Transverse momentum
spectra of gauge bosons

Varun Vaidya
Theoretical Division, LANL

In collaboration with C. Lee, D. Kang
JHEP 1803 (2018) 117




Transverse spectrum of gauge bosons
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Transverse spectrum of gauge bosons
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® CSS resumation scheme: Choose p ~ 1/b, v ~1/b , Landau pole cut off , numerical
implementation of cross section

® Implement a resummation scheme with v chosen in b space, g in momentum space.
® Obtain an analytical expression for the cross section



Resummed spectrum

® Resummed cross section
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Fixed order terms resummed exponent
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® Fixed order terms can be obtained from this master integral by taking derivatives



Computing the master integral

® Mellin Barnes representation of the Bessel function
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® Integral in b space can be done exactly
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Expansion in Hermite basis

2
& TV TA

A~ FcuSP(QS(ﬂ))
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Computing the master integral
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® An explicit all orders expression for the master integral
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Comparison with other schemes
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Sources of
errors/uncertainties

Perturbative expansion in the strong
coupling

Expansion in Aqcp/ qT.
Expansion in qT/Q
Variation between pdf sets

finite quark mass corrections



W/Z T spectra

* Perturbative uncertainties

e

3'%% ol pr (M, pr) Enil izt o (ur) Fiely, (. QT-;MWTZ (fulws, ue) fz(@a, pL) + 21 & @2)

d

R{fﬂﬁ' UU@'H Mz, 1), 2 e Sov=2 (g ) Pl (pr a7 Mz LEI filzy, pp) fi(@e, ur) + 21 6 5)
Hard function rapidity resummation PDF ratio
resummation

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 qgT<m ~ 5 GeV

* Need a multiscale EFT for resumming possible log( qT/m)? matched onto fixed
order m/qT corrections.
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W/Z qT spectra

* Non perturbative power correction -> usually handled using a universal non-
pertubative model -> relevant for qT ~ Aqcp 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)

SCET at subleading power ->First Subleading Power Resummation for Event Shapes,
|. Stewart et.al. arXiv 1804.08665 -> Can be adapted for T resummation



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



