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Study of the associative production of the Higgs boson, W- or Z-
bosons using different event generators 

 

 Joint Institute for Nuclear Research, Dubna, Russia 

The Institute of Nuclear Physics, Almaty, Kazakhstan 

The angular features of the signal and background processes of the associated production of the Higgs boson with W or Z bosons are presented. In associative production of final particles, angular variables are very useful for analysis. Z- and W-bosons 

do not differ in spin magnitude. The Higgs boson has spin 0, the Z boson has spin 1. Thanks to the difference in spin, there is a difference in angular variables. With this effect, you can improve the signal-to-background ratio. Signal and background 

processes are generated using the CompHEP, POWHEG and PYTHIA generators. We also compared the shape of the distributions of kinematic variables obtained from different generators and found that the shape of these distributions is similar for 

different generators. Significant deviation of POWHEG distributions from other generators can be explained by the fact that it uses the next-to-leading order of perturbation theory for the cross section, while other generators use the leading order. 
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Conclusion 

The associative Higgs boson production with the W or Z boson is a more 

promising way of detecting the 𝐻 → 𝑏𝑏  decay. The use of certain variables to 

improve the signal-to-background ratio is one of the main objectives of this 

work.  

For particle physics and for the study of fundamental interactions, the 

observation of the decay of the Higgs boson into a pair of 𝑏𝑏  quarks is an 

important discovery, which determines the relevance of this work. 

 

Methods 

 Signal and background processes must be generated using the CompHEP, 

POWHEG and PYTHIA8 generators.  

 Monte Carlo data must be processed in the ROOT software  

• The transverse momentum of a charged lepton, b- and 𝑏 - quarks are 

required to be greater than 25 GeV, and for neutrinos - greater than 20 

GeV; 

• The pseudorapidity of the charged lepton, b- and 𝑏 - quarks should be within 

[-2.5, +2.5]; 

• The transverse momentum of the W or Z boson must be greater than 150 

GeV. 

Signal process: 𝒑𝒑 → W𝐻 → 𝑙𝜈𝑏𝑏 ,𝒑𝒑 →𝑍𝐻 → 𝑙𝑙𝑏𝑏  

𝒑𝒑 → 𝑾𝒁 → 𝒍𝑣𝑏𝑏   ,𝒑𝒑 → 𝒁𝒁 → 𝒍𝒍𝑏𝑏  are irreducible backgrounds for our signal process 

𝒑𝒑 → 𝑾𝒃𝒃 → 𝒍𝑣𝑏𝑏  , 𝒑𝒑 → 𝒁bb → 𝒍𝒍𝑏𝑏  are the main backgrounds for our signal 
process, where 𝒍 = 𝒆± or 𝝁±. 

Feynman diagram of W𝐻 → 𝑙𝜈𝑏𝑏  and 𝑍𝐻 → 𝑙𝑙𝑏𝑏  

Feynman diagrams for processes: 𝑞𝑞 → WZ → l, v, b, 𝑏  (a), 

 qq →  Wbb → l, ν, b, 𝑏  (b),  𝑞𝑞 → ZZ → l, l, b ,𝑏   (c), 𝑞𝑞 → Zbb → l, l, b, 𝑏  (d) 

Distributions cosine of the charged lepton emission angle in the W rest frame relative to the W direction in the 𝑞𝑞  c.m.f. (a, c), and cosine of the W-

boson polar angle in c.m.f. of colliding 𝑞𝑞  (b, d) for WH, WZ and 𝑊𝑏𝑏  events obtained from CompHEP and PYTHIA8. 

Comparision of generators 

Distributions of the cosine of the charged lepton (а) angle in the W rest 

frame relative to the W direction in the 𝑞𝑞  c.m.f. and (b) the cosine of 

the W-boson polar angle from the collision axis in the 𝑞𝑞  c.m.f. for 

different generators. 

Distributions of the cosine of the negatively charged lepton (а) angle in 

the Z rest frame relative to the Z direction in the 𝑞𝑞  c.m.f. and (b) the 

cosine of the Z-boson polar angle from the collision axis in the 𝑞𝑞  

c.m.f. for different generators. 

Results for ZH 

Distributions cosine of the negatively charged lepton angle in the Z  rest frame relative to the Z direction in the 𝑞𝑞  c.m.f. (a, c) and cosine of the Z-boson polar 
angle in c.m.f. of  colliding 𝑞𝑞  (b, d) for ZH, ZZ and  𝑍𝑏𝑏  events obtained from CompHEP and PYTHIA8.  Determination of some useful variables 

To determine angle of the charged lepton in W(Z)  rest frame relative to the 
W(Z) direction in WH (ZH) or WZ (ZZ), Wg (Zg) center of mass system for the  
signal and background: 
 We have to transform all momenta from  laboratory system to the WH 

(ZH) center-of-mass  frame. 

 Then we rotate the direction of the W(Z)-boson so that it coincides with 
the z-direction. 

 Finally, we transform momentum of W(Z) boson  along the z- axis to rest 
frame of W(Z)-boson. 

In conclusion of spin-related variables was motivated by analyses of 
polarization effects at the LEP experiments. 

• Signal and background processes were generated using the CompHEP,  POWHEG and PYTHIA generators. 

• The shape of the distributions of the variables of the cosine of the polar angle of the W (Z) -boson, the cosine of the charged and negatively charged lepton angles for the 

signal and background processes are very different. And these differences can be used in future analyses to suppress a  large background contribution 

• The observed difference in the angular distributions of the signal and background processes supports our plans to use them in the future analyses of the experimental data. 


