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Asympto�c wave func�ons

Glöckle [2] proposed an R-Matrix 
formula�on based on the Faddeev 
equa�ons for three equal masses and s-
states which was generalized to arbitrary
par�cle masses and interac�ons by Raab [3]. This provided a full quantum 

mechanical treatment of three-body processes in the frame of R-matrix theory. 

It was successfully elaborated and numerically implemented by Raab on the 

neutron+deuteron and neutron+⁹Be system [4]. However, the issue of 

discon�nuity in the first deriva�ve of the wave func�ons at matching radii 

remained. Bloch operators proposed by Baye [5] offered a solu�on to this 

problem.

by Baye [5], making the matrix Hamiltonian 

Hermi�an and establishing a connec�on 

between the par�al deriva�ves of the wave 

func�ons on the contour of D.

Division of jacobi coordinate space into internal (interac�on) and external 

(asympto�c) region divided at matching radii. Bloch operators were introduced 

The con�nuity of the wave func�ons 
on the borders of D leads to rela�ons 

of the T Amplitudes appearing in the 

asympto�c expressions while the R-
kernels with matrix A contain the 
whole informa�on of the interac�on 

region [5].    

The introduc�on of Bloch operators offered an elegant way to relate the 

asympto�c wave func�ons at the boundaries of the internal region, while 

encapsula�ng the en�re informa�on of the sca�ering process.

The method provides accurate representa�ons of the breakup and elas�c cross 

sec�ons in three-body sca�ering. However, the dependence of these 

observables on the matching radius A indicates that there is s�ll room for 

improvement.
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R-matrix theory is an elegant tool for the descrip�on of cross sec�ons in the 
resolved resonance regime. It is not microscopically based but sa�sfies the 
conserva�on rules and provides a consistent set of reac�on cross sec�ons. The 
R-matrix descrip�on is par�cularly useful for reac�ons in light nuclear systems 
for which microscopic models albeit very involved do not sa�sfy the required 
quan�ta�ve accuracy. For light nuclear systems R-matrix analyses yield an 
excellent descrip�on for binary channels. However, in light nuclear system also 
dominant breakup channels may occur which cannot be described by standard 
R-matrix theory because of its limita�on to two-par�cle channels. Frequently a 
sequen�al approach is applied [1], where on assumes breakup to be divided 
into two two-par�cle processes. Alterna�vely combina�ons with other 
methods, e.g hypersherical co-ordinates, are applied. In this contribu�on we 
report on the status of developments of extensions of the R-matrix concept to 
three-body channels. Two approaches are considered: 

a) An improvement of the R-matrix formalism of Raab [4] for three-body 
formalism which is based on proposal of Glöckle [2].

b) First development of the R-Matrix Faddeev formalism suggested by our 
group.

The star�ng point of this approach is the solu�on of the Faddeev-equa�ons for 

separable two-body poten�als. Thus the component T-Matrix elements are also 

separable and allow the separa�on of momentum dependence and energy 

dependence, necessary for the descrip�on of breakup. The energy dependence 

can be described by standard R-matrix parametriza�on associated with the 

corresponding two-body poten�als. This feature promises to be combined with 

standard R-matrix analyses for binary channels. At present the numerical 

implementa�on of the method is in progress. Especially, we are currently 

working on the solu�on of the set of integral eqa�ons for the three-body 

collision matrix. The main difficulty of these equa�ons is the handling of the 

singulari�es of the integral kernel. The first results are expected  in autumn 

2024.

Lagrange-Legendre func�ons [6] were 
used as basis func�ons.
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The sequen�al approach was first 

presented in the seminal work of Lane 

and Thomas [1] to treat the breakup 

reac�on as two successive two-body 

processes.

R-Matrix Formula�on of Glöckle Type


