
Rapidity and Angular 
correlations in  

multi-Regge kinematics
Grigorios Chachamis, LIP Lisbon &


Agustin Sabio Vera, UAM and IFT (UAM/CSIC)


ICNFP 2021

27.08.2021



Outline
• Multiparticle production in the last 50-60 years


• An important tool that comes from the past: two particle 
correlations


• The emergence of the so-called multiperipheral models and 
the concept of clusters in the 60s and 70s


• How do these old ideas fare in the QCD era and are there 
useful at all?


• To answer that, go to a certain kinematical limit (multi-Regge 
kinematics) and use Monte Carlo techniques (BFKLex)


• Results and outlook



~70 years ago



~50 years ago







Notion of Clusters (70s)



Hadron Colliders
• The first hadron collider was the 1-km-circumference proton–proton 

(pp) Intersecting Storage Rings (ISR),1 commissioned at CERN in 
1971. Its beam energies ranged from 12 to 31 GeV. Experiments at the 
ISR revealed the logarithmic rise of the pp total scattering cross 
section at energies where it was expected to have leveled off.

• Ten years later, CERN’s Super Proton Synchrotron (SPS), until then 
a fixed-target accelerator, became the SppS, a proton–antiproton 
collider with Ecm up to 630 GeV. By the end of 1983, the 
collaborations that ran the large UA1 and UA2 detectors at the 
collider’s beam-crossing points had discovered the heavy W± and Z0 
bosons that mediate the weak interactions

• Next, Fermilab’s pp Tevatron collider had a Ecm of 1.8 TeV; eventually 
it reached 2 TeV.  1995 top quark discovery

• Currently: LHC era
https://physicstoday.scitation.org/doi/10.1063/PT.3.2010



The high energy or Regge 
limit

There is a plethora or things we access by studying that limit: 
Theory: Integrability, gravity, black holes, AdS/CFT, Bern-Dixon-
Smirnov amplitudes, factorization, separation between transverse 
and longitudinal d.o.f, transition from hard to soft scale physics, 
glueballs. Furthermore, in Mathematics: number theory, abstract 
algebra, special functions, …

We are here interested in Phenomenology and understanding

QCD better.


A crucial tool to study the Regge limit in QCD is 

Balitsky-Fadin-Kuraev-Lipatov (BFKL) 
dynamics. In its essence, BFKL resums to all orders 

diagrams that carry large logarithms in energy. 

It goes beyond fixed order.



Relevant considerations for the Regge limit
• Q: Is a fixed order calculation enough?
• A: It depends on the energy and the order, for asymptotic energies, no
• Q: What is the most relevant scale in high energy scattering?
• A: The center-of-mass energy squared s, t has also to be small though
• Q: In which functional form does s appear in the Feynman diagrams?
• A: αsm ln(s)n   (for this talk, it is actually αsn ln(s)n)
• Q: Can one isolate those Feynman diagrams that come with a numerically 

important [αsm ln(s)n ~1] contribution?
• A: It depends (for this talk the answer is yes)
• Q: Can one resum all these diagrams with important αsm ln(s)n contributions to all 

orders in αs?
• A: It depends (for this talk the answer is yes)



The multi-Regge kinematics

In n+2 particle production, the requirements are:

• Strong ordering in rapidity

• similar transverse momenta

ya, ka

y2, k2
y1, k1

yb, kb

yn, kn



High energy scattering QCD
                        Rich phenomenology, e.g. 

Mueller-Navelet jets     rapidity gaps               DIS                



A MN jets example

jet b

jet a

φa

φb

Beam axis

Pseudo-detector



Large logs from virtual 
corrections
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Large logs from real  
emission corrections

BFKL Pomeron
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• Assume Reggeons in the t-channel 
• Assume you have only one real emission 
• Do the phase-space integration —> res1 
• Now assume you have two real emissions 
• Do the phase-space integration —> res2 
• Add the results: RES = res1+res2 
• Now assume you have three real emissions 
• Do the phase-space integration  —> res3 
• Add the results: RES = RES + res3  
• Repeat until you have N real emissions with  

resN so tiny compared to RES such that 
you are allowed to claim convergence 

NOTE: The phase-space integration is over 
rapidity and transverse momenta.

Large logs from real  
emission corrections



BFKLex
• A Monte Carlo code for the iterative solution of the BFKL equation


• The big advantage of a MC code is that differential information regarding

the rapidities and momenta of the final state gluons can be booked and

differential distributions for a large number of observables can be

produced.


• Already, BFKLex was used to propose new observables in order to search for

BFKL related effects at the LHC.



Multiperipheral models vs 
perturbative QCD

• The key idea is to use an old multiperipheral model (the Chew-Pignotti model) for 

Mueller-Navelet jet final states at the LHC assuming that the jet multiplicity 


  is fixed and rather large


• By jets in this context we really mean final state gluons before parton shower 


and before hadronization


• We want to study gluon rapidity distributions and two-gluon rapidity correlations


• We then want to produce the same distributions with BFKLex and compare


  the two approaches


A first comparison between the Chew-Pignotti model and simplified BFKL results can be found


 in Nucl.Phys.B 971 (2021) 115518 by N. Bethencourt de León, GC and A. Sabio Vera



Definition of the two-particle 
rapidity-rapidity correlation function

Signal

Background
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Definition of the two-particle 
azimuthal angle-rapidity correlation function

Rapidity (Δy)-azimuthal angle (Δφ) two particle correlations are of 

great importance as they revealed the famous ridge effect in 

proton-proton collisions


To date, there is not a Monte Carlo based study of Δy-Δφ correlations in

multi-Regge kinematics




CERN Seminar September 21 2010 

Correlation Function Definition 

3 

Background distribution: 

€ 

B
N
(Δη,Δϕ) =

1

N
2

d
2
N

bkg

dΔηdΔϕ

€ 

R(Δη,Δϕ) = (N −1)
S
N
(Δη,Δϕ)

B
N
(Δη,Δϕ)

−1
 

 
 

 

 
 

N

pT-inclusive two-particle  
angular correlations in  

min bias collisions 

€ 

Δη =η
1
−η

2

Δϕ =ϕ
1
−ϕ

2

€ 

S
N
(Δη,Δϕ) =

1

N (N −1)

d
2
N

signal

dΔηdΔϕ

Signal distribution: 

Same event pairs Mixed event pairs 

CMS pp 7TeV 

Ratio Signal/Background 

Definition of the two-particle 
azimuthal angle-rapidity correlation function

From a talk by Gunther Roland/MIT at CERN Seminar, September 21, 2010 



Naive (toy) MC



The “BFKL ridge”

PRELIMINARY


