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素粒子物理学の進展
! 加速器で新粒子を発見し精密測定
! 自然の理解＝理論の構築と進化
! AGS/SPEARで　Charm quark 1974
! Fermilab PSで　 Bottom quark 1976
! Tevatron で　Top quark 1994
! LHC で　Higgs 2012
! 陽子加速器で発見し、詳細＝物理を電子加速器
竹下：加速学会2013 2
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Higgs 2012

Phys.Lett.B 716 (2012) 1-29

 July2012
Higgs(らしき)粒子発見

Dec2012
A Particle 
Consistent with the 
Higgs Boson 

Science 338, 1576 (2012)竹下：加速学会2013 4
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H>γγ & ZZ>4lepton

7.4σ 6.6σ

CMS: combined: 125.8± 0.4± 0.4 GeV

ATLAS:

"":125.4, 4l: 125.87

arXiv:1307.1427

4.4!exp.

竹下：加速学会2013



Spin,Parity

!"#$%&'%(#)*++,- .'(/0(#12.13#0(%45/0#67#$5880#(6#45&6067#0('(/0 99

Spin studies with H!!!!!!!!!!!!

p=29%p=8.6%

" From distribution of polar angle !* of the photons in the resonance rest frame
# Compare dN/d|cos!*| for: 

- spin-0+ hypothesis: flat before cuts 
- spin-2+ hypothesis: ~ 1+6cos2!* +cos4!*  for G-like gg production 

# Signal region: events within ±1.5" around the peak (mH=126.5 GeV)
# Normalisation and distribution of dN/d|cos!*| for background from data (side-bands)

$ Spin-2+ hypothesis expected  exclusion CLs at 93% 
$ Observation compatible with spin-0+, slightly favored over spin-2+ hypothesis

ATLAS-CONF-2012-168ATLAS-CONF-2012-168

[for 100% gg  spin-2 production]

[minimal coupling model]

[analysis using 13 fb-1 of 8 TeV data] [analysis using 13 fb-1 of 8 TeV data] 

H>γγ mode : 0+/2+
 ATLAS : 95% CLで JP = 2+ (75%ggF) を棄却

H>WW mode : 0+/2+
ATLAS: 95% CLで JP = 2+ (100%ggF) を棄却
CMS: 88% CLで JP = 2+ (100%ggF) を棄却

SM Higgs 0+ を支持

8
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SM-Higgs ?
!if Higgs  mi=vgi
! signal strength μ:

!  ~Meas./SM
! if μ=1:  SM

SM Higgsに近い
もっとデータを！

20fb-1/y > 300/y > 
Int:3000fb-1

9

!

•  "#$%&'()!µ!!!*(+,!-../0-.1!%/,!'#!+,0#'2!341+&.+!$#56-5#'7!
–  !"#!$%&!!'%(()%*+,%--).%%%%%%%%%%%%%%%%%%µ /%&0122%3%4154.%!89:;<3=:9>!&'.?/)&'2!%%!-')!""@!
–  67$%%&!!, ""'%88'%(()%*+,%--).%%%%%%%µ /%&4194%3%410:.%
–  ";<!"=>?%&88'%!!, ""'%(().%%%%%%%%%%%%µ /%&01::%3%41@4.%%

6ABC*D8EF%GHIJ%$7%KHLLM%8AMA+%FNCFOI*DA+P%!OOQR*OS%T%0UV%%

) !Signal strength (
-0.5 0 0.5 1 1.5 2

ATLAS

-1Ldt = 4.6-4.8 fb = 7 TeV s
-1Ldt = 13-20.7 fb = 8 TeV s

 = 125.5 GeVHm
arXiv:1307.1427

0.28-
0.33+ = 1.55!

 H 

 0.12-
 0.17+
 0.13-
 0.17+
 0.22-
 0.23+

arXiv:1307.1427

0.35-
0.40+ = 1.43!

 4l ZZ* H 

 0.10-
 0.17+
 0.13-
 0.20+
 0.32-
 0.35+

arXiv:1307.1427

0.28-
0.31+ = 0.99!

l l WW* H 

 0.09-
 0.15+
 0.19-
 0.23+
 0.21-
 0.20+

arXiv:1307.1427

0.18-
0.21+ = 1.33!

, ZZ*, WW*H
Combined

 0.10-
 0.12+
 0.13-
 0.17+
 0.14-
 0.13+

0.6-
0.7+ = 0.2!

Preliminary
b bW,Z H 

<0.1

0.4"

0.5" ATLAS-CONF-2013-079

0.6-
0.7+ = 0.7!

Preliminary
)-1(8TeV: 13 fb            H ATLAS-CONF-2012-160

Total uncertainty
! on  1"

(stat)
(sys)
(theo)

A4(!+&2'-?!B,0('2,4!µ!

CD;;D9<! E:!"(0/F!G*HG!I!JKBILJK!B,#.M#?$!!;=9<! 9C!

SM!/!Best fit 
0 0.5 1 1.5 2 2.5

 0.28± = 0.92 µ       
 ZZ"H 

 0.20± = 0.68 µ       
 WW"H 

 0.27± = 0.77 µ       
## "H 

 0.41± = 1.10 µ       
$$ "H 

 0.62± = 1.15 µ       
 bb"H 

 0.14± = 0.80 µ       
Combined

-1 19.6 fb% = 8 TeV, L s  -1 5.1 fb% = 7 TeV, L s

CMS Preliminary
 = 0.65

SM
p

 = 125.7 GeVH m

H(N!

 Br)/SM! Best Fit (
0 1 2 3 4 5 6 7 8 9 10

b VbVH

-+ H

-W+ WH

 H

Combined (68% C.L.) 

Single channel

-1 10 fb intTevatron Run II, L
mH=125 GeV/c2

!

•  "#$%&'()!µ!!!*(+,!-../0-.1!%/,!'#!+,0#'2!341+&.+!$#56-5#'7!
–  !"#!$%&!!'%(()%*+,%--).%%%%%%%%%%%%%%%%%%µ /%&0122%3%4154.%!89:;<3=:9>!&'.?/)&'2!%%!-')!""@!
–  67$%%&!!, ""'%88'%(()%*+,%--).%%%%%%%µ /%&4194%3%410:.%
–  ";<!"=>?%&88'%!!, ""'%(().%%%%%%%%%%%%µ /%&01::%3%41@4.%%

6ABC*D8EF%GHIJ%$7%KHLLM%8AMA+%FNCFOI*DA+P%!OOQR*OS%T%0UV%%

) !Signal strength (
-0.5 0 0.5 1 1.5 2

ATLAS

-1Ldt = 4.6-4.8 fb = 7 TeV s
-1Ldt = 13-20.7 fb = 8 TeV s

 = 125.5 GeVHm
arXiv:1307.1427

0.28-
0.33+ = 1.55!

 H 

 0.12-
 0.17+
 0.13-
 0.17+
 0.22-
 0.23+

arXiv:1307.1427

0.35-
0.40+ = 1.43!

 4l ZZ* H 

 0.10-
 0.17+
 0.13-
 0.20+
 0.32-
 0.35+

arXiv:1307.1427

0.28-
0.31+ = 0.99!

l l WW* H 

 0.09-
 0.15+
 0.19-
 0.23+
 0.21-
 0.20+

arXiv:1307.1427

0.18-
0.21+ = 1.33!

, ZZ*, WW*H
Combined

 0.10-
 0.12+
 0.13-
 0.17+
 0.14-
 0.13+

0.6-
0.7+ = 0.2!

Preliminary
b bW,Z H 

<0.1

0.4"

0.5" ATLAS-CONF-2013-079

0.6-
0.7+ = 0.7!

Preliminary
)-1(8TeV: 13 fb            H ATLAS-CONF-2012-160

Total uncertainty
! on  1"

(stat)
(sys)
(theo)

A4(!+&2'-?!B,0('2,4!µ!

CD;;D9<! E:!"(0/F!G*HG!I!JKBILJK!B,#.M#?$!!;=9<! 9C!

SM!/!Best fit 
0 0.5 1 1.5 2 2.5

 0.28± = 0.92 µ       
 ZZ"H 

 0.20± = 0.68 µ       
 WW"H 

 0.27± = 0.77 µ       
## "H 

 0.41± = 1.10 µ       
$$ "H 

 0.62± = 1.15 µ       
 bb"H 

 0.14± = 0.80 µ       
Combined

-1 19.6 fb% = 8 TeV, L s  -1 5.1 fb% = 7 TeV, L s

CMS Preliminary
 = 0.65

SM
p

 = 125.7 GeVH m

H(N!

 Br)/SM! Best Fit (
0 1 2 3 4 5 6 7 8 9 10

b VbVH

-+ H

-W+ WH

 H

Combined (68% C.L.) 

Single channel

-1 10 fb intTevatron Run II, L
mH=125 GeV/c2

竹下：加速学会2013



SM-Higgs ?
!if Higgs  mi=vgi
! signal strength μ:

!  ~Meas./SM
! if μ=1:  SM

SM Higgsに近い
もっとデータを！

20fb-1/y > 300/y > 
Int:3000fb-1

9

!

•  "#$%&'()!µ!!!*(+,!-../0-.1!%/,!'#!+,0#'2!341+&.+!$#56-5#'7!
–  !"#!$%&!!'%(()%*+,%--).%%%%%%%%%%%%%%%%%%µ /%&0122%3%4154.%!89:;<3=:9>!&'.?/)&'2!%%!-')!""@!
–  67$%%&!!, ""'%88'%(()%*+,%--).%%%%%%%µ /%&4194%3%410:.%
–  ";<!"=>?%&88'%!!, ""'%(().%%%%%%%%%%%%µ /%&01::%3%41@4.%%

6ABC*D8EF%GHIJ%$7%KHLLM%8AMA+%FNCFOI*DA+P%!OOQR*OS%T%0UV%%

) !Signal strength (
-0.5 0 0.5 1 1.5 2

ATLAS

-1Ldt = 4.6-4.8 fb = 7 TeV s
-1Ldt = 13-20.7 fb = 8 TeV s

 = 125.5 GeVHm
arXiv:1307.1427

0.28-
0.33+ = 1.55!

 H 

 0.12-
 0.17+
 0.13-
 0.17+
 0.22-
 0.23+

arXiv:1307.1427

0.35-
0.40+ = 1.43!

 4l ZZ* H 

 0.10-
 0.17+
 0.13-
 0.20+
 0.32-
 0.35+

arXiv:1307.1427

0.28-
0.31+ = 0.99!

l l WW* H 

 0.09-
 0.15+
 0.19-
 0.23+
 0.21-
 0.20+

arXiv:1307.1427

0.18-
0.21+ = 1.33!

, ZZ*, WW*H
Combined

 0.10-
 0.12+
 0.13-
 0.17+
 0.14-
 0.13+

0.6-
0.7+ = 0.2!

Preliminary
b bW,Z H 

<0.1

0.4"

0.5" ATLAS-CONF-2013-079

0.6-
0.7+ = 0.7!

Preliminary
)-1(8TeV: 13 fb            H ATLAS-CONF-2012-160

Total uncertainty
! on  1"

(stat)
(sys)
(theo)

A4(!+&2'-?!B,0('2,4!µ!

CD;;D9<! E:!"(0/F!G*HG!I!JKBILJK!B,#.M#?$!!;=9<! 9C!

SM!/!Best fit 
0 0.5 1 1.5 2 2.5

 0.28± = 0.92 µ       
 ZZ"H 

 0.20± = 0.68 µ       
 WW"H 

 0.27± = 0.77 µ       
## "H 

 0.41± = 1.10 µ       
$$ "H 

 0.62± = 1.15 µ       
 bb"H 

 0.14± = 0.80 µ       
Combined

-1 19.6 fb% = 8 TeV, L s  -1 5.1 fb% = 7 TeV, L s

CMS Preliminary
 = 0.65

SM
p

 = 125.7 GeVH m

H(N!

 Br)/SM! Best Fit (
0 1 2 3 4 5 6 7 8 9 10

b VbVH

-+ H

-W+ WH

 H

Combined (68% C.L.) 

Single channel

-1 10 fb intTevatron Run II, L
mH=125 GeV/c2

!

•  "#$%&'()!µ!!!*(+,!-../0-.1!%/,!'#!+,0#'2!341+&.+!$#56-5#'7!
–  !"#!$%&!!'%(()%*+,%--).%%%%%%%%%%%%%%%%%%µ /%&0122%3%4154.%!89:;<3=:9>!&'.?/)&'2!%%!-')!""@!
–  67$%%&!!, ""'%88'%(()%*+,%--).%%%%%%%µ /%&4194%3%410:.%
–  ";<!"=>?%&88'%!!, ""'%(().%%%%%%%%%%%%µ /%&01::%3%41@4.%%

6ABC*D8EF%GHIJ%$7%KHLLM%8AMA+%FNCFOI*DA+P%!OOQR*OS%T%0UV%%

) !Signal strength (
-0.5 0 0.5 1 1.5 2

ATLAS

-1Ldt = 4.6-4.8 fb = 7 TeV s
-1Ldt = 13-20.7 fb = 8 TeV s

 = 125.5 GeVHm
arXiv:1307.1427

0.28-
0.33+ = 1.55!

 H 

 0.12-
 0.17+
 0.13-
 0.17+
 0.22-
 0.23+

arXiv:1307.1427

0.35-
0.40+ = 1.43!

 4l ZZ* H 

 0.10-
 0.17+
 0.13-
 0.20+
 0.32-
 0.35+

arXiv:1307.1427

0.28-
0.31+ = 0.99!

l l WW* H 

 0.09-
 0.15+
 0.19-
 0.23+
 0.21-
 0.20+

arXiv:1307.1427

0.18-
0.21+ = 1.33!

, ZZ*, WW*H
Combined

 0.10-
 0.12+
 0.13-
 0.17+
 0.14-
 0.13+

0.6-
0.7+ = 0.2!

Preliminary
b bW,Z H 

<0.1

0.4"

0.5" ATLAS-CONF-2013-079

0.6-
0.7+ = 0.7!

Preliminary
)-1(8TeV: 13 fb            H ATLAS-CONF-2012-160

Total uncertainty
! on  1"

(stat)
(sys)
(theo)

A4(!+&2'-?!B,0('2,4!µ!

CD;;D9<! E:!"(0/F!G*HG!I!JKBILJK!B,#.M#?$!!;=9<! 9C!

SM!/!Best fit 
0 0.5 1 1.5 2 2.5

 0.28± = 0.92 µ       
 ZZ"H 

 0.20± = 0.68 µ       
 WW"H 

 0.27± = 0.77 µ       
## "H 

 0.41± = 1.10 µ       
$$ "H 

 0.62± = 1.15 µ       
 bb"H 

 0.14± = 0.80 µ       
Combined

-1 19.6 fb% = 8 TeV, L s  -1 5.1 fb% = 7 TeV, L s

CMS Preliminary
 = 0.65

SM
p

 = 125.7 GeVH m

H(N!

 Br)/SM! Best Fit (
0 1 2 3 4 5 6 7 8 9 10

b VbVH

-+ H

-W+ WH

 H

Combined (68% C.L.) 

Single channel

-1 10 fb intTevatron Run II, L
mH=125 GeV/c2

竹下：加速学会2013

compatible with a Standard Model Higgs boson



真空の安定性
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Figure 5: Regions of absolute stability, meta-stability and instability of the SM vacuum in the Mt–
Mh plane. Right: Zoom in the region of the preferred experimental range of Mh and Mt (the
gray areas denote the allowed region at 1, 2, and 3σ). The three boundaries lines correspond to
αs(MZ) = 0.1184± 0.0007, and the grading of the colors indicates the size of the theoretical error.
The dotted contour-lines show the instability scale Λ in GeV assuming αs(MZ) = 0.1184.

3.3 Phase diagram of the SM

The final result for the condition of absolute stability is presented in eq. (2). The central

value of the stability bound at NNLO on Mh is shifted with respect to NLO computations

(where the matching scale is fixed at µ = Mt) by about +0.5GeV, whose main contributions

can be decomposed as follows:

+ 0.6GeV due to the QCD threshold corrections to λ (in agreement with [14]);

+ 0.2GeV due to the Yukawa threshold corrections to λ;

− 0.2GeV from RG equation at 3 loops (from [12,13]);

− 0.1GeV from the effective potential at 2 loops.

As a result of these corrections, the instability scale is lowered by a factor ∼ 2, for Mh ∼ 125

GeV, after including NNLO effects. The value of the instability scale is shown in fig. 4.

The phase diagram of the SM Higgs potential is shown in fig. 5 in the Mt–Mh plane,

taking into account the values for Mh favored by ATLAS and CMS data [1, 2]. The left

plot illustrates the remarkable coincidence for which the SM appears to live right at the

border between the stability and instability regions. As can be inferred from the right plot,

which zooms into the relevant region, there is significant preference for meta-stability of the

SM potential. By taking into account all uncertainties, we find that the stability region is

disfavored by present data by 2σ. For Mh < 126 GeV, stability up to the Planck mass is

excluded at 98% C.L. (one sided).

17

! arXiv:1205.6497

宇宙の初まりのインフレーションモデル

MH=126GeVは
MSSMでは
ほぼ最小値

meta stable
 真空の安定性
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Top Quark Mass

• Tevatron still provides the best mass
measurement, with an uncertainty of 0.5%.

• Best single LHC measurement (from CMS)
reaches 0.6%.

• Updated LHC mass combination in progress.

→ Harmonise systematic treatment e.g.

generator modeling.

 [GeV]topm
155 160 165 170 175 180 185 190 1951

7

syst.!JSF 0.71± stat. 0.51±173.20 
Tevatron Average May 2013

syst.!JSF 0.91± stat. 0.38±173.36 
CMS Average September 2012

-1 = 4.7 fbintCONF-2013-077,   L

*lbATLAS 2011,  dilepton, m
 1.50± 0.64                        ±173.09 

-1 = 4.7 fbintCONF-2013-046,   L

ATLAS 2011,  l+jets*  1.35± 0.67 ± 0.27 ± 0.23 ±172.31 

-1 = 2.05 fbintCONF-2012-030,   L

ATLAS 2011, all jets*   3.8±  2.1                          ±174.9   

 (*Preliminary)-1 - 4.7 fb-1 = 2.05 fbint summary - July 2013,  LtopATLAS m

 syst. ±    bJSF ± JSF      ±    stat.  ± 

stat. uncertainty
 bJSF uncertainty! JSF !stat. 

total uncertainty

ATLAS Preliminary

arXiv:1305.3929 [hep-ex]

SARA STRANDBERG, STOCKHOLM UNIVERSITY P. 15 EPSHEP 2013, STOCKHOLM, JULY 22, 2013

top-mass
竹下：加速学会2013
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ILCの物理と計画 ! LHC to ILC

ATLAS-simulation
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ILCの物理と計画 ! LHC to ILC

ATLAS-simulation

ILC: ee>ZH>qqbb sim.

Clean

11竹下：加速学会2013



ILC実験

e+

e-

偏極電子

e+e- collider
初期状態素粒子

質量、スピン、結合定数の決定
SMを超えるより基本原理の発見

Z/!/Z’

well known

低BG:Clean
Higgs
top
SUSY
DM
新粒子
...

12竹下：加速学会2013



ILC : Higgs粒子
! W/Z/γに質量を与える：Higgs 機構: HWW/HZZ
! Fermionに質量：Yukawa 結合：Hff coupling
! 自己結合：HHH :triple Higgs 

自己質量
真空

W/Z質量 Q/L質量
ILCの独立測定

YukawaHiggs Mec.

13

e+

e-

Z

H

Z

H
Q/L

Z

H

Q/L

Z

H

H
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ILC: Higgs factory
e+

e-

Z

HChapter 4. ILD Performance
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a) X-µ+µ→ZH
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b)
)Xγ(n-e+ e→ZH

Figure 4.2.1: Results of the model independent analysis of the Higgs-

strahlung process e
+
e
− → hZ in which a) Z → µ+µ−

and b) Z → e
+
e
−

(including the reconstruction of bremsstrahlung and FSR photons). The re-

sults are shown are for the P (e+, e−) = (+30%,−80%) beam polarisation.

4.2.2 Tau reconstruction

The Higgs recoil mass analysis provides a clear demonstration of excellent tracking

performance of the ILD detector concept. The reconstruction of τ+τ− events at√
s = 500 GeV provides a challenging test of the detector performance in terms of

separating nearby tracks and photons. The reconstruction of the tau final states

enables the mean tau polarisation Pτ to be determined. For the tau polarisation

measurement, the τ → πν and τ → ρν decays have the highest sensitivity. The

separation of the 1-prong decay modes relies on lepton identification and the ability

to separate the neutral energy deposits from π0
decays from the hadronic shower.

The invariant mass distribution for 1-prong events is shown in Figure 4.2.2a.

A neutral network approach based on nine input variables is used to identify the

tau decays modes. The variables include: the total energy of the identified photons,

the invariant mass of the track and all identified photons (Figure 4.2.2a); and electron

and muon particle identification variables based on calorimetric information and

track momentum. Table 4.2.2 shows the efficiency and purity achieved for the six

main tau decay modes. The high granularity and the large detector radius of ILD

results in excellent separation.

4.2.3 Strong EWSB

If strong electroweak symmetry breaking (EWSB) is realised in nature, the study of

the WW-scattering processes is particularly important. At the ILC, the W
+
W

− →

144 ILD DBD

ℓ
ℓ

X

H

e+

e-

Z/"
t

t
14

500 fb-1

250GeV 250 fb-1

! e+e->ZH
! モデルによらない測定
! 質量精度ΔmH~30MeV,ΔσH~2.5%
! e+e->ttH: Δg/g~13% @500GeV

ヒッグスの再発見を１日で達成

竹下：加速学会2013



偏極実験
! 生成粒子のスピンを制御
! P(e±)<0: L, P(e±)>0: R
! J=1: RL/LR : SM and NewParticle
! J=0: LL/RR: NewParticle!
! スピン偏極度 P=(NL-NR)/(NL+NR)　
! P(e-)～８０％, P(e +)～３０％

電子のスピン

e-
e+

J=0
J=1

L
R

e-

e+

e+e-

J=0
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偏極の効果
! ee>ZH の断面積 : P(e-,e+)
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ILC: Higgs 結合
ILCでのヒッグス結合の測定 

Z
∗

Z

H

e
−

e
+

W
−

W
+

H

e
−

e
+

ν

ν̄

!  ILC  
!  LHC ILC

(global fit)

γ/Z∗

e−

e+

f̄

f
t

t

H

250 GeV~ 
Higgs BR via 
Higgs-strahlung 

350 GeV~ 
Higgs BR via 
WW fusion

500 GeV~ 
Top Yukawa 
Coupling

Figure 22: Estimate of the sensitivity of the ILC experiments to Higgs boson couplings in

a model-independent analysis. The four sets of errors for each Higgs coupling represent the

results for LHC, the threshold ILC Higgs program at 250 GeV, the full ILC program up to

500 GeV, and the extension of the ILC program to 1 TeV. The methodology leading to this

figure is explained in [65].

60

M. Peskin

2013/03/27

e+

e-

W
W

H

LHC:300,HLC:250 ILC:500,ILCTeV:1000fb-1 

ILC250=HLC
ILC=ILC500

LHCで測り> Higgs factory LC>ILC

HWW結合測定過程

#e

#e

synergy

5%

! ttH: #g/g~5%@1TeV

17

偏極

1 ab-1

5%
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Higgs self-coupling

! LHC self coupling 測定
HH -> bb !! After cut, ~10 events passed by sim. at 3000fb-1 : 2030 

LHC time line
2011 : 7TeV
2012 : 8TeV

2013~2014 : upgrade
2014~2016: 13~14TeV,

100fb-1 

2016~2018 :  upgrade
2018~2020 :14TeV,

300fb-1 
> HL-LHC

(3000fb -1:2030)

LHC

18竹下：加速学会2013



Higgs 自己結合
! Higgs ポテンシャルを決める
! ee>ZHH: Δg/g~53%@500GeV
! ee>ννHH: Δg/g~21% @1TeV
! BSM-モデル予言　10～100％ e+

e-

W
W

H

H
H

#e

#e

e+

e-

Z

H

H
H

19

2 ab-1

2 ab-1

ILC

Part II 4.3. ILD Benchmarking
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Figure 4.3.8: Left: The Feynman diagrams involving the trilinear higgs self-
coupling for the two processes: e+e− → Zhh (top) and e+e− → νν̄hh (bot-
tom); Right: Cross section for these two processes as a function of

√
s for

mh=120 GeV. The blue dotted line shows the cross section for e+e− → νν̄hh
from the WW fusion process alone, while the green dotted line shows the
sum of the WW fusion contribution and the contribution from e+e− →
Zhh → νν̄hh.

of the red and blue curves in figure 4.3.9, this method enhances the sensitivity of
higgs self-coupling, so that the factors become 1.66 and 0.76, respectively.

SM!/!
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hh @ 1 TeV##$-+e+e
 = 120 GeVhm

Figure 4.3.9: The sensitivity of the higgs self-coupling for the two processes:
e+e− → Zhh (left) and e+e− → νν̄hh (right). The red ones are without
weighting and the blue ones are with the optimal weighting described in the
reference [239].

Based on the full detector simulation of ILD (see sect. 3.4), a new analysis of
e+e− → Zhh at 500 GeV was performed considering all the decay modes of Z
(�+�−, νν̄, and qq) and with both higgses decaying to bb. The analysis strategy
is fully described in [240] and in [241]. Even with P−80,+30, the cross section of

February 15, 2013 159

P(-0.8,0.3)
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新物理はどう見えるか？
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Higgs Coupling Precision with Full ILC Program (Model-Independent Analysis)
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! Higgs物理と新物理探索
ILCの物理計画
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Higgs / top factory BSM machine
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! Higgs物理と新物理探索
ILCの物理計画
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新粒子(=BSM)の発見とその精密測定



まとめ
! LHCはHiggs粒子を見つけた
! 標準理論は完成したので次の理論への挑戦
! 挑戦はILCが行う
! ILCは準備万端である。
! 宇宙の創生に近づく！

hadron e+e-
charm ◎ ◎
b ◎
CP ◎

top ◎ ILC

Higgs ◎ ILC

22

新粒子探索
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