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Plans
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• Simulation and Event selections

• Signal Only fit and New Modelled signal method

• Background fit

• ZH+ZZ+WW and ZH+ZZ fit

• Parameters fixing with Background sideband fit

• Beam Energy Spread and CLD 
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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: 1.392χ

 
-1L = 5 ab

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

DCB + Exponential pdf with data
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Recap

Two-Sided
Crystal Ball
IDEA w/o BES

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: 1.162χ

 
-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 with BES

• Large uncertainty of 𝑁!"#
• Need to investigate the large uncertainty

𝑀!"#$%& [GeV]
Previous talk on 2nd FCC-France Workshop

⁄Δ$!"# 𝑁!"# = 3.2% ⁄Δ$!"# 𝑁!"# = 3.2%

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


Simulations and Event Selection
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• Simulation configurations:
• Generator: 

Pythia 8 (DelphesPythia8_EDM4HEP)

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

/afs/cern.ch/user/s/selvaggi/public/4Emilia/delphes_card_CLDtrkCov_T
agging.tcl

CLD tracker, the other parts are still IDEA

• Channel: ZH, ZZ and WW decay leptonically,
• 𝟏𝟎𝟕 events for each channel
• Focus on 𝝁(𝝁) pair final state (𝒆(𝒆) final state reconstruction has 

some issues)

• 𝒔 = 𝟐𝟒𝟎 GeV

• ISR and FSR on

• Selection:
1. At least one 𝜇! one 𝜇"

2. Z from pair of 𝜇!𝜇"

3. At least One Z boson, 
4. 𝑚# ∈ 86, 96 GeV
5. 𝑝$# ∈ 20,+∞ GeV

• Luminosity:
𝐿 = 5 𝑎𝑏"%

• Variables:
𝑀&'()*+
, = 𝑠 − 𝐸--̅

, − 𝑝--̅
,

= 𝑠 − 2𝐸--̅ 𝑠 + 𝑚--̅
,
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CutFlow Table and From 𝑚) ∈ 80, 100 GeV to 𝑚) ∈ 86, 96 GeV

ZH ZZ WW

# of events with at least one Z inside 80-100 GeV 26080 321483 133185

# of events with at least one Z inside 86-96 GeV 23008 282474 67357

Cut efficiency 88.2% 87.9% 50.6%

• 𝑚% ∈ 86, 96 GeV removes about 50% of WW comparing to 𝑚% ∈ 80, 100 GeV



Fit model and parameter settings
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• Signal:
• ZH

• Background:
• ZZ, WW

• Fitting functions

• Signal: Two-Sided Crystal Ball 

• Background: Second Order Polynomial

• S + B = nsig*signal + nbkg*background

Two-Sided Crystal Ball function:
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DCB pdf with data
alphaH =  0.936 +/- 0.021
alphaL =  1.610 +/- 0.039
mean =  125.0580 +/- 0.0043
nH =  1.098 +/- 0.019
nL =  3.32 +/- 0.22
nsig =  20310 +/- 143
sigma =  0.2611 +/- 0.0042

/NDF: 3.592χ

ZH

-1L = 5 ab

mumu_IDEAtrkCov_0329_sel9_pm

Data

Sig. Only Fit

DCB pdf with data
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New Modelled Signal method in the Higgs region (120-140 GeV)

Two-Sided 
Crystal Ball
IDEA

ALL MCData

• !!'
"#$ is far from 1, Double-Sided Crystal Ball (DSCB) does not describe the signal well

• Need to improve the signal modeling function
• Modelled the signal with the signal only fit result to have a well described fit
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DCB pdf with data
alphaH =  0.914 +/- 0.018
alphaL =  1.611 +/- 0.039
mean =  125.0545 +/- 0.0039
nH =  1.119 +/- 0.018
nL =  3.28 +/- 0.22
nsig =  20310 +/- 143
sigma =  0.2605 +/- 0.0038

/NDF: 0.992χ

ZH

-1L = 5 ab

mumu_IDEAtrkCov_0329_sel9_pm

Data

Sig. Only Fit

DCB pdf with data
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Two-Sided 
Crystal Ball
IDEA

New Modelled Signal

Signal modelled from Signal Only fit

New Modelled Signal Method

ALL MCData: 
All data come from the MC simulation

New Modelled Signal:
ZH signal is modelled to perfect shape

• New Modelled Signal 
Method

1. Signal Only Fit and 
receive parameters

2. Use these parameters 
to generate DSCB 
shape signal 
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Pol2 pdf with data
nsig =  16243 +/- 127
sig_p1 =  0.01005 +/- 0.00089
sig_p2 = -0.00005373 +/- 0.0000066
sigp0 = -0.190 +/- 0.24

/NDF: 1.372χ

WW

-1L = 5 ab

mumu_IDEAtrkCov_0329_sel9_pm

Data

Sig. Only Fit

Pol2 pdf with data
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Pol2 pdf with data
nsig =  13757 +/- 117
sig_p1 = -0.0000272 +/- 0.000020
sig_p2 = -0.000000198 +/- 0.00000013
sigp0 =  0.0020 +/- 0.0029

/NDF: 1.032χ

ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0329_sel9_pm

Data

Sig. Only Fit

Pol2 pdf with data
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Background fit of 𝑀56789: with 2nd order Polynomial in the Higgs region (120-140 GeV)

Δ!!"#
𝑁"#$

= 0.85%

86 GeV < 𝑀% < 96 GeV
𝑝&% > 20 GeV

Pol.2
IDEA

Δ!!"#
𝑁"#$

= 0.78%

86 GeV < 𝑀% < 96 GeV
𝑝&% > 20 GeV

Pol.2
IDEA

ALL MCData ALL MCData

Integral ZZ = 13757

4
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 100.0%

Integral WW = 16225

4
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 100.1%

ZZ Only Fit WW Only Fit

• WW has low statistic and large uncertaity (~100 times less than ZH)
• WW entries / # of events is ~ 10 times less than ZZ
• Need to generate more events 
• Will focus on ZZ only background to see how precise we can be 

when we have enough statistics in the background

ZH ZZ WW

# of Events 20310 13757 16225

Entries 202053 20246 1974

Entries/# of Events 9.95 1.47 0.12
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DCB_Pol2 pdf with data
alphaH =  0.866 +/- 0.025
alphaL =  1.702 +/- 0.066
mean =  125.0543 +/- 0.0038
nH =  1.314 +/- 0.079
nL =  2.96 +/- 0.94
nbkg =  31515 +/- 527
nsig =  18776 +/- 515
p0 = -4.260 +/- 0.12
p1 =  0.0754 +/- 0.0010
p2 = -0.00031480 +/- 0.0000058
sigma =  0.2556 +/- 0.0039

/NDF: 1.232χ

ZH_ZZ_WW

-1L = 5 ab

mumu_IDEAtrkCov_0329_sel9_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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Comparison of New Modelled Signal fit

⁄Δ()%* 𝑁)%* = 2.74%
Integral ZH = 20310 

3𝑁)%*
+%, 𝑁)%*

%-,"*!.& = 92.4%

• Removing WW background improves the ⁄Δ$!"# 𝑁!"# from 2.7% to 1.6%

• It improves also the ⁄𝜒& 𝑁𝐷𝐹 (1.23 to 1.10) and the >𝑁!"#
'"( 𝑁!"#

")(*#+,- (92.4% to 97.2%)
• WW has important contribution to 𝑁!"# uncertainty ⁄Δ$!"# 𝑁!"#

Signal modelled from Signal Only fit

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

New Modelled Signal
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DCB_Pol2 pdf with data
alphaH =  0.888 +/- 0.023
alphaL =  1.383 +/- 0.069
mean =  125.0555 +/- 0.0037
nH =  1.175 +/- 0.044
nL =  7.5 +/- 3.2
nbkg =  14324 +/- 297
nsig =  19743 +/- 306
p0 =  0.141 +/- 0.028
p1 =  0.00032 +/- 0.00019
p2 = -0.00000876 +/- 0.0000013
sigma =  0.2515 +/- 0.0043

/NDF: 1.102χ

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0329_sel9_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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⁄Δ()%* 𝑁)%* = 1.55%
⁄Δ(/0* 𝑁/0* = 2.07%

Integral ZH = 20310
3𝑁)%*

+%, 𝑁)%*
%-,"*!.& = 97.2%

ZH+ZZ

Integral ZZ = 13757
3𝑁/0*

+%, 𝑁/0*
%-,"*!.& = 104.1%

All Parameters are floating

New Modelled Signal

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Signal modelled from Signal Only fit

ZH+ZZ+WW
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DCB_Pol2 pdf with data
alphaH =  0.93600000000
alphaL =  1.61000000000
mean =  125.0560 +/- 0.0037
nH =  1.09800000000
nL =  3.32000000000
nbkg =  13800 +/- 169
nsig =  20268 +/- 188
p0 = -0.00282 +/- 0.0028
p1 =  0.000016 +/- 0.000019
p2 = -0.000000273 +/- 0.00000013
sigma =  0.2600 +/- 0.0037

/NDF: 1.022χ

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0329_sel9_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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DCB_Pol2 pdf with data
alphaH =  0.93600000000
alphaL =  1.61000000000
mean =  125.0558 +/- 0.0038
nH =  1.09800000000
nL =  3.32000000000
nbkg =  30226 +/- 231
nsig =  20066 +/- 208
p0 = -1.1349 +/- 0.089
p1 =  0.02274 +/- 0.00086
p2 = -0.00010143 +/- 0.0000047
sigma =  0.2570 +/- 0.0039

/NDF: 1.252χ

ZH_ZZ_WW

-1L = 5 ab

mumu_IDEAtrkCov_0329_sel9_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 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

Signal modelled from Signal Only fit
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Two-Sided Crystal Ball + Pol2 fit of 𝑀56789: in the Higgs region (120-140 GeV)

DSCB tails fixed

Parameters were fixed 
as Signal Only fit result
Slide 6 left plot

⁄Δ()%* 𝑁)%* = 1.04% Integral ZH = 20310
3𝑁)%*

+%, 𝑁)%*
%-,"*!.& = 98.8%

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

• For ZH+ZZ+WW, after fixing the tails, the uncertainty of 𝑁!"# decreases to 1.04%
• For ZH+ZZ, after fixing the tails, the uncertainty of 𝑁!"# decreases to 0.93%

New Modelled Signal

⁄Δ()%* 𝑁)%* = 0.93%
⁄Δ(/0* 𝑁/0* = 1.22%

Integral ZH = 20310
3𝑁)%*

+%, 𝑁)%*
%-,"*!.& = 99.8%

Signal modelled from Signal Only fit

New Modelled Signal

ZH+ZZ

Integral ZZ = 13757
3𝑁/0*

+%, 𝑁/0*
%-,"*!.& = 100.3%

DSCB tails fixed

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

ZH+ZZ+WW
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Pol2 pdf with data
nsig =  13856 +/- 148
sig_p1 = -0.0000118 +/- 0.000027
sig_p2 = -0.000000446 +/- 0.00000018
sigp0 =  0.0052 +/- 0.0039

/NDF: 1.072χ

ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0329_sel9_pm

Data

Sig. Only Fit

Pol2 pdf with data
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Sideband fit of Bkg. with Pol.2 fit of 𝑀56789: in the Higgs region (120-140 GeV)

⁄Δ!"#$ 𝑁"#$ = 1.07%

Pol.2
IDEA

ALL MCData

Integral ZZ = 13757
7𝑁"#$

'#( 𝑁"#$
#)(*$+,- = 100.7%

ZZ Only Fit

Exclude M./0123 ∈ 124, 130 GeV
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DCB_Pol2 pdf with data
alphaH =  0.908 +/- 0.021
alphaL =  1.638 +/- 0.055
mean =  125.0539 +/- 0.0039
nH =  1.135 +/- 0.033
nL =  3.27 +/- 0.79
nbkg =  13946 +/- 299
nsig =  20121 +/- 309
p0 =  0.00520000000
p1 = -0.000011800000
p2 = -0.000000446000
sigma =  0.2585 +/- 0.0040

/NDF: 1.042χ

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0329_sel9_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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⁄Δ()%* 𝑁)%* = 1.54%
⁄Δ(/0* 𝑁/0* = 2.14%

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Integral ZH = 20310
3𝑁)%*

+%, 𝑁)%*
%-,"*!.& = 99.1%

ZH+ZZ

Integral ZZ = 13757
3𝑁/0*

+%, 𝑁/0*
%-,"*!.& = 101.4%

New Modelled Signal

Pol.2 fixed with ZZ only 
sideband fit result 

• After fixing the background with the sideband fit, the uncertainty of 𝑁!"# becomes ~ 1.5%
• The ⁄𝜒& 𝑁𝐷𝐹 is ~ 1 and the >𝑁!"#

'"( 𝑁!"#
")(*#+,- is ~ 100%

1. Do the ZZ background Sideband fit on [124, 130] GeV exclusive
2. Use the fit result to fix the background parameters

Pol.2 fixed



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)
Higgs Width

𝚫𝝈𝑯 (GeV) 𝑀6 (GeV)
Higgs Mass

𝚫𝐌𝑯 (GeV) I
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈
New Modelled Signal 0.2556 0.0039 125.0543 0.0038 2.742%
New Modelled Signal, tails fixed 0.2570 0.0039 125.0558 0.0038 1.037%

• For all the cases, the  𝝈𝑯 = 𝟎. 𝟐𝟓𝟔 ± 𝟎. 𝟎𝟎𝟒 𝐆𝐞𝐕, 𝑴𝑯 = 𝟏𝟐𝟓. 𝟎𝟓𝟔 ± 𝟎. 𝟎𝟎𝟒 𝐆𝐞𝐕

• After fixing the tails, ⁄Δ"&'( 𝑁&'(~ 1.0%. 

• After fixing the background with the sideband fit, the uncertainty of 𝑁&'( becomes ~ 1.5%

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

𝝈𝑯 (GeV)
Higgs Width

𝚫𝝈𝑯 (GeV) 𝑀6 (GeV)
Higgs Mass

𝚫𝐌𝑯 (GeV) I
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈
New Modelled Signal 0.2515 0.0043 125.0555 0.0037 1.550%
New Modelled Signal tails fixed 0.2600 0.0037 125.0560 0.0037 0.928%
New Modelled Signal Pol.2 fixed 0.2585 0.0040 125.0539 0.0039 1.536%
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DCB_Pol2 pdf with data
alphaH =  0.831 +/- 0.023
alphaL =  1.347 +/- 0.069
mean =  125.3497 +/- 0.0064
nH =  0.933 +/- 0.029
nL =  22 +/- 31
nbkg =  20126 +/- 311
nsig =  19787 +/- 310
p0 = -0.001290000000
p1 = -0.000035100000
p2 =  0.00000000500
sigma =  0.3830 +/- 0.0073

/NDF: 0.982χ

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCovBES_0416_sel12_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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DCB_Pol2 pdf with data
alphaH =  0.83400000000
alphaL =  1.33300000000
mean =  125.3500 +/- 0.0062
nH =  0.93000000000
nL =  36.00000000000
nbkg =  20101 +/- 220
nsig =  19812 +/- 219
p0 = -0.00655 +/- 0.0011
p1 =  0.0000043 +/- 0.0000075
p2 = -0.0000000260 +/- 0.000000049
sigma =  0.3838 +/- 0.0066

/NDF: 0.982χ

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCovBES_0416_sel12_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 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

Signal modelled from Signal Only fit
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IDEA with Beam Energy Spread

DSCB tails fixed

⁄Δ()%* 𝑁)%* = 1.11% Integral ZH = 19684
3𝑁)%*

+%, 𝑁)%*
%-,"*!.& = 100.7%

Two-Sided 
Crystal Ball
+ Pol.2
IDEA BES

• Fixing the tails, the uncertainty of 𝑁!"# becomse ~ 1.1%
• Fixing the background with the sideband fit, the uncertainty 

of 𝑁!"# becomes ~ 1.6%

New Modelled Signal

ZH+ZZ

Two-Sided 
Crystal Ball
+ Pol.2
IDEA BES

ZH+ZZ

Pol.2 fixed

New Modelled Signal

Pol.2 fixed with ZZ only 
sideband fit result 

⁄Δ()%* 𝑁)%* = 1.57%
⁄Δ(/0* 𝑁/0* = 1.55%

Integral ZH = 19684
3𝑁)%*

+%, 𝑁)%*
%-,"*!.& = 100.5%

Integral ZZ = 20228
3𝑁)%*

+%, 𝑁)%*
%-,"*!.& = 99.5%

Beam Energy Spread:  Beams:allowMomentumSpread = on 
Beams:sigmaPzA = 0.198 (GeV) 
Beams:sigmaPzB = 0.198 (GeV)

https://github.com/HEP-FCC/FCCeePhysicsPerformance/blob/master/General/README.md
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New Modelled Signal

Pol.2 fixed with ZZ only 
sideband fit result 

Δ(./0
𝑁)%*

= 1.76%

Δ(120
𝑁/0*

= 1.60%

Integral ZH = 19662
3𝑁)%*

+%, 𝑁)%*
%-,"*!.& = 96.2%

Integral ZZ = 20216
3𝑁/0*

+%, 𝑁/0*
%-,"*!.& = 103.7%
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nL =  4.08000000000
nbkg =  20481 +/- 240
nsig =  19397 +/- 237
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p1 =  0.0000033 +/- 0.0000092
p2 = -0.0000001779 +/- 0.000000063
sigma =  0.5283 +/- 0.0098

/NDF: 1.022χ

ZH_ZZ

-1L = 5 ab

mumu_CLDtrkCovBES_0416_sel12_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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CLD with Beam Energy Spread

DSCB tails fixed

Δ(./0
𝑁)%*

= 1.22%
Integral ZH = 19662

3𝑁)%*
+%, 𝑁)%*

%-,"*!.& = 98.7%

Two-Sided 
Crystal Ball
+ Pol.2
CLD BES

New Modelled Signal

Signal modelled from Signal Only fit

ZH+ZZ

Pol.2 fixed

• Fixing the tails, the uncertainty of 𝑁!"# becomse ~ 1.2%
• Fixing the background with the sideband fit, the uncertainty 

of 𝑁!"# becomes ~ 1.8%



Fitted Width, mass and 𝑁9:; precision
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Two-Sided Crystal Ball + Pol.2 fit
New Modelled Signal
ZH+ZZ

𝝈𝑯 (GeV)
Width

𝚫𝝈𝑯 (GeV) 𝑀6 (GeV)
Mass

𝚫𝐌𝑯 (GeV) I
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈

IDEA DSCB tails Fixed 0.2600 0.0037 125.0560 0.0037 0.928%
IDEA Pol.2 Fixed 0.2585 0.0040 125.0539 0.0039 1.536%
IDEA with BES DSCB tails Fixed 0.3838 0.0066 125.3500 0.0062 1.105%
IDEA with BES Pol.2 Fixed 0.3830 0.0073 125.3497 0.0064 1.567%
CLD DSCB tails Fixed 0.4702 0.0066 125.1130 0.0060 0.995%
CLD Pol.2 Fixed 0.4698 0.0074 125.1156 0.0065 2.266%
CLD with BES DSCB tails Fixed 0.5283 0.0098 125.3879 0.0091 1.222%
CLD with BES Pol.2 Fixed 0.5340 0.0110 125.3920 0.0110 1.755%

• For IDEA, Beam Energy Spread effect increases the fitted width by ~ 0.12 GeV and shifts the fitted mass by ~ 0.3 GeV

• For CLD, Beam Energy Spread effect increases the fitted width by ~ 0.06 GeV and shifts the fitted mass by ~ 0.3 GeV

• CLD has larger fitted width ~ 80 %

• Fixing the tails, ⁄Δ"&'( 𝑁&'(is ~ 1.0%

• Fixing Pol.2 can also decrease the ⁄Δ"&'( 𝑁&'( to 1.5% - 2.3%



Conclusions
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IDEA:
• For all the cases, the  𝝈𝑯 = 𝟎. 𝟐𝟓𝟔 ± 𝟎. 𝟎𝟎𝟒 𝐆𝐞𝐕, 𝑴𝑯 = 𝟏𝟐𝟓. 𝟎𝟓𝟔 ± 𝟎. 𝟎𝟎𝟒 𝐆𝐞𝐕

• After fixing the tails, ⁄Δ$!"# 𝑁!"#~ 1.0%. 

• After fixing the background with the sideband fit, the uncertainty of 𝑁!"# becomes ~ 1.5%

Beam	Energy	Spread	Effect	and	CLD:
• For IDEA, Beam Energy Spread effect increases the fitted width by ~ 0.12 GeV and shifts the fitted mass by ~ 0.3 GeV

• For CLD, Beam Energy Spread effect increases the fitted width by ~ 0.06 GeV and shifts the fitted mass by ~ 0.3 GeV

• CLD has larger fitted width ~ 80 %



Next-Step
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• Improve the Signal Modelling function

• Generate more WW events

• 𝑀56789: fit on [116, 140] GeV to constraint the background and tails

• Reconstructed Z mass 𝑚V fit

• Reconstruct using generator-level muon instead of recorded muon

• Magnetic field :2T->3T



BackUp
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DCB_Pol2 pdf with data
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sigma =  0.2591 +/- 0.0040

/NDF: 1.042χ

ZH_ZZ
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mumu_IDEAtrkCov_0329_sel9_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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DCB_Pol2 pdf with data
alphaH =  0.93600000000
alphaL =  1.61000000000
mean =  125.0559 +/- 0.0038
nH =  1.097 +/- 0.025
nL =  3.56 +/- 0.66
nbkg =  13821 +/- 307
nsig =  20245 +/- 317
p0 =  0.0004 +/- 0.0018
p1 = -0.0000132 +/- 0.000012
p2 = -0.0000002211 +/- 0.000000083
sigma =  0.2603 +/- 0.0040

/NDF: 1.022χ

ZH_ZZ

-1L = 5 ab

mumu_IDEAtrkCov_0329_sel9_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 𝑀56789: in the Higgs region (120-140 GeV)

Δ$!"#
𝑁%&'

= 1.60%

Δ$$%#
𝑁()'

= 2.22%

86 GeV < 𝑀* < 96 GeV
𝑝+* > 20 GeV

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Integral ZH = 20310

C
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 99.7%

Δ$!"#
𝑁%&'

= 1.07%

Δ$$%#
𝑁()'

= 1.47%

86 GeV < 𝑀* < 96 GeV
𝑝+* > 20 GeV

Two-Sided 
Crystal Ball
+ Pol.2
IDEA

Integral ZH = 20310

C
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 100.3%

Signal modelled from Signal Only fit

New Modelled SignalNew Modelled Signal

Signal modelled from Signal Only fit

ZH+ZZ ZH+ZZ

Integral ZZ = 13757

C
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 100.5%

Integral ZZ = 13757

C
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 99.6%

DSCB alpha fixed n float DSCB n fixed alpha float

Parameters were fixed 
as Signal Only fit result
Slide 6 left plot

• After floating alphas, ><<
$=> ~ 1.0
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Data
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DCB pdf with data
alphaH =  0.834 +/- 0.019
alphaL =  1.333 +/- 0.049
mean =  125.3514 +/- 0.0059
nH =  0.930 +/- 0.018
nL =  36 +/- 26
nsig =  19684 +/- 140
sigma =  0.3790 +/- 0.0063

/NDF: 0.992χ

ZH

-1L = 5 ab

mumu_IDEAtrkCovBES_0416_sel12_pm

Data

Sig. Only Fit

DCB pdf with data
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Two-Sided Crystal Ball fit of 𝑀56789: 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

ALL MCData: 
All data come from the MC simulation

New Modelled Signal:
ZH signal is modelled to perfect shape
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Pol2 pdf with data
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/NDF: 1.162χ
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Data
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Pol2 pdf with data
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Pol2 pdf with data
nsig =  20228 +/- 142
sig_p1 = -0.0000345 +/- 0.000011
sig_p2 =  0.000000006 +/- 0.000000072
sigp0 = -0.00142 +/- 0.0016

/NDF: 1.002χ

ZZ

-1L = 5 ab

mumu_IDEAtrkCovBES_0416_sel12_pm

Data

Sig. Only Fit

Pol2 pdf with data
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Bkg. Pol2 fit of 𝑀56789: in the Higgs region (120-140 GeV)

Δ!!"#
𝑁"#$

= 0.70%

86 GeV < 𝑀% < 96 GeV
𝑝&% > 20 GeV

Pol.2
IDEA BES

Δ!!"#
𝑁"#$

= 0.75%

86 GeV < 𝑀% < 96 GeV
𝑝&% > 20 GeV

Pol.2
IDEA BES

ALL MCData ALL MCData

Integral ZZ = 20228

4
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 100.0%

Integral WW = 17515

4
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 100.1%

ZZ Only Fit WW Only Fit
Entries:

ZH: 196114
ZZ: 39246
WW: 2551



120 122 124 126 128 130 132 134 136 138 140
m leptonic recoil

0

200

400

600

800

1000

1200

Ev
en

ts
 / 

(0
.1

 G
eV

)

DCB_Pol2 pdf with data
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nL =  2.8 +/- 1.3
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Data

S + B Fit

Sig. Fit
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Comparison of ALL MCData fit and New Modelled Signal fit

Signal modelled from Signal Only fit

Δ!!"#
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= 3.3%

86 GeV < 𝑀% < 96 GeV
𝑝&% > 20 GeV

Integral ZH = 19684

4
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#)(*$+,- = 100.9%

Two-Sided 
Crystal Ball
+ Pol.2
IDEA BES

New Modelled Signal
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DCB_Pol2 pdf with data
alphaH =  0.838 +/- 0.027
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nL =  18 +/- 22
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mumu_IDEAtrkCovBES_0416_sel12_pm

Data
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Bkg. Fit

DCB_Pol2 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

Δ$!"#
𝑁%&'

= 2.33%

Δ$$%#
𝑁()'

= 2.38%

86 GeV < 𝑀* < 96 GeV
𝑝+* > 20 GeV

Integral ZH = 19684

3
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 102.3%

ZH+ZZ

Integral ZZ = 20228

3
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 97.8%

All Parameters are floating

New Modelled Signal

Two-Sided 
Crystal Ball
+ Pol.2
IDEA BES

Signal modelled from Signal Only fit
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Data
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DCB_Pol2 pdf with data
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p0 =  0.022 +/- 0.010
p1 =  0.000082 +/- 0.000069
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sigma =  0.3827 +/- 0.0071

/NDF: 1.172χ

ZH_ZZ_WW

-1L = 5 ab

mumu_IDEAtrkCovBES_0416_sel12_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 𝑀56789: in the Higgs region (120-140 GeV)

DSCB tails fixed

Parameters were fixed 
as Signal Only fit result
Slide 14 right plot
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New Modelled Signal

Signal modelled from Signal Only fit

New Modelled Signal

DSCB tails fixed
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Integral ZZ = 20228

3
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 99.4%

Two-Sided 
Crystal Ball
+ Pol.2
IDEA BES

ZH+ZZZH+ZZ+WW
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Bkg. Pol2 fit of 𝑀56789: in the Higgs region (120-140 GeV)

Δ!!"#
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= 0.88%

86 GeV < 𝑀% < 96 GeV
𝑝&% > 20 GeV

Pol.2
IDEA BES

ALL MCData

Integral ZZ = 20228

4
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#)(*$+,- = 99.6%

ZZ Only Fit

Exclude M./0123 ∈ 124, 130 GeV
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DCB_Pol2 pdf with data
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Data
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DCB_Pol2 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

Two-Sided 
Crystal Ball
+ Pol.2
IDEA BES

ZH+ZZ

Pol.2 fixed

New Modelled Signal

Pol.2 fixed with ZZ only 
sideband fit result 

Δ$!"#
𝑁%&'

= 1.57%

Δ$$%#
𝑁()'

= 1.55%

86 GeV < 𝑀* < 96 GeV
𝑝+* > 20 GeV

Integral ZH = 19684

3
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 100.5%

Integral ZZ = 20228

3
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 99.5%



Fitted Width, mass, Nsig in the Higgs mass region (120-140 GeV) 

19/04/2021 27

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

𝝈𝑯 (GeV) 𝚫𝝈𝑯 (GeV) 𝑀6 (GeV) 𝚫𝐌𝑯 (GeV) I
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈
New Modelled Signal 0.3957 0.0079 125.3486 0.0076 3.3%
New Modelled Signal, tails fixed 0.3827 0.0071 125.3494 0.0066 1.2%

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

𝝈𝑯 (GeV) 𝚫𝝈𝑯 (GeV) 𝑀6 (GeV) 𝚫𝐌𝑯 (GeV) I
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈
New Modelled Signal 0.3829 0.0074 125.3495 0.0065 2.3%
New Modelled Signal tails fixed 0.3838 0.0066 125.3500 0.0062 1.1%
New Modelled Signal Pol.2 fixed 0.3830 0.0073 125.3497 0.0064 1.6%

For New Modelled signal, the  𝝈𝑯 ~0.39 GeV, 𝚫𝝈𝑯 ~ 8 MeV, 𝑀* ~ 125.3 GeV, 𝚫𝐌𝑯 ~ 7 MeV

After fixing the tails, !
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈 ~ 1.0%. 

Fixing Pol.2 can also decrease the !
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈 from ~2.3% to 1.6%. 



CLDtrkCov

19/04/2021 28



120 122 124 126 128 130 132 134 136 138 140
m leptonic recoil

0

200

400

600

800

1000

Ev
en

ts
 / 

(0
.1

 G
eV

)

DCB pdf with data
alphaH =  0.959 +/- 0.019
alphaL =  1.519 +/- 0.053
mean =  125.1171 +/- 0.0061
nH =  1.171 +/- 0.024
nL =  4.18 +/- 0.44
nsig =  20344 +/- 143
sigma =  0.4685 +/- 0.0069

/NDF: 0.972χ

ZH

-1L = 5 ab

mumu_CLDtrkCov_0416_sel12_pm

Data

Sig. Only Fit

DCB pdf with data
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DCB pdf with data
alphaH =  0.948 +/- 0.019
alphaL =  1.535 +/- 0.060
mean =  125.1157 +/- 0.0060
nH =  1.181 +/- 0.024
nL =  3.97 +/- 0.44
nsig =  20344 +/- 143
sigma =  0.4673 +/- 0.0073

/NDF: 2.292χ

ZH

-1L = 5 ab

mumu_CLDtrkCov_0416_sel12_pm

Data

Sig. Only Fit

DCB pdf with data
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Two-Sided Crystal Ball fit of 𝑀56789: in the Higgs region (120-140 GeV)

Two-Sided 
Crystal Ball
CLD

Two-Sided 
Crystal Ball
CLD

New Modelled SignalALL MCData

Signal modelled from Signal Only fit

ALL MCData: 
All data come from the MC simulation

New Modelled Signal:
ZH signal is modelled to perfect shape
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Pol2 pdf with data
nsig =  16438 +/- 128
sig_p1 =  0.04053 +/- 0.00085
sig_p2 = -0.00015929 +/- 0.0000034
sigp0 = -2.5146 +/- 0.055

/NDF: 1.142χ

WW

-1L = 5 ab

mumu_CLDtrkCov_0416_sel12_pm

Data

Sig. Only Fit

Pol2 pdf with data
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Pol2 pdf with data
nsig =  13769 +/- 117
sig_p1 = -0.00005847 +/- 0.0000073
sig_p2 =  0.000000259 +/- 0.000000047
sigp0 = -0.003484 +/- 0.00091

/NDF: 1.052χ

ZZ

-1L = 5 ab

mumu_CLDtrkCov_0416_sel12_pm

Data

Sig. Only Fit

Pol2 pdf with data
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Bkg. Pol2 fit of 𝑀56789: in the Higgs region (120-140 GeV)

Δ!!"#
𝑁"#$

= 0.85%

86 GeV < 𝑀% < 96 GeV
𝑝&% > 20 GeV

Pol.2
CLD

Δ!!"#
𝑁"#$

= 0.78%

86 GeV < 𝑀% < 96 GeV
𝑝&% > 20 GeV

Pol.2
CLD

ALL MCData ALL MCData

Integral ZZ = 13769

4
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 100.0%

Integral WW = 16439

4
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 100.0%

ZZ Only Fit WW Only Fit
Entries:

ZH: 202693
ZZ: 26842
WW: 2416
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DCB_Pol2 pdf with data
alphaH =  1.110 +/- 0.026
alphaL =  1.454 +/- 0.052
mean =  125.1243 +/- 0.0064
nH =  0.691 +/- 0.043
nL =  1.97 +/- 0.49
nbkg =  24763 +/- 961
nsig =  25789 +/- 960
p0 = -0.004586 +/- 0.00063
p1 = -0.00000130 +/- 0.0000044
p2 = -0.0000000642 +/- 0.000000030
sigma =  0.4874 +/- 0.0073

/NDF: 1.112χ

ZH_ZZ_WW

-1L = 5 ab

mumu_CLDtrkCov_0416_sel12_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"#$

= 3.7%

86 GeV < 𝑀% < 96 GeV
𝑝&% > 20 GeV

Integral ZH = 20344

4
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 126.8%

Two-Sided 
Crystal Ball
+ Pol.2
CLD

New Modelled Signal

Signal modelled from Signal Only fit
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DCB_Pol2 pdf with data
alphaH =  0.982 +/- 0.029
alphaL =  1.624 +/- 0.055
mean =  125.1141 +/- 0.0067
nH =  1.139 +/- 0.074
nL =  2.42 +/- 0.71
nbkg =  13508 +/- 578
nsig =  20602 +/- 584
p0 = -0.006508 +/- 0.00077
p1 =  0.0000001 +/- 0.0000053
p2 =  0.000000001 +/- 0.000000036
sigma =  0.4758 +/- 0.0070

/NDF: 1.002χ

ZH_ZZ

-1L = 5 ab

mumu_CLDtrkCov_0416_sel12_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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Δ$!"#
𝑁%&'

= 2.83%

Δ$$%#
𝑁()'

= 4.28%

86 GeV < 𝑀* < 96 GeV
𝑝+* > 20 GeV

Integral ZH = 20344

3
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 101.3%

ZH+ZZ

Integral ZZ = 13769

3
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 98.1%

All Parameters are floating

New Modelled Signal

Two-Sided 
Crystal Ball
+ Pol.2
CLD

Signal modelled from Signal Only fit
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DCB_Pol2 pdf with data
alphaH =  0.95900000000
alphaL =  1.51900000000
mean =  125.1100 +/- 0.0065
nH =  1.17100000000
nL =  4.18000000000
nbkg =  30161 +/- 254
nsig =  20391 +/- 234
p0 = -0.6069 +/- 0.028
p1 =  0.01133 +/- 0.00025
p2 = -0.00004886 +/- 0.0000014
sigma =  0.4724 +/- 0.0074

/NDF: 1.122χ

ZH_ZZ_WW

-1L = 5 ab

mumu_CLDtrkCov_0416_sel12_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 𝑀56789: in the Higgs region (120-140 GeV)

DSCB tails fixed

Parameters were fixed 
as Signal Only fit result
Slide 33 right plot

Δ!!"#
𝑁"#$

= 1.15%

86 GeV < 𝑀% < 96 GeV
𝑝&% > 20 GeV

Integral ZH = 20344

4
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 100.2%

Two-Sided 
Crystal Ball
+ Pol.2
CLD

Signal modelled from Signal Only fit

New Modelled Signal
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DCB_Pol2 pdf with data
alphaH =  0.95900000000
alphaL =  1.51900000000
mean =  125.1130 +/- 0.0060
nH =  1.17100000000
nL =  4.18000000000
nbkg =  13817 +/- 185
nsig =  20296 +/- 202
p0 = -0.007857 +/- 0.00071
p1 =  0.0000039 +/- 0.0000050
p2 =  0.000000034 +/- 0.000000030
sigma =  0.4702 +/- 0.0066

/NDF: 1.032χ

ZH_ZZ

-1L = 5 ab

mumu_CLDtrkCov_0416_sel12_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 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

Signal modelled from Signal Only fit

New Modelled Signal

DSCB tails fixed
Δ$!"#
𝑁%&'

= 1.00%

Δ$$%#
𝑁()'

= 1.34%

86 GeV < 𝑀* < 96 GeV
𝑝+* > 20 GeV

Integral ZH = 20344

3
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 99.8%

Integral ZZ = 13769

3
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 100.3%

Two-Sided 
Crystal Ball
+ Pol.2
CLD

ZH+ZZZH+ZZ+WW
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Pol2 pdf with data
nsig =  13839 +/- 148
sig_p1 = -0.00005568 +/- 0.0000084
sig_p2 =  0.000000215 +/- 0.000000053
sigp0 = -0.00292 +/- 0.0011

/NDF: 0.962χ

ZZ

-1L = 5 ab

mumu_CLDtrkCov_0416_sel12_pm

Data

Sig. Only Fit

Pol2 pdf with data
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Bkg. Pol2 fit of 𝑀56789: in the Higgs region (120-140 GeV)

Δ!!"#
𝑁"#$

= 1.07%

86 GeV < 𝑀% < 96 GeV
𝑝&% > 20 GeV

Pol.2
CLD

ALL MCData

Integral ZZ = 13769

4
𝑁"#$
'#(

𝑁"#$
#)(*$+,- = 100.5%

ZZ Only Fit

Exclude M./0123 ∈ 124, 130 GeV
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DCB_Pol2 pdf with data
alphaH =  0.980 +/- 0.024
alphaL =  1.498 +/- 0.071
mean =  125.1156 +/- 0.0065
nH =  1.135 +/- 0.050
nL =  3.5 +/- 1.2
nbkg =  13596 +/- 457
nsig =  20517 +/- 465
p0 = -0.002920000000
p1 = -0.000055680000
p2 =  0.00000021500
sigma =  0.4698 +/- 0.0074

/NDF: 0.992χ

ZH_ZZ

-1L = 5 ab

mumu_CLDtrkCov_0416_sel12_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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Two-Sided 
Crystal Ball
+ Pol.2
CLD

ZH+ZZ

Pol.2 fixed

New Modelled Signal

Pol.2 fixed with ZZ only 
sideband fit result 

Δ$!"#
𝑁%&'

= 2.27%

Δ$$%#
𝑁()'

= 3.36%

86 GeV < 𝑀* < 96 GeV
𝑝+* > 20 GeV

Integral ZH = 20344

3
𝑁%&'
,&-

𝑁%&'
&.-/'012 = 100.9%

Integral ZZ = 13769

3
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,&-

𝑁%&'
&.-/'012 = 98.7%
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DCB_Pol2 pdf with data
alphaH =  0.980 +/- 0.024
alphaL =  1.498 +/- 0.071
mean =  125.1156 +/- 0.0065
nH =  1.135 +/- 0.050
nL =  3.5 +/- 1.2
nbkg =  13596 +/- 457
nsig =  20517 +/- 465
p0 = -0.002920000000
p1 = -0.000055680000
p2 =  0.00000021500
sigma =  0.4698 +/- 0.0074

/NDF: 0.992χ

ZH_ZZ

-1L = 5 ab

mumu_CLDtrkCov_0416_sel12_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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Two-Sided 
Crystal Ball
+ Pol.2
CLD

ZH+ZZ

Pol.2 fixed

New Modelled Signal

Pol.2 fixed with ZZ only 
sideband fit result 

⁄Δ()%* 𝑁)%* = 2.27%
⁄Δ(/0* 𝑁/0* = 3.36%

Integral ZH = 20344
3𝑁)%*

+%, 𝑁)%*
%-,"*!.& = 100.9%

Integral ZZ = 13769
3𝑁/0*

+%, 𝑁/0*
%-,"*!.& = 98.7%
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DCB_Pol2 pdf with data
alphaH =  0.95900000000
alphaL =  1.51900000000
mean =  125.1130 +/- 0.0060
nH =  1.17100000000
nL =  4.18000000000
nbkg =  13817 +/- 185
nsig =  20296 +/- 202
p0 = -0.007857 +/- 0.00071
p1 =  0.0000039 +/- 0.0000050
p2 =  0.000000034 +/- 0.000000030
sigma =  0.4702 +/- 0.0066

/NDF: 1.032χ

ZH_ZZ

-1L = 5 ab

mumu_CLDtrkCov_0416_sel12_pm

Data

S + B Fit

Sig. Fit

Bkg. Fit

DCB_Pol2 pdf with data
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CLD

DSCB tails fixed

⁄Δ()%* 𝑁)%* = 1.00% Integral ZH = 20344
3𝑁)%*

+%, 𝑁)%*
%-,"*!.& = 100.2%

Two-Sided 
Crystal Ball
+ Pol.2
CLD

Signal modelled from Signal Only fit

New Modelled Signal

ZH+ZZ

• Fixing the tails, the uncertainty of 𝑁!"# is ~ 1.2%
• Fixing the background, the uncertainty of 𝑁!"# is ~ 2.3%



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) 𝑀6 (GeV) 𝚫𝐌𝑯 (GeV) I
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈
New Modelled Signal 0.4874 0.0073 125.1243 0.0064 3.7%
New Modelled Signal, tails fixed 0.4724 0.0074 125.1100 0.0065 1.2%

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

𝝈𝑯 (GeV) 𝚫𝝈𝑯 (GeV) 𝑀6 (GeV) 𝚫𝐌𝑯 (GeV) I
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈
New Modelled Signal 0.4758 0.0070 125.1141 0.0067 2.8%
New Modelled Signal tails fixed 0.4702 0.0066 125.1130 0.0060 1.0%
New Modelled Signal Pol.2 fixed 0.4698 0.0074 125.1156 0.0065 2.3%



CLDtrkCovBES

19/04/2021 36



120 122 124 126 128 130 132 134 136 138 140
m leptonic recoil

0

100

200

300

400

500

600

700

Ev
en

ts
 / 

(0
.1

 G
eV

)

DCB pdf with data
alphaH =  0.706 +/- 0.020
alphaL =  1.622 +/- 0.060
mean =  125.3874 +/- 0.0095
nH =  1.104 +/- 0.027
nL =  4.08 +/- 0.51
nsig =  19662 +/- 140
sigma =  0.5347 +/- 0.0096

/NDF: 0.962χ

ZH

-1L = 5 ab

mumu_CLDtrkCovBES_0416_sel12_pm

Data

Sig. Only Fit

DCB pdf with data
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DCB pdf with data
alphaH =  0.700 +/- 0.016
alphaL =  1.656 +/- 0.071
mean =  125.3818 +/- 0.0086
nH =  1.109 +/- 0.021
nL =  3.75 +/- 0.49
nsig =  19662 +/- 140
sigma =  0.5300 +/- 0.0096

/NDF: 2.392χ

ZH

-1L = 5 ab

mumu_CLDtrkCovBES_0416_sel12_pm

Data

Sig. Only Fit

DCB pdf with data
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Two-Sided Crystal Ball fit of 𝑀56789: in the Higgs region (120-140 GeV)

Two-Sided 
Crystal Ball
CLD BES

Two-Sided 
Crystal Ball
CLD BES

New Modelled SignalALL MCData

Signal modelled from Signal Only fit

ALL MCData: 
All data come from the MC simulation

New Modelled Signal:
ZH signal is modelled to perfect shape
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Pol2 pdf with data
nsig =  17499 +/- 132
sig_p1 =  0.0606 +/- 0.0038
sig_p2 = -0.0003165 +/- 0.000032
sigp0 = -1.42 +/- 1.1

/NDF: 1.392χ

WW

-1L = 5 ab

mumu_CLDtrkCovBES_0416_sel12_pm

Data

Sig. Only Fit

Pol2 pdf with data
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Pol2 pdf with data
nsig =  20216 +/- 142
sig_p1 = -0.0000447 +/- 0.000010
sig_p2 =  0.000000031 +/- 0.000000068
sigp0 = -0.00053 +/- 0.0015

/NDF: 1.042χ

ZZ

-1L = 5 ab
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Bkg. Pol2 fit of 𝑀56789: in the Higgs region (120-140 GeV)
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Comparison of ALL MCData fit and New Modelled Signal fit
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Two-Sided Crystal Ball + Pol2 fit of 𝑀56789: in the Higgs region (120-140 GeV)

DSCB tails fixed

Parameters were fixed 
as Signal Only fit result
Slide 33 right plot
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Bkg. Pol2 fit of 𝑀56789: in the Higgs region (120-140 GeV)
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Pol.2 fixed

New Modelled Signal

Pol.2 fixed with ZZ only 
sideband fit result 
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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) 𝑀6 (GeV) 𝚫𝐌𝑯 (GeV) I
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈
New Modelled Signal 0.620 0.018 125.445 0.011 3.7%
New Modelled Signal, tails fixed 0.542 0.012 125.412 0.011 1.5%

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

𝝈𝑯 (GeV) 𝚫𝝈𝑯 (GeV) 𝑀6 (GeV) 𝚫𝐌𝑯 (GeV) I
𝚫𝑵𝒔𝒊𝒈

𝑵𝒔𝒊𝒈
New Modelled Signal 0.534 0.011 125.391 0.011 2.5%
New Modelled Signal tails fixed 0.5283 0.0098 125.3879 0.0091 1.2%
New Modelled Signal Pol.2 fixed 0.534 0.011 125.392 0.011 1.8%


