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Abstract. We study the transverse momentum resummation effects for the Z boson plus
jet associated production at the LHC within the transverse momentum dependent (TMD)
factorization formalism. The large logarithm ln(Q2/q2

⊥) with Q � q⊥ has been resummed
to Next-to-Leading Logarithm (NLL) accuracy. We compare our numerical results to the
CMS data by reweighting method. It shows that our prediction agree with the data very
well.

1 Introduction
Precisely study the Z boson and jet associated production at the Large Hadron Collider (LHC) is im-
portant for us to test the standard model (SM) and search the possible new physics effects. In order
to give a robust prediction and compare it to the experimental data, the higher order QCD correc-
tion is necessary. The next-to-next-to-leading order (NNLO) QCD correction has been finished in
Refs. [1–3] and it shows that the theoretical uncertainties could be reduced to percent-level. However,
for the observables which are sensitive to the soft and collinear radiations (e.g. the total transverse
momentum of Z boson and leading jet system), we should use the resummation technique to improve
the theoretical prediction, not by the fixed-order calculation. Here, we use the transverse momentum
dependent (TMD) factorization formalism to discuss the kinematical distributions of Z boson plus one
jet [4]. A similar work based on the soft-collinear effective theory can be found in Ref. [5].

2 TMD resummation
TMD resummation formula can be written as [6]:

d5σ

dyZdyJdP2
J⊥d2�q⊥

=
∑
ab


∫

d2�b⊥
(2π)2 e−i�q⊥·�b⊥Wab→ZJ(x1, x2, b⊥) + Yab→ZJ

 , (1)
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where yZ and yJ denote the rapidity of the Z boson and the leading jet; PJ⊥(PZ⊥) and �q⊥ = �PZ⊥ + �PJ⊥
are the leading jet (Z boson) transverse momentum and the imbalance transverse momentum of the Z
boson and the jet system. The all order resummation effects have included in Wab→ZJ . Yab→ZJ is the
remainder function between fixed order and asymptotic result. x1 and x2 are the momentum fractions
of the incoming hadrons carried by the two incoming partons,

x1,2 =

√
m2

Z + P2
Z⊥e±yZ +

√
P2

J⊥e±yJ

√
S

. (2)

The Wab→ZJ can be further written as,

Wab→ZJ (x1, x2, b) = x1 fa(x1, µF = b0/b⊥)x2 fb(x2, µF = b0/b⊥)

× Hab→ZJ(s, µres, µR)e−S Sud(s,µres,b⊥)e−FNP , (3)

Here µF , µR and µres are the factorization, renormalization and resummation scales.
The Sudakov form factor can be expressed as,

S Sud =

∫ µ2
res

b2
0/b

2
⊥

dµ2

µ2

[
ln
(

s
µ2

)
A + B1 + B2 + D ln

1
R2

]
, (4)

where R is the jet cone size. The coefficients A, B1,2 and D can be expanded perturbatively in αs.
The NLO results have show in Ref. [4]. Factor FNP denotes the contribution from non-perturbative
effects [7]. The hard function Hab→ZJ is depending on the initial state and the full NLO results can be
found in Ref. [4].

3 Phenomenology

We apply the resummation formula in Eq. 1 to calculate the q⊥ spectrum and φ angle distribution
between Z boson and leading jet. The anti-kt jet algorithm with cone size R = 0.4 is used in our
numerical calculation. In order to compare our theoretical prediction to data, we apply a reweighting
procedure to estimate the effect from imposing kinematic cuts on the leptons from Z boson decay. The
differential cross section after we including the kinematic cuts can be written as,

dσ
dq⊥

∣∣∣∣∣
decay
=

dσ
dq⊥

∣∣∣∣∣
stable,Z

× κ(m�+�− , y�+�− , p�
+�−

T ), (5)

where κ(m�+�− , p�
+�−

T , y�+�− ) is the reweighting factor which depends on lepton pair invariant mass
(m�+�− ), transverse momentum (p�

+�−

T ) and rapidity (y�+�− ). We find that the reweighting factor could
approximate as a constant when |yZ | < 1.5. Therefore, we have,

dσ
σdq⊥

∣∣∣∣∣
decay
�
( dσ
σdq⊥

∣∣∣∣∣
stable,Z

)
, for |y�+�− | < 1.5. (6)

We calculate the normalized q⊥ distribution of Z boson plus one jet production at the
√

s = 13 TeV
with CT14NNLO PDF [8] in Fig. 1. The φ angle distribution at the

√
s = 8 TeV is shown in Fig. 2.

The blue and red bands represent the experimental and scale uncertainty respectively. It is clear that
our theoretical prediction agree well with the experimental data.

2

EPJ Web of Conferences 235, 02003 (2020)	 https://doi.org/10.1051/epjconf/202023502003
ISMD 2019



where yZ and yJ denote the rapidity of the Z boson and the leading jet; PJ⊥(PZ⊥) and �q⊥ = �PZ⊥ + �PJ⊥
are the leading jet (Z boson) transverse momentum and the imbalance transverse momentum of the Z
boson and the jet system. The all order resummation effects have included in Wab→ZJ . Yab→ZJ is the
remainder function between fixed order and asymptotic result. x1 and x2 are the momentum fractions
of the incoming hadrons carried by the two incoming partons,

x1,2 =

√
m2

Z + P2
Z⊥e±yZ +

√
P2

J⊥e±yJ

√
S

. (2)

The Wab→ZJ can be further written as,

Wab→ZJ (x1, x2, b) = x1 fa(x1, µF = b0/b⊥)x2 fb(x2, µF = b0/b⊥)

× Hab→ZJ(s, µres, µR)e−S Sud(s,µres,b⊥)e−FNP , (3)

Here µF , µR and µres are the factorization, renormalization and resummation scales.
The Sudakov form factor can be expressed as,

S Sud =

∫ µ2
res

b2
0/b

2
⊥

dµ2

µ2

[
ln
(

s
µ2

)
A + B1 + B2 + D ln

1
R2

]
, (4)

where R is the jet cone size. The coefficients A, B1,2 and D can be expanded perturbatively in αs.
The NLO results have show in Ref. [4]. Factor FNP denotes the contribution from non-perturbative
effects [7]. The hard function Hab→ZJ is depending on the initial state and the full NLO results can be
found in Ref. [4].

3 Phenomenology

We apply the resummation formula in Eq. 1 to calculate the q⊥ spectrum and φ angle distribution
between Z boson and leading jet. The anti-kt jet algorithm with cone size R = 0.4 is used in our
numerical calculation. In order to compare our theoretical prediction to data, we apply a reweighting
procedure to estimate the effect from imposing kinematic cuts on the leptons from Z boson decay. The
differential cross section after we including the kinematic cuts can be written as,

dσ
dq⊥

∣∣∣∣∣
decay
=

dσ
dq⊥

∣∣∣∣∣
stable,Z

× κ(m�+�− , y�+�− , p�
+�−

T ), (5)

where κ(m�+�− , p�
+�−

T , y�+�− ) is the reweighting factor which depends on lepton pair invariant mass
(m�+�− ), transverse momentum (p�

+�−

T ) and rapidity (y�+�− ). We find that the reweighting factor could
approximate as a constant when |yZ | < 1.5. Therefore, we have,

dσ
σdq⊥

∣∣∣∣∣
decay
�
( dσ
σdq⊥

∣∣∣∣∣
stable,Z

)
, for |y�+�− | < 1.5. (6)

We calculate the normalized q⊥ distribution of Z boson plus one jet production at the
√

s = 13 TeV
with CT14NNLO PDF [8] in Fig. 1. The φ angle distribution at the

√
s = 8 TeV is shown in Fig. 2.

The blue and red bands represent the experimental and scale uncertainty respectively. It is clear that
our theoretical prediction agree well with the experimental data.

S �1 3 TeV

�a�

p p�Z�je t

Μres�PJ�, PJ��3 0 GeV

�y J��2 .4 , �yZ ��1 .5

CMS
Re s

0 2 0 4 0 6 0 8 0
0 .0

0 .1

0 .2

0 .3

0 .4

q��GeV�

dΣ
�d

q �
1�
Σ

S �1 3 TeV�b �
p p�Z�je t

Μres�PJ�, PJ��3 0 GeV

�y J��2 .4 , �yZ ��1 .5

CMS
Re s

0 2 0 4 0 6 0 8 0

0 .6

0 .8

1 .0

1 .2

1 .4

q��GeV�
Re

s�
da

ta

Figure 1. (a) The normalized q⊥ distribution of the Z boson plus one jet system, produced at the
√

S = 13 TeV
LHC with |yJ | < 2.4 and PJ⊥ > 30 GeV. The blue and red bands represent the CMS experimental uncertainty [9]
and the resummation calculation (Res) scale uncertainty, respectively. (b) The ratio of resummation prediction to
CMS data as a function of q⊥.
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Figure 2. The normalized distribution of φ, the azimuthal angle between the final state jet and Z boson measured
in the laboratory frame, for pp → Z + jet production at the

√
S = 8 TeV LHC with |yJ | < 2.4, |yZ | < 1.5

and PJ⊥ > 30 GeV. The blue and red bands represent the CMS experimental error [10] and resummation scale
uncertainty respectively.
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4 Summary

In this work, we discuss the transverse momentum resummation effects for the Z boson and jet as-
sociated production. The large logarithms of ln(Q2/q2

⊥) has be resuumed to NLL accuracy. In order
to compare to data directly, the reweighting method is used in our analysis. It shows that our resum-
mation calculation can describe well the CMS data, both the transverse momentum distribution and
azimuthal angle of Z boson plus jet system.
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