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The ILC Higgs Factory: ILC TDR Volumes 1-4

The operation of an e+e− collider at a CM energy of 250 GeV will yield a large sample of Higgs

bosons that are tagged by recoil against an observed Z boson at a fixed laboratory energy.

By selecting these Z bosons and looking on the other side of the event, e+e− colliders will be

sensitive to essentially all possible rare and exotic Higgs boson decay channels...

EPS-HEP2021, 27 July 2021 – p.3/17



Higgs Boson Production at the ILC

At left, cross sections vs
√

s for the three Higgs boson production modes. At right, the recoil mass

distribution in simulation at
√

s = 250 GeV with L = 250 fb−1 assuming 80% lefthanded e− and

30% righthanded e+. This yields a decay-independant sample of Higgs bosons.
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Rare Higgs Boson Decay in the Standard Model (SM)
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Particle Data Group: Higgs Boson
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Current LHC and HL-LHC Expectations: H →invisible

ATLAS upper limit on BR(H →inv.) is 11%, CMS expectation for the HL-LHC is 3-4%.

EPS-HEP2021, 27 July 2021 – p.7/17



Current LHC and HL-LHC Expectations: H → µ+µ−

ATLAS uncertainty on the H → µ+µ− signal strength is 50%, CMS HL-LHC expectation is 10%.
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SiD and ILD: ILC TDR Volume 4 (arXiv:1306.6329)
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ILD/SiD at ILC: Higgs to Invisible (Hadronic Channel)

Luminosity is 900 fb−1 (left), 900 fb−1 (right)

ILD:“...95% C.L. UL on BR(H →invisible) of 0.23%” (2002.12048)
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SiD at ILC: Higgs to Invisible MVA (Hadronic Channel)
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Kolmogorov­Smirnov test: signal (background) probability = 0.528 (0.022)
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Background rejection versus Signal efficiency

Preliminary multivariate analysis using separate Boosted Decision Trees (BDTs) for each

background category should significantly improve sensitivity.
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ILD at ILC: Higgs to Muon Pairs

The study assumes 900 fb−1 (900 fb−1) at
√

s = 250 GeV for LR (RL) polarization and 1600

fb−1(1600 fb−1) at
√

s = 500 GeV for LR (RL) polarization.
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Exotic Higgs Decay in Beyond the SM (BSM)
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SiD at ILC: Exotic Higgs to Four Taus

This study is motivated by the NMSSM and the LEPII excess near 96 GeV. See 1309.0021 for

details. The h2 → (τ+τ−)(τ+τ−) topology has minimal background.
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Conclusion: ILC sharply improves on the HL-LHC!

Invisible and Rare SM Higgs Decays

Decay LHC HL-LHC ILC

H →inv BR<11% BR<3-4% BR<0.2% a

H → µ+µ− ∆µ/µ ≈ 50% ∆µ/µ ≈ 10% ∆BR/BR ≈ 17%

Exotic BSM Higgs Decays

aImprovements expected with multivariate analysis.
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Thank you for your attention.
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Backup: Higgs to Invisible (Hadronic Channel)

Requirement (Full) S(LR) B(LR) S
√

S+B
S(RL) B(RL) S

√

S+B

Track, lepton, PFO multiplicity requirements imposed (2105.00128)

20 ≤ pvis
T

≤ 70 GeV 1.25e+04 7.71e+06 4.48 8.84e+03 1.07e+06 8.53

75 ≤ mvis ≤ 105 GeV 1.16e+04 1.79e+06 8.63 8.21e+03 3.14e+05 14.5

Njet = 2 1.16e+04 1.79e+06 8.63 8.21e+03 3.14e+05 14.5

−0.9 ≤ cos θjj ≤ −0.2 1.08e+04 8.68e+05 11.5 7.65e+03 1.78e+05 17.7

110 ≤ mrecoil ≤ 150 1.03e+04 3.6e+05 17 7.33e+03 8.39e+04 24.2

Full simulation (ILCSoft v02-00-02, SID o2_v3) scaled from 250fb−1 to 900fb−1.
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