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Motivation 

• LHC has discovered a Higgs boson which is consistent with SM 
prediction. 

• However, it has not found any signal BSM.  

• But, It should be somewhere…  

• Tantalizing question is how and where to find it.  
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Now we are in this status. 
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The ways to find NP signal:  

Collider people have an answer in mind 

Resonances,  
bumps 

Low energy observables. 
- Top physics  
- Higgs physics 
- (g-2)μ, EDM 
- B physics, FCNC 
- EW precision 
Excess in kinematic distribution 
Jet observables 
Somewhere else..  
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In order for that, we need to do before and after LHC14 run 

• make solid understanding of theory prediction 
 
 
 
 

•  pin down fundamental parameters 

 

- Higher order corrections in collider observables.  
- Resummation of large logs for given process. 
- Better understanding about theory uncertainty 

- αs(MZ),  
- mt, mW, mZ,  
- mh,  yt, λhhh, λhhhh 

 We easily meet multiloop calculation 
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The aim of this work is 

• Analytic separation of IR and UV divergences for given 
multiloop diagram. 
 
 
 
 
 

 
 

 

• Automatic calculation with computing code.  
 “Revolution of NLO” – MC@NLO, POWHEG, Blackhat, MCFM... 

Automatic calculation beyond NLO is still an open question. 

- Analytic computation has 

pros: Exact,  
Flexible 
Keep analytic property 

cons: 
Sometimes not  
available 
Complicated 

- There are numerical methods (Sector Decomposition) 
 

-    There is no analytic methods in the market.  
Heinrich, 0803.4177,   SecDec,  FIESTA 
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UV, IR divergences 

Dipole subtraction method (NLO) 

Antenna subtraction (up to NNLO) 

 In any case, we need to calculate IRs in virtual correction. 

  Systematic method for canceling IR between  
virtual correction and real emission diagrams. 

S. Catani, M. Seymour, (1997),  S. Catani, S. Dittmaier, M. Seymour, Z. Trocsanyi (2002) 

Kosower (1998),  Ridder, Gehrmann, Glover (2005) 
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Parametrization 

Divergences arise when denominator becomes zero as  same 
number of  alphas with integer power of denominator have 
boundary values.  
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Parametrization 



15 

Parametrization 



16 

Sector Decomposition 

Heinrich, 0803.4177 

 Perform this decomposition for the multi-dimensional 
hyper-surface of alphas.  

 Algorithmic. Suitable for numeric calculation. 
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Separation of IR/UV 
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Separation of IR/UV 
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Separation of IR/UV 
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Separation of IR/UV 



21 

Analytic Computation 
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Separation of IR/UV 

Summary  

For given  
Multiloop diagram 

Alpha  
parametrization 

Investigate  
div . and separate  

div part.  

Make Series  
expansion in  ε 

Integrate each coef.  
In temrs of GHPLs 
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Example 

Massless one loop box diagram 
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Example 
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Example 
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Summary 

• We propose an analytic method of extracting IR/UV 
divergences in multiloop diagrams representing the 
results in terms of GHPLs. 

• This method is algorithmic and can be automatized with 
computer programing 

• We are testing massless 2loop 4point function as well as 
some massive diagram. We hope to soon make it public.  

• This method will be useful for higher order corrections in 
this precision era. 


