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Where do we stand?

We have got “the” formula

... and it is surprisingly short!
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Where do we stand?

We established the principles behind electroweak and
strong interaction very well

We measured the Higgs boson only very “broad brush”

The Higgs boson may be a whole new thing compared
to strong and electroweak interactions
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And there 1s more than “just™ the Higgs boson

The Standard Model is:

Observationally “unfit” (misses Gravity, Dark Matter, ... )

Symmetry, the very idea at the basis of “the” formula, is challenged by
a number of phenomena, which may, at best, be described in this
language.
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Open Questions on the “bigpicture™ on

fundamental physics circa 2020

e what 18 the dark matter in the Universe?
e why QCD does not violate CP?

* how have baryons originated in the early Universe?

e what originates flavor mixing and fermions masses?
e what gives mass to neutrinos?

e why gravity and weak interactions are so different?

» what fixes the cosmological constant?

EACH of these 1ssues one day will teach us a lesson



A puzzle we have no 1dea how to solve

MECHANICS FAILS?

Pertect in our “neighborhood”
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Pertect in our “neighborhood”
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A puzzle we have no 1dea how to solve

A number of observations (including CMB from early Universe) suggest

a new form of matter must exist

It may well be not of the kind we are used to:

* |t may have only weak interactions (even possible it feels only gravity)

* There are candidates “particles” with Compton length 1/M ranging from the size of a Galaxy
down to High Energy Physics scales (GeV-TeV) and even beyond

It is not nhecessarily material for particle physics and accelerators
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A puzzle we have no 1dea how to solve

We know the scope of the search for Dark Matter 1s huge
In principle, it can be very elusive (to all experiments)

The simplest history of the early Universe suggests the
“TeV” mass range

Accelerators are the only way to go see 1t and study i1t in
detail
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Open Questions on the “bigpicture™ on

fundamental physics circa 2020

e what 18 the dark matter in the Universe?
e why QCD does not violate CP?

* how have baryons originated in the early Universe?

e what originates flavor mixing and fermions masses?
e what gives mass to neutrinos?

e why gravity and weak interactions are so different?

» what fixes the cosmological constant?

EACH of these 1ssues one day will teach us a lesson



A puzzle (today) we know how to solve
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A puzzle (today) we know how to solve



https://indico.cern.ch/event/904102/

A puzzle (today) we know how to solve

New symmetry (particle-antiparticle) which
brought a new particle: the positron

We learned a lesson on physics at the
same mass scale as where the puzzle

arises:
mpositmn — Myjeoctron < melectron/ Kem
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A puzzle (today) we know how to solve

Similar arguments would require a contribution of the
electric filed to the mass of the charged pion

In that case the solution 1s not an antiparticle, but a **heavy

photon”, the p meson, somewhat heavier than the pion

In the grand picture, both the positron and the p meson
appear at the same scale where the problem arises.
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How we got there

AS A FUNDAMENTAL CHARACTER OF NATURE

Symmetries and particles
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Open Questions on the “big picture™ on
fundamental physics circa 2020

e what 18 the dark matter in the Universe?
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» what fixes the cosmological constant?

EACH of these 1ssues one day will teach us a lesson
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Open Questions on the “big picture™ on
fundamental physics circa 2020
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Open Questions on the “big picture™ on
fundamental physics circa 2020
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The concept for the above figure originated in a 1986 paper by Michael Turner.
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Electroweak phase transition
o

Modifications of the Higgs potential = Out of Equilibrium transition from one vacuum to a new energetically favorable one
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Electroweak phase transition

*  We need to study all possible new states that induce a change
in the Higgs boson potential.

For these new state to have sizable effects in the early Universe
they must be light, around 1 TeV at most.

All searches tor new Higgs bosons (or general electroweak
particles) probe such fundamental 1ssue of the origin of matter
in the early Universe!
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[\W phase transiion



1807.04284 - No and Spannowsky

Mixed Singlet for EW phase transition

IS IT FIRST ORDER?

“healty” potential (ho runaway, minimum v=246 GeV, perturbative )
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Mixed Singlet for EW phase transition

EW PHASE TRANSITION IS IT FIRST ORDER?

“healty” potential (ho runaway, minimum v=246 GeV, perturbative )
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1807.04284 - No and Spannowsky

Mixed Singlet for EW phase transition

“healty” potential (ho runaway, minimum v=246 GeV, perturbative )
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1807.04284 - No and Span

Mlxed Smglet for EW phase transition

Lepton colliders can observe directly these states

Clean events allow to search for the most elusive particles

The mass range 1s clearly well above the ZH threshold, we
need higher energies!
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Open Questions on the “big picture™ on
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Open Questions on the “big picture™ on
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¥ 1S heavy/light new physics

beams polarization is beneficial to increase NP effects
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 Comprehensive tool to explore new electroweak particles

 (Can probe valid dark matter candidates!
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1810.10993 - Di Luzio, Grober, Panico

Lepton colliders can observe these states directly and indirectly

Clean events allow to search for the most elusive particles

The mass range 1s clearly (very) well above the ZH threshold,
we need higher energies!
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Eflects of the size of the Higgs boson
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The size of the Higgs boson

Looking ahead

Composite Higgs, 20 Composite Higgs, 20, VHEL 3
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The size of the Higgs boson
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Open Questions on the “big picture™ on
fundamental physics circa 2020
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Neutrimo mass mechanisms

NUMBER BREAKING
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Neutrimo mass mechanisms

NUMBER BREAKING
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100 TeV

Relevantmass scales
:
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1 TeV

200-300 GeV
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100 TeV

Fermions masses

3 TeV
1 TeV

200-300 GeV
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Fermions masses
and mixings

BSM source of CPV
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A small dent on large wall

Fermions masses
and mixings

BSM source of CPV
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Open Questions on the “big picture™ on
fundamental physics circa 2020

WEAK INTERACTIONS

e what 1s the dark matter in the Universe?

e why QCD does not violate CP?

* how have baryons originated in the early Universe?
e what originates flavor mixing and fermions masses?
e what gives mass to neutrinos?

e why gravity and weak interactions are so different?

e what fixes the cosmological constant?

We need to explore weak 1interactions
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Motuvations?

Future Lepton Colliders can deliver if they have
mass reach
far enough to see states beyond the LHC exclusions
(unless LHC leaves “light blindspots™ as a legacy),
AND have convincing indirect sensitivity to NP through
precision
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“WIMP?” Dark Matter
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Conclusion

* Leptons beam structure
enables qualitatively new
(nvestigations ol the

| * If novel acceleration technologies
electroweak/Higgs sector

can deliver even larger energy
and keep the luminosity on track

L - 2
» CLIC definitively shows that with 2 o« EZ,,, we can start
lepton colliders can have boc/ probing fundamental interactions
precision and mass reach to probe in novel and deeper ways.

new physics well beyond TeV

Roberto Franceschini CLIC Project Meeting #35 https://indico.cern.ch/event/904102/



https://indico.cern.ch/event/904102/

Roberto Franceschini CLIC Project Meeting #35 https://indico.cern.ch/event/904102/



https://indico.cern.ch/event/904102/

“Valence™ Leptons



Buttazzo, RF, Wulzer

s = O
£"£ — newphysics
LEPTONS

Can produce heavy new physics (colored or not) Compares pretty well with a pp collider

P —

P ki
4 Y

in principle can probe directly new states at O(10) TeV scale! 14 TeV pp roughly equivalz
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DRELL-YAN RATES AND ANGULAR DISTRIBUTIONS
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UnMixed Singletfor EW phase transition
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IS IT FIRST ORDER?
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UnMixed Singletfor EW phase transition
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Electroweak symmetry breaking

Big picture questions: Higgs compositeness

Extended Higgs Sector
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Electroweak symmetry breaking

Big picture questions: Higgs compositeness

Extended Higgs Sector
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“The si1ze of the Higgs boson™

it matters because being “point-like” is the source of all the theoretical questions on the Higgs boson and weak scale

..and if itis not ... well, that is physics beyond the Standard Model!
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Eflects of the size of the Higgs b

STRONGLY INTERACTING LIGHT HIGGS

2 4 4 9
— N_€,q g 1
LS = ey On + ep—97 00 1+ e ATE O+ — [ew O + cgO _
universal Hmz H T (477)27713 T 6 mz 6 mz [ W>~WwW B B] l/f g*/m*
2 2
9« Y -
T 2 2 [CHWOHW + CHBOHB] + t2 2 [CBBOBB + CGGOGG] 1/(g*f) 1/m*
(4m)"m; (47)*m?
g
T 3 [C2W9 Oow + 289 023] + C3w —Osw
G Ty (471') m.,
g g
t ¢y 50, t¢,—50,
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Eflects of the size of the Higgs boson

STRONGLY INTERACTING LIGHT HIGGS

2 4 4 9
= * c€qYx gy 1
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T 2 2 [CHWOHW + CHBOHB] + t2 2 [CBBOBB + CGGOGG] 1/(g*f) 1/m*
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! - 2 3lg” ! (8x ) ~ &spp/my,
T 3 [C2W9 Oow + 289 023] + C3w —Osw
(e (471') m.,
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Buttazzo, RF, Wulzer

E + K = I : Z h Ever higher energy colliders can exploit “precise” measurements at the 10% level

1 1
Ebeam/TeV | \/SZ/ab—l

Sosq S 1.2-107

10.

\/s [TeV]z'

0.5

0.2 0

| | I I Y I | | [N I I I | | I I I I

0.01 0.02 005 0.1 1. 2. 5. 10.
F [ab 1]
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Buttazzo, RF, Wulzer

E + K = I j Z h Ever higher energy colliders can exploit “precise” measurements at the 10% level
Cy = S/ myg,

1

Ebeam/TeV \/E/ab—l
) 1 1 o(L*1~>Zh) V5 =3.0TeV
5957 1 2 10_4 * 100001
Ebeam/TeV \/SZ/ab—l o 8000
10. " g 0001
S<3-10°095%CL) 7Pl £ °
@ 4000
5. 5
2000
~0.2 ~0.1 0.1 0.2
3 Cy [TeV ]
\/E [TﬁV] ol *1-—>Zh) VS =0.24TeV
1. 2420001
E 240000
0.5 ~ 1 S
S<2-107* (95 % CL) < =5ab” §238000-
| 5 236000
0.2_| | | | I | | | I T I | | | | I I |
001 0.02 005 0.1 1. 2. 5. 10. 2340001, . . . .
1 0.2 —0.1 0.0 0.1 0.2
Z [ab | ey [TeV2]
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Buttazzo, RF, Wulzer

'E 'E | Zh Ever higher energy colliders can exploit “precise” measurements at the 10% level

1 1
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Buttazzo, RF, Wulzer

'E 'E | Zh Ever higher energy colliders can exploit “precise” measurements at the 10% level

2
(00) 00 . 400
e 0] A% a4

1 1
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Sosq S 1.2-107

. 00
S = CW/m%V = 7 at / pO\e

GOING TO HIGHER ENERGY WE CAN
EXPLOIT “PRECISE”
MEASUREMENTS AT THE 10%

) LEVEL, AVOIDING THE BOTTLENECK
- OF SYSTEMATIC UNCERTAINTIES

% [ab~!]
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Buttazzo, RF, Wulzer

Ever higher energy colliders can exploit “precise” measurements at the 10% level

Reach on ¢y = S/m2,

IOO.E
50.§ }
«— Muon Collider?
20.}
10.;
ZH Cross-Section m* 95% CL \/E eV 5
3 TeV 1362 ab i
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02t
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o
[\
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-

Very important to keep up the lumi & « E?
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Buttazzo, RF, Wulzer

L7

Ever higher energy colliders can exploit “precise” measurements at the 10% level

Reach on ¢y = S/m2,

50.+
_ }<— Muon Collider?
20.F 2
101 g ~ 01 ab_l <£>
ZH Cross-Section m* 95% CL \/E TeV) 5.
3 TeV 1362 ab |
14 TeV 62 ab 57 TeV 1
30 TeV 13 ab 120 TeV 05_
0.2
\ery important to keep up the lumi & x E? GOING TO HIGHER ENERGY WE CAN

EXPLOIT “PRECISE”

MEASUREMENTS AT THE 10%
LEVEL, AVOIDING THE BOTTLENECK
OF SYSTEMATIC UNCERTAINTIES
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Buttazzo, RF, Wulzer

L7 VvV

EFT EPOCH LESSON FROM LHC

e Orders of magnitude of improvement of the bunds on
the mass scale of new physics

50.[

1 Cross-Section @ 30 TeV m* 95% CL

1:' | 21388 non trivial c&c analysis 60 TeV (g*/4) Oy
\/E [TeV] WWwW oTW>7.5TeV: 180ab 84 @ 76 TeV =113 TeV  a’

? ZH inclusive: 13 ab 120 TeV ay!

05% ff angular analysis 120 TeV (4/g*) WY

Q:Z_,

All-round progress up to m* ~ 103 MHiggs
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The size of the Higgs boson

Looking ahead

Composite Higgs, 20 Composite Higgs, 20, VHEL 3
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The size of the Higgs boson

Looking ahead

Composite Higgs, 20 Composite Higgs, 20, VHEL 3
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Wimp Dark Matter



Electroweak Dark Matter: LSP (+NLSP)

Am
Wide open specira Generic leptons+missing momentum
Co-annihilation Sott-objects + missing momentum Elec?rf)weak
GeV - Precision
WIMP-like multiplet Short (disappearing) tracks
Accidental Dark Matter < pp g) Te 515
DM SM singlet Mono-photon

ete-—= /1 — Y 0 -
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1810.10993 - Di Luzio, Grober, Panico
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¥ 1S heavy/light new physics

beams polarization is beneficial to increase NP effects
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¥ 1S heavy/light new physics

(1,7,€)pF |
(1,7,€)cs |
(1,5,0)mF |
(1,5,€)pF |
(1,5,€)cs |
(1,3,0)mF |
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(1,3,€)cs |
(1,2,1/2)pF |

I Wino
I "Accidental” DM CLIC-2
I CLIC-3
I Higgsino I Thermal Relic
1 2 3 4 5 6

beams polarization Is bengT[‘ma 1]0 increase NP effects



https://indico.cern.ch/event/904102/
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f

¥ 1s heavy/light new physics

X / my [TeV] HE-LHC | FCC-100 CLIC-3 Muon-14
(1,2,1/2)pr - - 0.4 0.6

(1, 3, G)CS - - 0.2 0.2

(1,3, €)pr 0.6 1.5 | 0.8 & [1.0,2.0] | 2.2 & [6.3, 7.1]
(1,3, 0)ue - 0.4 | 0.6& [1.2, 1.6] 1.0

(1,5, €)cs 0.4 1.0 | 0.5& [0.7,1.6] 1.6
(1,5,0)ue 1.8 4.4 2.9 3.5 & [5.1, 8.7
(1,7, €)os 1.3 3.2 2.4 2.5 & [3.5, 7.4]
(1,7, €)pE 4.0 11 6.4 18

 Comprehensive tool to explore new electroweak particles

* (Can probe valid dark matter candidates!

vcdillo puldli£LZdlUll 1o valiclividl LO 1T10Ieds INT ClIeULS
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Electroweak Dark Matter: LSP (+NLSP)
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Degenerate

EXTRAPOLATION FROM CLIC

Heavy n-plet of SU(2)

Mass splitting ~ aw mw ~ 0.1 GeV - GeV

, n- ot
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mulaplets

Heavily subject to detector design issues

Even in CLIC needs full detector simulation

0.1

N,, =30 -
No =3

2 stubs |

500

my [Ge\/]

5000

104

Assume track is seen when

4.4cm
for 8 € [19,90]deg

sin @

CT >

— /s=16TeV 6/ab
Vs =12 TeV 12/ab

Vs = 30 TeV 30/ab

-------- Higgsino Lifetime
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https://agenda.linearcollider.org/event/8217/contributions/44770/

Full detector sitmulation study

@ =

Long-lived particles at CLIC m _
Analysis strategy

Ulrike Schnoor (CERN)
Erica Brondolin, Cecilia Ferrari, Emilia Leogrande

on behalf of the CLICdp collaboration Stub track analysis at 3 TeV with CLICdet

LCWS 2019

Signal selection

- A International Workshop on Future Linear Collldersﬂgﬁ( Neutralino
A ’( ) dai "' :,‘ ) . - o . e e =
N e [CWS2019 .., e R » Stub track candidate definition: ¢
» at least four hits in the tracking system Soft |Pion Chargino
Long-lived particle reconstruction at » disappearing within the tracking system volume
CLIC » no energy deposition in the calorimeter
30 Oct 2019, 15:08 Parallel : Physics/Detect... > prompt, iSOIated traCk
® 20m N
Q Room1 (Conference building) : minimum transverse momentum BaCkgroundS:
dE/dx requirement :
/ q » Beam-induced vy — hadrons:
Speaker » At least one stub candidate per event

» algorithmic
» Additional: Requirements on soft displaced pion(s) > split tracks
» conversion

2 Ulrike Schnoor

Primary author

» Additional: Requirements on additional photons
& Ulrike Schnoor » final states with low multiplicity

@ Presentation Materials Of isolated Ieptons

Ulrike Schnoor (CERN) Long-lived particles at CLIC - LCWS 2019

UlrikeSchnoor_chargedLLP_CLIC3TeV.pdf
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https://agenda.linearcollider.org/event/8217/contributions/44770/

Full detector sitmulation study

@ =

Long-lived particles at CLIC

CLICdp Work Preliminary

R | Tl I il | T T Tl | I I B

Ulrike Schnoor (CERN)
Erica Brondolin, Cecilia Ferrari, Emilia Leogrande
on behalf of the CLICdp collaboration 1 07

LCWS 2019

Reconstructed
— other tracks

“ & International Workshop on Future Linear Colliders-; >

P

N LOWAg019 25, ... . 8
MAL L October 28 - November 1

Long-lived particle reconstruction at

CLIC 103

30 Oct 2019, 15:08 Parallel : Physics/Detect...
® 20m

? Room1 (Conference building) 1 02

III| IIIIIIII| IIIIIIIll IIIIIIII| IIIIIIII| IIIIIIII|

#
I

Speaker 1 0

2 Ulrike Schnoor

L ILLRALLL IIIIIIII| IIIIIIIIl IIIIIIII| IIIIIIII| IIIIIIIIl IIIIIIII|

» o

I IlIIIIl | | IlIIIII | | IIIIIII | I IIIIII| 1L

107 107 1 1 107
@ Presentation Materials O O O DT [GGQ/]

UlrikeSchnoor_chargedLLP_CLIC3TeV.pdf

Primary author 1

2 Ulrike Schnoor
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1. HC ruled out new

physicsat N eV ...



LHC ruled out new physics atthe TeV ...

SUMMARY

OF THE SUMMARIES

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

July 2019 \s=13TeV
. a1 _
Model Signature  [£ar [ Mass limit Reference
] T T T T T T T T l T T T T T
4, G—¢%) Oe,u 2-6jets EPM  36.1 § [2x,8x Degen] 0.9 1.55 m(¥})<100 GeV 1712.02332
o mono-jet  1-3jets EFMS 361 | g [1x,8x Degen] 0.43 0.71 m(g)-m(¥)=5 GeV 1711.03301
£ 28, §—qa¥) Oe,pu 2-6jets EMS 361 I 2.0 m(t})<200 GeV 1712.02332
% z Forbidden 0.95-1.6 m(E?)=900 GeV 1712.02332
B 8z goqatOv 3e,u 4 jets _ 36.1 |2 1.85 m(¥")<800 GeV 1706.03731
o ee, i 2jets  EPS 361 | % 1.2 m(z)-m(¥1)=50 GeV 1805.11381
§ 22, g—qqWZX) Oe,u 7-11jets EMS 361 F4 1.8 m(¥}) <400 GeV 1708.02794
3 SSe,u 6 jets 139 |z 1.15 m(z)-m(¥})=200 GeV ATLAS-CONF-2019-015
S .
= 3z ot 0-1epn 3b EPS 798 | % 2.25 m(t})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 |z 1.25 m(g)-m(¥1)=800 GeV ATLAS-CONF-2019-015
Byby, by —b ek Multiple 36.1 by Forbidden 0.9 m(¥})=300GeV, BR(bT})=1 1708.09266, 1711.03301
Multiple 36.1 By Forbidden 0.58-0.82 m(¥})=300 GeV, BR(b¥])=BR(t¥})=0.5 1708.09266
Multiple 139 by Forbidden 0.74 m(¥})=200 GeV, m(¥})=300 GeV, BR(£V{)=1 ATLAS-CONF-2019-015
w e Dibibi—b¥y — bt 0e,u 6b  EMS 139 |B Forbidden 0.23-1.35 Am(EY, ¥9)=130 GeV, m(¥")=100 GeV SUSY-2018-31
xS by 0.23-0.48 Am(B3,¥])=130 GeV, m(¥})=0 GeV SUSY-2018-31
T3 } ) , . 3 i
3.).8 fii, Wbt or i) 0-2eu 0-2jets1-2b EF™ 361 |7 1.0 m(¥)=1 GeV 1506.08616, 1709.04183, 1711.11520
B g_ fi, h—wbit) Tew 3Bjets/th EMS 139 | 0.44-0.59 m(E%)=400 GeV ATLAS-CONF-2019-017
8w i, ii—Tby, 116 Tr+lent 2jetstb EMS 364 |7 1.16 m(#1)=800 GeV 1803.10178
T 2 717y, fi—cX) 1 88, ek Oe,u 2¢ EPs 36,1 ; 0.85 m(¥})=0 GeV 1805.01649
SRS . i 0.46 m(7,,&)-m(2))=50 GeV 1805.01649
Oe,u mono-jet EPS  36.1 h 0.43 m(f, ,&)-m(¥7)=5 GeV 1711.03301
fafs, hof) +h 1-2 e, u 4b Ems 361 |7 0.32-0.88 m(¥))=0 GeV, m(7,)-m(¥))= 180 GeV 1706.03986
oy, =i +Z 3e,u 1b Ems 139 | & Forbidden 0.86 m(¥))=360GeV, m(f;)-m(¥})= 40 GeV ATLAS-CONF-2019-016
XD via wz 2-3e,u Ems 361 | /)2‘6‘ 0.6 m(¥})=0 1403.5294, 1806.02293
ee, pupt >1 ERss 139 | XN, 0.205 m(¥r)-m(¥])=5 GeV ATLAS-CONF-2019-014
XX via ww 2e,pu EMs 139 | 0.42 m(d)=0 ATLAS-CONF-2019-008
iR via Wh O-leu  2b2y EMS 139 | /Xy Forbidden 0.74 m(¥})=70 GeV | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
S Q NNl vial /v 2eu EMss 139 | & 1.0 m(Z,7)=0.5(m(¥; )+m(¥Y)) ATLAS-CONF-2019-008
W % 7T, ToTX| 27 Emiss 139 T [FL.TRLI 0.16-0.3 0.12-0.39 m(¥})=0 ATLAS-CONF-2019-018
TLrlLR, I—C0) 2e,pu Ojets  EMs 139 |7 0.7 m(¥})=0 ATLAS-CONF-2019-008
2e,u >1 EPss 139 | 7 0.256 m(?)-m(¥})=10 GeV ATLAS-CONF-2019-014
HH, H—hG/ZG Oe,u >3b EPS 361 )74 0.13-0.23 0.29-0.88 BR(¥] — hG)=1 1806.04030
4epu Ojets  EM™ 361 i 0.3 BR(Y! — ZG)=1 1804.03602
® © Direct ¥{¥] prod., long-lived ¥} Disapp. trk 1 jet Ems 361 | & 0.46 Pure Wino 1712.02118
= % 015 Pure Higgsino ATL-PHYS-PUB-2017-019
8’ g Stable g R-hadron Multiple 36.1 g 2.0 1902.01636,1808.04095
S 2 Metastavle 2 R-hadron, g—qqgt} Multiple 36.1 & [v(8) =10ns, 0.2 ns] 2,05 24 m(¥})=100 GeV 1710.04901,1808.04095
LFV pp—¥: + X, V-—eu/et/ut epL,eT.UT 3.2 Vr 1.9 A5,,=0.11, Ay32/133/233=0.07 1607.08079
Y0135 — wwyzeeeevy 4ep Ojets  EP's 361 |G/ = 000 #0] 0.82 1.33 m(¥})=100 GeV 1804.03602
33, 5—qq0", X} = qqq 4-5large-R jets 36.1 |z [me))=200 GeV, 1100 GeV] 1.3 1.9 Large A7), 1804.03568
R Multiple 36.1 g [4],=2e-4,2e5] 1.05 2.0 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
€ 7 i B s Multiple 361 |& (4,204, 102] 0.55 1.05 m(E))=200 GeV, bino-like ATLAS-CONF-2018-003
fify, i1 —bs 2jets+2b 36.7 |4 [qq, bs] 0.42 0.61 1710.07171
i, fi—ql 2e,u 2b 36.1 7\ 0.4-1.45 BR(7, —be/bu)>20% 1710.05544
Tu DV 136 | & [1e-10< A}, <1e-8,3e-10< A}, <3e-9] 1.0 1.6 BR(71 —qu)=100%, cosf,=1 ATLAS-CONF-2019-006
L L L L L L L l L L AL L L
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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ARE ELUSIVE

What about electroweak scalars?

CMS 35.9 fb™' (13 TeV)
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CMS Preliminary

What about electroweak scalars?

ARE ABOUT AS TOUGH TO CATCH
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There is In general a weak sensitivity to new
scalars, because of:

“small” cross-sections

large backgrounds

2000


https://indico.cern.ch/event/904102/

thisproblemiscommon tolots
of electroweak newphysics states
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Yes, after HL-LLHC there 1s going to be a

uncharted territory as low as

Fermionic pure Doublet: 200 GeV; 400 GeV if you are really pessi/ opt-misite

Scalar Doublet: 1 TeV
Scalar Singlet: 500-900 GeV (depending on the UV origin of the singlet) *
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