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= Introduction to the properties of the Higgs boson

= Measurement of the properties at the ATLAS detector:
Mass

Spin and parity quantum numbers

Couplings

Fiducial cross-sections

Total decay width
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= Conclusion
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Standard model before Higgs discovery YATHAS

The Standard Model (SM) it’s a extremely successful theory that has 19 free parameters (considering massless
neutrinos)

The Higgs boson is related to most of them
o masses of the elementary particles (including the Higgs boson) and their couplings to the Higgs boson
o Higgs vacuum expectation value (VEV)
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Standard model after Higgs discovery AR

= But roughly all the parameters are correlated; so each time a particle was discovered more than one parameter were
fixed

= The last elementary particle discovered, in 2012 by the ATLAS and CMS collaborations, was the Higgs boson, but it’s
the one predicted by the SM?
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Standard model after Higgs discovery

= But roughly all the parameters are correlated; so each time a particle was discovered more than one parameter were
fixed

= The last elementary particle discovered was the Higgs boson, but it’s the one predicted by the SM?
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Standard model after Higgs discovery AR

= But roughly all the parameters are correlated; so each time a particle was discovered more than one parameter were
fixed

= The last elementary particle discovered was the Higgs boson, but it’s the one predited by the SM?

=  We need to study its properties!

Mass

Spin and parity quantum numbers
Couplings

Total decay width

O O O O
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Mass ATLAS

% Phys.Lett. B784 (2018) 345-366

= ATLAS+CMS latest publication 20 fb~1 at+/s = 7,8 TeV (usingH » ZZ* - 4l and H - yy): 125.09 + 0.21(stat) +
0.11(syst) GeV

= ATLAS Run1+Run2 latest combination 36.1 fb~1 at+/s = 13 TeV (usingH » ZZ* > 4land H - yy): 124.97 +
0.16(stat) + 0.13(syst) GeV

= my4; modeled as the convolution of a relativistic BW distribution of 4.1 MeV width and a peak at the central value

= m,,), measured from the position of a narrow resonant peak over a large monotonically decreasing background, which is
modelled with a double-sided Crystal ball function

= The mass is extracted from a simultaneous profile likelihood fit on both channels
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Spin/CP

The Standard Model (SM) Higgs boson hypothesis,
corresponding to the quantum numbers J¥ = 0%,
was tested against several alternative spin scenarios,
including non-SM spin-0 and spin-2 models with
universal and non-universal couplings to fermions and
vector bosons

ATLAS combined bosonic channels (H - ZZ* — 4,
H- WW?* - 2[2v and H = yy) excluded all tested
alternative hypothesis in favour of the SM Higgs
boson at more tan 99.9% confidence level (CL)

A first direct test of CP invariance in Higgs boson
production via vector-boson fusion (VBF) with the
H - 777~ decay channel showed no sign of CP
violation

Compatible with CMS results
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Couplings SYATLAS

= At the LHC experiments, the rates of production and decay modes
into a particular final state are parametrised using a parameter called
“signal strength” (1), defined as:
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Couplings

= At the LHC experiments, the rates of production and decay modes
into a particular final state are parametrised using a parameter called
“signal strength” (1), defined as:

_ o X BR
~ (6 X BR)sy

U

= According to the latest ATLAS and CMS combination, couplings to
vector bosons are found to be compatible with those expected from
the SM within an approximate 10% uncertainty, while in the case of
heavier SM fermions, the uncertainty is of the order of 15-20%. Beyond
Stardard Model (BSM) scenarios are still possible
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Couplings SYATLAS

= At the LHC experiments, the rates of production and decay modes
into a particular final state are parametrised using a parameter called
“signal strength” (1), defined as:

_oX BR
H= 0 x BR) gy
= According to the latest ATLAS and CMS combination, couplings to ?
vector bosons are found to be compatible with those expected from 2 7y
the SM within an approximate 10% uncertainty, while in the case of v |
heavier SM fermions, the uncertainty is of the order of 15-20%. Beyond "
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Couplings

= At the LHC experiments, the rates of production and decay modes
into a particular final state are parametrised using a parameter called
“signal strength” (1), defined as:

_ o X BR
~ (6 X BR)sy

U

= According to the latest ATLAS and CMS combination, couplings to
vector bosons are found to be compatible with those expected from
the SM within an approximate 10% uncertainty, while in the case of
heavier SM fermions, the uncertainty is of the order of 15-20%. Beyond
Stardard Model (BSM) scenarios are still possible ?
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Observation of H — bb via VH production ~ ¥AWHa2

. i % Phys.Lett. B786 (2018) 59-86
= Dominant decay of the SM Higgs boson

= But large background from multi-jet production make a ggF search

e UL L N B o o o B e R e S
- ATLAS - Data ]

. . 18'_3: eV, 79.8fb" ,—)7=._:
extremely challenging at hadron colliders 165 oorztotone —inaeh gt
o, . - - T 243 jets, 2 b-tags &9 Uncertainty
= Most sensitive production mode to detect H — bb its via VH 14" Weightod by Higgs 55 Dijot mass anatysis

= Background: V+jets, tt, single-top and di-boson processes
= Using the vector boson decay to 0,1,2 charged leptons
= Multivariate discriminants are used to maximise the sensitivity

Events / 10 GeV (Weighted, backgr. sub.)

= Qutput distributions are combined in a maximume-likelihood fit e WZg P TP
40 60 80 100 120 140 160 180 200
. . . -1 My, [GeV]
= Data corresponds to an integrated luminosity of 79.8 fb~! at /s =
13 TeV combined with previous analyses Tarias | Hoth e rieveiod ety Tatas | WA eiaTev.7esto
= An excess over the expected SM background is observed, witha = 7™ ™% 1 (sase) T TR e (sas
- . ro0F |y L ores (18,0 Ho 22 \ 098 4B (1E.0%)
significance of 5.4 standard deviations
. . . tH| it 100 9% (0%, %4 ) Ho —b—— 103 9% (95.795%)
= Combined Results consistent with the SM "
016 VH hes 098 22 (3. %0) Hots| e 147 92 (918, 4%)
— F+0.16/cnyat MAOCO0L T e e e
Hr-pp = 1.01 1 0.12(stat)Zg;5(syst) @95% CL Comb.| e o1 SR (BEUE) come Mew 18 (%)
B S R S 005 T 225 3 35 4 45 5
tyy = 1.13 + 0.15(stat) 15 (syst) @95% CL . o
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Observation of ttH production

% Phys. Lett. B 784 (2018) 173

Particular interest is its coupling to the top quark, the heaviest

particle in the SM

The strength of this interaction can be studied through the
analysis of top-associated Higgs production (ttH) events,
which provides a tree-level probe of the top Yukawa coupling

Channels considered: bb, WW*, t¥1~, yy and ZZ*

Output distributions are combined in a maximum-likelihood fit

Data corresponds to an integrated luminosity of 79.8 fb~! at

\/s = 13 TeV combined with previous analyses

An excess over the expected SM background is observed, with

a significance of 6.3 standard deviations

Updated result for the H — yy channel with updated photon
identification and jet calibration with 4.9 standard deviation

Results consistent with the SM

o1(13 TeV) = 670 + 90(stat) 130 (syst) @95% CL
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https://cds.cern.ch/record/2665291 /files/ATLAS-COM-CONF-2019-004.pdf
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https://cds.cern.ch/record/2665291/files/ATLAS-COM-CONF-2019-004.pdf

K framework

= We want to probe deviations (indirect or
direct) from the SM rates through coupling
strength modifiers in a leading-order tree
level motivated framework (k framework)
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g; EXPERIMENT

Indirect new
physics might
modify
production
and/or decay
coupling

Direct new
physics might
modify both
couplings too
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Simplified template cross sections i

¢ https://cds.cern.ch/record/2669925

= Simplified Template Cross Sections (STXS) have been adopted by the
LHC experiments as an evolution of the signal strength
measurements performed during the first LHC Run

= They provide more fine-grained measurements for individual Higgs
production modes in various kinematic regions, and reduce the
theoretical uncertainties that are directly folded into the
measurements

= They allow for the use of multivariate analysis techniques and
provide a common framework for the combination of measurements
in different decay channels and eventually between experiments
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= Currently, STXS measurements are available in all five major Higgs o lowet |
* * '3 = ]| high p¥ H specific
decay channels, namely H - yy,H - ZZ* - 4¢,H - WW* - g A A — > Bsm
2¢02v, H >t 1" and H > b*h~ e | £
e : - o(bbH) | [ o(tH) |
= Both individual and combined STXS measurements can then be used | 7~ &3 B X
as inputs for subsequent interpretations in BSM. This can be the Analysis STXS Lagrangian
determination of overall signal strengths or coupling scale factors, categories parameters

SMEFT coefficients, or tests of specific BSM models
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For more details check Katja presentation!

ATLAS coupling combination ATLAS

— «* CERN-EP-2019-097 ATLAS » o G St
. — —_ (5=13Tev,36.1-79.8107 [“7"z 086 2 (o1 pos
= Decay channels considered: bb, WW*, t*1~, yy, u™ u~ and - o, <53 ff"—:] o 4731 I
* T 20| ATLAS | & H- 1 B e
2z _ _ _ rE TS S —hoz e
=  Production channels considered: ggF, VBF, VH, ttH, tH © 5| M7 o Hiromons o 48145 43
= Invisible Higgs decays and off-shell production are included o - Gomoined T e EEE
= Data corresponds to an integrated luminosity of 79.8 fb~1 at T
s =13 TeVv 5 | e e |
+ —_ 1. 9q—HIv % By i;:zgi:: : B
= All channels (except for u™ u~ and bb) uses STXS O et L. "Bini o S e
0 20 40 60 80 100 |Peesmolmes o 3
= Observed (expected) significance for VBF process of 6.5 7o [Pb] wonee | R
( 5 * 3 O-) iilz 1 % «A;;LWASSTGV, 245 798 i zﬁ.{—é Parameter normalized to SM value
. Lol o F my=125.09 GeV <2, =78% -~ 7
= Observed (expected) significance for VH process of 5.30 (4.70) ¢ | "CZ500 a0 10 N T TSl atia\sanes sasetece snasde
= Observed (expected) significance for ttH + tH process of 5.80 3 o ERRE Son et —owiCL -
(5.30) ZE G
w0l o —wat -4 E
= Measurements in kinematic regions defined within the STXS st or ks 12
e = 1=
framework are also shown g * * —3 o
= No significant deviations from SM predictions are observed ot {] S I S
N Y A R o = 04777 Howw .
08 E E —Hobb —H-=r17r B
e s s s e 0.2 —
10" 1 10 102 Cooo bbb b b b b by o b a oy 1o
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Fiducial cross-section H = bb via VH production

Measurements are defined as a function of the vector-boson transverse
momentum pr.

The measurements are performed in kinematic fiducial volumes defined in the STXS
framework

Multivariate discriminants are used to maximise the sensitivity

bo [fo]
3,

' I\I\Illl T IIHI|T| T I\IH|T| T TTTIT

x B

H
bb

10°

o, x B

10

Measurements are performed for two different choices of the number of

py intervals

Data corresponds to an integrated luminosity of 79.8 b~ at /s = 13 TeV

All measurements are found to be in agreement with the SM even in high p¥ (>
250 GeV) regions that are most sensitive to enhancements from potential
anomalous interactions between the Higgs boson and the electroweak gauge
bosons

Limits are set on the parameters of an effective Lagrangian (Strongly interacting
light Higgs formulation D=6) sensitive to modifications of the Higgs boson couplings
to the electroweak gauge bosons

Ratio to SM
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Fiducial and production cross-section H —» ZZ* AEDR

= Four types of measurements are reported: inclusive and differential cross sections are ATLAS Preliminary i 7.
measured in the fiducial phase space, cross sections within the Higgs boson rapidity | yy | Egjvzfsﬁﬂ A —
= 2.5 of production modes both inclusively and in several exclusive regions e m
= The measurements are performed in kinematic fiducial volumes defined in the STXS oo | B s e |
framework ver | -
= Production channels considered: ggF, VBF, VH, ttH, tH Wl oo e
= Neural-Network (NN) discriminants are used to maximise the sensitivity e . AT
051 iE R e 3% 4
= Data corresponds to an integrated luminosity of 139 fb~1 at/s = 13 TeV 70
= Differential cross sections defined in a fiducial region are measured as a function of the ATiAS Py L2
transverse momentum p# and the number of jets Njets HoZZ oA
= All measurements are in agreement with the SM prediction (o5;4 sy = 3.41 £ 0.18) B | ) .
0riq = 3.35 £ 0.30(stat) + 0.12(syst) fb @95% CL SN " ¢
0495 = 115+ 0.13 pb @95% CL ot ! LT
oygr = 0.13 1+ 0.04 pb @95% CL o N *
i % e o e %

X/

% http://cdsweb.cern.ch/record/2682107/files/ATLAS-CONF-2019-025.pdf
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Fiducial cross-section H — yy ARAR

R/

*»  http://cdsweb.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf
= The diphoton cross section is measured in a fiducial region that follows closely the i enpronanmannns MapnspARe s naSS

ATLAS Preliminary  H—yy, Vs=13TeV, 139 ib™

experimental reconstructed signature
= The measurements are performed in kinematic fiducial volumes defined in the STXS
framework R S—

= Production channels considered: ggF, VBF, VH, ttH, tH

-4 Data, tot. unc. syst. unc.

\

= gg—H default MC + XH
- NNLOJET @ SCET NNLO @& MLL + XH
S0 XH = VBF+VH+ttH+bbH

doy,/ dp!’ [b/G

_.
e
%

= Data corresponds to an integrated luminosity of 139 fb~! at+/s = 13 TeV
= Differential cross sections as a function of different observables sensitive to the Higgs
boson production kinematics, the jet kinematics, the CP quantum numbers of the Higgs

(3 O < I )

Ratio to default pred.

o

boson, and the VBF production mechanism are reported and compared to several R p [GV]
theoretical predictions. wr OABE ATLAS Preliminery | B~ oo fom 19783

. SILH 1

= No significant new physics contributions are observed from the study of two effective 0. 1o~ S E
field lagrangians (EFT) based on SILH and the Warsaw basis of the SMEFT formalism 0.05F 7,-2,=0 / F

= Differential cross-section as a function the pr of the diphoton system is used to probe of $ .
the charm Yukawa coupling of the Higgs boson e T E

= All measurements are in agreement with the SM prediction 015 [ Oserved 95% oL E
-0.15~ * SM -

Ofig = 65.2 £ 4.5(stat) + 5.6(syst)) £ 0.3(theo) fb @95% CL 005-0.06-0.04-002 0 0.02 0.04 0.06 0.08

EHW
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http://cdsweb.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf

Cross-section H = yy and H = ZZ" combination PR

1001~ ATLAS Preliminary — O, My=12509GeV

= Combined measurements of the total and differential cross sections of oty © Hoo2Zal QOD scale uncertainy
. . i . B Total uncertainty (scale ® PDF+a,

Higgs boson production on the named channels gol $Somonedcata ce e L

= Corrections are applied to these yields accounting for luminosity, detector

G,y [PH]

. . . . 60f
effects, fiducial acceptances, and branching fractions i
a0} .
= Production channels considered: ggF, VBF, VH, ttH, tH, bbH 201 -7Tov, 45 ]
. . . — i s=8TeV, 20.3 fo"
= Data corresponds to an integrated luminosity of 139 fb~! at+/s = 13 TeV b BT ]
= Combined measurements are compatible with the SM predictions s R T
= Differential cross sections are calculated as a function of pr 5 for the _ \/E = 13 TeV
. e . . . . . . % 180 ATLAS Prelminay 4 Compincagma
individual channels and their combination, being compatible with the SM 8 1;_4;:1“6\,,139& I ey E
predictions and between each other Raks % """ oP K-t
O 1.2 =
S h
osi T‘ﬂ% | .
0.6 £ =
o = 55.4743 pb @95% CL " ;
0.2F Z'l’+¢'“‘:‘¥“" " =
= :::L:H:: ..:::;J:::L::ff*:'?;‘.‘r‘lr“-”;_
1.2k =
8 et | I
éo_;:’r'M}H'
8 OO g s 5 586506 546 oo
«* http://cdsweb.cern.ch/record/2682844/files/ATLAS-CONF-2019-032.pdf p,,,[GeV]
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http://cdsweb.cern.ch/record/2682844/files/ATLAS-CONF-2019-032.pdf

Searchfor H —» uu (+ H - ee ) ATLAS

= Searching for leptonic final states probes the structure of the Yukawa sector of the SM & E shomey  vbde
= SM B(H — ee) its far below LHC sensitivity (SM BF: 5 x 107?), but SM B(H — uu) has : 200; o0 +48) weihie B POr
great chances (SM BF: 2.2 x 107%) g o
g
= Analysis selects events with two opposite-charge muons and classifies them into eight |
mutually exclusive categories i ;1 TmT”;“;
= Two categories are defined using a multivariate discriminant to provide good sensitivity 8 T 1'1'; Lom oo 155------;-12 seveeseveensevel
to the vector-boson fusion (VBF) process. Events failing the VBF selection are sorted into M, [GeV]
ggF categories ]
= Dominant background Drell-Yan Z /y* — uu 3 i
e g0 ¢ Data ]
= Data corresponds to an integrated luminosity of 139 fb~! at/s = 13 TeV . aaf — s _
= Fit uses the range m,,= [120,130] GeV ok ]
= No significant excess over the expected SM background is observed 20:
= Upper limit calculated (compatible with the SM) CE |
B (H - ‘LL‘LL) <38:-10 4 @95% CL i 502 _mH 'ﬂ"'}"+H'|'+f'+‘{+f++¥++++}+ﬁ++{+++++++i+£
B(H N ee) < 35.10"% @95% CL % https://cds.cern.ch/record/2682155/files/ATLAS-CONF-2019-028.pdf & —500.#.H+.....1.-¥
% https://cds.cern.ch/record/2685338/files/ATLAS-CONF-2019-039.pdf 110 115 120 125 130 135 140 145 150 155 160

Mg, [GeV]
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Search for H — cc via ZH production ATLAR

% Phys. Rev. Lett. 120 (2018) 211802
Measurements of the Yukawa coupling of the Higgs boson to quarks in / 2018)

generations other than the third are difficult at hadron colliders, due to small q "
branching fractions, large backgrounds, and challenges in jet flavor identification
An alternative approach is introduced to investigate the H — cc coupling by
requiring the reconstruction of the invariant mass of the Z boson from 2 leptons
and the di-jet requiring at least one c-quark

Main backgrounds: Z+jets, tt, ZV

% T ,.‘..‘|‘.‘|‘.D‘|‘..|

© ATLAS et ;I

. . . -1 ? s=13 TeV, 36.1 ! — Fit Resul 3

Data corresponds to an integrated luminosity of 36.1 fb™" at/s = 13 TeV 2 2 c-lags, p} 2 150 GeV mZ e jts ]
H 2 mzz ~

No excess over the expected SM background is observed s 7 -

[ ZH(bb) 7
— ZH(cE) (100xSM) |

Upper limit ~100 times higher than SM hypothesis (previous analysis reached an
upper limit of ~500 times higher than the SM hypothesis)

o,y X B(H = cc) < 2.7 pb @95% CL

OO
fosYe =1 b0

U ee < 110 @95% CL

el b by b e by by 1 ‘ L
60 80 100 120 140 160 180 200
m . [GeV]

Data/Bkgd.
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For more details check Xin presentation!

Invisible Higgs boson decays ATLA

< Phys.Rev.Lett. 122 (2019) no.23, 231801

T T T T T
ATLAS

Vs=7TeV, 471"

Vs =8TeV, 203"

s =13 TeV, 36.1 fo
—— Observed limit
wssw Expected limit +1c
...... Expected limit +2c
All limits at 95% CL

= Numerous models predict detectable production rates of such Dark Matter (DM)
particles at the Large Hadron Collider (LHC)

= In a wide class of those models, the Higgs boson acts as a portal between a dark
sector and the SM sector, either through Yukawa-type couplings to fermionic
dark matter, or other mechanisms

= Higgs boson decays to DM particles can only be indirectly inferred through
missing transverse momentum (MET) due to DM particles escaping detection,
and are therefore termed “invisible”

—
III|I

©
fe)

o
~

Upper limit on BH- iny
o
[e)]

o
n

| | | ] |
V(had)H  Z(lep)H VBF  Combined Combined Combined

= Production channels considered: VBF and VH(Z;e, H and V44 H) Run2 Run2 Run2 Run2 Runi  Runis2

o

= Output distributions are combined in a maximum-likelihood fit E - ATLAS
O By < 0.24 s =7TeV,4.7 o’
=104 All limits at 90% CL Vs =8TeV,20.3fo"
. . . -1 < 0 s =13TeV, 36.1fb"
= Data corresponds to an integrated luminosity of 36.1 fb~! at+/s = 13 TeV = Higgs portals
=

#% Scalar wimMP
== Fermion WIMP
Other experiments
Cresst-lll

combined with previous analyses 5 10
= Under the assumption that the Higgs (effective model) decays to a pair of scalar

or fermion weakly interactive massive particle (WIMP) using a nuclear interaction 10" T DakSideso
o _nv(scalar) > 2 x 10~*°cm? @90%CL 46 e XenontT
B(H - inv) < 0.26 @95%CL "™P v ,) P [P v SR VY
O'WIMP_N(fermlon) > 10 cm” @90%CL 10 m 10[G8V]
WIMP
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For more details check Kathryn presentation!

di-Higgs production (self-coupling) ATLAR

s CERN-EP-2019-099

= Measurements of the strengths of the Higgs boson self-

ATLAS I I —o—Obselrved
interactions and their comparison to SM predictions are [ ooy s s =i | B AL AL I me—
- Tk (PP = =33. Expected + 26 i T b ] N
necessary to verify the electroweak symmetry breaking i o Bo. Bpse | 3 [ eeeeiN | 2% { |~ ot 95% CLimis
HH- bbr*t 125 15 12 [ h S ~— bbbb
i - | & 1 S | -
mechanism of the SM - e a w | & I
= But the SM di-Higgs cross-section is much smaller than o | 23 2 2 Y 1 | en
H : : HHAW*W'W*W'_ 160 120 7o 1 0_,__3195%32 i — Comb.
those from single SM Higgs production o o e i I—
F B r T ATLAS b
HH- bBW'W 305 305 240 [ -5.0-120 \(—g‘gfﬁ.g) k Vs =13 TeV | Comb. 26 (exp.)
. . 11 1. IR — IR — T 0| e ST el 27.5-36.1 1" “— Theory prediction
= Combination of: bbbb, bbW*W ~, bbt 17, cansees|_{f] 6e 1, %8 102 bssbd sl [T

102 10° 10° 10°

W+W—W+W—’ bEyy and W+W—yy 95%13L upper limit on & (pp — HH) normalised to GE';“F K
= Data corresponds to an integrated luminosity of 36.1 fb~1

g [ ATLAS & | amas’ !
= No statistically significant excess of events above the SM 0y fB=13TeV, 27.5-36.1 1" B g fE-1aTev, e e oL _om oot
E - i ] . E Spj'l- |\H'HISV V \IITIIIS-
predictions is found 70 spin-0 s W Woto e
= For the SM hypothesis, the observed 95% CL upper limiton = | g | R
the ggF cross-section is 6.9 X SM prediction, with its “’“; 107 s W
coupling defined —5.0 < Kk ; < 12.0 at 95% CL 0] 107, o)
= Since the combination there were 2 new results SN E—— : O e
3x10? 10° 2x10° 3x10° 3x10? 10 %10[6261103
% https://cds.cern.ch/record/2682801 <« https://arxiv.org/abs/1908.06765 ms[5eV] B
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ATLAS

Higgs off-shell coupling (width)

= The SM Higgs boson has an extremely narrow total

. . . 10 | —>‘H—>ZIZ—>£IEyE,J;1/IH=26OGeV‘ Z
width (~ 4 MeV) because its main decay channel (b- o o= STV HE+ cont]? |5
= 1F i —— |H+cont|?
quark) has a small mass compared to the EW scale % -  How
2 = 01 ---- Hzwa
B Amz,,/ EW S oot
=
= 0.001 f
= o .
= The direct method to measure the Higgs width is by 0.0001 Higgs signal shape
taking the error of the invariant mass shape fitted by a 1605 | » BW
BW curve, but there is not enough experimental 150 200 250 300 350 400 450 500
resolution at the LHC (~GeV) Mzz [GeV]
h 5
atxam~ L s on A~ L —— Am~T St AP |
T r 2m %102: /5
, , _ Particle | Width[MeV] | Lifetimels) o / j
= A novel method to constraint the total width by using the 7 ~ 1,300 ~5x10 D Tew F /
- - 95 | e feees e
H — VV off-shell events (~20% of the total events), and v PO S G IS /
assuming the same off- and on-shell coupling h 4.21£0.16 | ~ 1.65x 1022 1010
b 44x1071 | ~15x 1071 :
Pjstfnims 102
K‘;g%H *Kfiowy 2 2 Ooff e ds
Ogn ~ > Ooff ~ Kggon " Kiisyy ——> Tu~ 100 200 300 500 1000
I Oon M, [GeV]
H
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ATLAS

Higgs off-shell coupling (width)

= Off-shell production can provide sensitivity for new % Phys.Lett. B786 (2018) 223-244

i 1 1 1 g 350 Data 3 %J ATL T " ‘D‘a(al T T ‘_,
physics that alters the interaction between the Higgs S e v § oA e
. € 8001 —zz 4 [ gg#VBF(H'-IZZ(SM) - O gol H' »ZZs2u2v [ ggeVBF(H-)ZZ(SM)
boson an other fundamental particles 2 .z r -
Uncertainty ] L%’ 40 = Other backgrounds ]
53 Uncertainty b
= Analysis region: 220 < my; < 2000 GeV iyl E
20 —
* Decay channels: ZZ — 4l and ZZ — 212v (ggF and VBF) : ]
50 - . 10 L A
= Data corresponds to an integrated luminosity of 36.1 5 2 il D5 a8 % e X \
fb _1 p g y g 15;: + K TP URPR \4 i ; { + d % D;g&i\t&\\i@\ %&\ &\\\%
o 0.5 - g © R\ 3
. . . 45 4 35 3 25 2 156 -1 05 0 05 400 600 800 1000 1200 1400
= Largest systematics comes from the uncertainties of the Due 7 GeV)
generation gg- and qg-initiated background processes S s ka2 farias o ]
. . . . . = L —— Expect ] ™~ Fo.. —— Expect ]
= A binned maximum likelihood its constructed over the ¥ W o2Zo422y o Ovevessaony | Yooz sazey e omevessiony |
12113 Tev, 36.1 fo — Observed . 1213 Tev, 36.1 b" Observed ]
matrix-element discriminator for ZZ — 41, and my for o M ] gl S
Z7 — 212v o " o
6 6
= The observed upper limit of the off-shell signal strength 4 ) Y7 47 A E
is 3.8 at 95% CL, while assuming that ratio of both on- o o-
and off-shell couplings are the same, the observed o Oy
upper limit of the Higgs total width is 14.4 MeV Ho s
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= The observed Higgs boson at the LHC is highly compatible with the SM
Higgs boson, but there is still room for BSM candidates

= Most of the production and decay channels has been studied by the

Conclusions @L

LLLv R

ATLAS collaboration, having substantial success in their determination ww
bb
= One of the greatest challenge for the future of LHC experiments it’s the 0 0.2 0.4 0.6 0.8
measurement of the Higgs-self coupling
? bbH |
= We are confident that in the next years we will achieve a proper o
characterization of the Higgs boson to determine its true nature
v i |
v ver
v e« I
0 20 40 60
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di-Higgs production (self-coupling) TR

= Measurements of the strengths of the Higgs boson self-
interactions and their comparison to SM predictions are

Standard Model Total Production Cross Section Measurements staus: August 2016

_ i g 0 o ATLAS  Preliminary B eoy E
necessary to verify the electroweak symmetry breaking o AU 12 VEo 7,813 TeV I, =
mechanism Of the SM 10° BEl Data 45-40f

2 S M U B P VR U1 2 T3
. . . . 10 O _ ; ata 203 fb-! 3
= But the SM di-Higgs cross-section is much smaller than e, | SMiZ-production HAH bz
. . . 35 b LHC pp Vs =13 TeV
those from single SM Higgs production 10f B oo 0 i
103 O E
~Xx 10° f
-E'_G__n.. -
S ff.-.?.nﬂ-.---.&----;:u-. _____________________ :_
_[ SM H-production 1 e o
10 2.0 o7 - E
3 ! VBF I
1 X 10 -I- vH ! B -
l ttH
1071 '_
PP W Z tt t_cEan ww H Wt wz Y4 ﬂ%an ttwW ttZ
To 1« R AN, A

SM HH-production
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di-Higgs production (self-coupling)

Measurements of the strengths of the Higgs boson self- 00 ,-h
interactions and their comparison to SM predictions are g
necessary to verify the electroweak (EW) symmetry A
breaking mechanism of the SM h

. 200 o
But the SM di-Higgs cross-section is much smaller than indirect BSM contribution

those from single SM Higgs production

The existence of an extended scalar sector or the
presence of new dynamics at higher scales could modify
the Higgs boson self-couplings
= Non-resonant di-Higgs enhancement
= Resonant di-Higgs enhancement 000 ,-h

Q00 “-h
direct BSM particle

f mmm-

ATLAS

EXPERIMENT
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