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 Enhanced energy single logs in fixed-order description of high-energy (HE) collisions  

 Convergence of perturbative series spoiled when   

 All-order resummation    BFKL approach at LLA:  ,  and NLA:   

 Golden channels    diffractive semi-hard reactions:   

 HE resum.    essential ingredient to study production mechanisms of particles 

 Parton content of proton at small-x    BFKL UGD, resummed PDFs, small-x TMDs

αs ln(s) ∼ 1

→ αn
s ln(s)n αn+1

s ln(s)n

→ s ≫ {Q2} ≫ ΛQCD

→
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High-energy resummation

The high-energy resummation (BFKL)
BFKL resummation: [V.S. Fadin, E.A. Kuraev, L.N. Lipatov (����, ����, ����); Y.Y. Balitskii, L.N. Lipatov (����)]

based on���! gluon Reggeization

leading logarithmic approximation (LLA): ↵n
s(ln s)n

next-to-leading logarithmic approximation (NLA): ↵n+1
s (ln s)n

Total cross section for A + B ! X: �AB(s) =
Ims{A

AB

AB
}

s
( optical theorem

I Ims

�
A

AB

AB

 
factorization:

convolution of the Green’s function
of two interacting Reggeized gluons
with the impact factors of the
colliding particles

Green’s function is process-independent, describes energy dependence and
obeys BFKL equation; impact factors are known in the NLA just for few processes
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 Inclusive hadroproduction of two jets with high  and large rapidity separation,  

 Moderate x (collinear PDFs), but t-channel  (HE factorization)    hybrid approach

pT Y

pT →

Mueller-Navelet jets: hybrid factorization
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Mueller–Navelet jets

Factorization of the cross section (MN jets)
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The expression for the partonic cross section in the BFKL approach reads:
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Mueller–Navelet jets

Forward-jet impact factor

take the impact factors for colliding partons
[V.S. Fadin, R. Fiore, M.I. Kotsky, A. Papa (����)]

[M. Ciafaloni and G. Rodrigo (����)]

quark vertex gluon vertex

“open” one of the integrations over the phase space of the intermediate state
to allow one parton to generate the jet

xp1

~q

(xJp1, ~kJ)

quark jet vertex

xp1

~q

(xJp1, ~kJ)

gluon jet vertex

use QCD collinear factoriz.:
P

s=q,q̄ fs ⌦ [quark vertex]+ fg ⌦ [gluon vertex]
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Mueller-Navelet jets: theory vs experiment
 Possibility to define infrared-safe observables and constrain PDFs 

 Theory vs experiment: CMS @7TeV with symmetric -ranges, only! 

 LHC kinematic domain in between the sectors described by BFKL and DGLAP 

 Clearer manifestations of high-energy signatures expected at increasing energies 

 Need for more exclusive final states as well as more sensitive observables 

 Strong manifestation of higher-order 

       instabilities via scale variation (¡!) 

pT
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On the scale optimization: BLMmethod

NLA BFKL corrections to cross section with opposite sign with respect to the
leading order (LO) result and large in absolute value...

⇧ ...call for some optimization procedure...
⇧ ...choose scales to mimic the most relevant subleading terms

BLM [ S.J. Brodsky, G.P. Lepage, P.B. Mackenzie (����)]

X preserve the conformal invariance of an observable...
X ...by making vanish its �0-dependent part

* “Exact” BLM:

suppress NLO IFs + NLO Kernel �0-dependent factors

* Partial (approximated) BLM:
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[F. Caporale, D.Yu. Ivanov, B. Murdaca, A. Papa (����)]
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 Inclusive h.p. of a Higgs + jet system with high  and large rapidity separation,  

 Large energy scales expected to stabilize the high-energy resummed series

pT ΔY

Inclusive Higgs + jet: azimuthal coefficients

7

Introduction  
&  

Motivation

Inclusive  
Higgs + jet

Closing  
statements

Resummed  
distributions

BFKL versus DGLAP Work �

Work �.�

d�

dy1 dy2 d2~k1 d2~k2
=

X

r,s=q,g

1Z

0

dx1

1Z

0

dx2 fr(x1,µF) fs(x2,µF)
d�̂r,s(x1x2s,µF)

dy1 dy2 d2~k1 d2~k2

p1

x1

jet
p2

x2

(k2, y2)

jet

(k1, y1)
⇧ slight change of variable in the �nal

state

⇧ project onto the eigenfunctions of the
LO BFKL kernel, i.e. transfer from the
reggeized gluon momenta to the
(n,⌫)-representation

⇧ suitable de�nition of the azimuthal
coe�cients

d�

dx1dx2 d|~pH| d|~pJ|d'Hd'J

=
1

(2⇡)2

"

C0 +
1X

n=1

2 cos(n')Cn

#

with ' = 'H -'J -⇡

...useful de�nitions:
Y = ln

x1x2s

|~k1||~k2|
, Y0 = ln

s0

|~k1||~k2|

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June ��th, ���� �/�

BFKL versus DGLAP Work �

Work �.�

d�

dy1 dy2 d2~k1 d2~k2
=

X

r,s=q,g

1Z

0

dx1

1Z

0

dx2 fr(x1,µF) fs(x2,µF)
d�̂r,s(x1x2s,µF)

dy1 dy2 d2~k1 d2~k2

p1

x1

jet
p2

x2

(k2, y2)

jet

(k1, y1)
⇧ slight change of variable in the �nal

state

⇧ project onto the eigenfunctions of the
LO BFKL kernel, i.e. transfer from the
reggeized gluon momenta to the
(n,⌫)-representation

⇧ suitable de�nition of the azimuthal
coe�cients

d�

dx1dx2 d|~pH| d|~pJ|d'Hd'J

=
1

(2⇡)2

"

C0 +
1X

n=1

2 cos(n')Cn

#

with ' = 'H -'J -⇡

...useful de�nitions:
Y = ln

x1x2s

|~k1||~k2|
, Y0 = ln

s0

|~k1||~k2|

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June ��th, ���� �/�

jet
p2

q/g(x2p2)

(pJ , yJ)

H
(pH , yH)

p1

g(x1p1)



 Inclusive h.p. of a Higgs + jet system with high  and large rapidity separation,  

 Large energy scales expected to stabilize the high-energy resummed series

pT ΔY

Inclusive Higgs + jet: azimuthal coefficients

7

Introduction  
&  

Motivation

Inclusive  
Higgs + jet

Closing  
statements

Resummed  
distributions

BFKL versus DGLAP Work �

Work �.�

d�

dy1 dy2 d2~k1 d2~k2
=

X

r,s=q,g

1Z

0

dx1

1Z

0

dx2 fr(x1,µF) fs(x2,µF)
d�̂r,s(x1x2s,µF)

dy1 dy2 d2~k1 d2~k2

p1

x1

jet
p2

x2

(k2, y2)

jet

(k1, y1)
⇧ slight change of variable in the �nal

state

⇧ project onto the eigenfunctions of the
LO BFKL kernel, i.e. transfer from the
reggeized gluon momenta to the
(n,⌫)-representation

⇧ suitable de�nition of the azimuthal
coe�cients

d�

dx1dx2 d|~pH| d|~pJ|d'Hd'J

=
1

(2⇡)2

"

C0 +
1X

n=1

2 cos(n')Cn

#

with ' = 'H -'J -⇡

...useful de�nitions:
Y = ln

x1x2s

|~k1||~k2|
, Y0 = ln

s0

|~k1||~k2|

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June ��th, ���� �/�

BFKL versus DGLAP Work �

Work �.�

d�

dy1 dy2 d2~k1 d2~k2
=

X

r,s=q,g

1Z

0

dx1

1Z

0

dx2 fr(x1,µF) fs(x2,µF)
d�̂r,s(x1x2s,µF)

dy1 dy2 d2~k1 d2~k2

p1

x1

jet
p2

x2

(k2, y2)

jet

(k1, y1)
⇧ slight change of variable in the �nal

state

⇧ project onto the eigenfunctions of the
LO BFKL kernel, i.e. transfer from the
reggeized gluon momenta to the
(n,⌫)-representation

⇧ suitable de�nition of the azimuthal
coe�cients

d�

dx1dx2 d|~pH| d|~pJ|d'Hd'J

=
1

(2⇡)2

"

C0 +
1X

n=1

2 cos(n')Cn

#

with ' = 'H -'J -⇡

...useful de�nitions:
Y = ln

x1x2s

|~k1||~k2|
, Y0 = ln

s0

|~k1||~k2|

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June ��th, ���� �/�

jet
p2

q/g(x2p2)

(pJ , yJ)

H
(pH , yH)

p1

g(x1p1)

BFKL versus DGLAP Work �

Work �.�

Factorization of the cross section (Higgs + jet)
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3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:

Cn(�Y, s) =
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Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :

d�(|~pH |, �Y, s)
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the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,

11

8



-averaged cross section: φ C0Introduction  
&  

Motivation

Inclusive  
Higgs + jet

Resummed  
distributions

Closing  
statements

3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:

Cn(�Y, s) =

Z
p
max
H

p
min
H

d|~pH |
Z

p
max
J

p
min
J

d|~pJ |
Z

y
max
H

y
min
H

dyH

Z
y
max
J

y
min
J

dyJ � (yH � yJ � �Y ) Cn . (27)

Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :

d�(|~pH |, �Y, s)

d|~pH |d�Y
=

Z
p
max
J

p
min
J

d|~pJ |
Z

y
max
H

y
min
H

dyH

Z
y
max
J

y
min
J

dyJ � (yH � yJ � �Y ) C0 , (28)

the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,

11

8



2 3 4 5 6

�Y = yH � yJ

10�4

10�3

10�2

10�1

100

101

102

C
0

[p
b]

MS scheme

MMHT2014 NLO PDF set

1/2 < Cµ < 2

10 GeV < |~pH | < 2Mt ; 20 GeV < |~pJ | < 60 GeV

|yH | < 2.5 ; |yJ | < 4.7
p

s = 14 TeV

JETHAD v0.4.2

proton(p1) + proton(p2) ! H(|~pH |, yH) + X + jet(|~pJ |, yJ)

LLA

NLAasymmetric  rangepT

-averaged cross section: φ C0Introduction  
&  

Motivation

Inclusive  
Higgs + jet

Resummed  
distributions

Closing  
statements

3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:

Cn(�Y, s) =

Z
p
max
H

p
min
H

d|~pH |
Z

p
max
J

p
min
J

d|~pJ |
Z

y
max
H

y
min
H

dyH

Z
y
max
J

y
min
J

dyJ � (yH � yJ � �Y ) Cn . (27)

Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :

d�(|~pH |, �Y, s)

d|~pH |d�Y
=

Z
p
max
J

p
min
J

d|~pJ |
Z

y
max
H

y
min
H

dyH

Z
y
max
J

y
min
J

dyJ � (yH � yJ � �Y ) C0 , (28)

the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,

11

8



Azimuthal correlations: C1/C0 ≡ ⟨cos φ⟩Introduction  
&  

Motivation

Inclusive  
Higgs + jet

Resummed  
distributions

Closing  
statements

9

3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:

Cn(�Y, s) =

Z
p
max
H

p
min
H

d|~pH |
Z

p
max
J

p
min
J

d|~pJ |
Z

y
max
H

y
min
H

dyH

Z
y
max
J

y
min
J

dyJ � (yH � yJ � �Y ) Cn . (27)

Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :

d�(|~pH |, �Y, s)

d|~pH |d�Y
=

Z
p
max
J

p
min
J

d|~pJ |
Z

y
max
H

y
min
H

dyH

Z
y
max
J

y
min
J

dyJ � (yH � yJ � �Y ) C0 , (28)

the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,

11



Azimuthal correlations: C1/C0 ≡ ⟨cos φ⟩Introduction  
&  

Motivation

Inclusive  
Higgs + jet

Resummed  
distributions

Closing  
statements

9

3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:

Cn(�Y, s) =

Z
p
max
H

p
min
H

d|~pH |
Z

p
max
J

p
min
J

d|~pJ |
Z

y
max
H

y
min
H

dyH

Z
y
max
J

y
min
J

dyJ � (yH � yJ � �Y ) Cn . (27)

Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :

d�(|~pH |, �Y, s)

d|~pH |d�Y
=

Z
p
max
J

p
min
J

d|~pJ |
Z

y
max
H

y
min
H

dyH

Z
y
max
J

y
min
J

dyJ � (yH � yJ � �Y ) C0 , (28)

the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,
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3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
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Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :
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=
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the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,
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transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
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of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
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transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;
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   Inclusive Higgs + jet as new semi-hard probe for BFKL 

   Partial NLA BFKL accuracy: NLA kernel + LO IFs + NLO RG 

   Encouraging statistics for rapidity and -distributions 

   Fair stability under higher-order corrections
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   Feasibility of precision measurements to be gauged 
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The search for evidence of New Physics is in the viewfinder of current and forthcoming
analyses at the Large Hadron Collider (LHC) and at future hadron, lepton and lepton-
hadron colliders. This is the best time to shore up our knowledge of strong interactions
though, the high luminosity and the record energies reachable widening the horizons of
kinematic sectors uninvestigated so far. A broad class of processes, called di↵ractive semi-
hard reactions [1], i.e where the scale hierarchy, s � {Q2} � ⇤2

QCD (s is the squared
center-of-mass energy, {Q} a (set of) hard scale(s) characteristic of the process and ⇤QCD

the QCD scale), is stringently preserved, gives us a faultless chance to test perturbative
QCD in new and quite original ways. Here, a genuine fixed-order treatment based on
collinear factorization fails since large energy logarithms enter the perturbative series in
the strong coupling, ↵s, with a power that increases with the order. In particular, large
final-state rapidities (or rapidity distances), typical of single forward emissions (or double
forward/backward emissions) with colorless exchanges in the t-channel, directly enhance
the weight of terms proportional to ln(s). The Balitsky-Fadin-Kuraev-Lipatov (BFKL)
approach [2] performs an all-order resummation of these large energy logarithms both
in the leading approximation (LLA), which means inclusion of all terms proportional to
↵n
s ln(s)

n, and in the next-to-leading approximation (NLA), including all terms propor-
tional to ↵n+1

s ln(s)n. Over the last few years, predictions for observables in a wide range of
semi-hard final states have been given. Among them, azimuthal correlations between two
Mueller-Navelet jets [3] have been identified as favorable observables in the discrimination
between BFKL- and fixed-order-inspired calculations [4]. This channel is characterized
by hadroproduced jets with high transverse momenta, a large di↵erence in rapidity, and
a secondary undetected gluon system. Several phenomenological studies have been con-
ducted so far [5–13] and they are in fair agreement with data collected by the CMS
collaboration [14]. However, the contingency that the same data could be concurrently
portrayed at the hand of fixed-order, DGLAP-based calculations, has been pointed out
recently, but not yet punctually addressed. Taking advantage of the richness of configura-
tions gained by combining the acceptances of CMS and CASTOR detectors and making
use of disjoint intervals for the transverse momenta of the emitted objects, it was recently
highlighted [15] how high-energy resummed and fixed-order driven predictions for semi-
hard sensitive observables can be decisively discriminated in the kinematic ranges typical
of current and forthcoming analyses at the LHC. With the aim of deepen our knowledge
of the BFKL dynamics, a notable variety of final states has been recently proposed: the
inclusive multi-jet hadroproduction [16, 17], the inclusive emission of two light-charged
hadrons [18, 19], J/ -jet [20], hadron-jet [21], Higgs-jet [22, 23], Drell–Yan-jet [24] and
heavy-flavored di-jet photo- [25] and hadroproduction [26].

The BFKL resummation still represents a powerful tool to improve our understanding
of the proton structure at small-x. First, it allowed us to define and study an unintegrated
gluon distribution (UGD), written as a convolution of the gluon Green’s function and the
non-perturbative proton impact factor. Then, it gave us the chance to improve the de-
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scription of collinear parton distribution functions (PDFs) with next-to-leading (NLO)
and next-to-NLO accuracy through the inclusion of NLA resummation e↵ects [27]. Ulti-
mately, it permitted us to predict the small-x behavior of transverse-momentum-dependent
(TMD) gluon distributions [28].

The UGD has been subject of intense studies since the early days both in exclusive
and inclusive channels. Originally employed in the study of DIS structure functions [29],
the UGD has then probed through the exclusive di↵ractive vector-meson leptoproduc-
tion [30–32] at HERA, the single-bottom quark production [33] at the LHC and the inclu-
sive forward Drell-Yan dilepton production [34, 35] at LHCb. Notably, exclusive emissions
of forward meson states at moderately low energy scales o↵er a unique chance to compare
predictions done in the high-energy resummmation formalism with results obtained at
the hand of the generalized-parton-distribution (GPD) formalism. Recent analyses on
the di↵ractive electroproduction of ⇢ mesons [31] have corroborated the underlying as-
sumption [36] that the small-size dipole scattering mechanism is at work, thus validating
the use of the UGD formalism, which holds when observable transverse momenta are
large. Nonetheless, a significant sensitivity of polarized cross sections to intermediate
values of the meson transverse momenta, where, in the case of inclusive emissions, a de-
scription at the hand of TMD factorization starts to be most appropriate framework, has
been observed. All these features brace the message that the development of a unified
formalism, where both the CSS [37] and the BFKL evolution mechanisms are consistently
integrated in the definition of small-x gluon-TMD distributions, needs to be carried on
with high priority in the medium-term future. The extension of these studies to the pro-
duction of (single) forward heavy-quark bound states certainly represents a substantial
step forward towards a deeper understanding of the proton structure in wider kinematic
ranges. Leading-order (LO) impact factors describing the production of forward heavy-
quark pairs [26, 38] are the landmark for the study of emissions of heavy-flavored open
states in collisions of hadrons [26] or quasi-real photons [25]. Still they can serve as a
common basis for the analytic calculation of LO impact factors depicting the emission of
forward heavy-light mesons and quarkonia.

The research lines presented above are relevant in the search for high-energy e↵ects via
the description of an increasing number of hadronic and lepto-hadronic reactions at the
LHC and at new-generation colliders, like the Electron-Ion Collider (EIC). At the same
time, the BFKL resummation serves as a tool to address more general aspects of QCD,
from the hadronic structure to other resummations and to the production mechanism of
hadronic bound states. We believe that the inclusion of these topics in the SnowMass
2021 scientific program would accelerate progress of our understanding of both formal
and phenomenological aspects of strong interactions at high energies.
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Gluon Reggeization in perturbative QCD

⇧ Gluon quantum numbers in the t-channel: 8
- representation

⇧ Regge limit: s ' -u ! 1, t not growing with s

! amplitudes governed by gluon Reggeization ! Dµ⌫ = -i
gµ⌫

q2

⇣
s

s0

⌘↵g(q
2)-1

feature���! all-order resummation: LLA [↵n
s (ln s)n] + NLA [↵n+1

s (ln s)n]
consequence�����! factorization of elastic and real part of inelastic amplitudes
example���! Elastic scattering process: A + B �! A

0 + B
0

�
A

-
8

�A
0
B
0

AB
= � c

A0A

"✓
-s

-t

◆j(t)

-

✓
s

-t

◆j(t)
#

� c

B0B

j(t) = 1 +!(t) , j(0) = 1

!(t) ! Reggeized gluon trajectory

� c

A0A
= ghA

0
|T

c
|Ai�A0A ! PPR vertex

T
c ! fundamental (q) or adjoint (g)

QCD is the unique SM theory where all elementary particles reggeize
Possible extensions: N=� SYM, AdS/CFT,...
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Ims {A} =
s

(2⇡)D-2

Z
d

D-2
q1

~q 2

1

�A(~q1, s0)

Z
d

D-2
q2

~q 2

2

�B(-~q2, s0)

�+i1Z

�-i1

d!

2⇡i

✓
s

s0

◆!

G!(~q1,~q2)

Green’s function is process-independent and takes care of the energy
dependence

�! determined through the BFKL equation

[Ya.Ya. Balitskii, V.S. Fadin, E.A. Kuraev, L.N. Lipatov (����)]

!G!(~q1,~q2) = �D-2(~q1 -~q2)+

Z
d

D-2
q K(~q1,~q)G!(~q,~q1) .

q1

q2

q1 � q

q2 � q

q1 q1 � q

q1

q
0
1

q2

q1 � q

q
0
1
� q

q2 � q

= +G
(R)

!

G
(R)

!

Figure 1.6: Schematic representation of integral equation for G
(R)

! .

Figure 1.7: Schematic representation or real part of kernel at Born approximation.

where K
(R) is the kernel of the integral function and consists of two parts: a

virtual part, which is expressed in terms of the gluon Regge trajectory and
the real part K

(R)

r related to the real particle production in Reggeon-Reggeon
collisions. It has the following expression:

K
(R) (~q1, ~q2; ~q) =

⇥
!
�
~q

2

1?
�

+ !
�
(q1 � q)2

?
�⇤

~q
2

1
(~q1 � ~q)2

�
(D�2) (~q1 � ~q2)

+ K
(R)

r (~q1, ~q2; ~q) ,

where K
(R)

r (~q1, ~q2; ~q) is the real part (see Fig. 1.7) and it reads

K
(R)

r (~qi, ~qi+1; ~q ) = �
g

2
cR

2 (2⇡)D�1
C

µ (qi+1, qi) Cµ (qi+1 � q, qi � q) (1.16)

=
g

2
cR

(2⇡)D�1

 
~q

2

i (~qi+1 � ~q )2 + ~q
2

i+1
(~qi � ~q )2

(~qi � ~qi+1)
2

� ~q
2

!
.

If R = 0 the equation (1.15) is called BFKL equation.
The integral equation (1.15) is an iterative equation; in fact, knowing the kern
at Born level, it allows to obtain all the LLA terms of the Green’s function. In

16
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Impact factors are process-dependent and
depend on the hard scale, but not on the energy
�! known in the NLA just for few processes

A A

~q1 ~q1

⇧ colliding partons
[V.S. Fadin, R. Fiore, M.I. Kotsky, A. Papa (����)]

[M. Ciafaloni, G. Rodrigo (����)]

⇧ �* �! V, with V = ⇢0, !, �, forward case
[D.Yu. Ivanov, M.I. Kotsky, A. Papa (����)]

⇧ forward jet production

[J. Bartels, D. Colferai, G.P. Vacca (����)]
(exact IF) [F. Caporale, D.Yu. Ivanov, B. Murdaca, A. Papa, A. Perri (����)]

(small-cone IF) [D.Yu. Ivanov, A. Papa (����)]
(several jet algorithms discussed) [D. Colferai, A. Niccoli (����)]

⇧ forward identi�ed hadron production
[D.Yu. Ivanov, A. Papa (����)]

⇧ �* �! �*
[J. Bartels et al. (����), I. Balitsky, G.A. Chirilli (����, ����)]
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BFKL in the LLA (I)

Inelastic scattering process A + B ! Ã + B̃ + n in the LLA

multi-Regge kinematics

ReAÃB̃+n

AB
= 2s �

c1

ÃA

 
nY

i=1

�
Pi

cici+1
(qi, qi+1)

✓
si

sR

◆!(ti) 1

ti

!
1

tn+1

✓
sn+1

sR

◆!(tn+1)

�
cn+1

B̃B

�
Pi

cici+1
(qi, qi+1) ! RRG vertex

sR ! energy scale, irrelevant in the LLA
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BFKL in the LLA (II)

Elastic amplitude A + B �! A
0 + B

0 in the LLA via s-channel unitarity

A
A
0
B
0

AB
=

X

R

(AR)A
0
B
0

AB
, R = � (singlet), �- (octet), . . .

The �- color representation is important for the bootstrap, i.e. the consistency
between the above amplitude and that with one Reggeized gluon exchange
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Forward-Higgs impact factor at LO

⌫, b

k = x1p1

�
µ

l + k

l � q

l

k + q

µ, a

�
⌫ = x2p

⌫

2/s

q

1

Figure 3: Representative Feynman diagram for the squared modulus of the amplitude for
the gluon scattering o↵ a Reggeon to produce a Higgs particle. The Reggeized gluon is
depicted by the zigzag line.

For the sake of completeness, we give the corresponding expression for the jet LO
impact factor [16]

d�(0)
J

(⌫, n)

dxJd2~pJ

= 2↵s

r
CF

CA

(~p 2
J
)i⌫�3/2

✓
CA

CF

fg(xJ) +
X

a=qq

fa(xJ)

◆
e

in�J , (12)

where �J denotes the azimuthal angle of the vector ~pJ .
In the next section we will build the cross section for the process of our consideration,

by combining the BFKL Green’s function and impact factor for the jet, together with our
calculated Higgs-gluon impact factor.

2.2 Cross section and azimuthal coe�cients

For the sake of simplicity, we consider final-state configurations where the Higgs is always
tagged in a more forward direction with respect to the jet, thus implying �Y ⌘ yH �yJ >

0.
As anticipated, the Higgs and the jet are also expected to feature large transverse

momenta, |~pH |2 ⇠ |~pJ |2 � ⇤2
QCD. The four-momenta of the parent protons, p1,2, are

taken as Sudakov vectors satisfying p
2
1,2 = 0 and p1p2 = s/2, so that the final-state

7

⌫, b

k = x1p1

✏µ

l + k

l � q

l

k + q

µ, a

✏⌫ = x2p⌫2/s

q

1
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Forward-Higgs impact factor at NLO-RG
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=
e
�Y

s

MH,?

|~pH |

⇥
Z +1

�1
d⌫

✓
xJxHs

s0

◆↵̄s(µRc
)

⇢
�(n,⌫)+↵̄s(µRc

)


�̄(n,⌫)+

�0
8Nc

�(n,⌫)


��(n,⌫)+ 10

3 +4 ln

✓
µRcp
~pH~pJ

◆���

⇥
�
↵

2
s
(µR1)cH(n, ⌫, |~pH |, xH)

 
{↵s(µR2)[cJ(n, ⌫, |~pJ |, xJ)]⇤}

⇥
(

1 + ↵s(µR1)
c
(1)
H

(n, ⌫, |~pH |, xH)

cH(n, ⌫, |~pH |, xH)
+ ↵s(µR2)

"
c
(1)
J

(n, ⌫, |~pJ |, xJ)

cJ(n, ⌫, |~pJ |, xJ)

#⇤)
, (18)

where ↵̄s ⌘ Nc/⇡ ↵s, with Nc the QCD color number,

�0 =
11

3
Nc � 2

3
nf (19)

the first coe�cient in the expansion of the QCD �-function (nf is the active-flavor num-
ber),

� (n, ⌫) = 2 (1) �  

✓
n + 1

2
+ i⌫

◆
�  

✓
n + 1

2
� i⌫

◆
(20)

the eigenvalue of the LO BFKL kernel, cH,J(n, ⌫) are the Higgs and the jet LO impact
factors in the (⌫, n)-space, given by

cH(n, ⌫, |~pH |, xH) =
1

v2

|F(~p 2
H

)|2

128⇡3
p

2(N2
c

� 1)

�
~p

2
H

�i⌫+1/2
fg(xH , µF1) , (21)

cJ(n, ⌫, |~pJ |, xJ) = 2

r
CF

CA

�
~p

2
J

�i⌫�1/2

 
CA

CF

fg(xJ , µF2) +
X

a=q,q̄

fa(xJ , µF2)

!
. (22)

The energy-scale parameter, s0, is arbitrary within NLA accuracy and will be fixed in
our analysis at s0 = MH,?|~pJ |. The remaining quantities are the NLO impact-factor

corrections, c
(1)
H,J

(n, ⌫, |~pH,J |, xH,J). The expression for the Higgs NLO impact factor has
not been yet calculated. It is possible, however, to include some “universal” NLO con-
tributions to the Higgs impact factor, which can be expressed through the corresponding
LO impact factor, and are fixed by the requirement of stability within the NLO under
variations of the energy scale s0, the renormalization scale µR and of the factorization
scale µF , getting

↵sc
(1)
H

(n, ⌫, |~pH |, xH) ! ↵̄sc̃
(1)
H

(n, ⌫, |~pH |, xH) , (23)

with

c̃
(1)
H

(n, ⌫, |~pH |, xH) = cH(n, ⌫, |~pH |, xH)

(
�0

4Nc

✓
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5

3
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The renormalization scales (µR1,2,c) and the factorization ones (µF1,2) can, in principle, be
chosen arbitrarily, since their variation produces e↵ects beyond the NLO. It is however
advisable to relate them to the physical hard scales of the process. We chose to fix
them di↵erently from each other, depending on the subprocess to which they are related:
µR1 ⌘ µF1 = CµMH,?, µR2 ⌘ µF2 = Cµ|~pJ |, µRc

= Cµ

p
MH,?|~pJ |, where Cµ is a variation

parameter introduced to gauge the e↵ect of a change of the scale (see the discussion at
the end of Section 3.2).
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3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:

Cn(�Y, s) =

Z
p
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p
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p
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Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :

d�(|~pH |, �Y, s)

d|~pH |d�Y
=
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y
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the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,
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The second observable of our interest is the pH-distribution for a given value of �Y :
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the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,

11

-averaged cross section: φ C0

Backup



Introduction  
&  

Motivation

Inclusive  
Higgs + jet

Resummed  
distributions

Closing  
statements

3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:
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Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :
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the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,
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3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:
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Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :

d�(|~pH |, �Y, s)
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=
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the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,
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3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:
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Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :

d�(|~pH |, �Y, s)
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the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,
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3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:
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Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :
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the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,
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3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:
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Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :

d�(|~pH |, �Y, s)
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=
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the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,
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3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:
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Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :
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the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,
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3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:
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Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :

d�(|~pH |, �Y, s)

d|~pH |d�Y
=

Z
p
max
J

p
min
J

d|~pJ |
Z

y
max
H

y
min
H

dyH

Z
y
max
J

y
min
J

dyJ � (yH � yJ � �Y ) C0 , (28)

the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,
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3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:
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Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
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b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .
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the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,
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The first observables of our consideration are the azimuthal-angle coe�cients integrated
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Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :
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the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,
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of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
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transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
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of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
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thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :

d�(|~pH |, �Y, s)

d|~pH |d�Y
=

Z
p
max
J

p
min
J

d|~pJ |
Z

y
max
H

y
min
H

dyH

Z
y
max
J

y
min
J

dyJ � (yH � yJ � �Y ) C0 , (28)

the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,

11

50 100 150 200 250 300 350

|~pH| [GeV]

10�6

10�5

10�4

10�3

10�2

10�1

100

101

d�
(|~p

H
|,

�
Y
,s

)

d|
~p H

|
[p

b/
G

eV
]

1/2 < Cµ < 2

|~pJ | = |~pH | (Born); 35 GeV < |~pJ | < 60 GeV (LLA, NLA)

|yH | < 2.5 ; |yJ | < 4.7 ; �Y = yH � yJ

p
s = 14 TeV

MS scheme; MMHT2014 NLO PDF set

�Y = 3

JETHAD v0.4.2

proton(p1) + proton(p2) ! H(|~pH |, yH) + X + jet(|~pJ |, yJ)

LLA

LLA; Mt ! +1
NLA

NLA; Mt ! +1

Backup



-distribution: pH dC0/dpH (Mt → + ∞)Introduction  
&  

Motivation

Inclusive  
Higgs + jet

Resummed  
distributions

Closing  
statements

3 Phenomenology

3.1 Azimuthal correlations and pT -distribution

The first observables of our consideration are the azimuthal-angle coe�cients integrated
over the phase space for two final-state particles, while the rapidity interval, �Y , between
the Higgs boson and the jet is kept fixed:

Cn(�Y, s) =

Z
p
max
H

p
min
H

d|~pH |
Z

p
max
J

p
min
J

d|~pJ |
Z

y
max
H

y
min
H

dyH

Z
y
max
J

y
min
J

dyJ � (yH � yJ � �Y ) Cn . (27)

Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
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transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
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We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
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Pursuing the goal of fitting realistic kinematic cuts adopted by the current experimental
analyses at the LHC, we constrain the Higgs emission inside the rapidity acceptances
of the CMS barrel detector, i.e. |yH | < 2.5, while we allow for a larger rapidity range
of the jet [107], which can be detected also by the CMS endcaps, namely |yJ | < 4.7.
Furthermore, three distinct cases for the final-state transverse momenta are considered:

a) symmetric configuration, suited to the search of pure BFKL e↵ects, where both
the Higgs and the jet transverse momenta lie in the range: 20 GeV < |~pH,J | < 60
GeV;

b) asymmetric selection, typical of the ongoing LHC phenomenology, where the Higgs
transverse momentum runs from 10 GeV to 2Mt, where the jet is tagged inside its
typical CMS configuration, from 20 to 60 GeV;

c) disjoint windows, which allows for the maximum exclusiveness in the final state:
35 GeV < |~pJ | < 60 GeV and 60 GeV < |~pH | < 2Mt.

We study the '-averaged cross section (alias the �Y -distribution), C0(�Y, s), the azimu-
thal-correlation moments, Rn0(�Y, s) = Cn/C0 ⌘ hcos n'i, and their ratios, Rnm =
Cn/Cm [95, 96] as functions of the Higgs-jet rapidity distance, �Y .

The second observable of our interest is the pH-distribution for a given value of �Y :

d�(|~pH |, �Y, s)

d|~pH |d�Y
=

Z
p
max
J

p
min
J

d|~pJ |
Z

y
max
H

y
min
H

dyH

Z
y
max
J

y
min
J

dyJ � (yH � yJ � �Y ) C0 , (28)

the Higgs and jet rapidity ranges being given above and 35 GeV < |~pJ | < 60 GeV.

3.2 Results and discussion

In Fig. 4 we present results for the �Y -distribution, C0, in the three kinematic configura-
tions under investigation. Here, the usual onset of the BFKL dynamics comes easily out.
The growth with energy of the pure partonic cross sections is quenched by the convolu-
tion with PDFs, this leading to a lowering with �Y of hadronic distributions. Notably,
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