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Sources of 
errors/uncertainties

• Perturbative expansion in the strong 
coupling 

• Expansion in ΛQCD/ qT.

• Expansion in qT/Q

• Variation between pdf sets

• finite quark mass corrections



W/Z qT spectra
• Perturbative uncertainties

Hard function 
resummation

PDF ratio

Scale variation should produce strongly 
correlated  uncertainties for perturbative  QCD 
corrections.



W/Z qT spectra
 Finite quark mass corrections
•   b quark mass correction for Z boson relevant for qT < m  ~ 5 GeV
• Need a multiscale EFT for resumming possible log( qT/m)? matched onto fixed 

order m/qT corrections.

HQET (Heavy Quark 
Effective Theory)

m relevant 
region massless regiontransition



W/Z qT spectra

• Non perturbative power correction -> usually handled using a universal non-
pertubative model -> relevant for qT ~ ΛQCD and hence also strongly 
correlated.

• Power corrections in qT/Q usually handled by matching to full theory fixed order 
cross section. However, for percent level accuracy, we need t o resum power 
suppressed logs ~ qT^2/Q^2 Log(qT^2/Q^2)



Conclusion
•  Analytic formula for tranverse momentum spectra of gauge bosons in the 

perturbative region 

•  Ratio of W/Z qT spectra sensitive to the differences in the kinematics and 
production mechanisms.

• EFT can be extended to include finite quark mass effects and Subleading power 
corrections .

• Borrow EFTs already formulated for jet observables and apply them for qT 
spectra computation


