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Drell–Yan qT distribution
>>>>
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h1(p1) + h2(p2) → V + X → ℓ1 + ℓ2 + X

where V = Z0/γ∗,W±

..
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QCD factorization formula:
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Fixed-order perturbative expansion reliable

only for qT ∼ M. When qT ≪ M:

∫ q2T

0
dq̄2T

d σ̂qq̄

dq̄2
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∼ 1 + αS

[
c12L

2
qT

+ c11LqT + · · ·
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4
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+ · · ·+ c21LqT + · · ·
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+O(α3
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with αn
S
LmqT ≡ αn

S
logm(M2/q2

T
) ≫ 1.

Resummation of logarithmic corrections needed.
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NNLO QCD predictions at large qT

Z qT spectrum (qT > 20 GeV ).

→ see A.Huss talk

ATLAS data (
√
s = 8 TeV ) [1512.02192] (2.8%

luminosity uncertainty not shown).

NNLO (i.e.O(α3
S
)) QCD predictions

[G.-De Ridder,Gehrmann,Glover,Huss,

Morgan(’16)]. NNLO correction positive
(∼6-8%) and reduce scale dependence (factor 2

around µ =
√

M2 + q2
T
).

Agreement between data and theory improves by
considering normalized distributions.

In the small qT region effects of soft-gluon resummation are essential

At the LHC 90% of the W± and Z 0 are produced with qT ∼< 20GeV
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NNLO QCD predictions at large qT

Normalized Z qT spectrum (qT > 20 GeV ).
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qT resummation in QCD

d σ̂
d2qT dM2 dŷ dΩ

=
[
d σ̂(res)

]
+
[
d σ̂(fin)

]
;

∫
dq2

T
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dq2
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qT→0∼
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αn
S
logm M2

Q2
T∫

dq2
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dσ̂(fin)

dq2
T

qT→0∼ 0

Resummation holds in impact parameter space: qT ≪M ⇔ Mb≫1, logM/qT ≫1 ⇔ logMb≫ 1

[
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In the double Mellin space (z1,2 = e±ŷM/
√
ŝ) we have:

W(N1,N2)(b,M) = H(N1,N2)(αS)× exp
{
G(N1,N2)(αS , L̃)

}

with L̃ ≡ log(Q2b2+1) (Q ∼ M is the resummation scale)
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π
g
(3)
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H
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+ · · ·

LL (∼αn
S
L̃n+1): g (1), (σ̂(0)); NLL (∼αn

S
L̃n): g (2), H(1); NNLL (∼αn

S
L̃n−1): g (3), H(2);

Resummed (N)NLL/(N)NLO result at small qT matched with fixed (N)LO (i.e.

αS (α
2
S
)) “finite” part at large qT : uniform accuracy for qT ≪ M and qT ∼ M.
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qT spectrum of the Z boson

NLL+NLO and NNLL+NNLO Z qT spectrum at the LHC at
√
s = 7/8 TeV .
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qT spectrum of Z boson: theory vs ATLAS data
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Left: NLL+NLO and NNLL+NNLO bands for Z/γ∗ qT spectrum compared with and
ATLAS data (7 TeV).
Right Top: Ratios between ResBos predictions and ATLAS data.
Right Bottom: Ratios between various MC generators results and ATLAS data.
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φ∗ spectrum of Z boson: theory vs ATLAS data

NLL+NLO and NNLL+NNLO bands
for Z/γ∗ φ∗ spectrum compared with
ATLAS data.
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qT spectrum of W: theory vs ATLAS data

NLL+NLO and NNLL+NNLO bands
for W± qT spectrum compared with
ATLAS data.

 [GeV]W
T

p
0 50 100 150 200 250 300

(D
at

a,
P

re
di

ct
io

n)
 / 

R
E

S
B

O
S

0.6

0.8

1

1.2

1.4

1.6

1.8

2

 = 7 TeVs

ATLAS

-1
 31 pb≈Ldt ∫

Combined Data 2010
   Stat. Uncert.
ALPGEN+HERWIG
MC@NLO
POWHEG+PYTHIA
PYTHIA
RESBOS
SHERPA

MC generators results and ATLAS data
ratio to ResBos.

Giancarlo Ferrera – Milan University & INFN MW working WS – CERN – 25/1/2018
qT resummation at NNLO+NNLL QCD with DYRes 8/13



Lepton pT distributions from W decay

  [GeV]
T
lp

30 32 34 36 38 40 42 44 46 48 50
V

ar
ia

tio
n 

/ P
yt

hi
a 

8 
A

Z
0.99

1

1.01

1.02

1.03

1.04
 SimulationATLAS

+X±W→ = 7 TeV, pps

Pythia 8 AZ
Powheg + Pythia 8 AZNLO
DYRES
Powheg MiNLO + Pythia 8

Ratios of the lepton pT normalised distribution obtained using Powheg+Pythia 8
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Transverse-mass distributions from W decay
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PDF uncertainties and NP effects

NNLL+NNLO result for Z qT spectrum at
the LHC. Perturbative scale dependence,
PDF uncertainties and impact of NP
effects.

PDF uncertainty is smaller than the scale
uncertainty and it is approximately
independent on qT (around the 3% level).

Non perturbative intrinsic kT effects
parametrized by a NP form factor
SNP = exp{−gNPb

2} with 0<gNP <1.2GeV 2:

exp{GN(αS , L̃)} → exp{GN(αS , L̃)} SNP

NP effects increase the hardness of the qT
spectrum at small values of qT .

NNLL+NNLO result with NP effects
very close to perturbative result except
for qT < 3GeV (i.e. below the peak).
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PDF uncertainties and NP effects

NNLL+NNLO result for Z qT spectrum at
the LHC. Perturbative scale dependence,
PDF uncertainties and impact of NP effects
normalized to central NNLL+NNLO
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W/Z ratio: the qT spectrum

Ratio of NNLL+NNLO and NLL+NLO
results for W /Z qT spectra at the LHC.
Perturbative scale dependence.

Ratio of W /Z observables substantially reduces
both the experimental and theoretical systematic
uncertainties [Giele,Keller(’97)].

Correlated (µW /MW = µZ/MZ ) scale variations
by factor 2 (avoiding ratios larger than 2) gives
reasonable estimate of pert. uncertainty (nice
overlap of scale variation bands for qT > 3GeV ).

PDF uncertainty dominates at very small (qT
qT <∼ 5GeV ).

Non trivial interplay of perturbative and NP
effects.
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W/Z ratio qT spectrum: perturbative scale uncertainty

DYqT resummed predictions for the ratio of
W /Z normalized qT spectra. Uncorrelated
perturbative scale variation band.

DYqT resummed predictions for the ratio of
W /Z normalized qT spectra. Correlated
perturbative scale variation band.
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