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why a lepton collider ?



advantage of e* e

elementary & colourless
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advantage of e* e

elementary & colourless
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modest backgrounds
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Higgs production in electron-positron collisions
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typical detector
performance requirements

charged track momentum resolution
dp,/p, ~few x 10° p_

= “recoll” H mass measurement

charged track impact parameter resolution
0, ~ 2 MM
— Identification of b, c, and T decays

hadronic jet energy resolution none of these are
o./ E~3 - 5% over wide energy range met by today’s LHC

_. exploitation of hadronic final states; detectors, by
distinguish W, Z, H factors of ~2 — ~40

covers almost 4z solid angle
— Important for “missing momentum” searches 9



s(e'e’ — HX) [fb]

Vs ~ 240+ GeV
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Higgs production near threshold
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Higgs-

key to model-independent
measurement of Higgs couplings

known initial 4-mom
+ measured Z 4-mom
- Invariant mass of recoil 4-mom
“recoll mass”

detect Higgs boson
without reconstructing its decay

measure o(e*e - ZH),
iIndependent of Higgs decay

Events/1 GeV

strahlung
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dominant Higgs production process > ~500 GeV

cannot fully reconstruct the final state,
but can be linked to Higgs-strahlung process
via the H - WW coupling
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measurements

o (e* e - 7/ H) - gH222 .
o(e'e - ZH)xBR(H -~ XX) ~g_2g,2/T,
o(ee ~ v v HXBR(H - XX)~g..20. 2/, N

XX = any decay:. bb, cc, tau tau, invisible, unexpected, ...

Interpret in global SM-EFT fit
- Higgs coupling constants & total decay width
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a) simulated data
ZH; Z — q§; H — jets candidate — ]

guark flavour in hadronic Higgs decays

favourable experimental conditions

- low backgrounds/pileup/underlying event
-~ small/tiny beam spot

- low radiation

enable detectors & reconstruction
with excellent performance

o e e
L arXiv:1608.07538

b) fit template: bb CLICdp Vs =350 GeV c) fit template: ct d) fit template: gg
- ZH;Z - qg;H —»cT \ ZH; Z > qf; H — g9

ZH;Z -»qg;H — bb
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Higgs decay to invisible final states

dark matter particles?

o

measurements of Higgs-strahlung sensitive to any Higgs decay:
[visible/invisible]; [standard/exotic]
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rare Higgs decays

measurement of rare Higgs decays statistically limited
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complementarity between LHC and LC,
precise (HL-)LHC measurement ofe.g. BR(H - pu)/BR(H - ZZ)

combined with a LC’s g,,,, measurement
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projected coupling precisions in SM-EFT fit
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CP violation in Higgs sector [, = coS g, horewn
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CP violation in Higgs sector : HVV coupling 1A

1 a
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combination of e.qg.
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Vs ~ 350+ GeV
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Higgs is not alone,
and Is In a close top electroweak couplings
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Vs ~ 500+ GeV
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500/550 GeV opens direct access to

>?< x| top Yukawa coupling

Higgs self-interaction
- Shape of Higgs potential
- EW phase transition
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higgs self-coupling

tunneling
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Continuous Crossover

increasing time

First Order Phase Transition

increasing time
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higgs self-coupling

Indirect : loop corrections modify Higgs production x-sec,

In an energy dependent way

cross-section measurements at well-spaced energy points
provides some sensitivity to the self-coupling

IFCC—Iee: frpm EET Iglqbal fit

—  5/abat 240 GeV |
— +0.2/ab at 350 GeV |
— +1.5/ab at 365 GeV |

Ax?=1 1

Eur. Phys. J. Special Topics 228, 261 (2019)

27/

----- 350 GeV alone 1
----- 365 GeV alone 1




higgs boson self-coupling

SM

a/o

Cross-section

measurement precision oA/ A [%]
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HL-LHC

HE-LHC |-

FCC-ee/eh/hh

FCC-ee

ILC

CEPC

CLIC

Higgs@FC WG September 2019
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68% CL bounds on «, [%]

Indirect approach : ~20~50 %

direct

approach : ~10~35 %

— test for consistency of approaches
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Vs ~ 91, 161+ GeV
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Higgs mechanism intertwined with entire EW sector

Improved measurements of W, Z, t are an essential
Ingredients to more precisely constrain EWSB & Higgs

Z
. on-resonance @ 91 GeV

- radiative returns at higher energies

W
— pair production @ 161+ GeV

top quark
— pair production @ 350+ GeV

luminosities many orders of
magnitude beyond LEP, SLC

+ significantly longer energy
lever arm

80.36

80.35

80.34

80.33 [
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Z pole (now) + ml,
—— Standard Model
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Eur. Phys. J. Special Topics 228, 261 (2019)
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Ag

AL,

Anomalous triple-gauge couplings

single parameter
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precision EW measurements needed to

Ag

Ak

Ak,

simultaneous fit
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e
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arXiv:1710.07621

fully interpret our measurements of Higgs
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Summary

Coupling deviations from SM %] Coupling deviations from SM [%z]
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SM
pMSSM
2HDM-II
2HDM-X
2HDM-Y
Composite
LHT-6
LHT-7
Radion

Singlet

ILC 250 GeV, 2 ab™

Higgs and cTGCs
EFT interpretation
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A future electron — positron Higgs-factory will
precisely map the Higgs sector, in concert with the HL-LHC,
over the next ~30 years

Several contrasting proposals on the table,
using different technologies,
which have rather similar power to probe the Higgs

The “Higgs print” will point the way to physics beyond the SM
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additional light scalars

search for additional light scalars,
produced via Higgs-strahlung

 2000fb"'@250GeVILC B [[weemnen |
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(D : \\Z - 115 Gev - 105 Gev : ; s LEP recoil Sp*p” & Se’e’ | .
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beam polarisation

longitudinal beam polarisation, possible at linear H factories,
offers an additional measurement dimension

- disentangle Z and y contributions
e.g. HZZ vs. HZy couplings Yo
2-fermion: left-right asymmetries of Z z

— enhance or suppress subsets of diagrams

— combining different polarisations:
doubles the number of independent measurements

+ probe chiral nature of any new particles, interactions
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