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High-energy resummation at the FPF
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 Collinear factorization    well-established formalism, successes in QCD pheno→

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

 Convergence of perturbative series spoiled when  αs ln(s) ∼ 1

 All-order resummation    BFKL approach at LL:  ,  and NLL:  → αn
s ln(s)n αn+1

s ln(s)n

 Ultraforward emissions    golden channels to access HE dynamics→

 Natural stability of HE resummation    path to precision studies at the FPF↔

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

High-energy resummation at the FPF
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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 ΔY

pT →

Mueller-Navelet jets: hybrid factorization
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Mueller–Navelet jets

Factorization of the cross section (MN jets)
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4

Introduction  
&  

Motivation

Natural 
Stability

Towards 
Precision 
Studies

FPF+ATLAS 
Coincidence



Mueller-Navelet jets & resummation instabilities

 Strong manifestation of higher-order instabilities via scale variation (¡!)
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Mueller-Navelet jets & resummation instabilities

 Strong manifestation of higher-order instabilities via scale variation (¡!)

 ¡ At natural scales: NLL/LL large, no agreement with data, unphysical values !BACKUP slides
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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 BLM scales, theory vs experiment: CMS @7TeV with symmetric -ranges, only!pT
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 BLM scales, theory vs experiment: CMS @7TeV with symmetric -ranges, only!pT

         precision studies hampered μBLM
R ≫ μnat.

R ⇒ dσBLM/dσnat. ∼ 10−(1÷2) ⇒
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 BLM scales, theory vs experiment: CMS @7TeV with symmetric -ranges, only!pT

         precision studies hampered μBLM
R ≫ μnat.

R ⇒ dσBLM/dσnat. ∼ 10−(1÷2) ⇒

 Unsuccessful scale optimization    processes featuring natural stability (¿?)→
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Natural stability of the HE resummation
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Higgs + jet    large transverse masses, partial NLL⇔
 

🔗 [F. G. C. et al. (2021)]
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Heavy flavor    / /  VFNS FFs, full NLL⇔ D* Λc Hb
 

🔗 🔗 [F. G. C. et al. (2021)]
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Natural stability as a tool to investigate HE dynamics of QCD at the FPF
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Light mesons @FPF + heavy flavor @ATLAS
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Hybrid NLL/collinear factorization vs HE-NLO via the  method 𝙹𝙴𝚃𝙷𝙰𝙳
 

🔗 [F. G. C. (2021)]
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Inclusive  (FPF) +  (ATLAS) productionπ± Hb
 

[F. G. C. (in preparation)]
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¡ Natural stability at work !

Scale-variation studies feasible

NLL and HE-NLO clearly disengaged
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Multiplicity: PDF/FF effects quenched
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Azimuthal correlations: C1/C0 ≡ ⟨cos φ⟩
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-averaged cross section: φ C0

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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min
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d|~pJ |
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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
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p
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d|~pJ |
Z

y
max
H

y
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dyH

Z
y
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J

y
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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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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 =
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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-
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-distribution: pH dC0/dpH (Mt → + ∞)

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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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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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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Inclusive  (FPF) +  (ATLAS) productionπ± D*±

 
[FPF Snowmass Whitepaper]
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Inclusive  (FPF) +  (ATLAS) productionK± D*±
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