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International Linear Collider

e* e collisions @ 250 GeV
beam polarisation:

e 80%, e* 30%
luminosity ~10% cm? s?

0.5 M Higgs in ~11 years

linear accelerator
— future energy upgrades possible,
if and when needed
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Higgs physics at [LC 250 g oa memcey
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At 250 GeV, Higgs boson usually .

produced with a Z: 200 250 300 350 400 450 500
“Higgs-strahlung” Ve [Gey)

Phys.Rev. D94 (2016) no.11, 113002
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Higgs decays to tau leptons

as most massive lepton,
tau enjoys strongest coupling to Higgs
tau lepton has somewhat short lifetime : 2.9 x 103 s

decays within detector
characteristic “narrow jet”

decay products displaced from interaction point

distribution of decay products
— tau spin orientation
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International Large Detector

one of two detector concepts being developed for ILC

high precision detector optimised for
particle flow reconstruction

silicon, gaseous
tracking systems
g, - S5 UM
o.p, - 2x10°p;

high granularity calorimetry D. Jeans @ HiggsCouplings'18 5
jet energy resolution 3-4%



pling to Higgs
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different BSM scenarios
— patterns of deviations from SM
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Higgs boson couplingto 1t

Studied using events fully simulation in ILD,

all SM background processes, Eur. Phys. J. C75 (2015) no.12, 617

realistic reconstruction algorithms

final states
ete s HZ - 11+ (ee,uu,qq)

1045""I""I""I"'I|I|||

event reconstruction and selection e'e - TTqq -

=
2 - -
B oL L' 250 GeV |
isolated narrow jets, 2 ¢ background§hﬁw :
1 or 3 charged patrticles > 107 F e T
total jet charge =1 5 | ]
invariant mass < 2 GeV/c? é 10 £ signal E
=
. . =z T A A S NI B \
various cuts to reduce major backgrounds L (Go \5)50
col
colinear approximation to estimate T-pair invariant mass

colinear approximation
momenta of v from 1 decay PP
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Eur. Phys. J. C75 (2015) no.12, 617

Higgs boson couplingto 1t
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final event selection and
background rejection using
multivariate analysis [BDT]
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o
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Event counting after selection gives
expected ILC precision on

o(h)-BR(h - 11): !

1.2% [ ILC250/ 2 ab?]

1.0% [ + ILC500/ 4 ab™]

Number of events / 0.01
P=

This measurement then combined with

e*e —qghNs=250GeV,L=250fb",P(e’,e*)=(-80%,+30%)

----- background

-1 -0.5 0 0.5 1

TMVA output

- measured total cross-section g (h)togive BR(h - t1),
- measured total decay width I, to extract Yukawa coupling g(htt)

o g(htt) ~ 1.16% using full E.F.T. fit, 2 ab* at ILC250 + HL-LHC, LEP, ...

Phys.Rev. D97 (2018) no.5, 053003
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does Higgs — T T conserve CP ?  PhysRev. D98 (2018)

_ no.1l, 013007
baryogenesis at E-W scale?

h is a spin O state:
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CPiInh - 11:sensitivity

Phys.Rev. D98 (2018) no.1, 013007

20F wcp=0 [pure CP even]

—e— wcpzm's [mixed state]

In Higgs-strahlung process,

fully reconstruct momentum of
hadronically decaying tau leptons. ILD simutation: 250 GeV, & & 098"  Zqg
Using constraints from

- Interaction point

- recoiling transverse momentum

- impact parameters
- tau lepton mass

NIM A810 (2016) 51, arXiv:1507.01700

15F T w2 [pure CP odd]
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signal background

arbitrary normalisation

14F y¥nDOF=29.3119 ¢4nDOF= 15.5/18 Mool @ o T
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= -2 0 2
10F
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: 41]3— &) Mear = 0.000
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2F 80
: o EXPS.
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40
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signal: phase of Agp — CP 8% =03 02 050 0T 02 05 04
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backgrounds: flat fitted phase

pseudo-experiments:
likelihood fit to
A@ distributions

T - TV [B.R. 11%]
T - TV [B.R. 26%]
5 _
© 04 —Impact param.
E’ ----- collinear
E 03 .
2 | = visible
g 02F 1 5 ;v
£
< 0.1
=

with 2 ab? @ ILC250, can measure mixing
between even and odd CP components:
O Y., =75 mrad (4.3 deg)
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#ILCsupporters

Summary

International Linear Collider will enable
comprehensive set of precision Higgs measurements,
shining light on physics beyond the SM

ILC-250 stage:

o(h)-BR(h - t1)with a precision of 1.2 % [1.0 % w/ ILC500]
- several times more precise than current HL-LHC projections
- signatures of BSM physics ?

CP mixing in h — T T decays with a precision of 75 mrad
- Electro-Weak baryogenesis ?
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http://ilcsupporters.jp/

backup
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full T momentum reconstruction NIM A10 (2016) 51

arxXiv:1507.01700

In Higgs-strahlunge*e - ZH,H - 1T
visible Z decay: ILD full simulation

- T production vertex Is _

~ p, of di-T system § o4 —Impact param.

excellent vertex detector: £ o4 ~collinear

- trajectory of tdecay products ¢ | . visible

- plane of T momentum > 02l
6 constraints to solve for = to Y
6 unknowns / event with hadronic tdecays © .1~
2 x neutrino 3-momenta Al B
N e _Ij Lo

polarimeter — spin estimator from 20 100 130

2
decay products’ momenta t-t mass [GeV/c’]

optimal information on T momentum and spin

relies on excellent detector performance:
Impact parameter, tracking, photon and jet measurement

D. Jeans @ HiggsCouplings'18 13



http://arXiv.org/abs/arXiv:1507.01700

Precision of Higgs boson couplings [%]

arXiv:1710.07621

LHC 3000 fb™' (ATLAS: ATL-PHYS-PUB-2014-016 (2014), Model Dependent « fit)

LHC 3000 fb™' & ILC 250 GeV, 2000 fb” (Model Independent EFT fit)

LHC 2000 fb™' & ILC 250 GeV, 2000 fb"
#ILC 500 GeV, 4000 fb' & 350 GeV, 200 fb™' (Model Independent EFT fit)

9{3 Q)Q,f;ﬁ 9{3 9/;5 6@

e Wi oy 50, 0

<
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reconstructZ - (ee/ppu/jets) + 2 x (1-prong tau jets)

simple preselection

some distributions after reconstruction and pre-selection:

ILD simulation: 250 GeV, e[ ef,, 0.9 ab™' Z-pup ILD simulation: 250 GeV, e[ e}, 0.9 ab™ Z-qq

£ B Bl signal £ B signal
E 10 (d) otherf TH, Hot't f ‘iO? (f) : other f TH, Hor't
@ 10° J otherf TH e . otherfTH -
= otherfir 1 = 10 W otherfitr 1
[} 4 [<}]
s 10 I other 4f & .!05 I other 4f
. 2 . 2

10*E

10°E

10%}

10

/0 75 80 8 90 95 100 105 110

720 40 60 80 100 120 140 160 180
Z mass [GeV/c?]

71 mass [GeV/c?]

group events according to sensitivity to CP
guality of event reconstruction
background contamination

longitudinal polarimeter components

D. Jeans @ HiggsCouplings'18
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