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Recoil mass analysis to prove performance  
not to be different between SiECAL and ScECAL

➡ Analysis of invisible higgs decay with two ECAL options.

Today’s report : 

July, 18, 2014 
T. Ogawa



My Motivation

1. My motivation is to compare performance between SiECAL and ScECAL 
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2. Invisible Higgs decays 

- Jet Energy Resolution is essential.

- For detectors.

- For physics.

- It is clear signal for new physics.

- JER b/w Si and Sc is slightly difference, ~ 0.3%.  

- Sc has problem due to fake hits.
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My Simulation condition & Analysis flow

1. Simulation condition.

- Analysis process is ZH ! qqH (H ! inv).

- √s is 250GeV(L=250fb^-1), 350GeV(L=350fb^-1). 
   Beam polarization is (-0.8, +0.3)

- Also I generated only most dominant BG by using each ECal.

- All sample are full reconstructed by using SiECAL and ScECAL.

Sig) ZH ➡ qqH : H ➡ invisible decay.   ( For now, H->ZZ->vvvv. )

BG) ZZ→qqll,  Zvv→qqvv, WW→qqll, Wev→qqev,

2. Cross section.
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I assumed Br is10%.

1 Introduction and Motivation

2 Analysis framework and Simulation condition

√
s=250GeV, L=250fb−1, P(e−, e+)=P(−0.8,+0.3)

Process σ(fb) σ · L
ZH → qqHinv 21.2 5300
ZH → qqH (SM) 212.2 - 21.2 53058 - 5300
ZH → vvH (SM) 78.3 1.9×104

ZZ → qqll 685.4 1.7×105

Zvv → qqvv 272.3 6.8×104

WW → qqll 10955 2.7×106

Wev → qqev 5910.1 1.5×106

√
s=350GeV, L=350fb−1, P(e−, e+)=P(−0.8,+0.3)

Process σ(fb) σ · L
ZH → qqHinv 13.7 3425
ZH → qqH (SM) 137.7 - 13.7 34425 - 3425
ZH → vvH (SM) 99.6 2.5×104

ZZ → qqll 470.8 1.2×105

Zvv → qqvv 356.4 8.9×105

WW → qqll 8090.6 2.0×106

Wev → qqev 4963.8 1.2×106

Table 1: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
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 / ndf 2r  14.55 / 11
p0        37.5±  3169 
sigma     0.154± 9.076 
mean      0.05± 91.38 

Z Mass [GeV]
40 60 80 100 120

 E
nt

ri
es

0

500

1000

1500

2000

 / ndf 2r  14.55 / 11
p0        37.5±  3169 
sigma     0.154± 9.076 
mean      0.05± 91.38 
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sigma     0.154± 9.076 
mean      0.05± 91.38 

w/ SiECal 
invqqHA250GeV ZH

Z Fitted with Breit-Wigner

 / ndf 2r  13.74 / 11
p0        36.5±  3069 
sigma     0.169± 9.599 
mean      0.05± 90.92 
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 / ndf 2r  13.74 / 11
p0        36.5±  3069 
sigma     0.169± 9.599 
mean      0.05± 90.92 

w/ ScECal 
invqqHA250GeV ZH

Z Fitted with Breit-Wigner
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1. Comparison of Z mass.

- Si ECal:  Sigma with B-W ~ 9.08GeV.  
                (Mean with B-W 91.4GeV) 
        Resolution ~ 9.9%. 

- Sc ECal: Sigma with B-W ~ 9.60GeV.  
                (Mean with B-W 90.9GeV) 
        Resolution ~ 10.5%. 

2. Comparison of Recoil mass.

- Si ECal:  Sigma with GPET ~ 4.90GeV. 

- Sc ECal: Sigma with GPET ~ 4.91GeV. 

Signal: Z mass and Recoil mass @ √s=250GeV

 / ndf 2r  43.19 / 38
amplitude  18.8±  1516 
mean      0.1±   126 
sigma     0.182± 4.898 
boundary  0.0158± 0.4339 
connection  0.0336± 0.3322 
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w/ SiECal 
invqqHA250GeV ZH

Recoil Fitted with GPET

 / ndf 2r  42.38 / 38
amplitude  19.2±  1495 
mean      0.1± 126.9 
sigma     0.178± 4.919 
boundary  0.0163± 0.4496 
connection  0.0374± 0.2602 
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w/ ScECal 
invqqHA250GeV ZH

Recoil Fitted with GPET

(Mean with GPET 126.0GeV)

(Mean with GPET 126.9GeV)
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Signal: Z mass and Recoil mass @ √s=350GeV

 / ndf 2r  41.24 / 43
amplitude  7.8± 599.1 
mean      0.2± 125.7 
sigma     0.31± 10.68 
boundary  0.1026± 0.3985 
connection  0.1668± 0.3062 
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w/ SiECal 
invqqHA350GeV ZH

Recoil Fitted with GPET
 / ndf 2r  35.09 / 43

amplitude  7.4± 611.2 
mean      0.2± 127.7 
sigma     0.27± 10.12 
boundary  0.0784± 0.3808 
connection  0.1447± 0.2103 
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w/ ScECal 
invqqHA350GeV ZH

Recoil Fitted with GPET

 / ndf 2r  14.06 / 9
p0        36.0±  2920 
sigma     0.202± 9.067 
mean      0.10± 92.09 
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 / ndf 2r  14.06 / 9
p0        36.0±  2920 
sigma     0.202± 9.067 
mean      0.10± 92.09 

w/ SiECal 
invqqHA350GeV ZH

Z Fitted with Breit-Wigner

 / ndf 2r  27.19 / 9
p0        35.2±  2876 
sigma     0.216± 9.593 
mean      0.09± 91.62 
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 / ndf 2r  27.19 / 9
p0        35.2±  2876 
sigma     0.216± 9.593 
mean      0.09± 91.62 

 / ndf 2r  27.19 / 9
p0        35.2±  2876 
sigma     0.216± 9.593 
mean      0.09± 91.62 

w/ ScECal 
invqqHA350GeV ZH

Z Fitted with Breit-Wigner

1. Comparison of Z mass.

- Si ECal:  Sigma with B-W ~ 9.07GeV.  
                (Mean with B-W 92.0GeV) 
        Resolution ~ 9.48%. 

- Sc ECal: Sigma with B-W ~ 9.59GeV.  
                (Mean with B-W 91.6GeV) 
        Resolution ~ 9.55%. 

2. Comparison of Recoil mass.

- Si ECal:  Sigma with GPET ~ 10.7GeV. 

- Sc ECal: Sigma with GPET~ 10.1GeV. 

(Mean with GPET 125.7GeV)

(Mean with GPET 127.7GeV)



Recoil Distribution with BG @ √s=250GeV
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1. Recoil Distribution with BG.
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ε_sig = 74.1 
N_sig = 3928,   N_BG = 59842,  
S/N = 6.6%,   Significance = 15.5

ε_sig = 74.1 
N_sig = 3928,   N_BG = 60132,  
S/N = 6.4%,   Significance = 15.5

Si ECAL @ 250 GeV
Cuts(%) ZH → qqHinv ZH → qqH ZH → vvH ZZ → qqll Zvv → qqvv WW → qqll Wev → qqev
No cut 100.0 100.0 100.0 100.0 100.0 100.0 100.0
+ Iso lepton veto=0 99.8 92.1 92.3 80.0 99.8 54.6 29.6
+ 1.5<−LogY23<10.5 99.8 83.7 88.3 78.8 99.6 54.5 29.5
+ 20<#PFOs <75 98.0 16.7 74.6 76.0 95.0 53.8 29.2
+ |cosθjet1|<0.95 85.7 15.3 67.4 63.9 84.1 41.3 18.7
+ |cosθjet12|<0.1 84.7 15.3 66.8 60.7 78.4 39.0 18.0
+ |cosθZ|<0.95 81.4 14.2 63.6 52.9 70.7 34.7 17.0
+ 75<Mz<105 75.4 14.0 50.0 51.0 66.7 34.0 16.9
+ 75<Ez<105 75.1 4.24 15.5 34.3 59.4 9.10 4.00
+ Pt2jet1<7000 74.7 0.21 8.67 26.2 53.1 2.47 0.13
+ BDT<0.0 74.4 0.19 8.14 7.93 26.9 0.98 0.05
+ 110<Mrecoil<160 74.1 0.19 7.88 7.84 26.2 0.95 0.05

Sc ECAL @ 250 GeV
Cuts(%) ZH → qqHinv ZH → qqH ZH → vvH ZZ → qqll Zvv → qqvv WW → qqll Wev → qqev
No cut 100.0 100.0 100.0 100.0 100.0 100.0 100.0
+ Iso lepton veto=0 99.8 92.0 92.2 80.0 99.8 54.5 30.6
+ 1.5<−LogY23<10.5 99.8 83.5 89.2 79.2 99.8 54.3 30.5
+ 20<#PFOs <75 97.8 14.9 72.4 76.0 95.0 53.4 30.1
+ |cosθjet1|<0.95 85.5 13.6 65.4 63.7 84.1 41.1 19.4
+ |cosθjet12|<0.1 84.6 13.6 64.8 60.4 78.3 38.9 18.7
+ |cosθZ|<0.95 81.3 12.7 61.7 52.8 70.5 34.5 17.7
+ 75<Mz<105 75.3 12.4 47.2 50.7 66.4 33.8 17.6
+ 75<Ez<105 75.0 3.54 15.3 34.8 60.3 9.03 4.50
+ Pt2jet1<7000 74.7 0.17 9.00 26.9 54.4 2.63 0.13
+ BDT<0.0 74.4 0.15 8.30 7.91 26.9 0.99 0.05
+ 110<Mrecoil<160 74.1 0.15 8.00 7.83 26.3 0.98 0.05

Table 2: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
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Si ECAL @ 250 GeV
Cuts(%) ZH → qqHinv ZH → qqH ZH → vvH ZZ → qqll Zvv → qqvv WW → qqll Wev → qqev
No cut 100.0 100.0 100.0 100.0 100.0 100.0 100.0
+ Iso lepton veto=0 99.8 92.1 92.3 80.0 99.8 54.6 29.6
+ 1.5<−LogY23<10.5 99.8 83.7 88.3 78.8 99.6 54.5 29.5
+ 20<#PFOs <75 98.0 16.7 74.6 76.0 95.0 53.8 29.2
+ |cosθjet1|<0.95 85.7 15.3 67.4 63.9 84.1 41.3 18.7
+ |cosθjet12|<0.1 84.7 15.3 66.8 60.7 78.4 39.0 18.0
+ |cosθZ|<0.95 81.4 14.2 63.6 52.9 70.7 34.7 17.0
+ 75<Mz<105 75.4 14.0 50.0 51.0 66.7 34.0 16.9
+ 75<Ez<105 75.1 4.24 15.5 34.3 59.4 9.10 4.00
+ Pt2jet1<7000 74.7 0.21 8.67 26.2 53.1 2.47 0.13
+ BDT<0.0 74.4 0.19 8.14 7.93 26.9 0.98 0.05
+ 110<Mrecoil<160 74.1 0.19 7.88 7.84 26.2 0.95 0.05

Sc ECAL @ 250 GeV
Cuts(%) ZH → qqHinv ZH → qqH ZH → vvH ZZ → qqll Zvv → qqvv WW → qqll Wev → qqev
No cut 100.0 100.0 100.0 100.0 100.0 100.0 100.0
+ Iso lepton veto=0 99.8 92.0 92.2 80.0 99.8 54.5 30.6
+ 1.5<−LogY23<10.5 99.8 83.5 89.2 79.2 99.8 54.3 30.5
+ 20<#PFOs <75 97.8 14.9 72.4 76.0 95.0 53.4 30.1
+ |cosθjet1|<0.95 85.5 13.6 65.4 63.7 84.1 41.1 19.4
+ |cosθjet12|<0.1 84.6 13.6 64.8 60.4 78.3 38.9 18.7
+ |cosθZ|<0.95 81.3 12.7 61.7 52.8 70.5 34.5 17.7
+ 75<Mz<105 75.3 12.4 47.2 50.7 66.4 33.8 17.6
+ 75<Ez<105 75.0 3.54 15.3 34.8 60.3 9.03 4.50
+ Pt2jet1<7000 74.7 0.17 9.00 26.9 54.4 2.63 0.13
+ BDT<0.0 74.4 0.15 8.30 7.91 26.9 0.99 0.05
+ 110<Mrecoil<160 74.1 0.15 8.00 7.83 26.3 0.98 0.05

Table 2: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
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Recoil Distribution with BG @ √s=350GeV
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1. Recoil Distribution with BG.

Si ECAL @ 350 GeV
Cuts(%) ZH → qqHinv ZH → qqH ZH → vvH ZZ → qqll Zvv → qqvv WW → qqll Wev → qqev
No cut 100.0 100.0 - 100.0 100.0 100.0 100.0
+ Iso lepton veto=0 99.9 91.9 - 80.5 99.8 59.0 38.7
+ 2.0<−LogY23<11.0 99.5 72.9 - 77.9 99.2 58.3 38.3
+ 15<#PFOs <90 99.2 28.1 - 77.2 98.2 58.2 38.2
+ |cosθjet1|<0.92 83.1 25.6 - 48.5 74.4 26.3 11.8
+ |cosθjet12|<0.92 82.3 4.48 - 37.6 70.5 13.3 6.02
+ |cosθZ|<0.92 80.1 3.13 - 29.5 59.0 10.4 4.86
+ 80<Mz<100 63.9 2.05 - 22.2 48.4 4.90 3.30
+ 90<Ez<210 63.7 0.36 - 20.4 46.3 1.77 1.01
+ Pt2jet2<6000 63.6 0.36 - 20.3 44.7 1.76 1.01
+ BDT<-0.1 62.5 0.36 - 16.9 36.7 1.46 0.86
+ 90<Mrecoil<180 57.1 0.33 - 10.7 14.2 0.75 0.56

Sc ECAL @ 350 GeV
Cuts(%) ZH → qqHinv ZH → qqH ZH → vvH ZZ → qqll Zvv → qqvv WW → qqll Wev → qqev
No cut 100.0 100.0 100 100.0 100.0 100.0 100.0
+ Iso lepton veto=0 99.8 92.0 92.3 80.5 99.8 58.8 40.1
+ 2.0<−LogY23<11.0 99.6 79.7 88.5 79.0 99.4 58.2 39.7
+ 15<#PFOs <90 99.3 26.6 80.6 78.1 98.4 58.1 39.7
+ |cosθjet1|<0.92 83.3 24.2 66.7 48.8 74.6 26.2 12.6
+ |cosθjet12|<0.92 82.4 4.04 62.6 37.5 70.5 13.3 6.35
+ |cosθZ|<0.92 80.3 2.95 57.0 29.3 59.2 10.4 5.16
+ 80<Mz<100 64.3 1.86 6.87 22.1 48.6 4.72 3.45
+ 90<Ez<210 64.1 0.37 5.94 20.5 46.4 1.81 1.10
+ Pt2jet2<6000 64.0 0.37 5.23 20.4 44.8 1.80 1.09
+ BDT<-0.1 63.5 0.37 4.70 19.2 40.9 1.71 1.05
+ 90<Mrecoil<180 57.9 0.34 1.63 12.9 15.8 0.88 0.66

Table 3: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
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inv

qqHAZH
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-1Ldt=350fb0=350GeV s

/S=0.086S+N=11.61    S+NS/
=52230, S/N=0.052

BG
=2723, NSigN

Si ECAL @ 350 GeV
Cuts(%) ZH → qqHinv ZH → qqH ZH → vvH ZZ → qqll Zvv → qqvv WW → qqll Wev → qqev
No cut 100.0 100.0 - 100.0 100.0 100.0 100.0
+ Iso lepton veto=0 99.9 91.9 - 80.5 99.8 59.0 38.7
+ 2.0<−LogY23<11.0 99.5 72.9 - 77.9 99.2 58.3 38.3
+ 15<#PFOs <90 99.2 28.1 - 77.2 98.2 58.2 38.2
+ |cosθjet1|<0.92 83.1 25.6 - 48.5 74.4 26.3 11.8
+ |cosθjet12|<0.92 82.3 4.48 - 37.6 70.5 13.3 6.02
+ |cosθZ|<0.92 80.1 3.13 - 29.5 59.0 10.4 4.86
+ 80<Mz<100 63.9 2.05 - 22.2 48.4 4.90 3.30
+ 90<Ez<210 63.7 0.36 - 20.4 46.3 1.77 1.01
+ Pt2jet2<6000 63.6 0.36 - 20.3 44.7 1.76 1.01
+ BDT<-0.1 62.5 0.36 - 16.9 36.7 1.46 0.86
+ 90<Mrecoil<180 57.1 0.33 - 10.7 14.2 0.75 0.56

Sc ECAL @ 350 GeV
Cuts(%) ZH → qqHinv ZH → qqH ZH → vvH ZZ → qqll Zvv → qqvv WW → qqll Wev → qqev
No cut 100.0 100.0 100 100.0 100.0 100.0 100.0
+ Iso lepton veto=0 99.8 92.0 92.3 80.5 99.8 58.8 40.1
+ 2.0<−LogY23<11.0 99.6 79.7 88.5 79.0 99.4 58.2 39.7
+ 15<#PFOs <90 99.3 26.6 80.6 78.1 98.4 58.1 39.7
+ |cosθjet1|<0.92 83.3 24.2 66.7 48.8 74.6 26.2 12.6
+ |cosθjet12|<0.92 82.4 4.04 62.6 37.5 70.5 13.3 6.35
+ |cosθZ|<0.92 80.3 2.95 57.0 29.3 59.2 10.4 5.16
+ 80<Mz<100 64.3 1.86 6.87 22.1 48.6 4.72 3.45
+ 90<Ez<210 64.1 0.37 5.94 20.5 46.4 1.81 1.10
+ Pt2jet2<6000 64.0 0.37 5.23 20.4 44.8 1.80 1.09
+ BDT<-0.1 63.5 0.37 4.70 19.2 40.9 1.71 1.05
+ 90<Mrecoil<180 57.9 0.34 1.63 12.9 15.8 0.88 0.66

Table 3: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
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ε_sig = 57.1 
N_sig = 2723,   N_BG = 52230,  
S/N = 5.2%,   Significance = 11.6

ε_sig = 57.9 
N_sig = 2761,   N_BG = 64363,  
S/N = 4.3%,   Significance = 10.7



ToyMC Estimation of Δσ/σ & Upper Limit

T.Ogawa (D1) My Status 8

Sig: GPET  BG: Pol4 

1. Decision of function shape. 

ToyMC: Xbg (Poisson)* Fbg(Fix Pol4)

!Fit with fitting function and Pull out parameter “Nsig"

ToyMC: Xsig (Poisson)* Fsig(Fix GPET) 
                          + Xbg (Poisson)* Fbg(Fix Pol4)

2. ToyMC. 
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hrecoil_bgall

100 120 140 160
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hrecoil_sig

BG: Pol4 Sig: GPET  
FittingFunc:  Nsig * Fsig(Fix GPET)  +  Nbg * Fbg(Fix Pol4)

Δσ/σ: Upper Limit: (This may be wrong?)



Precision of Δσ/σ & Upper Limit of BR(H!invisible) @ √s=250GeV
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໘ੵͷͨ͠ࢉܭΔɻγάφϧͷΠϕϯτ਺ͷΞούʔϦϛοτ͸ɺ্Ͱ͢ࢉܭ 95ˋʹ౰ͨΔྖҬ
ΛٻΊɺͦͷྖҬͷӈ୺ͷ஋ͱͯ͠ੵݟ΋ΒΕΔɻ

γάφϧੜ੒அ໘ੵͷΞούʔϦϛοτ͸ɺಘΒΕͨγάφϧͷΠϕϯτ਺ͷΞούʔϦϛο

τΛࣜ (??)Ͱม͢׵Δ͜ͱͰੵݟ΋ΒΕΔɻ

σ =
Nupperlimit
sig

f L
(4.9)

͜͜ͰɺNupperlimit
sig ͸γάφϧͷΠϕϯτ਺ͷΞούʔϦϛοτͰ͋Γɺ f ͸ੜ੒ͨ͠Πϕϯτ

਺ʹର͢Δɺ໬౓ؔ਺Λ༻͍ͨࣄ৅બ୒ʹΑΓੜ͖ͨͬ࢒Πϕϯτ਺ͷׂ߹Ͱ͋ΔɻL͸ϧϛϊγ
ςΟͰ 1000 f b−1Ͱ͋Δɻ
ଌ؍ΊΒͨΞούʔϦϛοτ͸ɺ95ˋͷ༗ҙ౓ͰΠϯϏδϒϧʹ่յ͢ΔώοάεϘιϯ͕ٻ
͞Εͨɺͱ͏͜ͱΛอূ͢ΔͨΊͷγάφϧੜ੒அ໘ੵͷԼݶ஋Ͱ͋Δɻ

ਤ 4.10: ύϥϝʔλ Nsigͷ෼෍

4.6.2 γάφϧੜ੒அ໘ੵͷ໬౓ؔ਺Λ༻͍ͨ࠷దԽ

γάφϧੜ੒அ໘ੵͷΞούʔϦϛοτΛ࠷খʹ͢ΔͨΊʹɺ໬౓ؔ਺Λ༻͍͍ͨ࠷దԽʹͭ

͍ͯઆ໌͢Δɻ

ඪࢦ৅બ୒ͷઆ໌ʹ͋ͬͨɺγάφϧ໬౓ؔ਺ͱόοΫάϥϯυ໬౓ؔ਺ͰදΘ͞ΕΔࣄ LΛ
༻͍ͯɺLʹؔ͠ X < Lɹ; X = 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6ͱ͍͏৚݅Λ՝͠ɺ7ͭͷͦΕͧΕͷ
৚݅ʹԙ͚Δ൓௓࣭ྔ෼෍Λಋग़͠ɺ্هͷํ๏ͰͦΕͧΕͷγάφϧੜ੒அ໘ੵͷΞούʔϦ

1. Δσ/σ. 
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 / ndf 2r    292 / 361
Constant  1.3± 142.3 
Mean      1.590± 2.027 
Sigma     1.2± 221.3 
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Constant  1.3± 142.3 
Mean      1.590± 2.027 
Sigma     1.2± 221.3 

=470uplim
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=482uplim
sigN

  w/Sc
inv
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ୈ5ষ ࡯ߟ

ຊڀݚͰ͸ɺILC࣮ݧʹԙ͍ͯɺe+e− → ZHʹؔͯ͠ɺώοάεϘιϯ͕ΠϯϏδϒϧʹ่յ͢
Δஅ໘ੵͷΞούʔϦϛοτΛੵݟ΋ͬͨɻ·ͨɺe+e− → ZHʹԙ͍ͯɺZϘιϯͷ൓௓ΛͱΔ͜ͱ
ʹΑͬͯɺσ(e+e− → ZH)ΛٻΊΔ͜ͱ͕Ͱ͖ΔͨΊɺຊղੳͰಘΒΕͨ e+e− → ZH(H → invisible)
ੜ੒அ໘ੵͷΞούʔϦϛοτ͔ΒώοάεϘιϯ͕ΠϯϏδϒϧʹ่յ͢Δ่յ෼ذൺΛ࣍ࣜ

͔Βੵݟ΋ͬͨɻ·ͨɺॏ৺ܥΤωϧΪʔΛ 250GeVɺώοάεϘιϯͷ࣭ྔΛ 125GeVɺϧϛϊ
γςΟ1ab−1ͷσʔλྔΛ༻͍ͯղੳΛͨͬߦɻղੳ݁ՌΛද 6.1ʹࣔͨ͠ɻ

BR(H → invisible) =
σC.L.95 ˋinvisible

σ(e+e− → ZH)
(5.1)

γάφϧੜ੒அ໘ੵͷΞούʔϦϛοτ͸໿ 0.8[fb]Ͱ͋ΓɺώοάεϘιϯ͕ΠϯϏδϒϧʹ
่յ͢Δ෼ذൺ͸໿ 0.4ˋͱͳͬͨɻ͜ͷ݁Ռ͸ɺγάφϧ͕ແͯ͘΋ 5ˋͷ֬཰ͰόοΫάϥϯ
υͷ;Β͖͔ͭΒ͑ݟΔ͜ͱΛҙຯ͠ɺϞσϧΛԾఆ͠ͳ͍ͰͦͷΞούʔϦϛοτ͕ੵݟ΋Β

Ε͍ͯΔ఺͕ॏཁͰ͋Δɻ

࣍ʹɺώοάεϘιϯͷΠϯϏδϒϧͳ่յͷ؍ଌʹؔ͢Δ ILC࣮ݧͰͷײ౓Λɺଞͷ࣮ݧͷ
෺࣭ΛԾఆ͠ɺώοάࠇϑΣϧϛΦϯ҉͍͓ͯʹܕ౓ͱൺֱ͢ΔͨΊʹɺώοάεϙʔλϧ໛ײ

εɾ҉ࠇ෺࣭ͷ݁߹ఆ਺ͷΞούʔϦϛοτΛٻΊൺֱͨ͠ɻ

γάφϧੜ੒அ໘ੵͷΞούʔϦϛοτ͔Β࣍ࣜʹΑΓ݁߹ఆ਺ͷΞούʔϦϛοτΛੵݟ΋ͬ

ͨɻͦͷ஋͸໿ 3 × 10−5GeV−1ͱͳͬͨɻ

cF/Λ =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

√
σC.L.95 ˋDD

σc1(e+e− → ZDD)

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠ /Λ (5.2)

ͨͩ͠ɺσc1(e+e− → ZDD)͸ώοάεɾ҉ࠇ෺࣭ͷ݁߹ఆ਺Λ 1ͱͨ࣌͠ͷੜ੒அ໘ੵͰ͋Δɻඪ
४໛ܕͷదԠݶքΛද͢ Λ = 1000[GeV]ͱͨ͠ɻਤ 5.1ʹຊղੳͰٻΊΒͨ݁߹ఆ਺ (੨఺)Λࣔ
ͨ͠ɻ

ΓFF =
c2Fυ

2mh

16πΛ2

⎛
⎜⎜⎜⎜⎜⎝1 −

4m2DM
m2h

⎞
⎟⎟⎟⎟⎟⎠
3/2

(5.3)

্͔ࣜΒɺώοάεϘιϯͷ࣭ྔ͕ 125GeV ͷ৔߹Ͱͷ݁߹ఆ਺͸ώοάεϘιϯͷ࣭ྔ͕
120GeVͷ৔߹ͷ໿ 0.8ഒͱͳΓɺXENON100ͷ࣮ݧͰͷΞούʔϦϛοτ͸໿ 6 × 10−5(GeV−1)
ͱੵݟ΋ΒΕΔ͜ͱ͔ΒɺILC࣮ݧ͸ଞͷ࣮ݧͱൺ΂ͯײ౓͕Α͍͜ͱ͕Θ͔Δɻ
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Si:  ε_sig=74.1[%],   N_sig=466   

                               !  σ = 2.53[fb]

BR(H!invisible) < 1.21% @ 95% C.L.

BR(H!invisible) < 1.24% @ 95% C.L.

Si:  Δσ/σ = 6.04%

Sc:  Δσ/σ = 6.26%

Sc:  ε_sig=74.1[%],   N_sig=482   

                               !  σ = 2.60[fb]

2. Upper limit . 



Precision of Δσ/σ & Upper Limit of BR(H!invisible) @ √s=350GeV
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52 ୈ 4ষղੳͱ݁Ռ

͜͜ͰɺXbgɺXh→4νɺXh→ZZ∗→qq(νν)͸ͦΕͧΕϙΞιϯ෼෍Ͱৼͬͨ஋Ͱ͋Δɻ
͜ͷߦࢼΛ 1000ճ࣮͢ߦΔ͜ͱͰɺਤ 4.10ͷΑ͏ͳத৺஋͕ 0෇ۙʹ࣋ͭγάφϧͷΠϕϯτ
਺ͷ෼෍͕ಘΒΕΔɻ࣍ʹ͜ͷ෼෍ͷ 0Ҏ্ʢ෺ཧతʹҙຯͷ͋ΔྔʣͷྖҬʹ͓͚Δશ໘ੵΛ
໘ੵͷͨ͠ࢉܭΔɻγάφϧͷΠϕϯτ਺ͷΞούʔϦϛοτ͸ɺ্Ͱ͢ࢉܭ 95ˋʹ౰ͨΔྖҬ
ΛٻΊɺͦͷྖҬͷӈ୺ͷ஋ͱͯ͠ੵݟ΋ΒΕΔɻ

γάφϧੜ੒அ໘ੵͷΞούʔϦϛοτ͸ɺಘΒΕͨγάφϧͷΠϕϯτ਺ͷΞούʔϦϛο

τΛࣜ (??)Ͱม͢׵Δ͜ͱͰੵݟ΋ΒΕΔɻ

σ =
Nupperlimit
sig

f L
(4.9)

͜͜ͰɺNupperlimit
sig ͸γάφϧͷΠϕϯτ਺ͷΞούʔϦϛοτͰ͋Γɺ f ͸ੜ੒ͨ͠Πϕϯτ

਺ʹର͢Δɺ໬౓ؔ਺Λ༻͍ͨࣄ৅બ୒ʹΑΓੜ͖ͨͬ࢒Πϕϯτ਺ͷׂ߹Ͱ͋ΔɻL͸ϧϛϊγ
ςΟͰ 1000 f b−1Ͱ͋Δɻ
ଌ؍ΊΒͨΞούʔϦϛοτ͸ɺ95ˋͷ༗ҙ౓ͰΠϯϏδϒϧʹ่յ͢ΔώοάεϘιϯ͕ٻ
͞Εͨɺͱ͏͜ͱΛอূ͢ΔͨΊͷγάφϧੜ੒அ໘ੵͷԼݶ஋Ͱ͋Δɻ

ਤ 4.10: ύϥϝʔλ Nsigͷ෼෍

4.6.2 γάφϧੜ੒அ໘ੵͷ໬౓ؔ਺Λ༻͍ͨ࠷దԽ

γάφϧੜ੒அ໘ੵͷΞούʔϦϛοτΛ࠷খʹ͢ΔͨΊʹɺ໬౓ؔ਺Λ༻͍͍ͨ࠷దԽʹͭ

͍ͯઆ໌͢Δɻ

ඪࢦ৅બ୒ͷઆ໌ʹ͋ͬͨɺγάφϧ໬౓ؔ਺ͱόοΫάϥϯυ໬౓ؔ਺ͰදΘ͞ΕΔࣄ LΛ
༻͍ͯɺLʹؔ͠ X < Lɹ; X = 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6ͱ͍͏৚݅Λ՝͠ɺ7ͭͷͦΕͧΕͷ
৚݅ʹԙ͚Δ൓௓࣭ྔ෼෍Λಋग़͠ɺ্هͷํ๏ͰͦΕͧΕͷγάφϧੜ੒அ໘ੵͷΞούʔϦ

ୈ5ষ ࡯ߟ

ຊڀݚͰ͸ɺILC࣮ݧʹԙ͍ͯɺe+e− → ZHʹؔͯ͠ɺώοάεϘιϯ͕ΠϯϏδϒϧʹ่յ͢
Δஅ໘ੵͷΞούʔϦϛοτΛੵݟ΋ͬͨɻ·ͨɺe+e− → ZHʹԙ͍ͯɺZϘιϯͷ൓௓ΛͱΔ͜ͱ
ʹΑͬͯɺσ(e+e− → ZH)ΛٻΊΔ͜ͱ͕Ͱ͖ΔͨΊɺຊղੳͰಘΒΕͨ e+e− → ZH(H → invisible)
ੜ੒அ໘ੵͷΞούʔϦϛοτ͔ΒώοάεϘιϯ͕ΠϯϏδϒϧʹ่յ͢Δ่յ෼ذൺΛ࣍ࣜ

͔Βੵݟ΋ͬͨɻ·ͨɺॏ৺ܥΤωϧΪʔΛ 250GeVɺώοάεϘιϯͷ࣭ྔΛ 125GeVɺϧϛϊ
γςΟ1ab−1ͷσʔλྔΛ༻͍ͯղੳΛͨͬߦɻղੳ݁ՌΛද 6.1ʹࣔͨ͠ɻ

BR(H → invisible) =
σC.L.95 ˋinvisible

σ(e+e− → ZH)
(5.1)

γάφϧੜ੒அ໘ੵͷΞούʔϦϛοτ͸໿ 0.8[fb]Ͱ͋ΓɺώοάεϘιϯ͕ΠϯϏδϒϧʹ
่յ͢Δ෼ذൺ͸໿ 0.4ˋͱͳͬͨɻ͜ͷ݁Ռ͸ɺγάφϧ͕ແͯ͘΋ 5ˋͷ֬཰ͰόοΫάϥϯ
υͷ;Β͖͔ͭΒ͑ݟΔ͜ͱΛҙຯ͠ɺϞσϧΛԾఆ͠ͳ͍ͰͦͷΞούʔϦϛοτ͕ੵݟ΋Β

Ε͍ͯΔ఺͕ॏཁͰ͋Δɻ

࣍ʹɺώοάεϘιϯͷΠϯϏδϒϧͳ่յͷ؍ଌʹؔ͢Δ ILC࣮ݧͰͷײ౓Λɺଞͷ࣮ݧͷ
෺࣭ΛԾఆ͠ɺώοάࠇϑΣϧϛΦϯ҉͍͓ͯʹܕ౓ͱൺֱ͢ΔͨΊʹɺώοάεϙʔλϧ໛ײ

εɾ҉ࠇ෺࣭ͷ݁߹ఆ਺ͷΞούʔϦϛοτΛٻΊൺֱͨ͠ɻ

γάφϧੜ੒அ໘ੵͷΞούʔϦϛοτ͔Β࣍ࣜʹΑΓ݁߹ఆ਺ͷΞούʔϦϛοτΛੵݟ΋ͬ

ͨɻͦͷ஋͸໿ 3 × 10−5GeV−1ͱͳͬͨɻ

cF/Λ =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

√
σC.L.95 ˋDD

σc1(e+e− → ZDD)

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠ /Λ (5.2)

ͨͩ͠ɺσc1(e+e− → ZDD)͸ώοάεɾ҉ࠇ෺࣭ͷ݁߹ఆ਺Λ 1ͱͨ࣌͠ͷੜ੒அ໘ੵͰ͋Δɻඪ
४໛ܕͷదԠݶքΛද͢ Λ = 1000[GeV]ͱͨ͠ɻਤ 5.1ʹຊղੳͰٻΊΒͨ݁߹ఆ਺ (੨఺)Λࣔ
ͨ͠ɻ

ΓFF =
c2Fυ

2mh

16πΛ2

⎛
⎜⎜⎜⎜⎜⎝1 −

4m2DM
m2h

⎞
⎟⎟⎟⎟⎟⎠
3/2

(5.3)

্͔ࣜΒɺώοάεϘιϯͷ࣭ྔ͕ 125GeV ͷ৔߹Ͱͷ݁߹ఆ਺͸ώοάεϘιϯͷ࣭ྔ͕
120GeVͷ৔߹ͷ໿ 0.8ഒͱͳΓɺXENON100ͷ࣮ݧͰͷΞούʔϦϛοτ͸໿ 6 × 10−5(GeV−1)
ͱੵݟ΋ΒΕΔ͜ͱ͔ΒɺILC࣮ݧ͸ଞͷ࣮ݧͱൺ΂ͯײ౓͕Α͍͜ͱ͕Θ͔Δɻ
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Si:  ε_sig=57.1[%],   N_sig=778   

                               !  σ = 3.89[fb]

BR(H!invisible) < 3.24% @ 95% C.L.

BR(H!invisible) < 2.84% @ 95% C.L.

Si:  Δσ/σ = 14.8%

Sc:  Δσ/σ = 12.9%

Sc:  ε_sig=57.9[%],   N_sig=692   

                               !  σ = 3.41[fb]

 / ndf 2r  234.2 / 399
Constant  1299.6±  1962 
Mean      294.8±  7440 
Sigma     40.6±  1508 
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Xsection error(%) = 14.80

  w/Si
inv

qqHAZH

toy_NEv

 / ndf 2r  713.9 / 771
Constant  0.55± 61.06 
Mean      2.79± 14.82 
Sigma     2.2± 379.6 
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=778uplim
sigN

  w/Si
inv

qqHAZH

toy_uplim

 / ndf 2r  131.5 / 251
Constant  61.36± 45.95 
Mean      593.3±  4848 
Sigma     918.2±  1145 
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 / ndf 2r  131.5 / 251

Constant  61.36± 45.95 
Mean      593.3±  4848 
Sigma     918.2±  1145 

Xsection error(%) = 12.93

  w/Sc
inv

qqHAZH

toy_NEv

 / ndf 2r  698.8 / 696
Constant  0.62± 68.99 
Mean      2.456± 3.922 
Sigma     1.9±   336 
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 / ndf 2r  698.8 / 696

Constant  0.62± 68.99 
Mean      2.456± 3.922 
Sigma     1.9±   336 

=692uplim
sigN

  w/Sc
inv

qqHAZH

toy_uplim

2. Upper limit . 

1. Δσ/σ. For now, the result is strange



Summary

1. I analyzed invisible Higgs decay with two ECAL options.
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1. For 250GeV case, performance of both ECALs seems to be almost same.

1. For 350GeV case, I need to check some parts and have to fix it.

1. Estimation method of upper limit should be fixed.

1. Summarize this higgs invisible analysis as possible as I can.
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