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(amost all) Studies based on full detector simulation,
Including beam parameters / lumi. spectrum,
backgrounds, realistic reconstruction & analysis

performed by a relatively small number of
dedicated (& mostly young) researchers



Higgs coupling daviation from SM
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why measure the Higgs?

a new symmetry
e.g. SUSY

MSSM (tang =5, M =700 GeV)

a deeper structure
e.g. composite Higgs

MCHMS (f = 1.5 TeV)
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[ B 1LC Projecte: Higgs coupling precision (madek-independen) 4
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No deviation at all

I ILE Projescied Higgs coupling precson imadeHndepandent] =

500 Ge, 4000 &' & 350 Gev, 200 & 5250 GaV, 2000 &' 7]

[ Mode! prediction

deeper physics leaves fingerprints on Higgs
TeV-scale new physics - few-% deviations in couplings’



Higgs production in electron-positron collisions
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Quantity Symbol  Unit Initial Upgrades
Centre-of-mass energy NE GeV 250 500 1000
Luminosity L (10°*ecm™%s~ 1) 1.35 1.8 4.9
Repetition frequency Jrep Hz ) ) 4
Bunches per pulse M bunch 1 1312 1312 2450
Bunch population Ne 1010 2 2 1.74
Linac bunch interval Aty ns 554 554 366
Beam current in pulse I'uise mA 5.8 bH8 7.6
Beam pulse duration tpulse 148 727 727 897
Average beam power Pive MW 5.3 10.5 27.2
Norm. hor. emitt. at IP Yeéx pm 5 10 10
Norm. vert. emitt. at TP YeEy nm 35 35 35
RMS hor. beam size at IP o nm 516 474 335
RMS vert. beam size at IP oy nm 7.7 59 27
Site AC power Pite MW 129 163 300
Site length Lsite km 20.5 31 40
~20.5 km
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g g % % % e- Linac E
n 7 mrag ;;al_;l‘iance ?ﬁ:ﬂé %ﬁ% chW
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Not To Scale



a staged machine & staged physics program

Integrated Luminosities [fb]
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TDR design for 250 & 500 GeV,
reasonable ideas on how to get to 1 TeV

too early to propose a longer-term future,
but one can imagine installing

Improved and/or new accelerator technologies




ILC will provide beams of polarised electrons and positrons
electron: 80% , positron : 30 % polarisation

energy and sign of polarisation can “easily” be tuned

| L fraction with sign(P(e™), P(e™)) =

Ecn (GeV) (b7 | (—=+) (+-) (—-) (++)

[LC250 25() 2000 45% 45% Sy 5%
[LC350 S0() 200 | 67.5% 225% 5% 5%
[LC500 200 4000 40% 40% 10%% 10%
GigaZ 91.19 100 40% 40% 10%% 10%

[LC1000 1000 8000 40% 40% 10%% 10%
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Precision of Higgs boson couplings [%)]
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Precision of Higgs boson couplings [%]
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LCC Physics WG

B HL-LHC @ILC250
B HL-LHC @ ILC250 @ ILC500
B HL-LHC @ ILC250 & ILC500 & ILC1000

dark/light: with/without BSM decays
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CP violation in Higgs sector [, = cOS g, horewn

. . I CPodd
spin correlations between +SIn Yo A PR

tau leptons from Higgs decay .[’
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CP violation in Higgs sector : HVV coupling !{:
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electro-weak measurements
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W-pair production @ 250 GeV

single parameter 3-parameter fit

w|EP2 ==ATLAS ==CMS ==HL-LHC =ILC 250 — | EP2 — LG 250
Ag) __ Ag! - .
Ak, aey | ———e T
—-0.05 0 0.05 0.1 —0.05 0 0.05
TGC Limits @ 68% CL TGC Limits @ 68% CL

large samples of W bosons:

directly reconstructed mass [~1 MeV] & width [~ 3 MeV]
branching ratios [well below per-mille]

dedicated threshold scan @ 161 GeV would give
complementary & orthogonal measurements e



Z boson:

via the radiative return
~ 9x107 on-shell Z° @ ILC250

possibly a dedicated Z-pole run
~ 5x10° Z° @ 91 GeV

B 'Lc/Gigaz arXiv:1908.11299
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electro-weak couplings of beauty
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a beautiful example of the difference between left- and right-handed couplings

PoS(EPS-HEP2019)624
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beam polarisation
allows us to see
this L-R difference
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beam polarisation
allows us to see
this L-R difference

L
R



electro-weak couplings of beauty
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top quark

electroweak couplings |
arxXiv:1907.10619

::a- . LEP/SLC + LHC Run 2 .+ HL-LHC 51 .+ HL-LHC 52
L
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+ mass & width from threshold scan @ ~350 GeV



new physics searches
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WIMP search with mono-photon signature

g

e+

strong emphasis on
very forward region & hermiticity
to reject Bhabha scattering
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combination of datasets with
different polarisations (and
therefore different S/B) can

provide “In situ” control of
systematic uncertainties
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sensitivity to natural SUSY
arXiv:1912.06643

studied in 3 scenarios of “natural” SUSY
LSP is typically Higgsino
small mass splitting to NLSP
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arXiv:1912.06643

/s = 500 GeV only ILCI ILC2 nGMMI
mgo 102.7 1481 1514
dooints of Model mass [GeV] Mz 124.0 1578  155.8
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arxiv:1912.06643

measured parameters of new particles can then be
used to extract model parameters and
predict masses of other particles in the model
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- specific guidance for future studies / facilities



summary

main target: Higgs
well-established physics capabilities @ 250 GeV and beyond

electroweak:
large numbers of Z & W,
orders of magnitude more than LEP/SLC
top quarks
beam polarisation and wide energy range
Increase sensitivity to anoumalous couplings

new particle searches:
sensitive to soft or invisible new particle signatures
beam polarisation can help find it,
and to untangle its nature
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