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Why a High Energy Lepton Cellider?

+ High-Intensity Lepton Colliders: ultimate precision on EW/Higgs physics
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(these measurements are limited by systematic/parametric uncertainties)

+ Energy frontier: FCC-hh can directly probe c.o.m. energies > 10 TeV

Can a very High Energy Lepton Collider tell us more?



Precision vs Energy

l.  New physics is light enough: direct searches

BSM resonance
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Il. New physics is heavy: EFT
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With the same experimental accuracy, high-energy measurements yield a
precision gain of E?/mZ.y



. Exafnple: Zh & S parameter

Consider the dim. 6 operator Oy = iD“Wj’y(HTJC”D”H)

M2

+ contribution to ¢*¢- = Zh scattering
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+ contribution to Z-pole observables (S parameter)
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, Exafnple: Zh & S parameter
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A multi-TeV collider (already CLIC) can
reach much better precision than the
maximal one achievable on S at FCC

14 TeV p-collider: S<10® = M > 80 TeV

10 FCC-ee Z-pole fit: S < 6*10°5




Dou’bIeHiggs production

. P A High Energy Lepton Collider
.-~ is a “vector boson collider”
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» Higgs couplings modification from Or:  Agnww o< v/ f* <107?

High energy VV — hh at CLIC is not able to compete with single Higgs



Double Higgs production

(assumption: cuts rescaled with E, and bkg composition unchanged)

High-energy WW — hh
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Resonance searches

A High Energy Lepton Collider is a “vector boson collider”
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A simple example: scalarsinglet

L= Lo + (0,9 — 2m3S? s HPS)- N5 HPS? ~ v/(5)

triple couplings:

controls Higgs-singlet ortal counlin
" PIne BR(® — hh), g

mixing ~ sin vy
aAQgsv

SIny ~ m2 mass eigenstates: h = cosy H® 4+ sin~ S

¢ = —siny H + cosv S



A simple example: scalarsinglet

L= Lot + = (a $)? — =m ) HS\H] S2 —V(S)

Co_n_trols Hi_ggs—singlet oortal coupling
mixing ~ sin vy
aAQgsv

SIny ~ m2 mass eigenstates: h = cosy H® 4+ sin~ S

¢ = —siny H + cosv S

> ¢ can be singly produced:

triple couplings:
BR(¢p — hh), gnnn

> Higgs signal strengths:
sin -y
0 = OSM M¢ X SlIl 8 C(_)S_i/_ <

> ¢ decays to SM:
BRQB—H/V,ff — BRam (m¢) [1 — BR¢_>hh] Uh = UsMm X COS Y

¢ is like a heavy SM Higgs with narrow width + hh channel



Resonant hh & V. searches

Main decay channels: ¢ = hh, WW, ZZ.

BRyvv =1 —BRgnn

« Cut & count experiment around resonance
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* Very small background at high masses,

the error is dominated by statistics

In the limit of no bkg: |095% X BR] ~3/L

« Parton-level analysis for ¢ — hh(4b):

|dentification cut: ms = me = 15%
b-tag efficiency 30%

(validated with simulation at 3 TeV CLIC)
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Direlct vs indirect - |

Compare the reach of very high energy lepton & hadron colliders
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Direct vs indirect -

Compare the reach of very high energy lepton & hadron colliders
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For this class of models, a high-energy p*u- collider has an amazing reach
if compared to single Higgs meas. or direct searches at a 100 TeV pp collider



Appllications: SUSY (the NMSSM)

Three Higgs fields: Hu, Ha doublets + S singlet W = Wyussm + ASH Hg + f(S)

¢ Extra tree-level contribution to the Higgs mass The singlet can be
the lightest new state

o Alleviates fine-tuning in v for A 2 1 and moderate tan (3 of the Higgs sector

NMSSM A = 1, Ay, = 80 GeV -

Recast the previous bounds:
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loop correction
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Weakly coupled & low mass: my [TeV]

direct searches very powerful! . .
P =) sce Andrea’s talk for sparticle production!



More resonances:Z’

Most typical example of direct search:

heavy s-channel resonance produced in Drell-Yan

If Z’ produced on-shell, very large cross-section

Problem: how do we look for resonances of unknown mass at fixed ,/s?
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Coloured resonances: 3rd geheration leptoquarks

+ Different signature compared to more “standard” BSM

+ Interesting: NP coupled to 3rd generation fermions
(B physics anomalies!)

+ (Can be either scalar or vector

+ Difficult searches at LHC: High Lumi reach ~ 1.5 TeV

= ./s > 3 TeV interesting range for lepton colliders

3rd generation LQ production at a lepton collider: ¢ b

Pair production: large cross-section when allowed,
does not depend on coupling to fermions

Single production: radiation from bb or Tt pair

= DbbTT final state, with mer ~ MLq

B, Greljo, Marzocca, Nardecchia 2018




Coloured resonances: Leptoquarks

+ Search is almost background-free:
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Conclusions

A muon collider would be a “dream machine” for BSM physics:

a way to access multi-TeV c.o.m. energies in a clean environment

+ Would allow to reach unmatchable precision in EW & Higgs physics
by means of high-energy scattering processes

(in some cases corresponding to a 10°” accuracy in pole observables)

+ Powerful discovery machine: direct reach often much better than what is
attainable both at hadron machines and through precision measurements

EW scalars, vector resonances, coloured objects...

(Unfortunately) this is not a comparison with other future colliders...

... but a motivation to study the feasibility of such a machine






High Energy Lepton Colliders'
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hh  4b at CLIC - A |

Main backgrounds: hh, ZZ, Zh. We simulate the full process ete = 4b + 2v

 Aosignal f
» Detector simulation with CLICdp Delphes card 0500 CLIC Stage IIl, my =1 TeV :
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Statistical vs systematic error
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App'lications: Twin Higgs

» If the Higgs is a pseudo-Goldstone boson, sin®~y ~ v?/f?

>  Example: Twin Higgs

Higgs mass is protected from radiative corrections without new light
colored states

Model-independent tests:

v Higgs couplings
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v Search for the singlet
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B, Redigolo, Sala, Tesi 1807.04743 05

(see also 1711.05300)




