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The high-energy resummation
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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
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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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Hybrid factorization 
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High-energy factorization 

BFKL or small-x improved PDFs
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High-energy factorization 

BFKL or small-x improved PDFs

Collinear PDF

Collinear PDF

BFKL Green’s 
function

Large rapidity distances,  

High energies, moderate x 

PDFs + t-channel BFKL (NLL/NLO HyF) 

Imbalance logs    back-to-back

ΔY ≫ 1
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 Inclusive hadroproduction of two jets with high  and large rapidity separation,  

 Moderate x (collinear PDFs), but t-channel  (BFKL resummation)    hybrid factorization

pT ΔY

pT →

BFKL versus DGLAP Introduction Hybrid factorization at work Closing statements Backup

Mueller–Navelet jets

Factorization of the cross section (MN jets)
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Mueller-Navelet jet production within HyF
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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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MN jets:  Theory vs experiment @7TeV CMS
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MN jets:  Hunting BFKL @7TeV CMS

(left) 🔗 [F. G. C., Eur. Phys. J. C 81 (2021) 8, 691] 
(right) 🔗 [F. G. C., A. Papa, Phys. Rev. D 106 (2022) 11, 114004] 12II.1  Mueller-Navelet jets
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Hadron + jet production within HyF

20II.2  Light hadrons

 Inclusive hadron + jet hadroproduction:  high  and large rapidity separation,  

 Moderate x (collinear PDFs), but t-channel  (BFKL resummation)    hybrid factorization

pT ΔY

pT →

p1

x1

jet
p2

x2

(k2, y2)

π±, K±, p (p̄)

(k1, y1)



Hadron + jet production within HyF

20II.2  Light hadrons

NLL

NLO(+)

NLO(+)

 Inclusive hadron + jet hadroproduction:  high  and large rapidity separation,  

 Moderate x (collinear PDFs), but t-channel  (BFKL resummation)    hybrid factorization

pT ΔY

pT →

p1

x1

jet
p2

x2

(k2, y2)

π±, K±, p (p̄)

(k1, y1)

hadron vertex 
(off-shell amplitude)

BFKL Green's function
jet vertex 

(off-shell amplitude)

hadron 
FF



Forward-hadron impact factor
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Hadron + jet:  Observables & kinematics
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Jet and hadrons @CMS+CASTOR

Forward + backward CMS detections 

|yjet | < 4.7
CMS barrel + endcaps |yhadron | < 2.4

CMS barrel
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Forward + backward CMS detections 

|yjet | < 4.7
CMS barrel + endcaps |yhadron | < 2.4

CMS barrel

Forward CMS + ultra-backward CASTOR detections 

−6.6 < |yjet | < − 5.2
CASTOR |yhadron | < 2.4

CMS barrel

(hadron + jet) 🔗 [F. G. C. et al., Eur. Phys. J. C 78 (2018) 9, 772] 
(Hunting BFKL) 🔗 [F. G. C., Eur. Phys. J. C 81 (2021) 8, 691]
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MN jets, di-hadron and hadron + jet @13 TeV LHC

🔗 [F. G. C., Eur. Phys. J. C 81 (2021) 8, 691]
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Hadron + jet:  BLM scales

🔗 [F. G. C., Eur. Phys. J. C 81 (2021) 8, 691]
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MN jets:  Hunting data with azimuthal distributions

🔗 [F. G. C., A. Papa, Phys. Rev. D 106 (2022) 11, 114004]
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🔗 [F. G. C., A. Papa, Phys. Rev. D 106 (2022) 11, 114004]
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35II.3  NLL instabilities

🔗 [F. G. C., A. Papa, Phys. Rev. D 106 (2022) 11, 114004]
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  Mueller-Navelet jets      First comparison with LHC data ⇒

  Hadron + jet      Hunt for BFKL signals  &  BFKL vs DGLAP⇒

  NLL resummation instabilities      Precision studies hampered⇒

     ¡ Need for processes featuring a natural stabilization pattern !
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Mueller-Navelet jets
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Light-flavored Hadrons



LO forward-jet and -hadron impact factors



The BFKL BLM azimuthal coefficients



The HE-NLO azimuthal coefficients
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NLL Instabilities



Hadron + jet:  BLM scales

🔗 [F. G. C., Eur. Phys. J. C 81 (2021) 8, 691]
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Strong manifestation of higher-order instabilities via scale variation (¡!) 

¡ At natural scales: NLL/LL ratio large, no agreement with data, unphysical values ! 

 BLM scales, theory vs experiment: CMS @7TeV with symmetric pT-ranges

        precision studies hampered  

 Unsuccessful scale optimization    processes featuring natural stability (¿?)

μBLM
R ≫ μnat.

R ⇒ dσBLM/dσnat. ∼ 10−(1÷2) ⇒

→

MN jets:  NLL resummation instabilities
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(right figure) 🔗 [F. G. C., Eur. Phys. J. C 81 (2021) 8, 691]
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