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ttH production cross section

• Large impact of tt bound-state effects 
up to 600 GeV

• Broad maximum around 800 GeV

• The tt cross section decreases steeper 
with increasing √s than the ttH signal

Recent / ongoing benchmark studies 
based on full detector simulations:

500 GeV, ILC (ILD): 
Yuji Sudo
1 TeV, ILC (ILD & SiD):
Tony Price, Ph.R.,
Jan Strube, Tomohiko Tanabe
1.4 TeV, CLIC (CLIC_SiD):
Sophie Redford, Ph.R., Marcelo Vogel

Phys. Rev. D 84, 014033 (2011)
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top Yukawa coupling

→ The ttH cross 
section is directly 
sensitive to the top 
Yukawa coupling g

ttH

Small contribution from
Higgsstrahlung events:

Δ g ttH
g ttH

=c⋅Δσ
σ

No Higgsstrahlung: c = 0.50
ILC 1 TeV: c = 0.52
CLIC 1.4 TeV: c = 0.53

CLIC
1.4 TeV
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Most relevant backgrounds

Example from 1 TeV ILC analyses, 
the same background processes are dominant in the other studies
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Reconstruction issues

Investigated final states:
“8 jets”: t(→qqb)t(→qqb)H(→bb)
“6 jets”: t(→qqb)t(→lνb)H(→bb)
[ “4 jets”: t(→lνb)t(→lνb)H(→bb) ]

ttH→τvqqbbbb

Crucial tests of 
various detector
Performance and 
reconstruction aspects:

• Jet reconstruction 
in complex final states
• Flavour tagging
• Charged lepton 
identification
• Missing energy 
reconstruction

CLIC, 1.4 TeV
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Lepton identification

Events classified by number of isolated lepton candidates:
0 leptons → “8 jets”, 1 lepton → “6 jets” (2 leptons → “4 jets”)

1.) Electron and muon selection: 
particle energy fractions, impact parameters and isolation

2.) Dedicated tau finders using the remaining particles
(except for ILD & SiD analyses at 1 TeV)

RCAL=
EECAL

EECAL+EHCALCLIC
1.4 TeV

CLIC
1.4 TeV



02/07/2015 Philipp Roloff ttH at the LC 7

Jet reconstruction
• Most particles from beam-induced backgrounds (γγ→hadrons) are close
to the beam pipe
• Usage of hadron-collider type jet algorithms like the 
longitudinally-invariant k

t
 algorithm important to suppress these backgrounds

ILD, 1 TeV
H→bb

CLIC, 1.4 TeV
W→qq

1 bunch crossing of beam-induced 
background overlaid

Out-of-time pile-up suppressed 
using timing information



02/07/2015 Philipp Roloff ttH at the LC 8

Jet pairing

Grouping the jets into W, top and Higgs candidates by minimising:

At 500 GeV (near threshold) the momentum of the Higgs is small
→ angle between two jets instead of invariant mass effective 

Invariant mass distributions for truth-matched 
candidates are asymmetric 
→ using modified Gaussian with two width parameters:

CLIC,
1.4 TeV
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Flavour tagging
• LCFIPlus used by all analyses

• Signal events contain four b-jets

• Third and fourth highest b-tag values 
especially powerful 
(e.g. against tt and ttZ backgrounds)

ILD
1 TeV

1 bunch crossing of  
γγ → hadrons and e+e- pairs

SiD
1 TeV
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Event selection (1)

Events are selected using e.g.:
• Masses of the W, H, top candidates
• Four hightest b-tag values
• Event shape variables
• Jet clustering information
• Angular variables
• ...

Example distributions:
• Event thrust

ILD 1TeV
6 jets
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Event selection (2)

Events are selected using e.g.:
• Masses of the W, H, top candidates
• Four hightest b-tag values
• Event shape variables
• Jet clustering information
• Angular variables
• ...

Example distributions:
• Event thrust
• Jet resolution parameter Y

65
 

ILD 1TeV
6 jets
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Event selection (3)

Events are selected using e.g.:
• Masses of the W, H, top candidates
• Four hightest b-tag values
• Event shape variables
• Jet clustering information
• Angular variables
• ...

Example distributions:
• Event thrust
• Jet resolution parameter Y

65

• Number of particles

ILD 1TeV
6 jets
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Event selection (4)

CLIC 1.4 TeV
8 jets

Events are selected using e.g.:
• Masses of the W, H, top candidates
• Four hightest b-tag values
• Event shape variables
• Jet clustering information
• Angular variables
• ...

Example distributions:
• Event thrust
• Jet resolution parameter Y

65

• Number of particles
• Higgs decay angle
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Study for ILC at 500 GeV

From Yuji Sudo (update of results shown at ALWS15)

Cut based analysis, currently investigating 
usage of multivariate classifiers
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Results for ILC at 1 TeV
Events are selected using Boosted Decision Trees as implemented in TMVA:

→ Very similar results for both detectors

≈ 4% precision for 1 ab-1 with P(e-) = -0.8, P(e+) = +0.2

0.5 ab-1 with 
P(e-) = -0.8, 
P(e+) = +0.2 
+ 0.5 ab-1

with P(e-) = +0.8, 
P(e+) = -0.2

arXiv:1409.7157
accepted by EPJ C
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Results for CLIC at 1.4 TeV

1.5 ab-1 with
unpolarised
beams

Combined: Δ(σ(ttH)) = 8.4% → Δ(g
ttH

) = 4.4%

≈ 4% precision for 1.5 ab-1 with P(e-) = -0.8

→ Very similar performance as ILC at 1 TeV

CLICdp-Note-2015-001
CLICdp-Note-2014-001
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What's next?

So far focussed on the total ttH production cross section, 
could exploit differential distributions as well

Example: CP properties of the Higgs boson, observables 
proposed in Eur. Phys. J. C 71 1681 (2011):
• Total cross section and its energy dependence
• Top polarisation asymmetry
• Up-down asymmetry of the anti-top with respect to the 
top-electron plane

Input welcome:
• What else could be done? 
• Which other observables should be study?
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Summary and outlook

from
arXiv:1311.2028

• The reconstruction of ttH events is an excellent benchmark for
linear collider detectors

• About 4% precision on the top Yukawa coupling achievable with
1 ab-1 at 1 TeV at the ILC or 1.5 ab-1 at 1.4 TeV at CLIC

• Moderate improvements possible, e.g. including H→WW* decays 
(generation of background samples would be difficult)

• Investigation of other observables in ttH events possible
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