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Resummation benchmark:
scale variations



How low in qT?



How low in qT?

To rephrase it: the qT ≃ 0 region (below the peak) is governed by finite-kT emissions 
that cancel to give qT ≃ 0. Therefore the perturbative component in this region is 
computable with around the same perturbative accuracy of  the peak region. 

Put differently: the perturbative uncertainty should not explode for qT → 0.



The cross section

For fixed y and M ≫ ΛQCD the qT dependence is entirely driven by the 
modulation of  the integrand given by the Bessel function.
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In impact parameter space:
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Integrating these curves between 0 and ∞ gives the distribution in dqT2.



The cross section

The resummation pattern implies that at small qT the perturbative 
uncertainty of  the integrand scales as:
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Since αs(M) ≪ 1, for the computation to be asymptotically convergent:

For fixed y and M ≫ ΛQCD the qT dependence is entirely driven by the 
modulation of  the integrand given by the Bessel function.
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For all scale choices
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Æs(1 GeV) ' 0.47

Æs(0.5 GeV) ' 6.52

Æs(MZ) = 0.118, NNLO evolution

If  the argument of  αs is allowed to take too small values, any estimate of  
the perturbative uncertainty is hardly meaningful.



Based of  this pattern:
Exercise
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We chose a kinematic configuration (Q = M, y = 0) and made the shift:
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K is computable but it should be around one at all orders: 
unless renormalon effects (factorially growing perturbative coefficients) are 
getting large, but this does not seem the case up to N3LL given the observed 
perturbative convergence when moving from LL to N3LL. 

Given the perturbative convergence at low qT, how comes that perturbative 
uncertainties remain so large?
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Based of  this pattern:
Exercise
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We chose a kinematic configuration (Q = M, y = 0) and made the shift:
<latexit sha1_base64="DR8ZPDp2r67ry6iLaluwpT1VMow="></latexit>

LL : e�(bT)
n
1 + K

h
↵s

⇣
b0

b⇤(bT )

⌘
/↵s(M)

io

NkLL : e�(bT)
n
1 + K

h
↵k

s

⇣
b0

b⇤(bT )

⌘
� ↵k

s(M)
io

K is computable but it should be around one at all orders: 
unless renormalon effects (factorially growing perturbative coefficients) are 
getting large, but this does not seem the case up to N3LL given the observed 
perturbative convergence when moving from LL to N3LL.

The main goal of  this exercise is not to estimate K , but to study the 
behaviour of  perturbative uncertainties on the cross section as qT → 0. 
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Summary and suggestions
Our numerical simulations seem to meet the theoretical expectation 
according to which perturbative uncertainties at qT ≲ 1 GeV are as 
under control as at qT ≲ 2 - 3 GeV. 

This pattern becomes particularly clear when looking at cross sections 
differential in qT2 and not in qT because the spectrum goes to constant 
(of  course, relative differences should not depend of  this): 

we suggest to look at the cross section differential in qT2 possibly in logarithmic 
scale down to qT = 0.1 (this was one of  the settings of  the benchmark). 

It would be interesting to see if  all other codes agree on this and if  not why. 

For the record, our estimate of  the uncertainties at N3LL for Q = M and  y = 0 
suggests a value K ≃ 2 - 4. 

We observe no instability at the level of  the perturbative uncertainty due to a 
different choice of  the PDF set.


