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The prequel 
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• Showers develop in “shower time.”

• Hardest interactions first.

Shower evolution
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Real time picture Shower time picture



Shower ordering variable
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Contrast with SCET

• SCET divides gluon emissions into hard, collinear to 
hadron A, collinear to hadron B, and soft.

• Each region gets its own special treatment.

• Since the boundaries between regions should not 
matter, we get differential equations to solve.
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• In a parton shower, we have just 
two regions: hard and 
everything else.

• We solve a differential equation 
in the hardness variable that sets 
the boundary between hard and 
everything else.

• We count on having a good 
approximation to sort out 
collinear regions from the soft 
region.



Evolution equation
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The shower state evolves in shower time.



An obvious question

• Is this going to sum large logarithms?
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• There are large logarithms log(M2
Z/p2

�).

• Measure the p� of the Z-boson for p2
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• We know how to sum these in QCD.

�Logarithms of p
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• Consider A + B ⇥ Z + X
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• Start with the Fourier transform of the cross section.

• Use the shower evolution equation.

• Use what we know about the operators involved.
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Analytical approach
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Exponentiation

Result
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Numerical approach with 
Deductor
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Threshold logarithms
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Including threshold logs
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What not to do
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What to do
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What happens
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The most important term
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Numerical result
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Conclusion on threshold logs
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General conclusion
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