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Preface 

The worksho p "Quantu m Control : Mathematica l an d Numerica l Challenges " 
took place at the Centre de recherches mathematiques o f the Universite de Montrea l 
from Octobe r 6  to 11 , 2002. I t wa s an interdisciplinary , interuniversit y an d interna -
tional even t co-organize d b y Andr e Bandrau k (Canad a Researc h Chair , Universit e 
de Sherbrooke) , Miche l C . Delfou r (CR M an d DMS , Universit e d e Montreal) , an d 
Claude L e Bri s (Ecol e National e de s Pont s e t Chaussees , Paris , France ) an d co -
sponsored b y th e thre e institution s throug h th e Natural  Sciences  and  Engineering 
Research Council  of  Canada 1 an d th e French  Ministere  de  la  Recherche 2. Th e 
meeting involve d mor e than 3 0 international expert s an d speaker s i n laser molecul e 
interactions, an d optimization , theor y an d contro l o f molecula r dynamic s an d em -
phasized participatio n o f graduat e student s (18 ) an d postdoctora l fellow s (12 ) i n 
applied mathematics , theoretica l chemistr y an d physic s throug h specia l grant s t o 
attend th e workshop . 

The worksho p concentrate d o n advance d numerica l method s an d ne w mathe -
matical contro l an d optimizatio n approache s an d tool s fo r th e quantu m contro l o f 
matter a t th e molecula r leve l usin g curren t advance d lase r technology . A n entirel y 
new branc h o f scienc e no w know n a s Laser  Control  of  Molecular  Processes  follow -
ing th e pioneerin g wor k o f theoretica l chemist s suc h a s Pau l Brume r (Toronto) , 
Herschel Rabit z (Princeton) , Stuar t A . Rice (Chicago) , Mosh e Shapir o (Weizman n 
Institute), an d Davi d Tanno r (Weizman n Institute ) i s steadil y makin g a n impac t 
on the experimenta l an d technologica l world , wit h man y outstandin g contribution s 
by internationally distinguishe d scientists . I n parallel, mathematicians fro m contro l 
theory an d numerica l simulation , followin g th e trac k opene d b y Jacques-Loui s Li -
ons (Colleg e d e France) , go t progressivel y involve d i n thi s scientifi c endeavou r an d 
contributed t o it . Thi s conjunctio n o f effort s motivate d thi s workshop . 

This ne w field  o f researc h i s dedicate d t o using  current  state  of  the  art  laser 
technology to  control  and  manipulate  the  quantum  behaviour  and  motion  of  matter 
at the  molecular  level.  Th e basi s o f thi s ne w scienc e i s the encoding  and  control  of 
quantum information  a t th e molecula r leve l i n orde r t o contro l th e tim e evolutio n 
of molecula r processes , suc h a s guidin g th e final  outpu t o f a  reactio n t o a  de -
sired target . Mos t o f th e researc h i n thi s are a ha s bee n numerica l an d theoretical , 
involving multidimensiona l time-dependen t Schrodinge r equation s (TDSE) . Cou -
pling thes e molecula r processe s t o th e lase r field  equation s (Maxwell' s equations ) 
results i n a  complex syste m o f time-dependent partia l differentia l equations . Ther e 

1In particula r th e NSER C Strategi c Gran t o n Molecular  dynamics  and  photonics,  principa l 
investigator, Andr e Bandrauk . 

2Une actio n concerte e incitativ e jeune s chercheur s 1999 , Controle  par  laser  des  reactions 
chimiques o f th e Ministere  de  la  Recherche  (France) , principa l investigator , Claud e L e Bris . 
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are outstandin g problems , bot h numerica l an d mathematical , tha t thi s worksho p 
addressed b y bringing togethe r mathematicans , theoretica l chemist s an d physicist s 
working in the area of control and optimization o f systems subject t o quantum laws . 

The co-organizer s woul d lik e t o than k th e staf f o f th e Centr e d e recherche s 
mathematiques: Loui s Pelletier , Gu y Saint-Pierr e an d Jose e Laferrier e fo r th e su -
perb organizatio n an d th e smoot h administrativ e follow-u p o f th e meetin g an d 
Louise Letendr e wh o wa s responsibl e fo r th e productio n an d th e ver y professiona l 
technical editorshi p o f the presen t volum e o f proceedings. Finall y w e would lik e t o 
thank th e vice-recteu r Alai n Caill e for hi s support o f the meeting throug h a  specia l 
grant. 

Andre Bandrau k 
Michel C . Delfou r 

Claude L e Bri s 

August 200 3 
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