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Higgs searches at LEP
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Higgs searches at Tevatron
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The Higgs boson discovery
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The Higgs boson discovery

CMS Vs=7TeV,L=5.1fb"' \s=8TeV,L=5.31b"
T 1 T 1 | [ 1 |

Q_o =r rr rrrrryrrrrjrrrrrrrryrrrrprrrrrrre GJ 1 Illlllllllllll-l
= ATLAS 2011-2012 = oy
§ \s=7TeV: [Ldt = 4.6-4.8 fb" = > o
Vs=8TeV: [Ldt=5.8-5.9fb" 1o o 30
©
O |
3 4G

50

10'8 | == Combined obs. ]
- == Exp. for SM H 60

—— H—yy .

-10__H—>ZZ ‘\ ]
107 Fl— o ww .

. || m—H— 1t . —
IIIIIIIIIIIIIIIIIIIIIIIIIIIIsslIIIIIIIIII H_>bb \ 70

110 115 120 125 130 135 140 145 150 0 D et et e e e e =
m,, [GeV] O110 115 120 125 130 135 140 145

my, (GeV) °




The nggs b

\s=7TeV: [Ldt=4.81b"
10° {s=8TeV: [Ldt=5.8fb"

______
-

Local p

{s=7TeV: [Ldt= 4.8 fb"
10° s=8TeV: [Ldt=5.9 fb’

-- 2011 Exp. ----2011-2012 Exp. ",
—— 2011 Obs. — 2011-2012 Obs.

10:: .- 2012Exp. Vs=7TeV: [Ldt=4.7 fb - _~5O

1075 2012 Obs. @ 8 TeV: det—58fb1 )

R TR P B - TV R R PO R -
my, [GeV]

oson disco

ve

CMS Vs=7TeV.L=51fb'Vs=8TeV,L=531fb"

Phys. Lett. B716 (2012) 1
Phys. Lett. B716 (2012) 30

Events / _j 5 GeV
(@) ]
(@)
o

Events / 1.

1000
N ®) _
QD ]
- B
2
%J 500_ i gftBaFit
- e B Fit Component
[ J+#1o
) [ +20
¥ | | | | | | | | | | |
s 910 120
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
NLAS 2011-2012 .
Vs =7NeV: [Ldt=4.6-4.8 fo ---- Exp.
\s=8TRV: [Ldt=5.8-5.9 b [x1o

z . :
IIIIIIIIIIIIIIIIIIIIIIIIIIII‘lIIIIIIIIII

110 115 120 125 130 135 140 145 150

m, [GeV]

130

CMS \s=7TeV,L=5.1fb"\s=8TeV,L=5.3fb™
' > :I | [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ f
"""""" ] 8 12—_ ¢ Data N
| s 1 ! ™ | ] z+x -
~~ L * -
I %) 10— ZZ (Zy7) _
18 & my =125 GeV
R ! o 8 ]
S i ]
13(% V) 1 . 61— _
e L ||
m,, ( : L’- i ol 1
1 B 4_— | J_o T
] ® ® ® @
_ v 2 ° It _::. ® | OJ_OJ:%
|||||||||||_ O ||||| _!E i-. 1]
140 130\/ 80 1007 120 140 160 180
My, (GeV) m,, (GeV)
CMS \F_7TeVL 51fb' \f#=8TeV,L=5.3fb"
GJ 1 T 1T 1 | T 1T 1 | T T 1 | T 1T 1 T T 1 | T 1T 1 | T T 1
> N/ £ 10
— ‘ / \
Cg , ‘ Il e <20
210 \\. |~ -
o A _130
8 |
-4 s —
o107 .. §
< P J _40
6| |
10 ¢ AW 150
10‘8 — | = Combined obs.\‘~ —
__---uExp.forSMH ’~.,\ _60
| =— H—yy . ]
-10_ —H - 7 ‘\ _ |
10" F|—Howw K ]
— - H— 1t ' —
1012 [ Ill_liblbl | [ | | 1 1 I‘I¢| [ | [ i—70

110 115 120 125 130 135 140 145
my, (GeV)



JHEP 08 (2016) 045

arnt about the Higgs boson in Run 1

What we le

o 1 18
8 — ~ WW :g
S | =
L
Siol 7z &
A w 5
c [— ]
m CC 1
o
oI10°F E
- -
107 :
: " :

'4 | | | | | | | | | | | i | | || ||||||
1080~ 100 120 140 160 180 200
M, [GeV]



JHEP 08 (2016) 045

What we learnt about the Higgs boson in Run 1
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What we learnt about the Higgs boson in Run 1
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What we learnt about the Higgs boson in Run 1

Phys. Rev. D 92 (2015) 012004
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The CMS experiment
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The CMS experiment

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0 m Pixel (100x150 pm) ~16m* ~66M channels
Overall length -28.7 m Microstrips (80x180 ym) ~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

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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The Higgs boson, 11 years after its discovery

* Couplings with bosons

CMS 138 fb™' (13 TeV)
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Some open questions

Is this Higgs boson really THE
SM Higgs boson?

Where is the new physics?
Is the Higgs boson related to it In
some way?

What are the couplings and
kinematics of the Higgs boson?
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Des questions, des reponses (?)




Disclaimer

* By no means a complete picture!

* Trying to (mostly) focus on relatively recent results

* Focusing on results from CMS (consistent with ATLAS
programme!)



Higgs boson analysis strategies

* Target all major decay CMS reiiminary 138 o' (13 TeV) _oCMS 137 fo! (13 TeV)
= 240F . . | .\ . . . I T — 3 :""I""I_""I""I""I""I""I.""E
channels (and some rare 3 o 0 O oo & Honnowhey Mg
ones) + all major S ool | EN o
production modes < O = RN = B comporent
P 120 —— = -% 30;— +2 O —;

% g E E i

* Need the whole detector: & -+ ER
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forms for background

e Likelihoods!
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Brief interlude: unfolding
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Brief interlude: unfolding
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Unfolded Distribution

Figures: K. Cormier
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* (Almost) everything | will show today is
unfolded to detector-level (general for

Higgs)
» Implicit in likelihood fit

e Sometimes inclusive, sometimes fiducial

fiducial

selection
full process

phase space
("inclusive")
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Precision Higgs measurements

Model dependence
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(Inclusive) signal strength
or cross section
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Precision Higgs measurements
Why you should care
e Jo satisfy our curiosity!

— Model Ky Kb Koy

§ Singlet Mixing ~ 6% ~ 6% ~ 6%

= 2HDM ~ 1% ~ 10% ~ 1%

% Decoupling MSSM  ~ —0.0013% ~ 1.6% ~ —.4%

s Composite ~ —3% ~—-83-9% ~ —-9%
Top Partner ~ —2% ~ —2% ~ +1%

« BSM models predict %-level
deviations in couplings = need
precision measurements
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arXiv:1310.8361

Precision Higgs measurements
Why you should care

e Jo satisfy our curiosity!

Model Ky Kb Koy
Singlet Mixing ~ 6% ~ 6% ~ 6%
2HDM ~ 1% ~ 10% ~ 1%
Decoupling MSSM  ~ —0.0013% ~ 1.6% ~ —.4%
Composite ~ —3% ~—-B83-9% ~—-9%
Top Partner ~ —2% ~ —2% ~ +1%

« BSM models predict %-level
deviations in couplings = need
precision measurements
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Precision Higgs measurements

Why you should care
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Measured o compatible with SM Possible deviation!
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STXS - VH, H->bb

VH = V (— leptons)H

qq — ZH gg — ZH

{‘J\ Lot of background at low pt =

focus on high pr

b-jet b-jet

20
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b-jet b-jet

HIG-20-001, sub'd to PRD

(2) Rely on DNN to increase sensitivity
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STXS - VH, H->bb

Categorization in different reco-level categories to be able to measure STXS bins
Purity not always great

CMS Simulation
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STXS - VH, H->bb

ZH, pT(V) > 400 GeV

ZH, 250 < pT(V) <400 GeV

ZH, 150 < pT(V) <250 GeV, >1J
ZH, 150 < pT(V) <250 GeV, =0J
ZH, 75 < pT(V) <150 GeV

WH, pT(V) > 400 GeV

WH, 250 < pT(V) < 400 GeV

WH, 150 < p_(V) < 250 GeV

138 fb' (13 TeV)
CMS o Observec STXS signal strengths
VH. HsbE tlo (stat @ syst) rather than cross
PR m— tlo (SYst) sections = include
e —— 183+ 063 + 042 theory uncertainties in
: systematic component
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| - 1.88 + 0.47 + 0.38
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—2—1012345678
Best-fit 22
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Differential measurements

Measurements dominated
by statistical uncertainties

JHEP 08 (2023) 040

to NNLOPS

Rati

-1
CMS 138 b (13 TeV)

L I I I | I I I I | I I I I | I I I I | I I I [

¢ Data (stat. ® sys. unc.) p-value(POWHEG): 0.30
1 E_ ——— Systematic uncertainty _§
- SN gg—H (amcatnloFXFX + JHUGen + Pythia) + XH ;
i SIS gg—H (NNLOPS + JHUGen + Pythia) + XH _
1071 Ygsssss4544  gg—H (POWHEG + JHUGen + Pythia) + XH _
SR XH = VBF + VH + ttH (POWHEG + JHUGen + Pythia) S =
) -
(LHCHWG YR4, m =125.38 GeV) O -
8 —

— A

10% ¢ Vo Ty =
m B
N —lO
- v
n o 1 N -

N\ S /
107 :

I I I I I I I I I I I I I I | I I I I

1 8 I I I I I I I I I I I : I I I I

1.6 \

1.4 N 7
1.2 N \ :
. 1 N I 1713 f Q AN 7 @ 7 :
0.8 =7 =T 17 2B
0 ; b
0.2 | | | | E

O I ! I I ! I I I I I I ! I I I I

0 50 100 150 200

p (GeV)

H
T

Generally good agreement
with MC predictions
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Differential measurements

Probability, based on angular
and kinematic properties, that
event is SM-like or anomalous-
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Boosting the Higgs

Why you should care
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Boosting the Higgs

Why you should care

-1 -1
CMS 138 b (13 TeV) CMS 137fb~! (13 TeV)
— | | | | | | | | | | | | | | | | | | | | | | | |- 9 |
> ) Data (stat. ® sys. unc.) ) 10 | H—yy #4444 MADGRAPH5 aMC@NLO, NNLOPS ggH + HX
(()) 1 S ’ ye: o p-value(POWHEQ): 0.30 _ ] 4444 MADGRAPH5_aMC@NLO ggH + HX
(D s \ ystematic uncertainty | E 1 444 POWHEG ggH + HX
7 . M gg—H (amcatnloFXFX + JHUGen + Pythia) + XH . 10 —  HX = MADGRAPH5_aMC@NLO VBF+VH+ttH
@) - SESSSE gg—H (NNLOPS + JHUGen + Pythia) + XH . ] + Data, statesyst unc.
3, 10 Y5444 gg—H (POWHEG + JHUGen + Pythia) + XH - % - syst unc.
T F [ ] XH=VBF+VH+ttH (POWHEG + JHUGen + Pythia) S o 10°4 "f-+ p-value(nominal SM): 0.236
- ~—
Q. (LHCHWG YR4, m =125.38 GeV) (85 ] £ ﬂ 'f';t
O o o N g .
. 102k it 2 3 a1 e 3
N [ FIQ 7 E _# - S (qs
SR s 7> WL 5 - B
- — V%) -2 =
© P — <1 10 LE
= | 3 s g
- i = N — 27— >
L 1 103 o]
r 7 |
| | | | | ] | | | | | | | | | | | | | I | | | |
(f) 1 8 3 { ] | I I | 1 ] | l I | | l I | I I I I | | I
S 16 N =
= 1.4 ) . | N % -
% 1'21 ___________ gLg slg ANV ) 22— N 29
e o8f 1 ST 7 TR 2
o 06 | { T 2
E- AF S
(1] E
o 88 T R T N N R R SR N I B
0 50 100 150
z
a8
kS
o)
©

physics

25

pr (H) [GeV]



<(<<Q>

Boosting final states - challenges




<(<<Q>

Boosting final states - challenges




<(<<Q>

Boosting final states - challenges
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Boosting final states - challenges
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Boosting final states - challenges

/

AR ~large
ot~ O(GeV) \
2.6%
2.9%
vy. (0.2%),
Zy (0.2%),
‘ /S& cermall u (0.02%)
N
pr~ O(100 GeV) Large branching fractions are beneficial

to select sufficiently large sample of events!
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H—->bb boosted

* Considering both gluon-gluon fusion and VBF production in the boosted
regime (ggF less dominant @ high pr)

X P/F transfer factor x residual transfer factor

b
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Challenge 1: reconstructing the Higgs boson Challenge 2: multijet background
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H ebb b O o Sted Information up to 1.2 TeV - note: this is not unfolded
to generator-level

CMS Preliminary 138 b (13 TeV)
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H ebb b O o Sted Information up to 1.2 TeV - note: this is not unfolded
to generator-level

CMS Preliminary 138 b (13 TeV)
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We also study boosted H-=>1t - see backup!
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Rare & BSM Higgs decays

Z
Why you should care :
« The SM's newest particle could be a portal CMS 158 (13T S
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What's iIn a name?

Rare

2.6%

2.9%

vy (0.2%),
Zy (0.2%),
MK (0.02%)
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What's iIn a name?

Rare

526 y H->ZZ->4l ~ 0.02% , pretty rare

cC
2.9%

vy (0.2%),
Zy (0.2%),
MH (0.02%)
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What's iIn a name?

Rare

526 y H->ZZ->4l ~ 0.02% , pretty rare

cC
2.9%

0,
g{ ((%-.22 0//1))’ H-yy seems pretty rare too

Wu (0.02%)
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What's iIn a name?

Rare

> 6% H->ZZ->4l ~ 0.02% , pretty rare

cC
2.9%

0,
\g, ((%.22 0//1))’ H-yy seems pretty rare too
MM (0.02%)

Typically: rare means 'small branching fraction and
currently limited experimental sensitivity' +
‘extremely small branching fractions (O(10-3 and
smaller)
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What's iIn a name?

BSM

Rare

 Decay channels not
allowed in the SM

N

22, HZZ>41~0.02% , pretty rare * e.g. Heinvisible*, Hehght
2.9% (pseudo)scalars

0,
\g, ((%.22 0//‘:))’ H-yy seems pretty rare too

MU (0.02%)

Typically: rare means 'small branching fraction and
currently limited experimental sensitivity' +
‘extremely small branching fractions (O(10-3 and
smaller)

*H=>Z/->4v is of course an SM process...
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CMS-PAS-SMP-22-012

PO 123107 (18 TeY)

s F CMS ary — 3§ Data (475 events E

(Super) rare decays P
* Host of possible channels, e.g H=2>((nS)y e — w0
(recent result) : | E

* B~ 0(1 0-6) z l. P Nl -

 Charmed meson = possible handle
on H-charm coupling

m, . (GeV)

(N2 N)/5
LII\)OI\)L
¥
i
&
.& _
? 1L
< |

123 fb' (13 TeV)

% ., CMS _
N = Preliminary - 3
= — —_
t B i
N
3 | . -
107 & =
ANANNNNNNNN, Y E E
q = _
(Z7 H) _______ 10_5 = =
- 95% CL upper limits =
q B - Observed -
u Expected .
(oS —_—— BB = 1 std. dev. _
= - + 2 std. dev. =

Z — W(1S)y Z — W(2S)y H — W(1S)y H — W(2S)y
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BSM decays: H->invisible

"Invisible": escape CMS

undetected = missing
energy

H+something: helpful for
trigger (+ backgrounds)

C

(

DM-nucleon

Sl

O

107"
107
107%
107
107
107%
107
107%
107%
107
107%
107%
107
107"

4.9 b (7 TeV), 19.7 b (8 TeV), 140 tb™ (13 TeV)

T

4
4
4
A4
4

L 4

-, CMS 90% CL limits
B(H — inv) <0.14

I IIIIIII| I IIIIIII| [l
&

Higgs portal models

‘e —~ — - Majorana fermion DM

— — - Scalar DM

= = = Vector DM “V®°mP

radiative
Vector DM m, = 100 GeV

L 4 ~ - 'y radiative
s Vector DM m, = 65 GeV

- Direct-detection

/ ssss CRESST-III

-~ »sns DarkSide-50
-~ snnn PandaX-4T
sens | UX-ZEPLIN

| IIIIIIII| IIIIIIII| IIIIIIII| III\{IIII| IIIIIIII| IIIIIIII| IIIIIIII| Iylllllll IIIIIIII|
4
4
4
4
L 4
\

\

IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| I'|IIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| L1

[ TTINII

Mgy (GeV)

EPJC 83 (2023) 933

Higgs physics @ LHC and
non-collider experiments join
forces!

1 10 102 10°
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Nature 607 41-47 (2022)

Di-Higgs production

Why you should care

Higgs field value
In our Universe

An alternative
potential

Standard Model
potential

Current
experimental
knowledge

o

Shape of potential = Higgs self-interaction

-> di-Higgs production

g 7000

t.b

g 7000

t.b

t.b

t.b

e - - H
Kt,b
t.b
Kt,b
® - -1
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ZZ

YY

3.1%

bb

Chasing two Higgses at the LHC

g To0) , H | g oooooy—@ — — — H
t,b / t,b  |Kt,b
H /
t.b >R t.b t.b
t.b
B(HHQXXYY) g oo bb m g mm“t—’bemt—’b— - H
-> No one channel dominates
| I 1 1 I I 1
HH production at 14 TeV LHC at (N)LO in QCD
---------- M, ;=125 GeV, MSTW2008 (N)LO pdf (68%c! .
........ " SRESiPRrEsel Gluon-gluon fusion: o ~ 31 fb

4.7%
Qo
3.5% - g
o
=
ik
v
§. Vector boson fusion:
2.7% 1.0% 5 o~ 1.7 fb
p
=
1.2% 0.007%
0.001%
WW g9 TT 27 YY
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Chasing two Higgses at the LHC

g 7000)

B(HH=>XXYY) o
-=> No one channel dominates

| I

4.7%

3.5%

2.7% 1.0%

1 1 I I ||
HH production at 14 TeV LHC at (N)LO in QCD
M, =125 GeV, MSTW2008 (N)LO pdf (68%cl)

zZ 3.1% 1.2% 0.007%
1% 0.001%
bb WW g9 T z7Z vy

, H

t,b /

H /
t,b o B L2
Kt,b

N\

t,b \
~H

MadGraphS_ aMCs

g ovoooo—@ — - — H
t,b  [Kt,b
t,b t,b
tvb Kt,b

g voooo—@ - - - H

Gluon-gluon fusion: o ~ 31 fb

We also look here
(WWH,ZZH)

Vector boson fusion:
o~1.71
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Status of HH analyses

95% CL limit on o(pp — HH (incl.)) / fb

10

—
o

w
T

—h
o

N
|

Excluded

138 b (13 TeV)
] | ] ] ] | ] ] ] | ] ] ] ] ] ] | ] ] ] | ] ] ] | ] |

—— Observed @ ----- Median expected
~—— Theory prediction ¥ 68% expected
----- 95% expected

7

/

Excluded

|
1N
|

S

-1.24 < K) <6.49

bb ZZ
Expected: 40

Observed: 32

Multilepton

Expected: 19
Observed: 21

bb vy

Expected: 5.5
Observed: 8.4

bb Tt
Expected: 5.2

Observed: 3.3

bb bb
Expected: 4.0

Observed: 6.4

Combined
Expected: 2.5

Observed: 3.4

CMS 138 fb™' (13 TeV)
1 | I I I I I I I 1 | I I I I I I 1 |

1 =K =1 —e— Observed ~ ----- Median expected

Ky =K, =1

v= Boy =

B 68°% expected
----- 95% expected

Z
)
=
C
S
®
o)
o
N
)
=)
N
S
o)
o

1 10 100

95% CL limit on o(pp — HH) / O heory

+bbWW, VHH(4b), etc.
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CMS-PAS-HIG-23-006

Single H meets HH

. 7 CMS Preliminary 138 b (13 TeV)
=+ . B | | | | | | | | | | | | | | | | | | | | | | _
NLO EW contributions from 8 -~ Observed — single-H comb. .
Higgs self-coupling in single 1.6 Ky = Koy = 1 — HH comb. -
H processes i single-H and HH comb| -
1.5 ¢ Best fit value —
- — 68% CL (10) -
1.4F ce-._ ===195% CL (20) =
1.3F -
H 1.2F -
1.1 -
1.0 —
Other Higgs couplings of 0.9F —
course still enter! I )
0.8 —

0.7.5 —
Ka
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CMS-PAS-HIG-23-006

Single H meets HH

=
Q\
Z

CMS Preliminary 138 b (13 TeV)
B | | | | | | | | | | | | | | | | | | | | | | | | | | I_
3'5:_ Observed — single-H comb. ¢ Best fit value _:
- K =K =1 — 68% CL (10) i
- — HH comb. -
3.0 --- 95% CL (20) 7
i single-H and HH comb.| _ 99.99994% CL (50) i
2.5F —
2.0F
15—
1.0F ...
0.5 o eee--
~0.5F |
0.8 0.9

~
<

Excluded!
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HILUMI

LARGE HADRON COLLIDER

| LHC HL-LHC
Run 1 ‘ ‘ Run 2 | ‘ Run 3
3.6 TeV 12.6.- 14 TeV
13 TeV —_— — E————————— L L)

Diodes Consolidation

8 TeV splice consolidation cryolimit LIU Installation . . HL-LHC
7 TeV e button collimators interaction o _ inner triplet i .
— R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation

- 2025 2026 2027 2028 2029 IIIIIII

5to 7.5 x nominal Lumi ,

ATLAS - CMS —

HL upgrade
integrated [EAUSURI &
luminosity JELIR] o5

Much more data to come in the next decades!
(Relying on the upgrades)

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

ATLAS - CMS
upgrade phase 1

experiment
beam pipes

nominal Lumi 2 x nominal LumLI ALICE - LHCb 2 x nominal lumi

75% nominal Lumi I I/—' upgrade
190 fb! today BN

o=
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Higgs prospects at the HL-LHC

s =14 TeV, 3000 fb™ per experiment

* T I T T T I T T

O Total ATLAS and CMS

S Statistical HL-LHC Projection

Ql —— Experimental

8 —— Theory Uncertainty [%]

v 2% 4% Tot Stat Exp Th

Z K, = ' 1.8 08 1.0 1.3

x

Ky =_ 1.7 08 07 1.3
Ky, = | 1.5 0.7 06 1.2
Kg =__. 2.5 09 08 21
Ki B 3.4 09 1.1 3.1
Ky == 3.7 13 13 32
K = 1.9 09 08 1.5
Ku — 43 38 1.0 1.7
KZy i i 9.8 72 1.7 6.4

0 002 004 006 008 01 012 014
Expected relative uncertainty
Per-cent level precision on most

Higgs couplings, dominated by
theory uncertainties
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Higgs prospects at the HL-LHC

s =14 TeV, 3000 fb™ per experiment

Total ATLAS and CMS 1
—— Statistical o CMS Phase-2 Projection Preliminary 3000 fb™" (14 TeV)
. HL_LHC PrOjeCtlon (&) 4 [ T T T 1 l T T T 1 l T T T 1T l T T T 1T l T T T 1T l T T T 1T l T T T 1 l T T T 1T ]
—— Experimental < : ¢ SM
—_— Theory Uncertainty [%] al i1 R
% % Tot Stat Exp Th .
- ot Stat Exp : Kc VS Kb - 20
— 1.8 08 1.0 1.3 i
21 ]
— 1.7 08 0.7 1.3 -
— 1.5 0.7 06 1.2 -
g = 2.5 09 08 21 oF .
= 3.4 09 11 3.1 1:
— 37 13 1.3 32 ) v\ o ]
_2_ ‘__¢' ‘~_: ]
—— 1.9 09 08 15 - ]
“ CMS-HIG-21-008 | | N
—— 43 38 10 17 33 1.5 1 -0.5 0 0.5 1 1.5 2

Y | 3 9.8 72 1.7 6.4

0 002 004 006 008 01 012 014
Expected relative uncertainty
Per-cent level precision on most

Higgs couplings, dominated by
theory uncertainties



Higgs prospects at the HL-LHC

s =14 TeV, 3000 fb™ per experiment

q T I T T T I T T
o Total ATLAS and CMS
Q —— Statistical o CMS Phase-2 Projection Preliminary 3000 fb" (14 TeV) ATLAS and CMS  HL-LHC prospects 3 ab-1 (14 TeV)
Q c mental HL-LHC Projection g L e B L B e BB 12 : :
Q —— Experimenta : ¢ SM ] < S ]
S Theory Uncertainty [%] + Ao : = SM HH significance: 40 — Combination
T Tot Stat Exp Th - g 10 0.1 <k1<2.3[95% CL]
Z K, = 1.8 08 1.0 1.3 3 Kc VS Ko - *20 of o - bb
X M= ' oL - v 0.5<k1<1.5[68% CL] YY
(S - . .
Kw =— 1.7 08 0.7 13 : N -
W ) 994%cL 8 vl /N bbre
Ks = - - i s o
7 = 15 0.7 06 1.2 - - - bBbE
Kg =__. 2.5 09 08 2.1 oF ] oF .
i i M bbZZ*(4l)
Ki B 4 09 1.1 3.1 I ] = /| _
t >4 " -1 4 95%CL g\ oo Tt - pbVV(viv)
Kb — 3.7 1.3 13 3.2 . : , y
-2+ — . .
T 1.9 09 08 15 i . 2/, N,
CMS|-HIG-21-OO$|||| 68% CL R T
U — 4.3 38 1.0 17 _3_2 -1.5 -1 -0.5 0 0.5 1 1.5 2 0 _1 L |~|~|~|:L ) "' —————I:l:l::-l-l-l-l-l-l-l'l'l'l-le"JJ‘d::‘
” K 2 1 0 1 2 3 4 5 6 7 8
Zy 9.8 72 1.7 64
Ka

0 002 004 006 008 01 012 014
Expected relative uncertainty
Per-cent level precision on most NB projection already “outdatea

Higgs couplings, dominated by —) analysis methods for full Run 2
theory uncertainties improved wrt 2016!
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Summary

* (Biased) overview of recent advances in J.
Higgs physics at CMS B R TTT

13.6Tev  LAEAE LS3 136-14TeV
* |In 11 years since the Higgs boson P instaiaion

discovery, tremendous progress has been mEaEEEEEEETIEIl

m ad e ATLAS - CMS ')5  nominal Lumi _
x nominal Lumi . HL upgrade
 Much more to measure, understand, and -
luminosity 4000 fb1

(hopefully) discover about the Higgs
boson with Run 3 and HL-LHC data!



Particle ID @ CMS

Key; - tuon
Electron

s _harged Hadron (e.g.Pion)
— — — = Neutral Hadron {e.g. Neutron)

=== =« Photon

Transverse slice

though CMS

Silicon

Tracker f =
I fz(-“‘-- !
Electromagnetic
Calorimeter -
Hadron
Calorimeter Superconducting
Soleroid
Iron return yoke interspersed
with Muon chambers
om m 2 3m M M
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STXS - VH, Hebb 138 fb™' (13 TeV)

C MS e (Observed

VH, H—bb

+1o (stat @ syst)

mmmm +10 (Syst)

- Combined p = 1.15 *0-22
-0.20

1.31+0.24 + 0.26

1.07 £0.17 £ 0.17

BeSt'ﬂt L 42

HIG-20-001, sub'd to PRD



https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-001/index.html

<(<<Q>

H->1T boosted

7T decay
modes

Going boosted = need

7! dedicated reconstruction
17.4 . .
7 (isolation)
e
WA 17.8%
> € 13 Th
_ 17.89017.4% 64.8%
- e—t ’
W h.d
\/er \{1' U

Many H->tt decay modes possible!
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<(<<Q>

H->T1T boosted

S Foms 5 omewa | C S Foms | 8 obwwes G
()} - 7 2| i gg—H (POWHEG) + XH ]
-2 imi gg—H (POWHEG) + XH . (® 10°¢ g Preliminary =
O 10 = Preliminary gg—H (NNLOPS) + XH = Pe = ' gg—H (NNLOPS) + XH =
g o + XH = VBF + VH + ttH (POWHEG) = - i _ e XH = VBF + VH + ttH (POWHEG) -
~ 03| < _ = 100 E
T 10°F I z
- = . - 5
Q. = - -8‘ _4 __ _—
S 10t = S 'F %
3 : z 3 | :
1075 & =l 107 g =
: | | : 10 ' ' ' d
o ¢ | |
> 5505 - =
< ol T ) (S, _ el
£ S L 1
5 2 500 1000 1500 5000 T o) 500 1000 1500j o \2/000
H 1
| Pt (GeV) p_ (GeV)
Higgs pr Jet pr
Probing fewer bins than bb, still interesting Adds a (still imprecise) measurement of associated
additional information at very high pr jet pr
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BSM decays: H->aa

Extended Higgs sectors =
BSM Higgs decays possible

E.g. models with two Higgs
doublets + scalar singlet

2HDM: 5 Higgs bosons

 H(125) does not decay to
the others

2HDM+S: 7 Higgs bosons,
incl. light 'a’

N

©
@

!

95% CL on B(H

10*

10°

107

1072

1073

—

107°

@

—

CMS Preliminary 35.9-138 fo” (13 TeV)
= 1 Lower masses accessible
= type lll = e.g. merged 4y search
f tanp = 2.0 _f
= Higher masses not
= kinematically allowed
T [ N NSNS
= Observed exclusion 95% CL =
E B ~————— Expected exclusion 95% CL E
= H —aa — uuuu H— aa — tttr =
- PLB 796 (2019) 131 PLB 800 (2019) 135087 3
C — aa — uute H — aa — uutt _
_ \IJ_IHEP 08 (2%20) 139 JHEP 11 (2?118) 018 /\
- H ~ aa — llob H — aa — bobb Z Only 2 full Run 2 results,
— HIG-22-007 HIG-18-026 ]

| | . much more to come!

2 3 4 5 6 7 8910 20 30 40 50 60

m, (GeV)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Summary2HDMSRun2
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BSM decays: H->aa

There's a whole extended Higgs sector to explore!
-> a story for another day



