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Introduction to pattern-matching

Two complicated 2D luminosity 

patterns between 300 and 700 

nm, hard to say anything definite

statistical

analysis

Nic Wagner-Rundell

and Peter Hore

(correct answer) 
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matching Integration by a machine:

Integration by a human:
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Bloch-Redfield-Wangsness relaxation theory outline

Relaxation theory is essentially a modified second-order time dependent perturbation theory.

Analytical relaxation theory of multi-spin systems is notorious for bulky intermediate and final expressions.

A large number of transitions which are denied in coherent spin evolution are allowed by relaxation.



Relaxation theory: what needs to be automated



Relaxation theory: what needs to be automated

Requirements / Challenges:

Fully rhombic interaction tensors: are algebraically difficult due to

the complexity of the rotations involved, but are quickly becoming

essential as relaxation experiments in NMR and ESR get more

accurate.

General dynamics model: the spectral density function must be

carried through in its most general form. Exponential correlation

functions are only encountered in textbooks.

Cross-correlations: geometric locks between interaction rotations

must be correctly accounted for.

Dynamic frequency shift: frequency arguments of the spectral

density functions must be correctly signed.

Arbitrary interaction tensor orientation: interaction tensor positioning

in molecular frame must be completely general, but must not involve

any brain-twisting trigonometry.

Secular approximation: is a very dangerous assumption and must

be removed if at all possible.



Automated processing strategy: stage 1

What is happening:

1. Translation of Hamiltonian into operators that have regular rotation properties.

2. Interaction tensor positioning in the molecular frame and overall rotation setup.

3. Representation of static rotations in the most compact and general form.



Automated processing strategy: stage 2

What is happening:

1. The patterns of Wigner functions given above are matched and replaced.

2. Correlation functions of independent rotations are zeroed.

3. Static (relative) interaction tensor rotations survive, giving correct account of cross-correlations

4. Basic simplification and rearrangement is performed.

Programmed in just one line of Mathematica syntax:



Automated processing strategy: stage 3

What is happening:

1. The BRW master equation is integrated term by term.

2. Cosmetic simplification is performed.

Implementing linearity, multiplication by a scalar, and a rule for the exponential:



Example 1: relaxation due to rhombic Zeeman interaction

Some illustrative output and timings:

50 millisecondsé :)

This is literally it, ten lines of Mathematica code in addition to the above:



Example 2: relaxation due to ZFS anisotropy

ZFS anisotropy is the dominant electron relaxation mechanism in

e.g. derivatised endofullerenes. For the spin-3/2 (N@C60 ) case:

Resulting relaxation rates and timings:

The answers contain the spectral densities

in their most general form. However, what

these functions actually are is very much

unclear. For endofullerenes they certainly

cannot be assumed to be Lorentzian.

In a simplified

form (HFC=0):



Application: ȹg-ȹHFC cross-correlation in a radical pair

At least three spins (two electrons, one nucleus) need to be included in the model. The existing models 

(including only a selection of relaxation pathways) all fail. Therefore a complete 4096-element relaxation 

superoperator is required, preferably in symbolic form to allow analysis.
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Application: ȹg-ȹHFC cross-correlation in a radical pair

Translation into irreducible spherical tensors:

A radical pair (2e,1n) with rotationally correlated rhombic interactions:

Computed in 0.214 seconds. The full 4096-

element symbolic relaxation superoperator

takes just under 15 minutes. :)

Example output: relaxation rate for

the left component of the hyperfine

doublet of electron 1:


