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Outline 
• The research of Antonio Laganà at the  
   University of Manchester. 
 
• Nearside-Farside (NF) theory of scattering. 
• Local Angular Momentum (LAM) analysis. 
• Glories in the angular scattering. 
• Hidden rainbows in the angular scattering. 
• Complex angular momentum theory, Regge poles. 
 
• No detailed discussion of:  

•Resummation theory. 
•Uniform semiclassical theories. 
•Applications of Heisenberg’s Scattering Matrix Programme. 
•Parameterized scattering matrix. 
•Reactions in the time domain. 
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Differential Cross Section (DCS) 
(or angular distribution) 



2008 Experimental information: 
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PWS scattering amplitude 

( )•JP = Legendre polynomial. JS = Scattering matrix element. 



Nearside-Farside picture of scattering 

Nearside waves 

Farside waves 

Travelling angular 
waves 
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Nearside-Farside theory has been applied to: 

• Forward glory, sideward and backward scattering 
• Rainbow and rotational rainbow scattering. 
• Diffraction effects. 
• Geometric phases. 
• Contribution of angular momentum to angular 

 scattering (NF-LAM theory). 
• Direct and delayed mechanisms. 
• QP decomposition. 
• Semiclassical limit of NF theory (a huge topic). 
• Used with time-dependent scattering theories. 
• Used with complex angular momentum theories. 
• Complex-mode reactions. 
• etc. 



FULLER Nearside-Farside Decomposition 
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( )•JP = Legendre polynomial. ( )•JQ = Legendre function of the 2nd kind. 



Nearside-Farside analysis of the angular 
distribution for the F + H2 reaction (2008 expt) 
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Phys. Chem. Chem. Phys., 2011 

(0,0,0) → (3,0,0) 
E = 0.3112 eV 
FXZ pes 

bright dark 
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CH4 + Cl → CH3 + HCl 

A. J. Totenhofer, J. N. L. Connor and G. Nyman (accepted) 

log DCS(θ) 



S(1D) + DH(0,0,0) → SD(0,10,0) + H 

log DCS(θ) 

Marlies Hankel AIP Advances 2015,  vol. 5 

MSL = 
Maiti-Schatz-Lendvay 
4.2 eV 



Nearside-Farside theory for Local Angular Momentum (LAM) 
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Nearside and Farside LAMs: 

( ) ( )N
N

d arg
LAM

d
f θ

θ
θ

=

( ) ( )F
F

d arg
LAM

d
f θ

θ
θ

=

Also ( ) ( ) ( ) ( )N FLIP LAM , LIP , LIPkθ θ θ θ=



Handout from Prof. Michael Polanyi’s  
1st year physical chemistry lectures at the  

University of Manchester. About 1946. 
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R = radius of the sphere 



(0,0,0) → (3,0,0) 
E = 0.3112 eV 
FXZ pes 

Thiele rational 
interpolation 

( )LAM θ

θ/deg 

dark bright 

Nearside-Farside LAM analysis of the angular distribution  
 

for the F + H2 reaction (2008 expt) 

Phys. Chem. Chem. Phys., 2011 

(J0 = 10.4 + 0.5i ) 



Advantages of Nearside-Farside (NF) Theory 

• It is exact (although approximate NF decompositions can be used 
when convenient).  

• The input is exact (or approximate) S matrix elements as calculated  
by standard (or non-standard) computer programs.  

• It is easily incorporated into existing computer programs. 

• Semiclassical techniques such as stationary phase or saddle point  
Integration are not invoked, although the semiclassical picture is 
still evident. 

• Resummation can be applied to the partial series, followed by a NF 
decomposition. This can improve the physical usefulness of the 
NF decomposition. 

• NF and resummation can be incorporated into LAM-LIP analysis 



Recent comments by Nobel Laureates 

(2010) 

(2010) 



Glory seen from an airplane 





2011 

Chengkui Xiahou Dong Hui Zhang 



(0,0,0) → (3,0,0) 
E = 0.3112 eV 
FXZ pes 

Phys. Chem. Chem. Phys., 2011 

θ/deg 

Glory analysis for the F + H2 reaction (2008 expt) 



Uniform Semiclassical Approximation (USA): 
now called: Uniform Bessel Approximation (UBA) 
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(generic formula) 



Nearside-Farside analysis of the angular 
distribution for the F + H2 reaction (2008 expt) 
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Phys. Chem. Chem. Phys., 2011 

(0,0,0) → (3,0,0) 
E = 0.3112 eV 
FXZ pes 

bright dark 
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(0,0,0) → (3,0,0) 
E = 0.3112 eV 
FXZ pes 

Phys. Chem. Chem. Phys., 2011 

F + H2 (2008 expt)  

θ/deg 

bright dark (generic formula) 



(0,0,0) → (3,3,0) 
Etrans = 0.119 eV 
E = 0.3872 eV 
SW pes 

Black: PWS 
Green: Semiclassical rainbow  
            theory 
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bright dark 

F + H2 (1985 expt)  

J. Phys. Chem., A,  2009 



Phys. Chem. Chem. Phys., 2014 



Journal of Chemical Physics, volume 103, pages 5979-5998 (1995)  

(Poli di Regge) 



Complex Angular Momentum Theory of Scattering 

•  CAM theory is completely general. 

•  CAM theory describes both resonance and  
   non-resonance scattering. 

•  CAM theory correctly describes scattering into  
    angular regions that are classically allowed or  
    classically forbidden. 
      “Is a Regge rainbow all shadow? Answer: No!” 
  • The standard definition of a resonance in CAM  
   theory is a pole in the first quadrant of the  
   CAM plane as characterized by its position and  
   residue at a fixed value of the total energy, E. 



Physical meaning of Regge poles 

• ReJn is related to the radius, R, of the interaction zone by ReJn ≈ k R. 

• A Regge state is a short- or long lived “quasi-molecule” formed from           
the colliding partners. It corresponds to a pair of decaying surface  
   waves that propagate around the interaction region.  

• 1/(2 ImJn) determines the life-angle of the system. 

• rn is a measure of the probability of exciting the nth Regge state. 

, 0,1, 2,...n
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• The surface waves decay like exp(- ImJn θ ). 
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Used to test the uniform CAM theory, etc 

Then 
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F + H2 (1985 expt)  

θR/deg 

DCS 
QP parameterized PWS 

Numerical PWS 

PWS DCSs 

Linear plot 

(0,0,0) → (3,3,0) 
Etrans = 0.119 eV 
E = 0.3872 eV 
SW pes 



F + H2 (1985 expt)  

(0,0,0) → (3,3,0) 
Etrans = 0.119 eV 
E = 0.3872 eV 
SW pes 

Semiclassical DCSs 



(0,0,0) → (3,0,0) 
E = 0.3112 eV 
FXZ pes 

F + H2 (2008 expt)  Uniform CAM and PWS DCSs 

Log plot 

DCS 

θR/deg 

Uniform CAM 

 PWS 

Xiao Shan 

(unpublished results) 



Thank you for listening! 
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