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>. The KEY to probe the new physics is to clarify the origin of the EWSB.

>. Extension of the SM and Effective Lagrangian with a Higgs doublet..
>. New physics can be represented by higher dimension operators. 
● The lowest operator which is considered the coupling which couples to only weak boson is dim-5. 

example of new physics model which give rise to the effective interaction Lagrangian

in Section 4. The final section is reserved for summary and conclusions.

2 Physics Model

We may parametrise the relevant terms of the general interaction Lagrangian, which

couples the Higgs boson to EW vector bosons in a Lorentz-symmetric fashion, as

LHWW = 2M2
W

(

1

v
+

a

Λ

)

H W+
µ W−µ +

b

Λ
H W+

µνW
−µν +

b̃

Λ
H ϵµνστW+

µνW
−
στ , (2.1)

where MW is the mass of the W -boson, W±
µν is the usual gauge field strength ten-

sor, ϵµνστ is the Levi-Civita tensor, v is the VEV of the Higgs field, a, b, b̃ are real

dimensionless coefficients and Λ is a cutoff scale. The SM interaction is recovered

in the limit a, b, b̃ → 0. The dimensionless couplings b, b̃ parametrise the leading

dimension-five non-renormalisable interactions2, which we assume are due to contri-

butions arising from some new physics at the scale Λ. The dimensionless coupling a

represents corrections to the SM term, assumed to originate at the same scale Λ. The

Lagrangian (2.1) is not by itself gauge invarient; to restore explicit gauge invarience

we must also include the corresponding anomalous couplings of the Higgs boson to

Z bosons and photons.

We will assume the Higgs boson mass to beMH < 2MW , being consistent with the

recent discovery of the Higgs boson candidate at the LHC [1, 2], so that the decay to

real W+W− pairs is kinematically forbidden; the anomalous couplings may however

contribute to the decay H → WW ∗ with distinct signatures. The a parameter is

simply a rescaling of the SM coupling and therefore manifests itself as a shift in

the overall partial width for this channel. By comparison, the non-renormalisable

coupling b has a different Lorentz structure to the SM term and leads to a change

in the ratio of couplings to the transverse or longitudinal components of the gauge

bosons. Finally, the coupling b̃ introduces a CP-violating operator which can affect

angular correlations, as discussed below.

Assuming all final state fermions to be massless, the differential partial width for

the decay chain H → WW ∗ → 4j as a function of the on-shell W -boson momentum

pW and the azimuthal angle between the up-type quark and anti-quark φ (with axis

2The effects of dimension-six operators in the effective Lagrangian were considered in [11].

3

SM (CP-even)   
Correction [a]

Tensor Couplings  
CP-even [b]

Tensor Couplings  
CP-odd [bt]

>. The purpose is to estimate how the ILC is sensitive to these parameters.

Relevant term is (arXiv:1011.5805)…

Motivation.

>. Measurement of the Higgs boson properties with high precision is necessary. 
>. The physics of SSB which gives mass to the weak bosons is expected to be sensitive to new physics.

(the Higgs mechanism)

>. If the higgs has small anomalous components, It’s not easy to measure with LHC. 
    Lepton collider experiment is the best environment for the precision measurement. 

>. The CP-odd state higgs boson (A) appears in many extensions of SM (the Higgs sector(h)). 
● 2HDM; h(CP-even),  A(CP-odd)
● MSSM; h and H(CP-even),  A(CP-odd)
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1 標準模型とヒッグス粒子

グレール、ピーター・ヒッグスは真空を定義し直し、従来の真空にもう１つヒッグス場と呼ばれる
場を付け加えた。この場を量子化したものが、『ヒッグス粒子』と呼ばれるものである。この粒子は
真空の対称性が破れて構造が出現するとき、そこに現れる粒子に質量を与えて自分自身は消えてし
まうため観測にはかからない。従って、質量をもらったゲージ粒子は到達距離を制限された短距離
力となる。この質量生成のメカニズムが『ヒッグス機構』と呼ばれるものである。2012 年 7 月に
CERNの陽子-陽子加速器 Large Hadron Collider (LHC) を用いた実験において、標準模型の中で
唯一未発見であったヒッグス粒子が確認されたことが発表され、翌年にノーベル賞がアングレール
とヒッグスに贈られた。このヒッグス粒子を精密測定するために次世代電子-陽電子加速器が計画さ
れている。

1.2 電子-陽電子加速器実験とヒッグス粒子の物理
[Figure 1-4-Right]は、電子-陽電子衝突においてヒッグス粒子が関わる生成過程を重心系エネルギー
の関数として示したものである。電子-陽電子衝突型加速器でヒッグス粒子を生成する主な反応とし
て次の [Figure 1-2]ようなプロセスがある。(a) のヒッグス放射のプロセスでは低いエネルギーで軽

e+

−e
Z

Z

H

*

e+

−e

W

W

ν

ν

−
*

* H
e+

−e

e+

−e
H

Z*

Z*

(a) (b) (c)

Figure 1-2: (a) Higgs-strahlung production, (b) WW-fusion and (c) ZZ-fusion process.

いヒッグス粒子を生成させることができる。また、Z ボソンの崩壊後の電子ペアやミューオンペア
から反跳質量を測定することにより、ヒッグス粒子の崩壊プロセスが観測できなくてもヒッグス粒
子の質量の精密測定ができる。そのためこのプロセスはヒッグス粒子の質量測定に対してゴールデ
ンプロセスと呼ばれる。反応断面積を計算することにより、Z 粒子とヒッグス粒子との結合の強さ
も測定可能である。また、反応断面積を様々なビームエネルギーで測定することで、ヒッグス粒子
のスピンも決定することができる。ヒッグス粒子のフェルミオン、ウィークボソンとの結合はその
質量に比例し、その崩壊の部分幅は次の用に表すことができる。

Γ(H0 → ff̄) ∝ (
gmf

2mW
)2

Γ(H0 → V V̄ ) ∝ (gmV )2

従って、ヒッグス粒子は運動力学的に許される範囲内で、最も重い粒子への崩壊幅が大きい。[Figure
1-4-Left]はヒッグス粒子の崩壊分岐比をヒッグス粒子の質量の関数として示したものである。崩壊
モードはヒッグス粒子の質量が軽い場合と重い場合で異なるものである。140 GeV より重い場合で
は、ウィークボソン対への崩壊幅は、b クォーク対への崩壊幅より大きいので、仮想的なW粒子を
含めてH0 → W+W−への崩壊幅が最も大きくなる。

ヒッグス粒子の質量が 2mW より小さい場合、このときの生成過程は上で述べたように e+e− → Z0H0

であり、ヒッグス粒子はボトムクォークペア、タウレプトンペア、グ ルーオンペア、チャームクォー
クペアへ崩壊する。ヒッグス粒子の崩壊後の粒子を同定することにより、ヒッグス粒子との湯川結合
の強さの測定が可能となる。標準模型に当てはまる結合のみをしている場合、[Figure ??]で示すよ
うに、質量に対して比例関係が存在する。しかしながら比例関係が存在しない場合、標準模型を超
えた新物理の兆候であると考えられるので 、湯川結合の精密測定は重要となってくる。[Figure 1-2]
において (b) と (c) のプロセスはフュージョンプロセスと呼ばれ、500 GeVを超えるようなエネル
ギーで断面積が大きくなるので、重いヒッグス粒子を探すのに適している。また、e+e− → HHZ
のプロセスを用いることで、ヒッグス粒子の自己結合を測ることもできる。このプロセスにおいて
もヒッグス粒子の質量が 140 GeV 以下の場合、ほとんどが e+e− → HHZ → bbbb + ll, あるいは
qqという反応になる。e+e− → HHZ の反応断面積はとても小さく、また、バックグラウンドとな
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FIG. 16: Higgs production and decay at the e+e− or pp collider with e+e−(qq̄) → Z∗ → ZH → ℓ+ℓ−bb̄ as shown in the parton
collision frame.
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FIG. 17: Cross section of e+e− → Z∗ → ZX process as a function of
√
s for several representative models: SM Higgs

boson (0+, solid red), vector (1−, dot-long-dashed blue), axial vector (1+, dot-short-dashed blue), Kaluza-Klein graviton with
minimal couplings (2+m, long-dashed green), spin-2 with higher-dimension operators (2+h , short-dashed green). All cross sections
are normalized to SM value at

√
s = 250 GeV.

To compute the differential cross section for e+e− → ZH → µ+µ−H , we modify dΓ/dΩ⃗ in Eq. (A1) of Ref. [8] to
account for changes in kinematics. In particular, s′ = q1q2 in Eq. (13) of Ref. [8]4 is defined for two outgoing momenta
of Z-bosons. If instead we use the four-momentum P1 of the initial e+e− state, we must write q1 = −P1 and, as a
result, s′ = −P1q2 = −(m2

H
−m2

1 −m2
2)/2 , where m2

1 = P 2
1 and m2

2 = m2
Z . This leads to the following differential

angular distributions for a spin-zero particle production

dΓJ=0(s, Ω⃗)

dΩ⃗
∝ 4 |A00|2 sin2 θ1 sin

2 θ2

+ |A+0|2
(

1− 2R1 cos θ1 + cos2 θ1
) (

1 + 2Af2 cos θ2 + cos2 θ2
)

+ |A−0|2
(

1 + 2R1 cos θ1 + cos2 θ1
) (

1− 2Af2 cos θ2 + cos2 θ2
)

− 4|A00||A+0|(R1 − cos θ1) sin θ1(Af2 + cos θ2) sin θ2 cos(Φ+ φ+0)

− 4|A00||A−0|(R1 + cos θ1) sin θ1(Af2 − cos θ2) sin θ2 cos(Φ− φ−0)

+ 2|A+0||A−0| sin2 θ1 sin2 θ2 cos(2Φ− φ−0 + φ+0) . (A2)

In Eq. (A2), R1 = (Af1 +P−)/(1+Af1P
−), where Afi = 2ḡfV ḡ

f
A/(ḡ

f2
V + ḡf2A ) is the parameter characterizing the decay

Zi → fif̄i [53] with Af1 ≃ 0.15 for the Zee coupling, Af2 is for the coupling to fermions in the Z decay, and P− is the

4 We add prime to s′ to avoid confusion with
√
s = m1 in this case.
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FIG. 1: Illustrations of H particle production and decay in pp or e+e− collision gg/qq̄ → H → ZZ → 4ℓ± (left), e+e−(qq̄) →
Z∗ → ZH → ℓ+ℓ−bb̄ (middle), or e+e−(qq′) → e+e−(qq′)H → e+e−(qq′)bb̄ (right). The H → bb̄ decay and HZZ coupling are
shown as examples, so that Z can be substituted by other vector bosons. Five angles fully characterize the orientation of the
production and decay chain and are defined in the suitable rest frames.
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FIG. 2: Illustration of an effective HV V coupling, where V = Z,W,γ, g with H decay to two vector bosons (left), associated
H production with a vector boson (middle), and vector boson fusion (right).

We build upon our previous analysis of this problem described in Refs. [7, 8]. Techniques developed there are
well-suited for measuring HV V anomalous couplings since these couplings affect angular and mass distributions and
can be constrained by fitting observed distributions to theory predictions. However, such multi-parameter fits require
large samples of signal events that are currently not available. Nevertheless, it is interesting to study the ultimate
precision on anomalous couplings that can be achieved at the LHC and a future lepton collider since the expected
number of events can be easily estimated.
We organize the rest of the paper as follows. In Sec. II we briefly review parameterization of the HV V vertex.

In Sec. III we discuss Monte Carlo (MC) and likelihood techniques, since they provide the necessary tools for the
experimental studies. In Sec. IV we explore various approaches to anomalous couplings measurements and summarize
the precision that is achievable at different facilities. We conclude in Sec. V. Additional details, including discussion
of the matrix element method and methodology of the analysis, can be found in Appendices.

II. PARAMETRIZATION OF THE SCATTERING AMPLITUDES

Studies of spin, parity, and couplings of a Higgs boson employ generic parameterizations of scattering amplitudes.
Such parameterizations contain all possible tensor structures consistent with assumed symmetries and Lorentz invari-
ance. We follow the notation of Refs. [7, 8] and write the general scattering amplitude that describes interactions of
a spin-zero boson with the gauge bosons, such as ZZ, WW , Zγ, γγ, or gg

A(XJ=0 → V V ) =
1

v

(

g1m
2
V
ϵ∗1ϵ

∗
2 + g2f

∗(1)
µν f∗(2),µν + g4f

∗(1)
µν f̃∗(2),µν

)

. (1)

In Eq. (1), f (i),µν = ϵµi q
ν
i − ϵνi q

µ
i is the field strength tensor of a gauge boson with momentum qi and polarization

vector ϵi; f̃ (i),µν = 1/2ϵµναβfαβ is the conjugate field strength tensor. Parity-conserving interactions of a scalar
(pseudo-scalar) are parameterized by the couplings g1,2(g4), respectively. In the Standard Model (SM), the only non-
vanishing coupling of the Higgs to ZZ or WW bosons at tree-level is g1 = 2i, while g2 is generated through radiative
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shown as examples, so that Z can be substituted by other vector bosons. Five angles fully characterize the orientation of the
production and decay chain and are defined in the suitable rest frames.
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>. After detector simulation (No cut).       
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resolution of Φffb 

>. Angle information 

250GeV mmh 250GeV eeh 

Make scatter plots using lost events.
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>. θ* : The production angle of Z in Z* rest-frame.  
>. Φ  : The angle between two production planes  
           defined in the Z* rest-frame.

>. 250GeV ZH-strahlung. >. Z* rest-frame. >. Definition of angles.

 (b=0)b~a vs 
-1 -0.5 0 0.5 1

 [f
b]

  
BS

M
H

)
µ
µ(

σ 

0

5

10

15

20

25

30

=0)b~a vs b (
-1 -0.5 0 0.5 1

 [f
b]

  
BS

M
H

)
µ
µ(

σ 

0

5

10

15

20

25

30

 (b=0)b~b vs 
-1 -0.5 0 0.5 1

 [f
b]

  
BS

M
H

)
µ
µ(

σ 

0

5

10

15

20

25

30

Anomalous HVV  Couplings    P  3SOKENDAI   T.Ogawa

>. Difference of the angular distribution.

>. Difference of the cross section.

change b change b change bt

x axis: a x axis: a

b = -1

b =+1

bt = -1
bt =+1b =  0

b affect σ strongly

※ original picture arXiv:1309.4819



Reconstructed distribution.
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>. Z production angle θ*

>. Angle Φ btw  
    H production planes 

Z* rest-frame 
0, pi, 2pi are beam direction.

Anomalous HVV  Couplings    P  4SOKENDAI   T.Ogawa

➡  We lose sensitivity to some extent.

MC true

Reconstructed

mmh 
reconstruct successfully ~ 96%  

eeh 
reconstruct successfully ~ 90%  



>. This is recoil mass analysis but keeping model independence is not needed.

Background Suppression.
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>. Any angle cuts should not be used  although they are useful to suppress Bkgs. ➡ Keep sensitivity.  

>. We need to keep detector acceptance in all region while suppressing Bkgs as possible as we can.

>. Main Bkgs are ZZ➡qqll (dominant).  / Z➡ll (huge)

Anomalous HVV  Couplings    P  5SOKENDAI   T.Ogawa

Cut:  Ntacks<=4        ( suppress Z➡ll / Z(γ)➡ll(ll) ) 
Cut:  Mz and Ez        ( extract signal ) 
Cut:  Evis - Ez           ( suppress radiative return Z➡ll w/ ISR) 
Cut:  Eγ vs cosθzγ     ( suppress Z(γ)➡ll, look γ )

Z(γ)➡llsignal>. Apply similar strategy for both mmh/eeh 

mmh process
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 / ndf 2χ  212.9 / 38
#Sig      120.9±  1345 
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eeh process

# Nsig           : 2001.9 
# Nbck          : 2334.8 
Significance  : 30.40 

# Nsig           : 1768.5 
# Nbck          : 6605.2 
Significance  : 19.32 
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• f theory(xbin; a, b, b̃): The predicted model from the theory/model.
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>. Estimation of #sig is needed for each bin (15 bins).

eeh bin5

  ffΦ
0 2 4 6

 E
nt

ry
  

0

1000

2000

3000 Bkg distribution

  ffΦ
0 2 4 6

 R
at

io
  

-1

-0.5

0

0.5

1
Bkg residual(#Counted-#Fitted)

  ffΦ
0 2 4 6

 R
at

io
  

-1

-0.5

0

0.5

1
Sig residual(#Counted-#Fitted)

  ffΦ
0 2 4 6

 R
at

io
  

0

0.2

0.4

0.6

0.8

1
Detector acceptance

  ffΦ
0 2 4 6

 E
nt

ry
  

0

100

200

300 Acceptance×Theory

  ffΦ
0 2 4 6

 E
nt

ry
  

0

1000

2000

3000 Bkg distribution

  ffΦ
0 2 4 6

 R
at

io
  

-1

-0.5

0

0.5

1
Bkg residual(#Counted-#Fitted)

  ffΦ
0 2 4 6

 R
at

io
  

-1

-0.5

0

0.5

1
Sig residual(#Counted-#Fitted)

  ffΦ
0 2 4 6

 R
at

io
  

0

0.2

0.4

0.6

0.8

1
Detector acceptance

  ffΦ
0 2 4 6

 E
nt

ry
  

0

100

200

300 Acceptance×Theory

>. Fitting was used for the estimation of the error of #sig

➡ KerNel + 3rdPol

mmh bin5
>. Get an acceptance function (15 bins).
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mmh eeh
keep high efficiency and flatness 
Bks are almost removed

keep high efficiency and flatness 
Bks are not removed enough

example example



Sensitivity to Anomalous Couplings.

estimated by using cosθ* estimated by using Φ
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Test PDF

　

χ2 =
15∑

bin=1

(
ySM−MC
bin − f theory(xbin; a, b, b̃)

σSM−MC
bin

)2

• ySM−MC
bin ; The observed mean with SM-MC.

• σSM−MC
bin ; The variance related to ybin.

• f theory(xbin; a, b, b̃): The predicted model from the theory/model.

• f theory w/accep(xbin; a, b, b̃): The predicted model which is applied detector acceptance.

f theory(xbin; a, b, b̃) =

(∫ xbin+1

xbin

L · dσ

dxbin
dxbin

)

Acceptance ηxbin
=

N observed
xbin

N theoretically
xbin

f theory w/accep(xbin; a, b, b̃) =

(∫ xbin+1

xbin

L · dσ

dxbin
dxbin

)
· ηxbin

χ2 =
15∑

bin=1

(
ySM−MC
bin − f theory w/accep(xbin; a, b, b̃)

σSM−MC
bin

)2
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>. Apply χ2 test with different models by using  
     detector acceptance.

Anomalous HVV  Couplings    P  7SOKENDAI   T.Ogawa

SM dist. w/ acceptance BSM dist. w/ acceptance

err of fitting result

same σ 
even if parameters 
are BSM

mmh

eeh

effect of σ

effect of angular distribution



Combined Result & Summary

>. On a and b, we can not achieve much sensitivity along diagonal region only with two processes.   
    However, We can distinguish anomalous components ~ O(0.1) on a and bt.

>. Combined results ( mmh and eeh (recoil analysis) ).
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-1Ldt=250fb∫=250GeV  s

Pol(e-,e+) = Pol(-0.8,+0.3)

>. Since we have interest in the couplings btw the higgs and gage bosons and the sensitivity  
    where the ILC can reach(mainly if the higgs has small anomalous components),  
    we are testing it by using full simulation and estimate its sensitivity.  

>. It will be also necessary to consider which region corresponds to what kinds of model. 
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Back up



# Cut Table Summary 
# cut&process mmh  zee_l  zz_l  zz_sl  ww_l  ww_sl  z_l  zvv_l                                                      
# raw data  #50000 #1036137 #70000 #535103 #409207 #1962649 #3772761 #80000                                       
# xsection  10.4  1053.4 95.9  856.9  915.6  10992.9  12993.9  114.1                                                             
# xsection*L 2603  263361 23972  214232 228894 2748229 3248466 28534                                                
recoevent  96.14  9.88  45.95  18.71  11.36  0.29  41.20  22.13                                                              
+ ntracks  95.50  7.41  26.74  18.71  1.09  0.29  4.04  2.05                                                                
+ zenergy  89.01  1.17  5.20  6.72  0.20  0.06  0.13  0.76                                                                   
+ zbosonmass 83.94  0.12  1.87  1.18  0.09  0.02  0.07  0.19                                                             
+ vise-ze  81.60  0.11  1.47  1.06  0.01  0.02  0.02  0.02                                                                     
+ opposit_g  81.52  0.11  1.44  1.06  0.01  0.02  0.02  0.02                                                                
+ recoil  81.29  0.09  1.08  0.74  0.01  0.01  0.01  0.02                                                                       
# Evts(Remain) #2117.6 #278.2 #272.6 #1685.0 #22.9  #395.4  #489.4  #4.7                                     

# Nsig (->Integral()): 2117.6 
# Nbck (->Integral()): 3148.2 
Significance         : 29.18 

# Cut Table Summary 
# cut&process mmh  zee_l  zz_l  zz_sl  ww_l  ww_sl  z_l  xvv_l                                                      
# raw data  #50000 #1036137 #70000 #535103 #409207 #1962649 #3772761 #80000                                       
# xsection  10.4  1053.4 95.9  856.9  915.6  10992.9  12993.9  114.1                                                             
# xsection*L 2603  263361 23972  214232 228894 2748229 3248466 28534                                                
recoevent  96.14  9.88  45.95  18.71  11.36  0.29  41.20  22.13                                                              
+ ntracks  89.42  1.62  8.33  18.69  0.32  0.29  1.16  0.63                                                                  
+ zenergy  83.39  0.25  1.87  6.72  0.05  0.06  0.04  0.22                                                                   
+ zbosonmass 78.64  0.03  0.55  1.18  0.03  0.02  0.02  0.06                                                             
+ vise-ze  77.11  0.02  0.44  1.06  0.01  0.02  0.00  0.01                                                                     
+ opposit_g  77.07  0.02  0.44  1.06  0.01  0.02  0.00  0.01                                                                
+ recoil  76.86  0.02  0.33  0.74  0.01  0.01  0.00  0.01                                                                       
# Evts(Remain) #2001.9 #47.4  #87.9  #1685.0 #12.0  #395.4  #104.7  #2.3                                         

# Nsig (->Integral()): 2001.9 
# Nbck (->Integral()): 2334.8 
Significance         : 30.40 
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# Cut Table Summary 
# cut&process eeh  zee_l  zee_sl  ww_sl sw_l  sw_sl  z_l  bhbha                                                     
# raw data  #49945 #1036137 #325217 #1962649 #865717 #2009011 #3772761 #1996718                                   
# xsection  10.9  1053.4 378.3  10992.9 1967.0 5898.2  12993.9  25183.4                                                      
# xsection*L 2729  263361 94570  2748229 491743 1474542 3248466 6295840                                              
recoevent  89.47  47.00  56.35  0.45  6.50  3.73  1.29  59.64                                                                
+ ntracks  83.43  8.10  56.02  0.45  0.36  3.73  0.22  2.58                                                                  
+ zenergy  75.65  0.45  9.72  0.02  0.07  0.76  0.06  0.13                                                                   
+ zbosonmass 69.86  0.12  2.14  0.01  0.03  0.24  0.00  0.03                                                             
+ vise-ze  66.38  0.07  1.87  0.01  0.01  0.22  0.00  0.01                                                                     
+ opposit_g  66.36  0.07  1.85  0.01  0.01  0.22  0.00  0.01                                                                
+ recoil  66.23  0.07  1.76  0.01  0.01  0.21  0.00  0.01                                                                       
# Evts(Remain) #1768.5 #200.5 #2256.5 #166.1 #33.3  #3204.7  #57.9  #686.2                                     

# Nsig (->Integral()): 1768.5 
# Nbck (->Integral()): 6605.2 
Significance         :19.32
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Detector Acceptance (η)
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>. Recoil mass

Test PDF

　

χ2 =
15∑

bin=1

(
ySM−MC
bin − f theory(xbin; a, b, b̃)

σSM−MC
bin

)2

• ySM−MC
bin ; The observed mean with SM-MC.

• σSM−MC
bin ; The variance related to ybin.

• f theory(xbin; a, b, b̃): The predicted model from the theory/model.

• f theory w/accep(xbin; a, b, b̃): The predicted model which is applied detector acceptance.

f theory(xbin; a, b, b̃) =

(∫ xbin+1

xbin

L · dσ

dxbin
dxbin

)

Acceptance ηxbin
=

N observed
xbin

N theoretically
xbin

, ∆η =

√
ηxbin

(1− ηxbin
)√

N generated
xbin

f theory w/accep(xbin; a, b, b̃) =

(∫ xbin+1

xbin

L · dσ

dxbin
dxbin

)
· ηxbin

χ2 =
15∑

bin=1

(
ySM−MC
bin − f theory w/accep(xbin; a, b, b̃)

σSM−MC
bin

)2
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Test PDF

　

χ2 =
15∑

bin=1

(
ySM−MC
bin − f theory(xbin; a, b, b̃)

σSM−MC
bin

)2

• ySM−MC
bin ; The observed mean with SM-MC.

• σSM−MC
bin ; The variance related to ybin.

• f theory(xbin; a, b, b̃): The predicted model from the theory/model.

• f theory w/accep(xbin; a, b, b̃): The predicted model which is applied detector acceptance.

f theory(xbin; a, b, b̃) =

(∫ xbin+1

xbin

L · dσ

dxbin
dxbin

)

Acceptance ηxbin
=

N observed
xbin

N theoretically
xbin

, ∆η =

√
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(1− ηxbin
)√

N generated
xbin

f theory w/accep(xbin; a, b, b̃) =

(∫ xbin+1

xbin

L · dσ

dxbin
dxbin

)
· ηxbin

χ2 =
15∑

bin=1

(
ySM−MC
bin − f theory w/accep(xbin; a, b, b̃)

σSM−MC
bin

)2
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>. Estimation of #Signal events of each bin (15 bins).

Acceptance drop down 
due to some angular cut 

mmh eeh


