross Section Measurements Status: June 2024
O 10 Eoalo —
o 340 ubt 80 o™ ATLAS Preliminary Theory
N 1065 vVs=5,7,8,13,13.6 TeV =
E o E
- oo LHC pp Vs = 13 TeV -
Orders of 10° 3 Rl DU Bl 0ae32-14007
. : - A B .
magnitude In ' - LHC pp V5 = 8 TeV :
: : 10* E a Data 20.2-20.3fo™"
particle production - HC bp V5 < 7 TeW
at the LHC 103 B  Daia 45461
3 o0 IE
E o O o v
> L _
10 , &, B _— ~o
] v o n to?aln “ o o0
107 ¢ 2 fb! . - . E
i VBF
WH &
1 E : A o Www
ZH yh A
| m A
].0_1 3 ttH g - =
(x0.3) WW<z -
(x02)g :
1072 F _
PP w Z tt t Wt H WwWwW WZ Y4 t ttW  ttZ tttt
WWV
t-chan s-chan

tot.
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How to detect particles ?

We ha upgraded a bit the systems since the first bubble chambers:

Source of particles

Experiment

A+B—-C+D+... A+A'>2B+C+ .
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We ha upgraded a bit the systems since the first bubble chambers:

Experiment

—

A+B—-C+D+... A+A'>2B+C+ .
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How to detect particles ?
| _ Magnet system:
We ha upgraded a bit the systems Muon spectrometer: Inner detector: Bends the charged
since the first bubble chambers: Muon trajectories Charged particles particles for momentum
tracks and vertices. mMeasurements
| i) ael
Krampouzometer:
Heater

o S
A W
>

........
.....
UL

T iy
llllll
||||

l‘i“lll llll
llllllll
llllll
llllll
lllll
|||||

Experiment

Or

Hadronic calorimeter:
Charged and neutral hadron
reconstruction (E, direction)

A+A'->B+C+ ..

Electromagnetic
calorimeter:

Electron and photon
reconstruction (E, direction)
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How to reconstruct objects ?

See more in Théo's talk

Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks

4

the detector

, are invisible to
'Neutrino
’
/7

Electromagnetic
Calorimeter

Solenoid magnet

Transition
: Radiation
Trocklng Trocker

Pixel/SCT detector
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Why aren't we just observing Higgs Boson and
counting them ?
> Most of the searches are focussing on short

lived particles (1.6 10~%% s for the Higgs) —
decaying to (quasi) stable particles.

> Each experiment wants to be as general as
possible and opened to BSM particles.

Therefore we classify particles according to

their way to interact with our detector:

> Photons : will leave a nice deposit in your

electromagnetic calorimeter and nothing else;

» Electrons : will leave a nice deposit in your

electromagnetic calorimeter and a track !

> Neutrons, protons, and other hadrons: might
leave or not a track, a deposit in the
electromagnetic and **hadronic™ calorimeter;

> Muons: are weakly interacting with the
detector and escape it.




See more in Théo's talk

Is object reconstruction easy ?

Guess what ... no ;), one exemple:

Photons can interact with the tracker y — et + ¢

OPO O0DO O O O
O 0|0 O
OO 0O OQO O 0|0 O|O
O O
O O O
O O
J—— J——
— — —

You need special algorithms not to mistake photons

for electrons and vice versa: these will take into
account the shape of the calorimeter deposit as well
as the eventual tracks.
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1 | I | | | I I
ATLAS Simulation Preliminary
ITk Layout: 23-00-03

H— yy

p.>15 GeV

o
oo

< [ | o | L | L
.‘::gl
h/

E

S

-

o

(o))

v

o 1
S .
= 1
g SRR, g 00 TR ) -
5 0.4 ; %ﬁb#ﬁ; ]
= %%%@ _
= 6 -
g 0.2[= #HG0wor o Run4, Vs =14TeV
c | o Run2,Vs=13TeV ]
O

E O_ | | | | | | | | | I | | | | I | | | | I | | 1 | |
o 0 0.5 1 1.5 2 2.5

Truth photon 7|

Category o0 [GeV]

U, Central-barrel, high pJ.!

U, Central-barrel, medium p.!
U, Central-barrel, low p1)

U, Outer-barrel, high p1./

U, Outer-barrel, medium p{.
U, Outer-barrel, low p1.|

U, Endcap

C, Central-barrel, medium p
C, Central-barrel, low pJ.!

C, Outer-barrel, high p1/

C, Outer-barrel, medium p .,
C, Outer-barrel, low pf|

C, Endcap

Inclusive 3.32

Phys. Lett. B 847 (2023) 138315

11%

21%

The fraction of
converted photons
depends on the
material of the tracker.

This has an effect on
the resolution of the
Higgs mass
measurement, where
converted photons
have significant
Worse energy
resolution.



https://www.sciencedirect.com/science/article/pii/S0370269323006494?via=ihub

Wh at I S n ext ? See more in Theo's and Arthur's talks

1989 &EEEIE | 1998 ‘ 2007 | 2016 ‘ 2025 ‘ 2034 ‘ 2043 | AV Y | 2061 ‘ 2070 | 2079 ‘ 2088 2096
LHC
HL-LHC

FCC -construction

FCC-ee

FCC-hh

The LHC will run until 2040, but with an upgraded 00 T 1 ks ST

machine and detectors : = 2 @ o this day FCC is still a
'\A¥.Y > More collisions per NS R ' .

P P> s B . 2 phases like LEP/LHC:

e oSG bunch crossing, . .
2 » Other competitors like
CEPC, Linear Colliders,

going from ~40-60 to
200 | .
muon colliders.
» Get involved in the

» That means more
data but also busier
ECFA ERC WG!

environment !
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Conclusion

The SM has a rich history and still a bright future. Only a couple of small clouds in the blue sky

= SN (@ - C -
= \\' : @‘0 - /(0 - \'\ - X ' \e

O G T«‘O \o\@ | @“\* SN2 The model is not
Q% N\ O C so beautiful ...

e Y 4 .".:: .‘. ....'n.
e B g W ¥ =

Just stay until the BSM session on Thursday ;)
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An overview of EFT

The results can be further interpreted using Effective

Field Theories:

>

>

In the : the SM
Lagrangian is supplemented with a set of extra

operators, respecting gauge symmetries of the SM.

In the Higgs EFT (HEFT): is following the same

strategy, but recasting the operators to have a one-

to-one correspondance between operators and
effective interactions.

1 6) (6
Lsverr = Lsm+ — ZCIE )0,(6 )

107"

HEFT |

2
A k
.o CMS HH — Multilepton 138 fb™! (13 TeV)
= =@®= Observed = = Median expected ;
- JHEP 04 - 68% expected 95% expected JHEP 03 _
- benchmarks I benchmarks 1 7

95% CL upper limit o(ggHH) [pb]

|
1
JHEP

|
2 3 4 5

07 (2023) 095

(o) ==
~l -
o0

|
9 10 11 12 8a 1

2 3 4 5 6 7 SM
Benchmark scenario

Cig

Cgghh ’,"/

JHEP 01 (2024) 066

" =

g "H © 2
o
O

The constraints are often set in
terms of coefficients but several
sets of benchmark models are also 0.8

| | | I | | | I | | | I | | | I | | | I | |
A TLAS — Observed 68% CL
1.6 Vs =13 TeV, 140 fb! - == QObserved 95% CL
HH - bBYY Expected 68% CL
1.2 HEFT Expected 95% CL
# Best fit

¢ SM prediction

available (be careful though since 04
the definitions might have changed o
between papers). 0.4
-0.8
9 ’H
oL -1.2 | | | | |
W0 -8 -4 0 4 8 12
g H Chhh

Phys. Rev. D 108 (2023)

I I I I I I
— Observed Limit (95% CL) ~ |

|
ATLAS

Vs =13TeV, 126 fb!

20—

1.5

1.0—

05—

00—

-1.0—

cHo=0.0, ¢y=0.0, cHg=0.0

Expected Limit (95% CL)

Expected Limit 10
Expected Limit 20
%  SM Prediction

|
15545

-30 -20
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The pure extra EFT operator effect
can be studied in the so-called
quadratic case (~ 1/A\%), while the
interaction with the SM is taken
into account in the linear one (~ 1/
A2). In all the results released, the
linear+quadratic terms are
considered.



http://dx.doi.org/10.1007/JHEP07(2023)095
https://doi.org/10.1007/JHEP03(2020)091
https://arxiv.org/abs/1507.02245
https://link.springer.com/article/10.1007/JHEP01(2024)066
https://link.aps.org/doi/10.1103/PhysRevD.108.052003

How to look for Higgs pairs?

There is no clear Golden channel for the non-
resonant search, but several promising

signatures:
BR(HH — XXYY) (gluons, ¢, muon not shown)

bb WW TT ZZ YY
bb
WW
Ay A
ZZ 3.1 % 1.1% 1 0.33 %
i
YY 0.26 %

[ ]Full Run-2 analyses: A for ATLAS only

Combining the results is necessary for observation.
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ATLAS:

Q >
HA@ .

CMS:

>
>

ATLAS:
CMS:

ATLAS:
CMS:

Phys. Rev. D 108 (2023)

+ ATLAS-CONF-2024-003 (VBF, boosted)
+ Eur. Phys. J. C 83 (2023) 519 (VHH)
Nature 607 (2022)

+ CMS-PAS-B2G-21-001 (VBF, boosted)
+ CMS-PAS-HIG-22-006 (VHH)

ATLAS-CONF-2023-071
Phys. Lett. B 842 (2023)

HH — bbyy
» H — bb: High BR
» H — yy: Good mass resolution

JHEP 01 (2024) 066
JHEP 03 (2021) 257

“ HH — bbVV and friends (with leptons)

‘ ATLAS:

CMS:

» Decent BRfrom H — VV
' » High number of leptonic and hadronic channels

JHEP 02 (2024) 037 (bb(ZZ/WW/t7), 21+MET)
+ ATL-CONF-2024-005 (bbZZ/4V/I2V2t/41/2y2V/2y27)
JHEP 07 (2023) 095 @W/WWzz/4z, =2)
+ JHEP 06 (2023) 130 (bbZZ, 4)

+ CMS-PAS-HIG-21-005 (bhW W, >1)

+ CMS-PAS-B2G-21-001 (yyWW)

+ HIGG-22-012 (yyt7)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-071/
http://dx.doi.org/10.1016/j.physletb.2022.137531
https://link.springer.com/article/10.1007/JHEP01(2024)066
http://dx.doi.org/10.1007/JHEP03(2021)257
http://dx.doi.org/10.1038/s41586-022-04892-x
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-001/index.html
https://cds.cern.ch/record/2853338
https://link.aps.org/doi/10.1103/PhysRevD.108.052003
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-003/
https://link.springer.com/article/10.1140/epjc/s10052-023-11559-y
https://link.springer.com/article/10.1007/JHEP02(2024)037
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-005/
http://dx.doi.org/10.1007/JHEP07(2023)095
http://dx.doi.org/10.1007/JHEP06(2023)130
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-012/index.html

Limits on HH production

One of the key figure of merit is the limit on either the HH cross-section to its SM prediction, or the signal strength p. The

later incorporates the theoretical uncertainties on the SM prediction.

The leading 3 channels (bbyy, bbrz, bbbb) are very close by with expected limits around
~ 5 x SM prediction. The global combination leads then to a limit ~ 2.5-3 x SM.

> ATLAS hasn't published a
combination with their latest
bbyy and bbrz results;

> CMS is showing a
combination between their
resolved and boosted

analyses for the bbbb results.

This limit is dominated by the
ggF, but some analysis have

also shared specific VBF limits:

130
226"

96
225

94
124

* Only the resolved analysis is considered

ATLAS

Vs =13 TeV, 126—139 fb~
oot . ver(HH) =32.7 fb

—— Observed limit

Expected limit
(UHH =0 hypothesis)

[ Expected limit £10
1 Expected limit £20

Phys. Lett. B 843 (2023)

______________________________________________________________________________________ Obs. B
bbyy } 4.2 5.7
bbTt*T | * 4.7 3.9
bbbb - | { 5.4 8.1
Combined — ______ + ___________________________________________________________________________ 24 ____________ 2 9 ______
S [ R - S RS |

95% CL upper limit on HH signal strength upyy
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WW vy

Expected: 52
Observed: 97

bb WW
Expected: 18

Observed: 14

bb ZZ &
Expected: 40

Observed: 32

Multilepton &

Expected: 19
Observed: 21

bb yy &
Expected: 5.5
Observed: 8.4

bb Tt &
Expected: 5.2

Observed: 3.3

bb bb &
Expected: 4.2
Observed: 7.2

Comb. of &

Expected: 2.5
Observed: 3.4

log soale/

CMS Preliminary 138 fb' (13 TeV)
I l I I I L l I I I L l I I I L l
K =K =1 —— Observed @ ----- Median expected
Ky =Kpy =1 B 689% expected

----- 95% expected

CMS Summary

. | CMS-PAS-HIG-21-014

CMS-PAS-HIG-21-005

Acc. by JHEP (2206.10657)

Acc. by JHEP (2206.10268)

JHEP 03 (2021) 257

Acc. by PLB (2206.09401)

Nature 607 (2022) 60

Nature 607 (2022) 60

I I

100 1000
95% CL limit on o(pp — HH)/OTheory


https://www.sciencedirect.com/science/article/pii/S0370269323000795
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG#Higgs_PAG_Summary_Plots

Interpretation in x framework: «,

Phys. Lett. B 843 (2023)

Both collaborations are gradually < 10 e v
. . . . - —— bbbb 7
moving from deriving limits from the = | vs-13Tev, 12613970  bBrtr-
cross-section, to providing the | 8 USR0L Ly + DOYY + bbbD — bbyy
i . . - $Expected SM | —— Combined |
likelihood limits. T combined: i
6 68%: K, € [-0.8,6.3] 7
. 95%: Kj € [-2.1,7.8] |
> ATLAS hasn't published a i
combination with their latest R S N /A .
HH — bbyy and HH — bbztt results; ]
: : 2 —
» CMS is showing on the same plot the o,
95% CL from cross section limit, and ; | s
the best fit value from likelihood with -9 0 5 10 15
K
10 error‘ < -IU I | | | | I | | | | I | | | | I | | | | A
- - ATLAS —— bbbb -
~ | Vs=13TeV, 126—139 fb"" —— bbttT™ |
2 - ATIAS ILc;bl Idll' 'tl(g\iscyICLl)f | 8_AT_+b5w+b5b5 — bbyy
= I :/{Tl;f TSV 196139 fb-" ___ Expected limit (95_°/:CL) i - §Qbservedy —— Combined |
E il Mo Bt e o oo bEbE (21 =0 hypothesis) i Combined: i
L 10 3 HH - bbTt™ T~ + bbyy+ bbbb — ExpectedI!m!tﬂo E | 68%: K, € [1.0,5.0] _
= E Exemple of E $hzor:/ ;rcladictti:)i ; i 95%: K) € [-0.6,6.6] |
N . Y¢  SM prediction ] |
2, limits from XS
o 10 T N N W S e e A
10%E E ]
- bbttT- ] __ ________________ N~
B bbbb 7] | | | | | \,\;‘,
1_ | (Ilombined ] -5 0
10_10I | | l_5l O 5 I1OI | | I15
K
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CMS Summary

CMS Preliminary

138 b (13 TeV)

K =1 Excluded at 95% CL
Ky = “//, Observed —e— Best fit value
Koy =1 QX Expected —— SM prediction
)
(VHH) bb bb :
K, =-25.107 :
CMS-PAS-HIG-22-006 :
RRKRKKKS
WW vy SRS
REKKKEEES
A= 170433 ‘0‘0‘0‘0’0’0‘0‘0
CMS-PAS-HIG-21-014 0,0,0,0,0,0,0,:,
/ RRRRRRKRS
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SRERRLKKKKKELEELS
bb WW REIRKREREEELRKKKS
RIKKREKELEELLRKKS
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