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Motivation
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Sample Generation

• Center of mass energy: 250GeV

• Higgs sample:

• 100k WW fusion(signal) , H->anything

• 100k ZH (background), H->anything events

• Sample for interference between ZH and WW fusion can’t be generated

• Assign weights corresponding to 5ab−1

• SM sample (pre-cut applied):
5ab−1 2fermions + 4fermions
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Cut Chain

WW fusion,
H->bb

ZH, H->bb qqbar sw-sl sznu-sl ww-sl zz-sl

Cut chain 52.8% 64.9% 25630 124 5745 3230 9764

Fit window 
51.2%(~10k
@5ab^-1)

63.8%(~79k
@5ab^-1) 22980 112 4018 2187 6503

• Defintion:

• 𝑁𝑃𝐹𝑂 > 20

• 105 < 𝐸𝑣𝑖𝑠 < 155 && 𝑃𝑡 > 13

• 𝐼𝑠𝑜𝑙𝑒𝑝 𝑣𝑒𝑡𝑜

• 100 < 𝑀 < 135 && 65 < 𝑀𝑟𝑒𝑐𝑜𝑖𝑙 < 135

• 𝑦12 > 0.15 && 𝑦23 < 0.06 &&𝑦34 < 0.01

• −0.98 < 𝜃2𝑗𝑒𝑡𝑠< −0.4

• 𝑏𝑏 − 𝑙𝑖𝑘𝑒𝑛𝑒𝑠𝑠 > 0.4 (𝑏𝑏 − 𝑙𝑖𝑘𝑒𝑛𝑒𝑠𝑠 = 𝑏𝑏/(𝑏𝑏 + (1 − 𝑏)(1 − 𝑏)))
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Recoil mass

• We can extract the WW fusion 
events number by fitting the 
recoil mass and recoil angle

• Approach1: The recoil mass is 
calculated by

• 𝑚𝑟𝑒𝑐𝑜𝑖𝑙 = 𝑠 − 𝐸𝐻
2 − 𝑝𝐻

2

• Approach2: Where the 𝐸𝐻 is 
replaced with 𝐸𝐻 = 𝑝𝐻

2 +𝑚𝐻
2

• Where 𝑚𝐻 = 125GeV is 
substituted.

ZH WW fusion
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Recoil mass comparision

Approach 1 Approach 2
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How to fit to extract the ww fusion, H->bb 
cross-section (1)
• Backgrounds (except ZH, Z->vv, H->bb) can be determined very well in 

theory and experiments. The signal stress of those were fixed to be 1.

• The expected number of  ZH, Z->vv,H->bb would be measured via eeH, 
𝜇𝜇H and qqH channels:
• The uncertainties of coupling constants concerns only electroweak part are assumed to be 

neglegible.

• Three signal stresses are proportianal to  ZH, Z->vv,H->bb at tree level

• The uncertainty of ZH, Z->vv, H->bb  = 1/
1

𝜎𝑒𝑒𝐻,𝐻→𝑏𝑏
2 +

1

𝜎𝜇𝜇𝐻,𝐻→𝑏𝑏
2 +

1

𝜎𝑞𝑞𝐻,𝐻→𝑏𝑏
2 =

= 1/ (
1

1.2%
)2+(

1

1.1%
)2+(

1

0.4%
)2= 0.375%
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How to fit to extract the WW fusion, H->bb 
cross-section(2)
• Construct the likelihood as

• −log𝐿 = 0.5
𝜇ZH−1

0.375%

2
− log𝑃(𝑑𝑎𝑡𝑎|𝜇𝑍𝐻𝑁𝑍𝐻𝑝𝑑𝑓𝑍𝐻 +

𝜇𝑊𝑊𝐹𝑁𝑊𝑊𝐹𝑝𝑑𝑓𝑊𝑊𝐹 +𝑁𝑏𝑘𝑔𝑝𝑑𝑓𝑏𝑘𝑔)

• The 𝜇𝑍𝐻 , 𝜇𝑊𝑊𝐹 are events numbers normalized by SM prediction for ZH, Z-
>vv, H->bb and WW fusion, H->bb respectively.

• The statistical uncertainty was determined via the hessian matrix at 
maximum point of the minus log likelihood.
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Result

5ab−1 Fit recoil mass of 2 jets Fit recoil mass and 𝜽 of 2 jets

Raw data 3.9% 3.8%

𝐸𝐻 replaced by 𝑝𝐻
2 +𝑚𝐻

2 3.2% 3.1%
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0.1% improvement by combining fitting the 𝜽

0.7% improvement by replacing 𝑬𝑯 with 𝒑𝑯
𝟐 +𝒎𝑯

𝟐

the uncertainties are shown as bellow:


