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 The research of Antonio Lagana at the
University of Manchester.

e Nearside-Farside (NF) theory of scattering.
e Local Angular Momentum (LAM) analysis.
In the angular scattering.

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.

eReactions in the time domain.
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FIG. 1. Plot of the quantum number variable i against initial angle variable
w' for the collinear H 4 F,in = 0}—HF(#) + F reaction at a translational
energy £ /™™ = 9958 kJ mol .
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Experimental information: 2008
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HF(v' = 3) forward scattering in the F + H, reaction:
Shape resonance and slow-down mechanism
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Fig. 2. Experimental {A) and theoretical (EB) threedimensional DCS contour
plots for the Fi2Paz) + Ha(j = 0) — HF{v = 3, /') + H reaction at the collision
enargy 0.94 kcalfmol.



differential cross section

2
oi1 (0) =] fi,s (0)] b 6=
PWS scattering amplitude
fi g (0)=—— 3 (23 +1)S; P, (cos6) nb., S=8
’ 2|ki J1=0 ’
Jmax >>1 Localization Principle

S‘] = Scattering matrix element. PJ (.) = Legendre polynomial.



Nearside-Farside picture of scattering

Nearside waves

Farside waves




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.

e 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
f(0)=tu (0)+ e (0)

where

f (6) —Lk Z_: (23 +1) S; 2[ P, (cosé’)+;'QJ (cosé’)}

fe(0) =5 Ji::o(z\] +1) S; %[ P, (cos?;ii Q; (cos o) }

PJ (0): Legendre polynomial.  Q; (o) = Legendre function of the 2"d kind.

n.b.. 2i { }Travellln angular
Py (cos#)+=Q;y (cos o) |5, [(J+2)0 47zJ S g ang



Nearside-Farside analysis of the angular
distribution for the F + H2 reaction (2008 expt)
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Nearside-Farside theory for Local Angular Momentum (LAM)

Full LAM:

LAM(6) = darfg(é’)

Nearside and Farside LAMS:

darg fy (4
LAM  (6) = dg'()

_ darg f(0)
- dé

LAME ()

Also  LIP(8)=LAM(0)/k,  LIPy(6),  LIP-(6)




Handout from Prof. Michael Polanyi’s
1styear physical chemistry lectures at the
University of Manchester. About 1946.

b =Rcos(6/2)
LIPy (6)=b(0)

LAM (6) =
—kRcos(6/2)

R = radius of the sphere



Nearside-Farside

analysis of the anqgular distribution

for the F + H2 reaction (2008 expt)
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Nearside-Farside (NF)

e 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.

o 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

First, @arcus in his Spiers Memorial Lecture on the /n-
terplay of Theory and Computation in Chemistry writes:'?

“There are also major advantages of analytical theories that
may capture in a single equation an enfire field and relate ex-
periments of one type to those of another. Such a theory has a

generic quality.”

(2010)

Second, Zewail in a personal perspective on The Future
of Chemical Physics writes:'”

“... large-scale computations without a “final’ theoretical con-
densate (or better vet, a ‘simple equation’ ) are like large-scale
experiments which produce numerous results that do not boil

down to a meaningful finding.”

(2010)



Glory seen from an airplane




Phys. Chem. Chem. Phys., 2004, 6, 377-390
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Theory of forward glory scattering for chemical reactions

J. N, L. Connor
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Theory of forward glory scattering for chemical reactions:
new derivation of a uniform semiclassical formula
for the scattering amplitude

I.N. L. CONNOR*
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Theory of forward glory scattering for chemical reactions:
accuracy of semiclassical approximations using
a J-shifted Eckart parameterization for the
scattering matrix element
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Phys. Chem. Chem. Phys. 2011,13,12081-12997 2011

Rainbows and glories in the angular scattering of the state-to-state
F + H, reaction at E;.,,c = 0.04088 eV

Chengkui Xiahou,* J. N. L. Connor** and Dong H. Zhang”

Received deh Aprdl 2011, Aceepied 25¢h May 2011

“ School of Chemistry, The University of Manchester,
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Glory analysis for the F + H, reaction (2008 expt)
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Uniform Semiclassical Approximation (USA):

now called: Uniform Bessel Approximation (UBA)

~

0)=20){ [ 012+, 1o(c(0)?
+ 0.0 nee)r]

where _
(generic formula)

£(0)=%8.(0)-B_(0)]

Phys. Chem. Chem. Phys., 2004



Nearside-Farside analysis of the angular
distribution for the F + H2 reaction (2008 expt)
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The 6Hankel asymptotic approximation for the
uniform description of rainbows and glories In the
angular scattering of state-to-state chemical

reactions: derivation, properties and applications

Chengkui Xiahou and J. N. L. Connor*

Phys. Chem. Chem. Phys., 2014




THE JOURNAL OF CHEMICAL PHYSICS 138, 124310 (2013)
(Poli di Regge)
Resonance Regge poles and the state-to-state F + H, reaction:
QP decomposition, parametrized S matrix, and semiclassical
complex angular momentum analysis of the angular scattering

J. N. L. Connor®
School of Chemistry, The University of Manchester, Manchester M13 9PL, England

(Received 31 December 2012; accepted 25 February 2013; published online 28 March 2013)

Complex angular momentum analysis of resonance scattering
in the CI+HCI—=CIH+CI reaction

D. Sokclovski® and J. N. L. Connor
Department of Chemiztry, Univerzity of Mancheszter, Manchezter M13 OPL, United Kingdom

George C. Schatz
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Complex Anqular 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!”

e 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

, n=0,12,...
J-J,

* 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.

* The surface waves decay like exp(- ImJ, 8).

« 1/(2 ImJ,,) determines the life-angle of the system.
* ReJ, is related to the radius, R, of the interaction zone by ReJ =k R.

*r, is a measure of the probability of exciting the nth Regge state.

5

5

AN

5=




S matrix = Q + P parameterization

param [AO +Alexp( )}exp[i(polynomial up to \]4”

Then

( A

Sy = QYT Z_: exp(i&fJ )
\ :
¢7 = quadratic phase in J

J,, = position of nth Regge pole, e.g9., Jg =16.4+0.9i

Used to test the uniform CAM theory, etc




PWS DCSs F + H, (1985 expt)

0.03 PWS
- Fm,,;m-ms'm-x — QP parameterized PWS
DCS | - - .
numerical 8 matrix Numerical PWS
<~ 0.0z -
&
=
= 1)
=
e (.01
Linear plot
poplL ¥ L L L1 L
0 45 90 135 180
0,/ deg
H o Orldeg (0,0,0) — (3,3,0)
FIG. 2. Linear plot of PWS o(#g) versus . Black curve: Numerical S ma- Etrans =0.119 eV
trix. Pink curve: Parametrized 5 matrix as given by Eq. (43).
e by E =0.3872 eV
SW pes




Semiclassical DCSs
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7 = #g = 40°. Black curve: PWS. Orange curve: Uniform semiclassical
CAM theory using the nearside refc subamplitude plus the farside n = 0 pole
sub-subamplitude. Blue dashed curve: Uniform semiclassical CAM theory
using the farside n = 0 pole sub-subamplitude. Red dashed curve: Uniform
semiclassical CAM theory using the nearside refc subamplitude. The green
arrows denote the position of the rainbow angle, 8 = 37.6°.
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(unpublished results)

Uniform CAM and PWS DCSs F + H, (2008 expt)
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Thank you for listening!
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