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Outline

• Simulation of 𝑊 boson fusion, 𝐻 → 𝑏𝑏
✓240GeV

• Comparison between methods of recoil mass calculation
✓Understanding
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Simulation - Samples

• Motivation:
✓Most important process

for measuring W boson fusion

• Samples
✓Backgrounds:

2fermions: 𝑏𝑏

4fermions: 𝜈𝑒𝜈𝑒𝑏𝑏(𝑠𝑧𝑛𝑢_𝑠𝑙), 𝑣𝜇𝜏𝑣𝜇𝜏𝑞𝑞(𝑧𝑧_𝑠𝑙)

Higgs:𝑍𝐻, 𝑍 → 𝜈𝜈, 𝐻 → 𝑏𝑏

✓Luminosity
240GeV: 5600f𝑏−1

✓CEPC detector (cepc_v4)
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𝑣𝑣𝐻(𝑍𝐻), 𝐻 → 𝑏𝑏

𝑊 fusion,𝐻 → 𝑏𝑏



Simulation – Cut chain

• Cut chain
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240GeV



Simulation - Results
• Extract signal strength by fitting recoil mass and recoil angle

• Fit Model:
✓240GeV
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Fore more details:
https://indico.ihep.ac.cn/event/7389/session/14/contribution/226/material/slides/0.pdf

3.0% with 240GeV for 5600fb−1

240GeV

https://indico.ihep.ac.cn/event/9832/session/9/contribution/13/material/slides/0.pdf
https://indico.ihep.ac.cn/event/7389/session/14/contribution/226/material/slides/0.pdf


Recoil mass calculation

• 3+ ways of reconstruction of recoil mass
✓1.Raw methods:

1.𝑀𝑟𝑒𝑐(𝐸, 𝑃) = 𝑠 − 𝐸 2 − 𝑃2 = 𝑠 − 2 𝑠𝐸 + (𝐸2 − 𝑃2)

✓2+.With use of the fact 𝐸2 − 𝑃2 = 𝑀𝐻
2

𝑀𝑟𝑒𝑐 𝐸 = 𝑠 − 2 𝑠𝐸 +𝑀𝐻
2 (fit this, equivalently fit 𝐸)

𝑀𝑟𝑒𝑐 𝑃 = 𝑠 − 2 𝑠 𝑀𝐻
2 + 𝑃2 +𝑀𝐻

2 (fit this, equivalently fit 𝑃)

Kinematic fit: 𝑀𝑟𝑒𝑐 𝑃fit = 𝑠 − 2 𝑠 𝑀𝐻
2 + 𝑃fit

2 +𝑀𝐻
2

Not included in this report, but previous simulation (250GeV) shows the difference between 𝑀𝑟𝑒𝑐 𝑃 and 
𝑀𝑟𝑒𝑐 𝑃fit is small

✓Before we compare the recoil mass

let’s compare the two methods of determining the energy of Higgs
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For more discussion see Jiayin’s work arXiv:1709.08645



Comparison  in Energy Calculation
• Comparison conditions

✓240GeV
𝑣𝑣𝐻 𝑍𝐻 ,𝐻 → 𝑏𝑏 as example

Cuts applied (including 𝐸 < 155GeV, etc.)

𝐸 around 135 (+= 5GeV)

 p/E*8.5%= 3.2% larger than 2.1% (need more investigation)

Conclusion: 𝑀𝐻
2 + 𝑃2 better than original 𝐸 by 100% 
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Energy of Higgs distribution @360GeV

RMS=2.1%RMS=4.3%
130-140GeV

RMS=8.5%

For more discussion see Jiayin’s work arXiv:1709.08645



Comparison  between Methods of Recoil Mass Calculation
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• Comparison condition

✓ Cuts applied

✓ 240GeV

 conclusion: improvement very significant

𝑣𝑣𝑏𝑏 significance2of each bin (1GeV)

Accuracy ~ 
1

Area

Dashed: 𝜈𝜈𝑏𝑏(𝑍𝐻), solid: 𝜈𝜈𝑏𝑏(𝑊 boson fusion)



Comparison  between Methods of Recoil Mass Calculation

• Conclusion:

✓Formula 𝑀𝑟𝑒𝑐 𝑃 = 𝑠 − 2 𝑠 𝑀𝐻
2 + 𝑃2 +𝑀𝐻

2 would be best

✓This trick is more useful in lower 𝑠
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𝑠 240GeV 360GeV

Integral Luminosity 5600fb−1 2000fb−1

𝑀(𝐸, 𝑃) 3.8% 0.85%

𝑀(𝐸) 4.6% 0.87%

𝑀(𝑃) 3.0% 0.84%



Thanks!
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Comparison  between Methods of Recoil Mass Calculation

• Comparison condition

✓ Cuts applied

✓ 360GeV

 conclusion: improvement not very significant
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Dashed: 𝜈𝜈𝑏𝑏(𝑍𝐻), solid: 𝜈𝜈𝑏𝑏(𝑊 boson fusion) 𝑣𝑣𝑏𝑏 significance2 of each bin (1GeV)

• Comparison condition

✓ Cuts applied

✓ 240GeV

 conclusion: improvement very significant

𝑣𝑣𝑏𝑏 significance2of each bin (1GeV)

Accuracy ~ 
1

Area Accuracy ~ 
1

Area

Dashed: 𝜈𝜈𝑏𝑏(𝑍𝐻), solid: 𝜈𝜈𝑏𝑏(𝑊 boson fusion)

1. 2. 3. 4.



Comparison  in Energy calculation
• Comparison conditions

✓360GeV
𝑣𝑣𝐻 𝑍𝐻 ,𝐻 → 𝑏𝑏 as example

Cuts applied (including 𝐸 < 200GeV, etc.)

𝐸 around 185 (+= 5GeV)

 p/E*6.4%=4.7% larger than 4.2%

Conclusion: 𝑀𝐻
2 + 𝑃2 better than original 𝐸 by 25% 
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Energy of Higgs distribution @360GeV

RMS=4.2%RMS=5.6%
180-190GeV

RMS=6.4%



Generation

✓ Whizard 1.95 (tree level, w/ ISR photons)

Simulated with baseline detector of CEPC

Interference

✓ Re-weighting the sample of 𝑍𝐻 and 𝑊 boson fusion

✓ Weight𝑍𝐻 = WeightW fusion ≈
ൗd2𝜎Inter d𝐸𝐻

∗ d𝜃𝐻
∗ 𝑠∗

Τd2𝜎𝑍𝐻+𝑊fusion d𝐸𝐻
∗ d𝜃𝐻

∗ 𝑠∗
star → center of mass frame of 𝑣𝑣𝐻 system

Monte Caro Sample

CEPC Workshop 2019 PKU 132019/7/1



• Interference

✓No degradation on statistical error w/ interference

✓Need to consider in real data analysis, to avoid big bias

Result and Discussion
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Fake data w/ inter. ? ✔ ✖ ✔

p.d.f w/ inter. ? ✔ ✖ ✖

Statistical Accuracy 1 ± 0.085 1 ± 0.085 0.949 ± 0.084


