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 = 350 GeVs
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e+e− → ZH → qq̄bb̄

σHad.

σDet.

σConf.

σν

σClust.

σJet



σJet = σHad. ⊕ σDet. ⊕ σConf. ⊕ σν ⊕ σClust..

σDet. σConf.

σν b

e+e− → ZHH H → bb̄



σDet. = σTracker ⊕ σECAL ⊕ σHCAL

σTracker σECAL

σHCAL

σDet. =
∑

PFOCh

σTracker.pCh ⊕
∑
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σHCAL.ENe
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 = 500 GeVs

Z H

χ2 350
500 H

Mij Mkl

MZ MH Z σZ σH

MZ = 91.1882 MH = 125.0

σθ = σφ = 100

χ2

χ2

Mij Z Mkl

Z

Z

MH 500

e+e− → ZH → qq̄bb̄

H → bb̄ Z b



Z

χ2 1000 −

−0.8 +0.3

√
s = 500
γγ

√
s = 500
γγ

√
s = 350
γγ

MH 123.994± 0.091 123.375± 0.090 123.540± 0.044
MZ 91.206± 0.102 91.058± 0.096 90.966± 0.048

MH 124.692± 0.095 124.215± 0.093 124.005± 0.048
MZ 91.291± 0.106 91.162± 0.101 91.074± 0.050

MRec. = 125.0 ± 10 Z

MRec. = 91.0 ± 5

350 Z 90.966

∼ 220 MZ = 91.1882

48 500 γγ

Z 91.058± 0.096 130

1.5 350 500

γγ

500 γγ

600 Z γγ

γγ

1.5 Z ∼ 200

e+e− → ZH → qq̄bb̄

bb̄

Z bb̄

Z

Z → bb̄

Z → cc̄ ∼ 28 Z



q q→Z b b→Z c c→Z s s→Z d d→Z u u→Z  uds→Z

 /
 G

e
V

Z
M

90.5

90.6

90.7

90.8

90.9

91

91.1

91.2

91.3

91.4

91.5

Z
Reconstructed M

Z
True M

 = 350 GeVs

Z χ2 Z → qq̄

Z → bb̄ Z → cc̄ Z → ss̄ Z → dd̄ Z → uū Z → uds Z

Z → dd̄ Z → uū

Z

Z → cc̄ Z → bb̄ ∼ 500
∼ 400

Z

e+e− → ZH → qq̄bb̄ 350 Z → bb̄

Z → cc̄ Z → ss̄ Z → dd̄ Z → uū Z → uds Z

χ2

Z

Z → qq̄

∼ 200 Z

Z → cc̄ Z → bb̄ Z

∼ 500 ∼ 400 Z

Z → ss̄ 100

Z → dd̄ Z → uū

Z Z → uds

Z → uds

Z



χ2

600

Z

Z → bb̄

H → bb̄

N χ2

χ2 (η) = (y − η)T V −1 (y − η)

y N η N

V

J ξ

J

K f K

fk (η1, ..., ηN , ξ1, ..., ξj) = 0, k ∈ [1, K].



χ2

χ2

χ2 (η, ξ,f) = (y − η)T V −1 (y − η)− 2λTf (η, ξ)

λ K

χ2

χ2

pull(x) =
∑

i

xFit,i − xMeas,i
√

σ2
Fit,i − σ2

Meas,i

xFit
i xMeas.

i

σMeas.
i

x

e+e− → ZH → qq̄bb̄

e+e− → ZH → qq̄bb̄

JFOi (Ei, θi, φi, σE,i, σθ,i, σφ,i,mi)

JFO E σE θ

σθ φ σφ

m

σθ = σφ = 100 σE = 120 /
√
E



θ φ 100

σE

e+e− → ZH → qq̄bb̄

Z

Z Z

350 500 γγ

350 500
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fECoM
=

∑

i

Ei − ECoM

Ei ECoM

fECoM

fECoM

500

fECoM

fECoM

∑

i

pi = 0

pi

px = py = pz = 0.

14

p+ y

p−



fpx =
∑

i

px,i − (θc/2)× ECoM ,

fpy =
∑

i

py,i,

fpz =
∑

i

pz,i,

px,i py,i pz,i

θc ECoM

fpx fpy fpz

fpx fpy fpz
fpz

fECoM
fpx fpy fpz

Z

Z

fMZ
=Mi,j −MTrue

Z

Mi,j

Z MTrue
Z = 91.1882 Z

Z fMZ

Z

fMZ

fMZ

Z



pz,γ

px,γ = py,γ = 0 Eγ = |pz,γ|

e+e− → ud̄dū

500

H → bb̄

Z 5C

350

500 −3.47

−4.13 4.33 4.71

−0.69 −0.91

2.21 2.60

−0.35 −0.52 1.83 2.17
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Z Mass After Fit

Higgs Mass After Fit

 = 350 GeVs
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Z Mass After Fit

Higgs Mass After Fit

 = 500 GeVs

Z H

5C 350 500

Z Z

Z

∼ 120

M = ECoM −MZ

Z

Z Z
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Constraints: M

Z Mass Before Fit
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 = 350 GeVs
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Z Mass After Fit

Higgs Mass After Fit

 = 500 GeVs

Z H

3C 350 500

Z

3C

Z

5C

z
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350
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Constraints: 5C, ISR Corr.
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Constraints: 5C, ISR & S-L Corr.
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Higgs Mass Before Fit
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