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• Selections
• Cutflow table
• Comparison of selections

• New Modelled Signal

• Fixing the parameters of Signal + Background fit of ZH+ZZ+WW

• Background fit

• Fixing the parameters of Signal + Background fit of ZH+ZZ
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DCB + Exponential pdf with data

alphaH =  1.101 +/- 0.024
alphaL =  1.683 +/- 0.051
c = -0.01663 +/- 0.0013
mean =  125.0710 +/- 0.0034
nH =  0.755 +/- 0.038
nL =  2.05 +/- 0.48
nbkg =  51041 +/- 853
nsig =  26541 +/- 839
sigma =  0.2654 +/- 0.0035

/NDF: 1.392c

 
-1L = 5 ab

mumu_IDEAtrkCov
Data
S + B Fit
Sig. Fit
Bkg. Fit

DCB + Exponential pdf with data
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Two-Sided Crystal Ball + Exponential fit of 𝑀!"#$%& in the Higgs region (120-140 GeV)

Two-Sided
Crystal Ball
IDEA

𝑀!"#$%& [GeV] 𝑀!"#$%& [GeV]
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DCB + Exponential pdf with data
alphaH =  0.817 +/- 0.035
alphaL =  1.70 +/- 0.11
c = -0.01793 +/- 0.0014
mean =  125.3091 +/- 0.0075
nH =  0.791 +/- 0.055
nL =  198 +/- 143
nbkg =  64079 +/- 799
nsig =  24007 +/- 773
sigma =  0.3461 +/- 0.0076

/NDF: 1.162c

 
-1L = 5 ab

mumu_IDEAtrkCovBES
Data
S + B Fit
Sig. Fit
Bkg. Fit

DCB + Exponential pdf with data
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Two-Sided
Crystal Ball
IDEA BES

• Large uncertainty of number of signal
• Need to investigate on the large uncertainty
• BES was not studied in this update

𝑀!"#$%& [GeV]

Previous talk on 2nd FCC-France Workshop

https://indico.in2p3.fr/event/23012/contributions/89963/attachments/62029/84792/2021_01_21_FCC_Ang_LI_Ver2.pdf
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CutFlow Table

CutFlow Table

• The total efficiency and cut efficiency were shown

• Only about 3% of ZH events have at least pair of muons

• The 𝑀!"#$%& selection keeps about 95% of ZH, but remove about 40%-50% of ZZ and WW

• The 𝑝'( selection keeps about 95% of ZH, keeps about 92% of ZZ and WW

https://docs.google.com/spreadsheets/d/1W1WibVkIuGJOZkq0oJyXg_V8tQi-jQQnUbB-9Tl1R_g/edit
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𝑀!"#$%& control plots

Sel. 1 Sel. 2 Sel. 3

Sel. 4 Sel. 5 Sel. 6 Sel. 7

0 20 40 60 80 100 120 140 160 180 200
 [GeV]recoilM

0

20

40

60

80

100

120

140

310´

ev
en

ts
 / 

2 
G

eV ZH
WW
ZZ

FCC-ee Simulation (Delphes)

 = 240.0 GeVs
-1L = 5 ab

 + X-µ+µ ® ZH ® -e+e
Selection: No Selection
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-1L = 5 ab

 + X-µ+µ ® ZH ® -e+e
 < 120 GeV

Z
 = 1; 73 GeV < mZSelection: N
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 + X-µ+µ ® ZH ® -e+e
 < 110 GeV

Z
 = 1; 80 GeV < mZSelection: N
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-1L = 5 ab

 + X-µ+µ ® ZH ® -e+e
 < 100 GeV

Z
 = 1; 80 GeV < mZSelection: N
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 + X-µ+µ ® ZH ® -e+e
^Z < 70 GeV

T
 < 100 GeV; 10 GeV < pZ = 1; 80 GeV < mZSelection: N
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 + X-µ+µ ® ZH ® -e+e
 < 155 GeVrecoil^Z < 70 GeV; 110 GeV < m

T
 < 100 GeV; 10 GeV < pZ = 1; 80 GeV < mZSelection: N
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 + X-µ+µ ® ZH ® -e+e
 < 140 GeVrecoil^Z < 70 GeV; 120 GeV < m

T
 < 100 GeV; 10 GeV < pZ = 1; 80 GeV < mZSelection: N

Lin. Scale

Cumulative:
Sel.1: At least one 𝜇! one 𝜇"
Sel.2: 73 GeV < 𝑚#< 120 GeV
Sel.3: 80 GeV < 𝑚# < 110 GeV
Sel.4: 80 GeV < 𝑚# < 100 GeV
Sel.5: 10 GeV < 𝑝$# < 70 GeV
Sel.6: 110 GeV < 𝑀%&'()* < 155 GeV
Sel.7: 120 GeV < 𝑀%&'()* < 140 GeV
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DCB_Chebychev2 pdf with data
alphaH =  0.874 +/- 0.026
alphaL =  1.325 +/- 0.057
mean =  125.0577 +/- 0.0037
nH =  1.27 +/- 0.10
nL =  16 +/- 20
nbkg =  49303 +/- 881
nsig =  20765 +/- 865
p0 = -0.2401 +/- 0.013
p1 = -0.1037 +/- 0.015
p2 = -0.0271 +/- 0.012
sigma =  0.2504 +/- 0.0042

/NDF: 1.352c

 

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Chebychev2 pdf with data
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DCB + Chebychev pdf with data
alphaH =  0.877 +/- 0.026
alphaL =  1.382 +/- 0.065
mean =  125.0579 +/- 0.0035
nH =  1.33 +/- 0.11
nL =  17 +/- 28
nbkg =  57546 +/- 861
nsig =  20031 +/- 839
p0 = -0.1137 +/- 0.010
p1 = -0.0817 +/- 0.013
p2 = -0.0035 +/- 0.011
sigma =  0.2438 +/- 0.0040

/NDF: 1.282c

 
-1L = 5 ab

mumu_test3
Data
S + B Fit
Sig. Fit
Bkg. Fit

DCB + Chebychev pdf with data
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DCB_Chebychev2 pdf with data
alphaH =  0.862 +/- 0.026
alphaL =  1.367 +/- 0.057
mean =  125.0591 +/- 0.0036
nH =  1.31 +/- 0.11
nL =  7.2 +/- 4.6
nbkg =  57197 +/- 996
nsig =  21557 +/- 978
p0 = -0.1536 +/- 0.011
p1 = -0.0833 +/- 0.014
p2 = -0.0153 +/- 0.011
sigma =  0.2489 +/- 0.0041

/NDF: 1.252c

 

-1L = 5 ab

mumu_IDEAtrkCov_0303_sel7

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Chebychev2 pdf with data
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Comparison of 10 GeV Selection and 10-to-70 GeV Selection

M!"#$%& [GeV]

• 20 GeV selection increases the  +!'
"#$ and increase the ,

"()*
+),

"()*
)-,.*/01 ratio

• Will use 20 GeV selection in the following

10 GeV Selection 10-to-70 GeV Selection 20 GeV Selection

10-to-70 GeV Selection
1. At least one 𝜇% one 𝜇&
2. At least One Z boson
3. 𝑚' ∈ 80, 100 GeV
4. 𝑝(' ∈ 10, 70 GeV

10GeV Selection
1. At least one Z boson
2. 𝑚' ∈ 80, 100 GeV
3. 𝑝(

) > 10 GeV

20 GeV Selection
1. At least one 𝜇% one 𝜇&
2. Z from pair of 𝜇%𝜇&
3. At least One Z boson, 
4. 𝑚' ∈ 80, 100 GeV
5. 𝑝(' ∈ 20,+∞ GeV

Δ2!"#
𝑁345

= 4.2%

Integral ZH =23389

4
𝑁345
647

𝑁345
48795:;< = 85.6%

Δ2!"#
𝑁345

= 4.5%

Integral ZH = 24337

4
𝑁345
647

𝑁345
48795:;< = 88.6%

Δ2!"#
𝑁345

= 4.2%

Integral ZH = 22811

4
𝑁345
647

𝑁345
48795:;< = 91.0%
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DCB pdf with data
alphaH =  1.053 +/- 0.016
alphaL =  1.650 +/- 0.041
mean =  125.0756 +/- 0.0032
nH =  0.968 +/- 0.014
nL =  3.32 +/- 0.23
nsig =  22811 +/- 151
sigma =  0.2768 +/- 0.0032

/NDF: 1.132c

ZH

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

Sig. Only Fit

DCB pdf with data
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DCB pdf with data
alphaH =  1.040 +/- 0.016
alphaL =  1.653 +/- 0.041
mean =  125.0714 +/- 0.0031
nH =  0.973 +/- 0.014
nL =  3.28 +/- 0.22
nsig =  22809 +/- 151
sigma =  0.2737 +/- 0.0032

/NDF: 3.592c

ZH

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

Sig. Only Fit

DCB pdf with data

120 122 124 126 128 130 132 134 136 138 140

 [GeV]recoilM

10-

8-

6-

4-

2-

0

2

4

6

8

10

Er
ro

r
D

at
a-

Fi
t

25/03/2021 7

Two-Sided Crystal Ball + Chebychev2 fit of 𝑀!"#$%& in the Higgs region (120-140 GeV)

Two-Sided 
Crystal Ball
IDEA

Two-Sided 
Crystal Ball
IDEA

New Modelled SignalALL MCData

Signal modelled from Signal Only fit

• ))!
*+, is far from 1, double crystal ball does not describe the signal well

• Need to find other function for the signal modeling
• Moddlled the signal with the signal only fit result to have a perfect signal shape

ALL MCData: 
All data come from the MC simulation

New Modelled Signal:
ZH signal is modelled to perfect shape
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DCB_Pol2 pdf with data
alphaH =  1.040 +/- 0.026
alphaL =  1.371 +/- 0.061
mean =  125.0744 +/- 0.0035
nH =  1.043 +/- 0.067
nL =  200 +/- 102
nbkg =  48716 +/- 675
nsig =  21352 +/- 654
p0 = -2.4819 +/- 0.054
p1 =  0.04286 +/- 0.00051
p2 = -0.00017691 +/- 0.0000029
sigma =  0.2693 +/- 0.0040

/NDF: 1.452χ

 

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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DCB_Chebychev2 pdf with data
alphaH =  0.874 +/- 0.026
alphaL =  1.325 +/- 0.057
mean =  125.0577 +/- 0.0037
nH =  1.27 +/- 0.10
nL =  16 +/- 20
nbkg =  49303 +/- 881
nsig =  20765 +/- 865
p0 = -0.2401 +/- 0.013
p1 = -0.1037 +/- 0.015
p2 = -0.0271 +/- 0.012
sigma =  0.2504 +/- 0.0042

/NDF: 1.352c

 

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Chebychev2 pdf with data
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Comparison of 2nd order Chebychev and Simple Polynomial 

Δ!()*
𝑁"#$

= 4.2%

80 GeV < 𝑀% < 100 GeV
𝑝&% > 20 GeV

Two-Sided 
Crystal Ball
+ Cheby.2
IDEA

IntIntegral ZH =22811

3
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 91.0%

ALL MCData

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

ALL MCData

Δ!()*
𝑁"#$

= 3.1%

80 GeV < 𝑀% < 100 GeV
𝑝&% > 20 GeV

Integral ZH =22811

3
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 93.6%

20 GeV Selection 20 GeV Selection

• Pol.2 has little worse ))!
*+, but better precision on the number of signal

• Will use Pol.2 in the following study
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DCB_Pol2 pdf with data
alphaH =  1.040 +/- 0.026
alphaL =  1.371 +/- 0.061
mean =  125.0744 +/- 0.0035
nH =  1.043 +/- 0.067
nL =  200 +/- 102
nbkg =  48716 +/- 675
nsig =  21352 +/- 654
p0 = -2.4819 +/- 0.054
p1 =  0.04286 +/- 0.00051
p2 = -0.00017691 +/- 0.0000029
sigma =  0.2693 +/- 0.0040

/NDF: 1.452χ

 

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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DCB_Pol2 pdf with data
alphaH =  1.085 +/- 0.024
alphaL =  3.10 +/- 0.13
mean =  125.0711 +/- 0.0036
nH =  0.832 +/- 0.051
nL =  0.11 +/- 0.32
nbkg =  44804 +/- 1477
nsig =  25236 +/- 1470
p0 = -0.3617 +/- 0.021
p1 =  0.00910 +/- 0.00014
p2 = -0.000044481 +/- 0.00000095
sigma =  0.2804 +/- 0.0039

/NDF: 1.382c

 

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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Comparison of ALL MCData fit and New Modelled Signal fit

Δ!()*
𝑁"#$

= 5.8%

80 GeV < 𝑀% < 100 GeV
𝑝&% > 20 GeV

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Integral ZH =22811

3
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 110.6%

New Modelled Signal

• New modelled signal fit has larger uncertainty of number of signal even if we have perfect signal shape
• Background has more contribution to the uncertainty than the signal

Signal modelled from Signal Only fit

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

ALL MCData

Δ!()*
𝑁"#$

= 3.1%

80 GeV < 𝑀% < 100 GeV
𝑝&% > 20 GeV

Integral ZH =22811

3
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 93.6%

Two-Sided 
Crystal Ball
+ Pol.2
IDEA
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DCB_Pol2 pdf with data
alphaH =  1.04000000000
alphaL =  1.65300000000
mean =  125.0767 +/- 0.0034
nH =  0.97300000000
nL =  3.28000000000
nbkg =  46890 +/- 279
nsig =  23179 +/- 232
p0 = -0.4631 +/- 0.014
p1 =  0.00813 +/- 0.00015
p2 = -0.000034003 +/- 0.00000072
sigma =  0.2715 +/- 0.0034

/NDF: 1.432c

 

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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Δ!()*
𝑁"#$

= 1.00%

80 GeV < 𝑀% < 100 GeV
𝑝&% > 20 GeV

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Integral ZH = 22811

3
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 101.6%

New Modelled Signal

Signal modelled from Signal Only fit
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DCB_Pol2 pdf with data
alphaH =  1.04000000000
alphaL =  1.65300000000
mean =  125.0721 +/- 0.0034
nH =  0.97300000000
nL =  3.28000000000
nbkg =  47508 +/- 281
nsig =  22560 +/- 232
p0 = -4.955 +/- 0.12
p1 =  0.0879 +/- 0.0014
p2 = -0.00036816 +/- 0.0000064
sigma =  0.2715 +/- 0.0035

/NDF: 1.452c

 

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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Two-Sided Crystal Ball + Pol2 fit of 𝑀!"#$%& in the Higgs region (120-140 GeV)

DSCB tails fixed DSCB tails fixed

Parameters were fixed 
as Signal Only fit result
Slide 7 left plot

Δ!()*
𝑁"#$

= 1.03%

80 GeV < 𝑀% < 100 GeV
𝑝&% > 20 GeV

Integral ZH = 22811

3
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 98.9%

ALL MCData

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

• After fixing the tails, the uncertainty of number of signal ~ 1.0%
• Need to investigate the backgroud
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Pol2 pdf with data
nsig =  30810 +/- 174
sig_p1 =  0.02513 +/- 0.00030
sig_p2 = -0.00010745 +/- 0.0000031
sigp0 = -1.308 +/- 0.11

/NDF: 1.382c

WW

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

Sig. Only Fit

Pol2 pdf with data
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sigp0 = -0.00136 +/- 0.0013
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Bkg. Pol2 fit of 𝑀!"#$%& in the Higgs region (120-140 GeV)

Δ!()*
𝑁"#$

= 0.78%

80 GeV < 𝑀% < 100 GeV
𝑝&% > 20 GeV

Pol.2
IDEA

Δ!()*
𝑁"#$

= 1.04%

80 GeV < 𝑀% < 100 GeV
𝑝&% > 20 GeV

Pol.2
IDEA

ALL MCData ALL MCData

Integral ZZ = 16460

3
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 100.0%

Integral WW = 30797

3
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 100.0%

ZZ Only Fit WW Only Fit
Entries:

ZH: 226930
ZZ: 24224
WW: 3747

• WW has low statistic and large uncertaity (~100 times less than ZH)
• May need to generate more events 
• Will focus only ZZ background
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-1L = 5 ab
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Data
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Bkg. Fit

DCB_Pol2 pdf with data
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p0 =  0.140 +/- 0.016
p1 =  0.00033 +/- 0.00011
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sigma =  0.2722 +/- 0.0034

/NDF: 1.372c

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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Two-Sided Crystal Ball + Pol2 fit of 𝑀!"#$%& in the Higgs region (120-140 GeV)

Δ2!"#
𝑁345

= 1.70%

Δ2$%#
𝑁=>5

= 2.28%

80 GeV < 𝑀? < 100 GeV
𝑝@? > 20 GeV

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Integral ZH = 22811

;
𝑁345
647

𝑁345
48795:;< = 99.5%

ALL MCData

ZH+ZZ

Integral ZZ = 16460

;
𝑁345
647

𝑁345
48795:;< = 100.7%

All Parameters are floating
Δ2!"#
𝑁345

= 6.79%

Δ2$%#
𝑁=>5

= 9.44%

80 GeV < 𝑀? < 100 GeV
𝑝@? > 20 GeV

Integral ZH = 22811

;
𝑁345
647

𝑁345
48795:;< = 100.0%

ZH+ZZ

Integral ZZ = 16460

;
𝑁345
647

𝑁345
48795:;< = 100.0%

All Parameters are floating

New Modelled Signal

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Signal modelled from Signal Only fit

• All MCData has good precision on Nsig
• The uncertainty of New Modelled Signal fit may come from the nL
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DCB_Pol2 pdf with data
alphaH =  1.04000000000
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mean =  125.0760 +/- 0.0031
nH =  0.97300000000
nL =  3.28000000000
nbkg =  16093 +/- 180
nsig =  23177 +/- 199
p0 = -0.005114 +/- 0.00085
p1 =  0.0000080 +/- 0.0000059
p2 = -0.0000001179 +/- 0.000000041
sigma =  0.2685 +/- 0.0029

/NDF: 2.352c

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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DCB_Pol2 pdf with data
alphaH =  1.04000000000
alphaL =  1.65300000000
mean =  125.0709 +/- 0.0032
nH =  0.97300000000
nL =  3.28000000000
nbkg =  16635 +/- 184
nsig =  22636 +/- 200
p0 =  0.154 +/- 0.019
p1 =  0.00039 +/- 0.00013
p2 = -0.000010085 +/- 0.00000091
sigma =  0.2715 +/- 0.0032

/NDF: 1.372c

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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Two-Sided Crystal Ball + Pol2 fit of 𝑀!"#$%& in the Higgs region (120-140 GeV)

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Δ$!"#
𝑁%&'

= 0.88%

Δ$$%#
𝑁()'

= 1.26%

80 GeV < 𝑀* < 100 GeV
𝑝+* > 20 GeV

Integral ZH = 22811

?
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 99.2%

ALL MCData

ZH+ZZ

Integral ZZ = 16460

?
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 101.1%

DSCB tails fixed

Parameters were fixed 
as Signal Only fit result
Slide 7 left plot

• After fixing the DSCB tails, the uncertainty of signal ~ 0.9% for both ALL MCData and New Modelled Signal
• But the ))!

*+, of New Modelled Signal is not good (2.35)

Δ$!"#
𝑁%&'

= 0.86%

Δ$$%#
𝑁()'

= 1.12%

80 GeV < 𝑀* < 100 GeV
𝑝+* > 20 GeV

Integral ZH = 22811

?
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 101.6%

Signal modelled from Signal Only fit

New Modelled Signal

ZH+ZZ

Integral ZZ = 16460

?
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 97.8%

DSCB tails fixed
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DCB_Pol2 pdf with data
alphaH =  1.04000000000
alphaL =  1.65300000000
mean =  125.0741 +/- 0.0032
nH =  0.972 +/- 0.019
nL =  200 +/- 177
nbkg =  16396 +/- 288
nsig =  22875 +/- 299
p0 =  0.0261 +/- 0.0056
p1 = -0.0002081 +/- 0.000038
p2 = -0.000000074 +/- 0.00000016
sigma =  0.2719 +/- 0.0029

/NDF: 1.292c

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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DCB_Pol2 pdf with data
alphaH =  1.050 +/- 0.012
alphaL =  3.47 +/- 0.53
mean =  125.0732 +/- 0.0033
nH =  0.97300000000
nL =  3.28000000000
nbkg =  16508 +/- 213
nsig =  22763 +/- 227
p0 = -0.00659 +/- 0.0012
p1 =  0.0000003 +/- 0.0000095
p2 = -0.0000000015 +/- 0.000000028
sigma =  0.2784 +/- 0.0030

/NDF: 0.992c

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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Two-Sided Crystal Ball + Pol2 fit of 𝑀!"#$%& in the Higgs region (120-140 GeV)

Δ2!"#
𝑁345

= 1.31%

Δ234#
𝑁=>5

= 1.76%

80 GeV < 𝑀? < 100 GeV
𝑝@? > 20 GeV

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Integral ZH = 22811

4
𝑁345
647

𝑁345
48795:;< = 100.3%

Δ2!"#
𝑁345

= 1.00%

Δ234#
𝑁=>5

= 1.29%

80 GeV < 𝑀? < 100 GeV
𝑝@? > 20 GeV

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Integral ZH = 22811

4
𝑁345
647

𝑁345
48795:;< = 99.8%

Signal modelled from Signal Only fit

New Modelled SignalNew Modelled Signal

Signal modelled from Signal Only fit

ZH+ZZ ZH+ZZ

Integral ZZ = 16460

4
𝑁345
647

𝑁345
48795:;< = 99.6%

Integral ZZ = 16460

4
𝑁345
647

𝑁345
48795:;< = 100.3%

DSCB alpha fixed n float DSCB n fixed alpha float

Parameters were fixed 
as Signal Only fit result
Slide 7 left plot

• After floating alphas, ))!
*+, ~ 1.0
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Pol2 pdf with data
nsig =  16576 +/- 162
sig_p1 = -0.0000449 +/- 0.000011
sig_p2 =  0.000000017 +/- 0.000000077
sigp0 = -0.00029 +/- 0.0016

/NDF: 0.862c

ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

Sig. Only Fit

Pol2 pdf with data
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Pol2 pdf with data
nsig =  31155 +/- 227
sig_p1 =  0.04383 +/- 0.00076
sig_p2 = -0.00017437 +/- 0.0000031
sigp0 = -2.6759 +/- 0.050

/NDF: 1.492c

WW

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

Sig. Only Fit

Pol2 pdf with data
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Sideband fit of Bkg. with Pol.2 fit of 𝑀!"#$%& in the Higgs region (120-140 GeV)

Δ!()*
𝑁"#$

= 0.98%

80 GeV < 𝑀% < 100 GeV
𝑝&% > 20 GeV

Pol.2
IDEA

Δ!()*
𝑁"#$

= 0.73%

80 GeV < 𝑀% < 100 GeV
𝑝&% > 20 GeV

Pol.2
IDEA

ALL MCData ALL MCData

Integral ZZ = 16460

3
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 100.7%

Integral WW = 30797

3
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 101.2%

ZZ Only Fit WW Only Fit

Exclude M-./012 ∈ 124, 130 GeV Exclude M-./012 ∈ 124, 130 GeV
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DCB_Pol2 pdf with data
alphaH =  0.962 +/- 0.025
alphaL =  1.356 +/- 0.055
mean =  125.0594 +/- 0.0042
nH =  1.033 +/- 0.027
nL =  8.5 +/- 3.7
nbkg =  16877 +/- 280
nsig =  22393 +/- 290
p0 = -0.000290000000
p1 = -0.000044900000
p2 =  0.00000001700
sigma =  0.2518 +/- 0.0048

/NDF: 1.412c

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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DCB_Pol2 pdf with data
alphaH =  1.078 +/- 0.022
alphaL =  1.625 +/- 0.057
mean =  125.0712 +/- 0.0033
nH =  0.930 +/- 0.034
nL =  4.3 +/- 1.3
nbkg =  16569 +/- 377
nsig =  22702 +/- 385
p0 =  0.140 +/- 0.016
p1 =  0.00033 +/- 0.00011
p2 = -0.000009051 +/- 0.00000077
sigma =  0.2722 +/- 0.0034

/NDF: 1.372c

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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Two-Sided Crystal Ball + Pol2 fit of 𝑀!"#$%& in the Higgs region (120-140 GeV)

Δ2!"#
𝑁345

= 1.70%

Δ234#
𝑁=>5

= 2.28%

80 GeV < 𝑀? < 100 GeV
𝑝@? > 20 GeV

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Integral ZH = 22811

4
𝑁345
647

𝑁345
48795:;< = 99.5%

Δ2!"#
𝑁345

= 1.30%

Δ234#
𝑁=>5

= 1.66%

80 GeV < 𝑀? < 100 GeV
𝑝@? > 20 GeV

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Integral ZH = 22811

4
𝑁345
647

𝑁345
48795:;< = 98.2%

ALL MCData ALL MCData

ZH+ZZ ZH+ZZ

Integral ZZ = 16460

4
𝑁345
647

𝑁345
48795:;< = 100.7%

Integral ZZ = 16460

4
𝑁345
647

𝑁345
48795:;< = 102.5%

Pol.2 fixed with ZZ only 
sideband fit result 

All Parameters are floating Pol.2 fixed

• Fixing Pol.2 can improve the nsig uncertainty
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DCB_Pol2 pdf with data
alphaH =  1.070 +/- 0.019
alphaL =  3.46 +/- 0.15
mean =  125.0730 +/- 0.0033
nH =  0.925 +/- 0.025
nL =  0.00 +/- 0.10
nbkg =  15784 +/- 420
nsig =  23483 +/- 429
p0 = -0.000290000000
p1 = -0.000044900000
p2 =  0.00000001700
sigma =  0.2795 +/- 0.0032

/NDF: 0.962c

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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DCB_Pol2 pdf with data
alphaH =  1.067 +/- 0.019
alphaL =  3.50 +/- 0.43
mean =  125.0732 +/- 0.0033
nH =  0.952 +/- 0.041
nL =  1 +/- 142
nbkg =  16459 +/- 1553
nsig =  22810 +/- 1548
p0 = -0.002089 +/- 0.00020
p1 = -0.00000622 +/- 0.0000013
p2 = -0.00000016419 +/- 0.0000000091
sigma =  0.2782 +/- 0.0043

/NDF: 0.982c

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0311_sel13_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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Two-Sided Crystal Ball + Pol2 fit of 𝑀!"#$%& in the Higgs region (120-140 GeV)

Δ&!"#
𝑁'()

= 6.79%

Δ&$%#
𝑁*+)

= 9.44%

80 GeV < 𝑀, < 100 GeV
𝑝-, > 20 GeV

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Integral ZH = 22811

U
𝑁'()
.(/

𝑁'()
(0/1)234 = 100.0%

Δ&!"#
𝑁'()

= 1.83%

Δ&$%#
𝑁*+)

= 2.66%

80 GeV < 𝑀, < 100 GeV
𝑝-, > 20 GeV

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Integral ZH = 22811

U
𝑁'()
.(/

𝑁'()
(0/1)234 = 102.9%

ZH+ZZ ZH+ZZ

Integral ZZ = 16460

U
𝑁'()
.(/

𝑁'()
(0/1)234 = 100.0%

Integral ZZ = 16460

U
𝑁'()
.(/

𝑁'()
(0/1)234 = 95.9%

All Parameters are floating Pol.2 fixed

New Modelled SignalNew Modelled Signal

Pol.2 fixed with ZZ only 
sideband fit result 

• Fixing Pol.2 decreases the nsig uncertainty from ~ 7% à 2%
• Need to fix the choice of nL



Fitted Width, mass, Nsig in the Higgs mass region (120-140 GeV) 
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Two-Sided Crystal Ball + Pol.2 fit
ZH+ZZ+WW

𝝈𝑯 (GeV) 𝚫𝝈𝑯 (GeV) 𝑀5 (GeV) 𝚫𝐌𝑯 (GeV) 7
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈
All MCData 0.2693 0.0040 125.0744 0.0035 3.1%
All MCData tails fixed 0.2715 0.0035 125.0721 0.0034 1.0%
New Modelled Signal 0.2804 0.0039 125.0711 0.0036 5.8%
New Modelled Signal, tails fixed 0.2715 0.0034 125.0767 0.0034 1.0%

For all the cases, the  𝝈𝑯 ~0.27, 𝚫𝝈𝑯 ~ 0.003, 𝑀5 ~ 125.07, 𝚫𝐌𝑯 ~ 0.003.

After fixing the tails, )
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈 ~ 1.0%

Two-Sided Crystal Ball + Pol.2 fit
ZH+ZZ

𝝈𝑯 (GeV) 𝚫𝝈𝑯 (GeV) 𝑀5 (GeV) 𝚫𝐌𝑯 (GeV) 7
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈
All MCData 0.2722 0.0034 125.0712 0.0033 1.7%
All MCData tails fixed 0.2715 0.0032 125.0709 0.0032 0.9%
New Modelled Signal 0.2782 0.0043 125.0732 0.0033 6.8%
New Modelled Signal, tails fixed 0.2685 0.0029 125.0760 0.0031 0.9%



Conclusions
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• Will focus on 20 GeV selection 

• Fixing tails parameters can decrease the uncertainty of number of signal

• WW has low statistic and large uncertainty

• For ZH+ZZ fit, ALL MCData, the !
!=>?@

">?@ ~ 2.0%

• Fixing DSCB tails, 1
AABCD

BBCD ~ 1.0%

• Fixing Polynomial, 1
AABCD

BBCD ~ 1.0%

• For all the fit, the  𝝈𝑯 ~0.27, 𝚫𝝈𝑯 ~ 0.003, 𝑀% ~ 125.07, 𝚫𝐌𝑯 ~ 0.003.

• After fixing the tails, !
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈 ~ 1.0%



Next-Step
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• Study the Beam Energy effect

• Reconstruct using generator-level muon instead of recorded muon

• Magnetic filed :2T->3T



BackUp
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Simulations
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• Simulation configurations:
• Generator: Pythia 8 (DelphesPythia8_EDM4HEP)

• Detector card: 
• IDEA: $DELPHES_DIR/cards/IDEAtrkCov.tcl

• Channels: ZH, ZZ and WW
• 𝟏𝟎𝟕 events for each channel produced inclusively
• Focus on 𝝁*𝝁+ pair final state (𝒆*𝒆+ final state reconstruction has some issues)

• 𝒔 = 𝟐𝟒𝟎 GeV

• ISR and FSR on
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Z charge check

Stacked Histograms
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Initial Z charge is incorrect

Events with inccorect charge but will not affect the analysis
Comes from the fact that the initial value of edm4hep.charge is incorrect

Lin Scale Log Scale
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CutFlow Table


