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topics

• introduction

• activities of ILC Asia Physics Working Group

• Higgs studies

• BSM studies

• benchmark processes for DBD

(will not talk about plans beyond 2012...)
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Standard Model

• has many free parameters

• α, αs, GF

• mZ, mH

• mt, mb, mc, ms, md, mu, mτ, mμ, me

• θ12, θ23, θ31, δ
(neutrino masses & mixing parameters)
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verification of SM

= over-constraining of the SM parameters

= many different measurements of the same parameters
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• α, αs, GF

• mZ, mH

• mt, mb, mc, ms, md, mu, mτ, mμ, me

• θ12, θ23, θ31, δ B factories (KEKB, PEP-II)

precision electroweak 
measurements

(SLC, LEP, Tevatron, LHC, ...)
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• α, αs, GF

• μ, λ

• yt, yb, yc, ys, yd, yu, yτ, yμ, ye

• θ12, θ23, θ31, δ B factories (KEKB, PEP-II)

Higgs factory = ILC
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Higgs studies
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• many of these parameters will be directly 
measurable at the ILC:

• Higgs self-coupling: λ

• Yukawa couplings:

• yt (associated production with top pair)

• yb, yc (through Higgs decays)

8



√s
[GeV]

integrated 
luminosity

relative 
error

See tomorrow’s 
talk by

λ 500 2 ab-1 57%* J. Tian

yt 500 1 ab-1 10%† R. Yonamine

yb 250 250 fb-1 2.7%‡

H. Ono

yc 250 250 fb-1 8.7%‡

H. Ono

All results assume: mH=120 GeV, beam polarization (-0.8, +0.3)
* lots of room for improvement in analysis techniques
† result of fast simulation study
‡ error on branching fraction 9



4.2 Combination results: search for the SM Higgs boson 35
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Figure 22: The observed 95% C.L. upper limits on the signal strength modifier µ = σ/σSM
as a function of the SM Higgs boson mass in the range 110-600 GeV/c2

for the eight major

analyses and their combination. The limits are obtained with the CLs method. The solid lines

show the observed limits, while the dashed lines indicate the median expected assuming the

background-only hypothesis.

ATLAS SM Higgs Combination 

•! Correlated uncertainties (Jet Energy Scale, Luminosity, etc) taken into 
account 

•! In other cases, e.g. background estimates estimated via method data-driven, 
the uncertainties are uncorrelated 

•! Careful treatment of theory uncertainties; Higgs boson cross-section 
uncertainties in QCD scale and PDF+!s taken into account. PDF 
uncertainty is fully correlated among different channels and it is included in 
the combination. 

The expected (dashed) and 

observed (solid) cross-

section limits for the 

individual search channels, 

normalized to the Standard 

Model Higgs boson cross 

section, as functions of the 

Higgs boson mass.  

Channels used in 

the Combination: 

1.! H! !! 

2.! VH,H!bb 

3.! H!"" 

4.! H!WW(*)!l#l# 

5.! H!ZZ(*)!llll 

6.! H!ZZ(*)!ll## 

7.! H!ZZ(*)!llqq 
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√
s = 7 or 8 TeV.
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• 3σ evidence expected for 
mH>120 GeV with 10 fb-1

• improvement in H→bb 
and ττ channels highly 
desired for low mass 
region

LHC Higgs prospects
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what if mH=140 GeV?!"#$%$&'()"**+(,-++(.-+$
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cross section drops quickly Br(H-->bb) drops quickly

51%

For 140 GeV Higgs, !(ZHH-->Zbbbb) will be only 13% of that for 120 GeV

we need more efficient selection and consider H--> WW* mode

7

! Higgs masses of 125, 130, 135 and 140 GeV are investigated.

J. Tian H. Ono

TT

signal cross section 
decreases
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what if mH=140 GeV?
• BF(H→bb) 

decreases

• H→WW becomes 
important!

• reanalysis with 
mH=140 GeV 
needed for robust 
estimate

• we will need to be 
prepared
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Higgs self-coupling with the photon-photon collider option
(S. Kawada et al.)

!"#$%&'()

• double Higgs production 
accessible at lower ECM

• large WW, ZZ background

• feasibility depends critically 
on jet clustering
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BSM studies
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Little Higgs with T-parity
(E. Kato et al.)
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• fast simulation study shows ILC is very 
sensitive to LHT particle masses & couplings

ECM=1 TeV

theory talk on testing Little Higgs at LHC & ILC by K. Harigaya tomorrow
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Pseudo-stable SUSY particles
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sleptons may be accessible at the ILC!
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stau as pseudo-stable NLSP

!!

Decay Mode
Stau pair mode
!!!!

"Cross section of Stau pair mode  determines 
 ! quantum numbers of stau(      ,    ,     ,     ).!

!""
#
$

%

"!!is determined from dE/dx and TOF at TPC.!!
!""

"Life time of stau is measured at HCAL.

Via Neutralino mode"""!

&

"Via neutralino mode determines quantum number of 
  neutralino. Page 3

• stau lifetime O(10cm):

• stop the stau at HCAL to measure lifetime

• stau mass determined from dE/dx information

• talk by W.  Yamaura tomorrow

• stau lifetime O(0.1mm):

• measure stau lifetime by distribution of off-
vertex tracks

• determine stau mass by threshold scan/ 
kinematic edges

• analysis in progress by R. Katayama
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Figure 1: Cross section of the signal process, e+e− → τ̃+τ̃−, as a function of mτ̃ (left panel)
and the contour plot of the decay length, cττ̃ , on the (m3/2, mτ̃ )-plane (right panel). The
lifetime of the stau NLSP is given by ττ̃ " 3.34 × 10−13(cττ̃/100µm) sec.

the charged tracks arising from the stau decay.#1 Using the distribution of the impact

parameter, we are able to measure the lifetime of the stau NLSP, which leads to the

determination of the gravitino mass and therefore the scale of the SUSY breaking.

If the decay length of the stau NLSP is much longer than that of the τ -lepton, SM

backgrounds are easily eliminated by requiring τ -jets with large impact parameters.
The SM backgrounds become, on the contrary, important when the decay length of the

stau NLSP is the same order or shorter than that of the τ -lepton.

We expect large amount of SM background events including two τ -jets. In the

study of the impact-parameter distribution of the τ -jets from the τ̃ decay, significant

sources of SM backgrounds are expected to be coming from the processes,

(a) [ττ -BG] e+e− → τ+τ− (+ ISR),

(b) [WW -BG] e+e− → W+W− → τ+τ−νν̄ (+ ISR),

(c) [ZZ-BG] e+e− → Z0Z0 → τ+τ−νν̄ (+ ISR),

where ISR denotes the initial state radiation. Cross sections of these backgrounds are

1144fb, 99fb, and 6fb for ττ -BG, WW -BG, and ZZ-BG, respectively, when the center

#1In our study, we neglect the effect of the magnetic field inside the detector, so that all the tracks of
charged particles are approximated to be straight. Even if the charged tracks are not exactly straight
in the actual experimental circumstance, the lifetime of the stau NLSP can be measured at the ILC as
far as the profile of the magnetic field inside the detector is well understood. More complete analysis
based on a full simulation study will be given elsewhere [11].

3
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Pseudo-stable SUSY particles
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S. Kanemura

nearly degenerate gauginos may be accessible at the ILC!?

bino/wino
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DBD benchmarks
• as part of Detailed Baseline Design (DBD) Report, the detector groups are 

required to study 3 processes at Ecm=1 TeV

• e+e-→ννH with H→μμ, bb, cc, gg, WW*

• measure the branching ratios

• to be covered by H. Ono (bb, cc, gg)

• e+e-→W+W- with W→qq, lν

• measure in situ the left-handed polarization

• to be covered by DESY group

• e+e-→ttH with H→bb and 8 jets and 6 jets + lepton

• measure the top Yukawa coupling

• to be covered by R. Yonamine, TT, K. Fujii

• plus additional studies at 500 GeV e.g. ZHH, top pair, ...
19



• “Hidden particle production at ILC” PRD 78, 015008 
(2008)

• “Precision measurements of little Higgs parameters at 
the ILC” PRD 79, 075013 (2009)

• T. Saito et al. “Extra dimensions and seesaw neutrinos at 
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summary

• ILC Asia Physics Working Group is actively 
pursuing important physics studies at the 
ILC with focus on Higgs and BSM

• robustly adapt analysis targets as new LHC 
results come in

• at the same time, many DBD benchmark 
studies will be covered in time for the 2012 
deadline
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