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Motivation

• In CEPC, Three are three main production of Higgs: ZH, WW fusion and ZZ fusion
• One indirect method to measure Higgs width is relate to ZH and WW fusion process
• Higgs width measured precision is relate to WW fusion, H→bb process

ZH WW fusion ZZ fusion

Γ!"#: Higgs width predicted by SM
𝜇: the signal strength

Ø Measure the WW fusion @ 360GeV
• Standalone 240 GeV 20 ab-1 gives 1.5%, while 360 GeV 1 ab-1 alone gives 3.3%
• These 2 points are independent, combine these two mass point giving <1%  
• Adding one mass point would significantly improve the constrain
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The Challenge

• The most challenge is how to measure the irreducible background: ZH, Z→vv, H→bb 
• These two process have absolutely same final states and have interference term

signal
WW fusion, H→bb

irreducible background
ZH, Z→vv, H→bb 

𝒔(GeV) ZH(%) WW fusion(%s) Inter.(%s) Inter./WW fusion

240 87.5 11.7 0.8 6.8%

250 86.3 14.3 -0.6 -4.3%

360 43.7 59.8 -3.5 -5.8%

• In 360GeV, Inter./WW fusion is -5.8%
• So if we want to make Higgs width measured 

precision ~ 1%, the inter. can’t be ignore 

table: the fraction of ZH, WW fusion and Inter. in total
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Monte Carlo Sample 

ØCenter of mass energy: 360 GeV
ØHiggs sample

• 100k, WW fusion, H→bb:
• 100k , ZH, Z→vv, H→bb 
• Samples for interference can’t not be generated by current software, but we can produce the 

inclusive vvH, H→bb sample, so the interference term can be calculate:

ØSM sample
• Integral luminosity: 1 ab-1
• 2 fermions: ee→qq
• 4 fermions: ww, sw, zz, sz

ØAll samples are fully simulated with latest CEPCSW
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Selection(Ⅰ)
ØNumber of particle flow objects distribution

• Hadronic final state has more nPFOs than leptonic final state
• Cut: 30<nPFOs<180 to veto the fully leptonic final states

30<nPFOs<180 5



Selection(Ⅱ)

ØKinematic variable
• Sum of jets pt:  >10 GeV
• Sum of jets energy:[50, 250]GeV  
• jets invariant mass: [100, 150]GeV,  Higgs mass window

ücan remove most of qq, W and Z background events

50GeV < Jet E < 250GeV 100GeV < minv < 150GeV
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Jet pT > 10GeV



Selection(Ⅲ)

Ø𝑦#(#%&): a variable related to the jet reconstruction process
• the ”distance” between the two jets merged while reducing the number of jets from (𝑖 + 1) jets to 𝑖 jets
• A di-jet event usually has big 𝑦!" value and small 𝑦"# , 𝑦#$ value

𝑦!" > 0.1 𝑦"# < 0.1 𝑦"# < 0.02
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Selection(Ⅳ)

ØThe cosine of angle between two jets
• −0.98 < 𝑐𝑜𝑠𝜃$% < 0.25
• lower bound to veto remained qq events
• upper bound according to distribution

−0.98 < 𝑐𝑜𝑠𝜃$% < 0.25
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Cutflow

• WW fusion, H→bb and ZH process retain >50% efficiency after cut
• 2-fermion backgrounds are suppressed to 0.2%
• Other backgrounds become negligible
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• b-tag: 
• We training a model which can make 95% efficiency + 1% background rejection in Hqq
• Have not imported it in formal CEPCSW



Signal extract strategy

• There are two good variables to distinguish the WW fusion and ZH, H→bb(irreducible background)
üHiggs recoil mass

• The recoil mass is calculated by 𝑚%&'()* = ( 𝑠 − 𝐸+)"−𝑃+"

•  𝐸+ and 𝑃+ is reconstructed Higgs energy and momentum
üHiggs polar angle

• cos𝜃+

10We will use fitting to extract the signal



Extract signal

Ø 1D fit to estimate the 
• Pseudo data = inclusive sample + 2/4 fermion backgrounds
• Other background = interference + 2/4 fermion backgrounds
• WW fusion and ZH PDFs are get from MC and use Kernel 

Density Estimation method
• Other background pdf is polynomial function
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Ø The signal strength is determined by fitting 
Ø The precision of signal strength

• Recoil mass:  2.9%
• cos𝜃+: 4.5%



2D fit

• We also fit signal and background in (recoil mass, cos𝜃&)  2 dimension.
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Ø The precision of signal strength
• (Recoil mass, cos𝜃+ ):  1.1%



Summary
• The precision of WW fusion strength relate to higgs width measured precision

• We study the WW fusion measurement at 360GeV
• 360 GeV run offers an independent measurement
• The combined precision of the two runs can reach a remarkable precision.

• Study the selections 
• Do fit in Higgs recoil mass and polar angle spectrum to get precision of signal strength

• Recoil mass:  2.9%
• cos𝜃&: 4.5%
• 2D: 1.1%
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Ø Working in progress 
• Use machine learning to optimize selection
• Apply the b tagging in formal analysis
• Study the systematics

Thank you for your attention



Backup
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FCC

• 1
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Higgs cross section

• 1
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Two fermions background cross section

• 1
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Four fermions cross section(1)

• 1
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Four fermions cross section(2)

• 1
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Sample Fit

• 1

qq

inclusive vv_h ZH WW fusion

4fermionDon’t apply any cut
20



Interference 

• Here the ZH, WW fusion 
and inclusive samples 
have  be normalized

inclusive vv_h ZH WW fusion
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ZZ background Feynman diagram

• 1
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WW background Feynman diagram

• 1
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SZ background Feynman diagram

• 1
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SW background Feynman diagram

• 1
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b tagging efficiency

• 1
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old new 



The fit result

• Recoil mass 2.93%
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• cosH  4.57%

• 2D  1.1%


