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R e s e a r c h e r s  f r o m  t h e  U n i v e r s i t y  o f  
Wa t e r l o o ' s  I n s t i t u t e  f o r  Q u a n t u m  
Computing ( IQC) , in  a  paper  publ ished in  
Nature, have tak en a  major  step for ward in  
f i n d i n g  o u t  h o w  t o  m a k e  q u a n t u m  
i n f o r m a t i o n  p r o c e s s i n g  d e v i c e s  m o r e  
power ful  than today's  computers .

Th e i r  wo r k  i s  p r e s e n t e d  i n  t h e  N ov. 2 4  
i s s u e  o f  t h e  p r e s t i g i o u s  i n t e r n a t i o n a l  
j o u r n a l . Th e  p a p e r, t i t l e d  " A  S p i n - B a s e d  
H e a t  E n g i n e :  E x p e r i m e n t a l  
Implementat ion of  Heat-Bath Algor i thmic  
Co o l i n g, "  w a s  w r i t t e n  b y  I Q C  m e m b e r s  
J o n a t h a n  B a u g h , O s a m a  M o u s s a , Co l m  
R y a n , A s h w i n  N a y a k  a n d  R a y m o n d  
Laf lamme.

T h e  p a p e r  d i s c u s s e s  c h a l l e n g e s  o f  
q u a n t u m  c o m p u t i n g  i m p l e m e n t a t i o n s  
w h i c h  s e e k  t o  u t i l i z e   q u a n t u m  
m e c h a n i c a l  l a w s  ( l a w s  t h a t  g o v e r n  
m i c r o s c o p i c  o b j e c t s  l i k e  a t o m s  a n d  
m o l e c u l e s )   t o  m a k e  i n f o r m a t i o n  
p r o c e s s i n g  d e v i c e s  f u n d a m e n t a l l y  m o r e  
power ful  than today's  computers .

"An impor tant  ingredient  in  the physical  
i m p l e m e n t a t i o n  o f  t h e s e  d e v i ce s  i s  t h e  
a b i l i t y  to  i n i t i a l i ze  t h e  q u a nt u m  c a r r i e r s  
of  information (qubits )  and to  k eep them 
' c o o l ' , "  s a i d  I Q C  D i r e c t o r  R a y m o n d  
L a f l a m m e, w h o  i s  a l s o  a  L o n g - Te r m  
Researcher  at  the  Per imeter  Inst i tute  for  
T h e o r e t i c a l  P h y s i c s  a n d  a  P h y s i c s  
professor  at  UW.

Th e  wo r k  p u b l i s h e d  i n  N a t u re  d e s c r i b e s  
the implementat ion of  a  power ful  form of  
c o o l i n g, c a l l e d  h e a t - b a t h  a l g o r i t h m i c  
c o o l i n g, i n  a  s o l i d - s t a t e  n u c l e a r  s p i n  
s y s t e m . I t  i s  a  h i g h - p r e c i s i o n  
d e m o n s t r a t i o n  o f  t h i s  t e c h n i q u e  i n  a  
p r o m i s i n g  q u a n t u m  i n f o r m a t i o n  
process ing system.

R e v i e w e r s  n o t e d  t h a t  t h e  p a p e r  i s  a  
s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  f i e l d  o f  
quantum computat ion . According to  one 
reviewer : "This  manuscr ipt  repor ts  on one 

o f  t h e  k e y  e x p e r i m e n t a l  c h a l l e n g e s  i n  
q u a n t u m  i n f o r m a t i o n  p r o c e s s i n g. "  A  
s e c o n d  r e v i e we r  s a i d : " T h e  e x p e r i m e n t  
re p o r te d  o n  i n  t h e  p a p e r  i s  a  c a re f u l l y  
d e s i g n e d  a n d  m e t i c u l o u s l y  e x e c u t e d  
piece of  work . The result  i s  a  tour  de force 
that  marr ies  exper iment  to  theor y  in  an 
e legant  and convincing demonstrat ion of  
the ef fec t . "

Dr. Jonathan Baugh is  an IQC postdoc toral  
f e l l o w  r e s e a r c h i n g  s o l i d - s t a t e  N M R  
implementat ions  for  quantum computing.  
Osama Moussa  and Colm R yan are  Ph.D.
candidates  in  the Physics  Depar tment  at  
U n i ve r s i t y  o f  Wa te r l o o. As h w i n  N aya k  i s  
a n  a s s i s t a n t  p r o f e s s o r  i n  t h e  
C o m b i n a t o r i c s  a n d  O p t i m i z a t i o n  
D e p a r t m e n t  a s  w e l l  a s  a n  a s s o c i a t e  
member  of  the Per imeter  Inst i tute.

T h e  p a p e r  ca n  b e  f o u n d  i n  N a t u r e  4 3 8 , 4 7 0 -
4 7 3  ( 2 4  N o v  2 0 0 5 )  o r  o n l i n e  a t  
h t t p : / / w w w. n a t u r e. co m / n a t u r e.

IQC Researchers  (Lef t  to  R ight)  Colm R yan,
Osama Moussa and Jonathan Baugh
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RAPID GROW TH CONTINUES
NE WLY CREATED SENIOR ADVISOR POSITION BRINGS KE Y 
LINK AGES TO INDUSTRY, GOVERNMENT

Dr. Tom Br zustowsk i  ( r ight)  with  UW Chancel lor  
M ik e Lazar idis  at  the NSERC Synergy G ala  2004

Dr. Fransen speaks  at  the Internat ional  
Telecommunicat ion Union Plenpotent iar y  Conference,

We are  a lso  excited to  welcome twelve new 
researchers  star t ing in  Januar y  2006:

Welcome
The Inst i tute  i s  proud to  have  welcomed 
four  new members  over  the fa l l  term:

Professor  Debbie  Leung jo ins  IQC f rom 
the Cal i fornia  Ins i t i tute  of  Technology. 
S h e i s  t h e Ca n a d a R e s e a rc h C h a i r  i n  
Q u a n t u m Co m m u n i c a t i o n , w h e re h e r  
re s e a rc h e n h a n ce s  co m p u te r  s e c u r i t y  
and provides  more ef f ic ient  quantum 
communicat ion techniques.

Before  jo ining IQC, Dr. Scott  Aaronson 
was a  PhD student  at  UC Berk eley  and 
t h e n  a  p o s t d o c  a t  t h e  I n s t i t u t e  fo r  
A d va n c e d  S t u d y  i n  Pr i n c e t o n .  H i s  
re s e a rc h  d e a l s  w i t h  t h e  l i m i t at i o n s  o f  
q u a nt u m  co m p u te r s , a n d  o t h e r  to p i c s  
a t  t h e  i n t e r s e c t i o n  o f  co m p u t a t i o n a l  
complexit y  and physics .

IQC a lso welcomed graduate students  
Sar vagya Upadhyay f rom Banaras  Hindu 
U n i ve r s i t y, Ad a m H u b b a rd f ro m t h e 
U n i ve r s i t y  o f  Wa s h i n g to n , a s  we l l  a s  
J a m i e S i k o ra , M a t t h e w M c K a g u e a n d 
Z h i z h o n g Ya n f ro m t h e U n i ve r s i t y  o f  
Water loo.

Professor  Frank Wi lhelm joins  IQC f rom 
the Depar tment  Physik  and Center  for  
N a n o s c i e n c e , L u d w i g - M a x i m i l i a n s -
Univers i tat .  His  previous  research has  
i nv o l v e d  q u a n t u m  i n f o r m a t i o n  w i t h  
s u p e r c o n d u c t i n g  c i r c u i t s . We  a l s o  
welcome Dr. Wi lhelm's  group, inc luding 
D r. A u s t i n  Fo w l e r  a n d  r e s e a r c h e r s  
Patr ick  Rebentrost  and Ioana Serban.

D r. C h r i s t o p h e  C o u t e a u  w i l l  j o i n  
P r o f e s s o r  G r e g o r  We i h s '  P h o t o n  
Entanglement  Group.

B e h n o o d  G h a m s a r i  w i l l  j o i n  t h e  
I n t e g r a t e d  Q u a n t u m  O p t o e l e c t r o n i c  
group of  Professor  A . Hamed Majedi .

We are  pleased to  announce that  Dr. Tom 
B r z u s tow s k i  h a s  b e e n  a p p o i n te d  to  t h e  
newly  created posit ion of  Senior  Advisor,
for  an in i t ia l  per iod of  three years .

Dr. Br zustowsk i  wi l l  " fu l f i l l  a  specia l  ro le  
i n  a d va n c i n g  t h e  I n s t i t u te, "  s ay s  a  U W  
press  re lease f rom provost  Amit  Chak ma,  
" by  e s t a b l i s h i n g  l i n k a g e s  w i t h  i n d u s t r y  
and governments  as  wel l  as  nat ional  and 
internat ional  research organizat ions  and 
indiv iduals . "

An engineer, Br zustowsk i  graduated with 
a  B.A.Sc. in  Engineer ing Physics  f rom the 
Univers i t y  of  Toronto in  1958, and a  Ph.D.
i n  A e r o n a u t i c a l  E n g i n e e r i n g  f r o m  
Pr inceton in  1963. He was  a  professor  in  
t h e  D e p a r t m e n t  o f  M e c h a n i c a l  
Engineer ing at  the Univers i t y  of  Water loo 
f rom 1962 to  1987, teaching and carr y ing 
o u t  r e s e a r c h  i n  t h e r m o d y n a m i c s  a n d  
c o m b u s t i o n . H e  s e r v e d  a s  C h a i r  o f  
M e c h a n i c a l  E n g i n e e r i n g  f r o m  1 9 6 7  t o  

1970 and as  V ice-Pres ident , Ac ademic  of  
the Univers i t y  f rom 1975 to  1987.
Af ter  that  he ser ved as  deput y  minister  in  

the Government  of  Ontar io  f rom 1987 to  
1995, f i rst  in  the M inistr y  of  Col leges  and 
U n i ve r s i t i e s , a n d  l a t e r  i n  t h e  Pr e m i e r ' s  
Co u n c i l . H e  w a s  a p p o i n te d  Pre s i d e n t  o f  
NSERC in  Oc tober  1995, and reappointed 
in  2000.

Pr o fe s s o r  N o r b e r t  L ü t k e n h a u s  c o m e s  
f r o m  t h e  I n s t i t u t e  o f  O p t i c s ,
Information and Photonics  at  Fr iedr ich-
A l e x a n d e r  U n i v e r s i t y. H i s  t e a m  w i l l  
i n c l u d e  r e s e a r c h e r s  M a t t h i a s  H e i d,
To b i a s  M o r o d e r, H a u k e  H a u s e l e r,
Volk her  Scholz  and G eir  O ve M yhr.

IQC is  p leased to  announce the appointment  
o f  D r. D av i d Fra n s e n a s  E xe c u t i ve  D i re c to r. 
D av i d m o s t  r e c e n t l y  s e r ve d a s  I n d u s t r y  
Ca n a d a ' s  A s s i s t a n t  D e p u t y  M i n i s t e r, Po l i c y  
Sec tor  and jo ined IQC in  ear ly  Januar y  for  an 
i n i t i a l  te r m o f  t wo ye a r s  u n d e r  t h e fe d e ra l  
government 's  Execut ive  Interchange Program.

As  the Execut ive  Direc tor, David wi l l  have
s t r a t e g i c  a n d m a n a g e m e n t  
responsibi l i t ies  for  IQC. 

David has  a lso  been appointed Associate  
V ice-Pres ident  (Strategic  Relat ions)  of  the 
U n i ve r s i t y  o f  Wa te r l o o, w h e re  h e w i l l  
provide "cr i t ica l  leadership in  establ ishing 
strategic  re lat ions  and par tnerships  with 
k ey industr y  sec tors  and f i rms, research 
i n s t i t u t e s , a n d c o m m u n i t y, p r ov i n c i a l , 
n a t i o n a l  a n d i n t e r n a t i o n a l  e c o n o m i c  
development  leaders . "

David received both his  Bachelor  of  Ar ts  
and his  Master  of  Ar ts  degrees  in  Histor y   
a t  t h e U n i ve r s i t y  o f  Wa t e r l o o, a n d h e 
r e c e i v e d h i s  P h . D. i n  1 9 8 4 a t  t h e 
Univers i t y  of  Toronto. S ince then, David 
h a s  s e r ve d i n  va r i o u s  c a p a c i t i e s  w i t h  
several  federal  depar tments  inc luding the 
Depar tment  of  Nat ional  Defence, the Pr iv y  
Co u n c i l  O f f i c e , H e a l t h  C a n a d a , a n d 
Industr y  Canada.  

P r o f e s s o r  J o s e p h  E m e r s o n  w a s  
a p p o i n t e d  a s s i s t a n t  p r o fe s s o r  i n  t h e  
UW Depar tment  of  Appl ied Math and a  
m e m b e r  o f  I Q C  i n  e a r l y  Au g u s t . H i s  
research includes  quantum control  and 
noise  est imat ion.



 NE W HOME FOR IQC ONE B I T  CLOSER

The Univers i t y  of  Water loo has  awarded 
t h e c o m m i s s i o n t o  d e s i g n a  n e w 
$ 7 0 - m i l l i o n f a c i l i t y  f o r  q u a n t u m 
c o m p u t i n g a n d n a n o t e c h n o l o g y t o  
K u w a b a r a  Pay n e M c K e n n a B l u m b e r g 
A r c h i t e c t s  ( K P M B ) . T h e f i r m w i l l  a l s o  
e n g a g e t h e s p e c i a l i z e d s e r v i c e s  a n d 
e x p e r t i s e  o f  H D R , m u l t i - d i s c i p l i n a r y  
s p e c i a l i z e d c o n s u l t a n t s  i n  
n a n o te c h n o l o g y l a b o ra to r i e s , q u a n t u m 
computing and c lean room faci l i t ies . The 
c o m b i n a t i o n o f  e x p e r t i s e  w i l l  e n s u r e 
creat ive  design solut ions  for  a l l  e lements  
of  the program.

KPMB was selec ted f rom over  20 f i rms to  
design the new state-of-the-ar t  bui ld ing. 
T h e n e w 2 2 5 , 0 0 0 - s q u a r e - f o o t  
( 2 0 , 2 5 0 - s q u a r e - m e t r e )  f a c i l i t y  w i l l  b e  
strategical ly  s i ted to  fac i l i tate  interac t ion 
b e t we e n t h e d i s c i p l i n e s  o f  E n g i n e e r i n g, 
Sc ience and Mathematics .

T h e p r o j e c t  w i l l  p r o c e e d u n d e r  t h e 
d i r e c t i o n o f  M a r i a n n e M c K e n n a , 
p r i n c i p a l - i n - c h a rg e, a n d M i t c h e l l  H a l l , 
des ign architec t . McKenna and Hal l  have 
p r e v i o u s l y  c o l l a b o r a t e d o n t h e 
i nte r n at i o n a l l y  a c c l a i m e d J a c k s o n - Tr i g g s  
W i n e r y  a t  N i a g a ra - o n - t h e - L a k e a n d t h e 
M c G i l l  U n i ve r s i t y  a n d G e n o m e Q u e b e c 
Innovat ion Centre.

"The univers i t y  i s  p leased to  engage KPMB 
and looks  for ward to  the real izat ion of  our  
dream to create  a  centre  that  wi l l  be  the 
f inest  express ion of  des ign any where and 
wi l l  house what  wi l l  emerge as  the f inest  
c l u s t e r  o f  q u a n t u m c o m p u t i n g a n d 
nanotechnology researchers, teachers  and 
s t u d e n t s  i n  t h e w o r l d, "  s a i d  D av i d 
Johnston, UW pres ident .

" A s  u n i ve r s i t i e s  c o m p e t e fo r  t h e b e s t  
students, facult y  and scholars, i t  i s  cr i t ica l  
to  create  a  fac i l i t y  that  complements  the 
h i g h - q u a l i t y  a c a d e m i c  p ro g ra m o f  t h e 
U n i ve r s i t y  o f  Wa t e r l o o a n d o f fe r s  a  
state-of-the-ar t  fac i l i t y  for  both teaching 
and research in  quantum computing and 
nanotechnology,"  KPMB's  McKenna sa id.

"We are  excited by the chal lenges  of  the 
projec t  - -  the speci f ic  demands of  the s i te, 
t h e co n s t ra i n t s  o f  t h e c a m p u s, i n te r i o r  
p l a n n i n g c o n s i d e r a t i o n s , a n d t h e 
i n te g ra t i o n o f  h i g h l y  te c h n i c a l  s y s te m s. 
Our  strategy wi l l  be  to  resolve these with 
invent iveness, sk i l l  and imaginat ion."

Hal l  added: "We envisage an architec tural  
response that  expresses  the revolut ionar y  
nature  of  nanotechnology and quantum 
r e s e a r c h w i t h i n  t h e c o n t e x t  o f  t h e 
Univers i t y  of  Water loo's  research program. 

At  the same t ime, we wi l l  s tudy how the 
n e w b u i l d i n g c a n co nt i n u e t h e ex i s t i n g 
network of  cour t yards  which dist inguish 
t h e c a m p u s a n d h ow l i n k a g e s  c a n b e 
created to  adjacent  Facult ies  both above 
and below ground."

T h e f a c i l i t y  h a s  b e e n g i ve n a  h u g e 
k ick-star t  through a  $50-mi l l ion donat ion 
to  UW from M ik e and Ophel ia  Lazar idis . 
L a z a r i d i s  i s  t h e fo u n d e r  a n d Co - C E O o f  
R e s e a r c h I n  M o t i o n ( R I M ) , a n d U W ' s  
Chancel lor. 

K P M B, o n e o f  C a n a d a ' s  l e a d i n g 
architec tural  prac t ices, has  received more 
than 70 awards  for  des ign excel lence and 
is  the rec ipient  of  n ine Governor  G eneral ' s  
Aw a rd s, Ca n a d a ' s  h i g h e s t  a rc h i te c t u ra l  
honour. The prac t ice  was  founded in  1987 
b y B r u c e K u w a b a r a , T h o m a s Pay n e, 
Mar ianne McKenna and Shir ley  B lumberg. 
In  2005, KPMB was named Fi rm of  the Year  
by  t h e R oy a l  A rc h i te c t u ra l  I n s t i t u te  o f  
Canada.

KPMB's  projec ts  inc lude the K itchener  Cit y  
Hal l  and the Grand Val ley  Inst i tut ion, both 
recipients  of  Governor  G eneral ' s  Awards. 
Cu r r e n t l y  t h e f i r m i s  r e s p o n s i b l e  fo r  
c re a t i n g n e w a rc h i te c t u re  fo r  s o m e o f  
C a n a d a ' s  m a j o r  c u l t u r a l  i n s t i t u t i o n s , 
i n c l u d i n g t h e R oy a l  Co n s e r va t o r y  o f  
M u s i c , t h e N a t i o n a l  B a l l e t  S c h o o l , t h e 
G a r d i n e r  M u s e u m o f  Ce r a m i c  A r t , t h e 
Ca n a d i a n M u s e u m o f  N a t u r e, a n d t h e 
Toronto Internat ional  Fi lm Fest ival .

R e ce n t  l a b o ra to r y  a n d s c i e n ce p ro j e c t s  
i n c l u d e : t h e J a m e s S te w a r t  Ce n t re  fo r  
M a t h e m a t i c s  a t  M c M a s t e r  U n i ve r s i t y, 
w h i c h r e c e i ve d t h e p r e s t i g i o u s  2 0 0 5 
A m e r i c a n I n s t i t u te  o f  A rc h i te c t s  ( A I A )  
Aw a r d o f  H o n o u r, t h e Fa c u l t y  o f  
E n g i n e e r i n g a n d Co m p u te r  S c i e n ce s  a t  
Concordia  Univers i t y, the Centennia l  HP 
S c i e n c e a n d Te c h n o l o g y Ce n t r e  fo r  
Ce n t e n n i a l  Co l l e g e, a n d t h e M c G i l l  
U n i v e r s i t y  a n d G e n o m e Q u e b e c 
Innovat ion Centre  in  Montreal .

The new bui lding for  Quantum Computing 
a n d N a n o te c h n o l o g y p re s e n t s  a  u n i q u e 
o p p o r t u n i t y  fo r  K P M B t o b u i l d  o n 
p re v i o u s  i n n ova t i o n s  i n  l a b o ra to r y  a n d 
educat ional  fac i l i t y  des ign. 

The prac t ice  br ings  ex tensive exper ience 
a n d t h e c a p a c i t y  t o  m i t i g a t e  t h e 
p r a g m a t i c  r e q u i r e m e n t s  fo r  s c i e n c e 
f a c i l i t i e s  w i t h  d i s t i n c t i ve  a rc h i te c t u ra l  
e x p re s s i o n s  t h a t  c re a te  s u p p o r t i ve  a n d 
i n s p i r i n g p l a t fo r m s fo r  r e s e a r c h a n d 
innovat ion.

At t ra c t i n g f a c u l t y  a n d s t u d e n t s  o f  t h e 
h i g h e s t  c a l i b e r  to  q u a n t u m co m p u t i n g 
and nanotechnolo gy engineer ing at  UW 
wi l l  g ive  t remendous suppor t  to  creat iv i t y  
and research output  in  th is  f ie ld, whi le  
a lso  enhancing the capacit y  of  the local  
Water loo Region, provincia l  and Canadian 
economies  through infus ion of  ta lent , new 
d i s c ove r i e s  a n d p o t e n t i a l  c o m m e r c i a l  

KPMB Projec ts : Fie lds  Inst i tute  at  the Univers i t y  of  Toronto ( top lef t ) , McGi l l  Univers i t y  & G enome Quebec 
Innovat ion Centre  (bottom), James Stewar t  Centre  for  Mathematics  at  McMaster  ( far  r ight)

.

$70 MILLION NE W HOME



POTENTIAL ON THE RISE
C ANADIAN RESEARCH CHAIR OF QUANTUM 
COMMUNIC ATION SETS UP SHOP

P r o f e s s o r  D e b b i e  L e u n g  j o i n e d  t h e  
U n i ve r s i t y  o f  Wa t e r l o o  i n  m i d  Au g u s t ,
2005. She is  appointed in  the D epar tment  
of  Combinator ics  and Optimizat ion and at  
the Inst i tute  for  Quantum Computing.

She is  st i l l ing sett l ing in  her  of f ice  in  MC 
4036, and has  var ious  locat ions, such as  
t h e  C & O  d e p a r t m e n t a l  l o u n g e , t h e  
student  lab in  MC 5136A, var ious  rooms 
at  BFG and the Per imeter  Inst i tute.

H e r  r e s e a r c h  i n t e r e s t  i s  j u s t  a s  
d e l o c a l i z e d, a s  c a n  b e  s e e n  f r o m  h e r  
recent  submiss ions  to  the  arXiv.  In  the  
past  few months, she  has  b een wor k ing 
o n  m e a s u r e m e n t - b a s e d  Q C , f a u l t -
to l e ra n ce  ( w i t h  A l i fe r i s ) , n o i s y  q u a n t u m  
c o m m u n i c a t i o n  ( w i t h  C h i l d s  a n d  Lo ) ,
r a n d o m i z e d  t e c h n i q u e s  i n  q u a n t u m  
information (with G. Smith) , and quantum 
c r y p t o g r a p hy  ( w i t h  H o r o d e c k i , Lo  a n d  
O p p e n h e i m ) .  T h i s  m a n i f e s t s  t h e  
i m p o s s i b i l i t y  o f  c o m m i t m e n t  t o  a  
par t icular  area , and her  wi l l ingess  to  be 
d i s t r a c te d  by  a nyo n e ' s  p r o b l e m  a n d  t o  
work  with a  wide range of  people.

To  fac i l i tate  fur ther  d ist rac t ions, D ebbie  
s u b m i t t e d  a  p r o p o s a l  t o  C F I  a n d  w a s  
a p p r o v e d  t o  c o n s t r u c t  a  " Q u a n t u m  
Communicat ion Research Hub"  in  MC, to  
ser ve of f ices  5161, 5162, and 5077.    The 

h u b  w i l l  s e r ve  m u l t i p l e  p u r p o s e s  a n d  i t  
w i l l  b e  e q u i p p e d  w i t h  s i m p l e  we b c a m ,
speak er  phone, internet  connec t ions, and 
d a t a  p ro j e c t i o n  f a c i l i t i e s  t h a t  w i l l  a l l ow  
ex te r n a l  p a r t i e s  to  j o i n  d i s c u s s i o n s  h e l d  
on campus. There wi l l  be  computers  and a  
l i b r a r y, s o  t h a t  r e s e a r c h  a n d  d i s c u s s i o n  
c a n  c o n t i n u e  n o n s t o p  ( u n t i l  t h e  
researchers '  batter ies  run out) .  There  wi l l  
a lso  be a  s imple  digita l  camera to  record 
discuss ions. S ince her  arr ival , Debbie  has  
b e e n  f i n a l i z i n g  t h i s  p r o j e c t , w i t h  
construc t ion star t ing November  16th.

D e b b i e  h a s  a l s o  b e e n  t a k i n g  a  c r a s h  
course  on teaching and how to motivate  
students  and graders  a l ik e.

Away f rom work , she has  found a  place to  
l i ve, b e e n  v i s i t i n g  a  d oze n  b u re a u s, a n d  
has  been busy learning how to sur vive  in  
the coming winter.

D espite  (and through)  severa l  acc identa l  
misfor tunes, Debbie  has  fu l ly  exper ienced 
the k indness  of  people  around her  (at  IQC,
C & O, U W, P I , h e r  n e i g h b o r h o o d, a n d  t h e  
K i tc h e n e r - Wa te r l o o  a re a )  t h a t  w a s  m u c h  
underest imated before  her  ar r ival .

Visitors

Jae-Seung Lee -  Kent  Univers i t y

Br i t ton Plourde -  Univers i t y  of  Syracuse

Hideo Mabuchi  -  Caltech

Ignacio  Cirac  -  Max Planck I .Q.

Iordanis  Kerendis  -  MIT

Ar vid  Bessen -  Columbia  Univers i t y

Mar t in  Roetel ler  -  NEC Laborator ies  

Mark  Hi l ler y  -  Hunter  Col lege

M ik a Hir vensalo   -  Univers i t y  of  Turku

YeoJin  Chung  -  Los  Alamos N.L .

Ben Reinhardt  -  UC Berk eley

Sir  Keith  O'Nions  -  Oxford

Wil l iam I r v ine -  UC Santa  Barbara

Konrad Banaszek -  St . John's  Col lege

Edward Farhi  -  MIT

Terr y  Rudolph -  Imper ia l  Col lege 

V incent  Danos -  Univers i t y  of  Par is  I I

Dmitr y  G avinsk y -  Univers i t y  of  Calgar y

R ichard MacKenzie  -  U . de Montréal

Phi l ippe Grangier  -  Lab. Char les  Fabr y

Tanja  Reize  -  Univers i t y  of  Munich

Dan Brown -  Oxford Univers i t y

Sagarmoy Dutta  -  I IT  K anpur

Rober t  Spalek  -  CWI  Amsterdam

Peter  R ichter  -  Rutgers

Alasta i r  K ay -  Cambridge Univers i t y

Jens  E iser t  -  Imper ia l  Col lege

Henr y  Haselgrove -  U . of  Queensland

Mark Dowl ing -  U . of  Queensland

Ross  McGregor  -  TRRA

Fernando Cucchiett i  -  Los  Alamos N.L .

Man-Duen Choi  -  Univers i t y  of  Toronto

Xiongfeng Ma -  Univers i t y  of  Toronto

Pranab Sen -  NEC Laborator ies

LianAo Wu -  Univers i t y  of  Toronto

Char l ie  Bennett  -  IBM

M ichael  DesChamps -  U. de France

Masaoto Koashi  -  Osak a Univers i t y

Henr i  Angel ino -  N. I . I . Tok yo

Rusins  Freivalds  -  Univers i t y  of  Latv ia

Lawrence Ioannou -  Cambridge Univers i t y

IQC IS  HONOURED TO HAVE HOSTED 

THESE DISTINGUISHED GUESTS OVER 

THE SUMMER AND FALL OF 2005:

NMR Q.I .P. PIONEER TO 
WORK CLOSELY WITH IQC

Professor  David Cor y, Nuclear  Engineer ing 
a t  M I T, i s  j o i n i n g t h e I Q C a s  a n a d j u n c t  
Pr o f e s s o r  i n  C h e m i s t r y. D av i d h a s  
c o l l a b o r a t e d w i t h I Q C f a c u l t y  s i n c e i t s  
incept ion and this  appointment  leads  to  a  
more formal  re lat ionship. 

Professor  Cor y ’s  interest  and specia l izat ion 
i s  t o  a d va n c e t h e s t a t e  o f  t h e a r t  i n  
m a g n e t i c  r e s o n a n c e m e t h o d s a n d 
appl icat ions. The approach might  be termed 
m a g n e t i c  r e s o n a n c e e n g i n e e r i n g : t h e 
indiv idual  projec ts  he tack les  are  problems 
fo c u s e d w i t h a  s i g n i f i c a n t  e n g i n e e r i n g 
component  up f ront, and hopeful ly  a  large 
payoff  when they succeed. The engineer ing 
developments  permit  c lose t ies  to  industr y, 
a n d m a ny o f  t h e a d va n c e s  h ave b e e n 
co m m e rc i a l i ze d. M a ny p ro j e c t s  Pro fe s s o r  
Cor y  has  work ed on include emulat ion of  
quantum computers  by  mixed ensembles  of  
s p i n s , d e ve l o p m e n t  o f  co h e re n t  co n t ro l  
m e t h o d s f o r  q u a n t u m i n f o r m a t i o n 
p ro ce s s i n g a n d t h e i r  d e m o n s t ra t i o n v i a  
nuclear  magnet ic  resonance.

DONATION PAVES WAY FOR 
GR ADUATE RESEARCH

The Inst i tute  for  Quantum Computing has  
re ce i ve d s u p p o r t  f ro m t h e B e l l  Fa m i l y  
Fund to  sponsor  research scholarships  for  
graduate students  who show outstanding 
p r o m i s e fo r  r e s e a r c h e xc e l l e n c e i n  
Quantum Information Science.

The scholarships  wi l l  be  awarded on the 
bas is  of  mer i t  to  students  pursuing their  
graduate studies  under  the direc t ion of  a  
fu l l  or  associate  member  of  the Inst i tute  
for  Quantum Computing. 

Recipients  for  Winter  2006:
Chr istopher  Er ven
Adam Hubbard



C ANADIAN INSTITUTE FOR ADVANCED RESEARCH 
DISTINGUISHES IQC DIRECTOR

CALIBRE OF OUR TEAM

The direc tor  of  the Inst i tute  for  Quantum 
Computing at  the Univers i t y  of  Water loo 
h a s  a  n e w  d i s t i n c t i o n  t o  a d d  t o  h i s  
lengthy curr iculum vitae.

Pr o fe s s o r  R ay m o n d  L a f l a m m e  h a s  b e e n  
named the I vey Foundat ion Fel low of  the 
Canadian Inst i tute  for  Advanced Research 
(CIAR) . In  suppor t ing his  research, the I vey 
Fo u n d a t i o n  ( fo r m e r l y  T h e  R i c h a r d  I ve y  
Fo u n d a t i o n )  h a s  b e c o m e  o n e  o f  t h e  
fo u n d i n g  s u p p o r te r s  o f  C I A R ' s  Q u a n t u m  
I n fo r m a t i o n  Pr o c e s s i n g  ( Q I P )  Pr o g r a m .
L a f l a m m e  h a s  b e e n  t h e  d i re c t o r  o f  t h e  
program s ince 2002.

Quantum Information Process ing is  a  ver y  
yo u n g  f i e l d  t h a t  p r o m i s e s  e x p o n e n t i a l  
i n c re a s e s  i n  co m p u t i n g  p owe r, l i k e l y  i n  
the form of  a  quantum computer. The goal  
of  the CIAR QIP Program is  to  harness  the 
laws of  quantum mechanics  and turn them 
t o  o u r  a d v a n t a g e  t o  i m p r o v e  t h e  
a c q u i s i t i o n , t r a n s m i s s i o n , s t o r a g e  a n d  
process ing of  information.

T h e  q u e s t i o n s  a t  t h e  c o r e  o f  t h e  
invest igat ion are : What  is  the or igin  of  the 
power  of  quantum information?  What  can 
we do with quantum information?  How do 
w e  b u i l d  d e v i c e s  t h a t  c a n  b e h a v e  
quantum mechanical ly  so  that  we can tak e 
advantage of  quantum mechanics?

" We  a r e  v e r y  e x c i t e d  a b o u t  t h e  
inte l lec tual  chal lenges  p osed by the QIP  
Program,"  sa id  Bruce Lour ie, Pres ident  of  
the I vey Foundat ion. "We look for ward to  
having Dr. R aymond Laf lamme be the new 
I ve y  Fo u n d a t i o n  Fe l l o w  a t  C I A R  a n d  t o  
fo l lowing his  work  c losely. "

" Q u a n t u m  m e c h a n i c s  w a s  d i s c o v e r e d  
more than a  hundred years  ago, but  i t  i s  
o n l y  r e c e n t l y  t h a t  w e  l e a r n e d  o f  i t s  
t r e m e n d o u s  p o w e r  t o  m a n i p u l a t e  
information."

"The CIAR QIP Program has  a l lowed us  to  
b r i n g  to g e t h e r  a n  i n te r n a t i o n a l  te a m  o f  
m at h e m at i c i a n s, co m p u te r  s c i e nt i s t s  a n d  
physic ists  to  harness  i ts  power  and open 
the doors  to  a  new wor ld  of  unexpec ted 
discover ies, f rom fundamental  concepts  to  
n e w  t e c h n o l o g i c a l  d e v e l o p m e n t s , "  
Laf lamme said.

T h e  I ve y  Fo u n d a t i o n  h a s  s u p p o r t e d  a  
var iet y  of  CIAR Programs s ince 1986 ( f i rst  
Ar t i f i c i a l  I nte l l i g e n ce  a n d  R o b o t i c s , t h e n  
Po p u l a t i o n  H e a l t h , a n d  a f t e r  t h a t  
Evo l u t i o n a r y  B i o l o g y ) , h e l p i n g  t o  b u i l d  
a n d  s u s t a i n  t h e  I n s t i t u t e ' s  c a p a c i t y  fo r  
leading-edge discover ies  in  each of  these 
f ie lds.

" O n c e  a g a i n , t h e  I v e y  Fo u n d a t i o n  i s  
d e m o n s t r a t i n g  i t s  a s t u t e  i n t e l l e c t u a l  
i n s i g h t  i n  c h o o s i n g  t o  s u p p o r t  t h e  
emerging f ie ld  of  QIP, "  sa id  Chaviva  Hos   
e k , Pre s i d e nt  a n d  C E O  o f  C I A R . " Ca n a d a  
has  great  potent ia l  to  lead the  wor ld  in  
this  area of  research."

T h e  I v e y  Fo u n d a t i o n  i s  a  p r i v a t e  
char i table  foundat ion located in  Toronto.
I t  was  incor p orated on D ec. 31 , 1947 by  
the late  R ichard G. I vey, LL .D. , Q.C . and his  
son, R ichard M. I vey, C .C . , LL .D. , Q.C . The 
fo u n d a t i o n ' s  m i s s i o n  i s  to  i m p rove  a n d  
e n r i c h  t h e  we l l - b e i n g  o f  C a n a d i a n s  by  
fo c u s i n g  i t s  e n e r g y  a n d  r e s o u r c e s  o n  
selec ted issues  of  s igni f icance.

L a f l a m m e  i s  o n e  o f  t h e  wo r l d ' s  l e a d i n g  
r e s e a r c h e r s  i n  t h e  s t u d y  o f  q u a n t u m  
d e v i ce s . H e  co - fo u n d e d  t h e  I n s t i t u te  fo r  
Quantum Computing at  UW, where seven 
out  of  18 CIAR QIP Program Members  are  
based, and holds  a  Canada Research Chair  
in  Quantum Information.

He completed his  PhD in  the Depar tment  
o f  A p p l i e d  M a t h e m at i c s  a n d  Th e o re t i c a l  
Physics  (DAMTP)  at  Cambridge Univers i t y,
under  the direc t ion of  esteemed physic ist  
Stephen Hawk ing. He and a  col league are  
responsible  for  changing Hawk ing's  mind 
on the reversal  of  the direc t ion of  t ime in  
a  contrac t ing universe.

CIAR is  a  pan-Canadian and internat ional  
r e s e a r c h  i n s t i t u t e  c o m m i t t e d  t o  
i d e n t i f y i n g  s i g n i f i c a n t  i n t e l l e c t u a l  
q u e s t i o n s  i n  t h e  n a t u r a l  a n d  h u m a n  
s c i e n c e s  a n d  b r i n g i n g  t o g e t h e r  t o p  
r e s e a r c h e r s  t o  c o l l a b o r a t e  c l o s e l y  o n  
them.

The QIP Program is  one of  twelve leading-
edge research in i t iat ives  cur rent ly  being 
l e d  b y  C I A R . T h e r e  a r e  m o r e  t h a n  2 5 0  
e m i n e n t  r e s e a r c h e r s  c o l l a b o r a t i n g  
through CIAR, represent ing more than 80 
d i f f e r e n t  r e s e a r c h  i n s t i t u t i o n s  a n d  
univers i t ies  in  13 countr ies .

IQC STUDENT AWARDED ALUMNI GOLD MEDAL FOR Ph.D.
STUDIES

Congratulat ions  to  Dr. David Poul in , who was 
a w a r d e d t h e A l u m n i  G o l d M e d a l  fo r  
o u t s t a n d i n g a c a d e m i c  p e r fo r m a n c e o n 
complet ion of  a  Ph.D.  program at  Water loo.  
This  medal  was  awarded at  Fal l   Convocat ion 
in  Oc tober. 

" D av i d w a s  s u p e r v i s e d b y D r. R ay m o n d 
Laf lamme who should a lso  be commended 
for   providing such superb guidance in  the 
past  years, "  reads  a  memo from Wing-K i  L iu, 
Associate  Dean of  Sc ience Facult y  Graduate 
Studies.

David received his  degree in  June, and is  now 
a  Postdoc toral  Research Fel low at  the School  
o f  P hy s i c a l  S c i e n c e s , U n i v e r s i t y  o f  
Q u e e n s l a n d, Au s t r a l i a . Pr o fe s s o r  R ay 
Laf lamme super vised his  thes is, "Emergence 
o f  a  C l a s s i c a l  Wo r l d  f ro m W i t h i n  Q u a nt u m 
Theor y"  - -  a  "beaut i fu l"  thes is, according to  
the ex ternal  examiner.

D r. Po u l i n ' s  wo r k  w a s  re p o r te d i n  p hy s i c s  
j o u r n a l s  a n d i n  t h e p ro m i n e n t  m a g a z i n e s  
New Scient ist  and Nature.  He has  publ ished 
12 papers, inc luding f ive  in  Physical  Review 
Letters .

IQC Direc tor  R aymond Laf lamme

Staf f
IQC is  del ighted to  announce that  
M ichael  Ditt y  and Connie  S laughter  have  
received UW staf f  recognit ion awards  for  
their  work  in  2005.  Only  250 are  awarded 
each year  and both indiv iduals  are  ver y  
much deser ving of  the award.

IQC is  ver y  luck y to  have these two 
dedicated staf f  members  to  suppor t  us.



IQC'S  YOUNGEST MEMBERS

THE IQC FAMILY
DEPUT Y DIRECTOR

Travel
VIENNA

JAPAN

LOUISIANA

D r. G re g o r  We i h s  t rave l e d  
to  V ienna, Austr ia  to  give a  
t a l k  c o m p l e t i n g  h i s  
" H a b i l i t a t i o n "  f o r  
E x p e r i m e n t a l  P h y s i c s .

Upon complet ion, Dr. Weihs  was  awarded 
a  "Dozent, "  a  t ype of  degree required to  
of f ic ia l ly  super vise  students.

D r. S c o t t  A a r o n s o n 
traveled to  Japan to  speak 
a t  t h e E R ATO Co n fe re n ce 
o n Q u a n t u m I n fo r m a t i o n 
S c i e n c e ( E Q I S )  2 0 0 5 i n  To k yo. W h i l e  
v i s i t i n g, D r. A a ro n s o n w a s t re a te d to  a  
t h r e e - d ay e xc u r s i o n t o  Kyo t o, w h e r e 
H i r o t a d a K o b ay a s h i  a n d H a r u m i c h i  
Nishimura gave a  guided tour  of  famous 
B u d d h i s t  te m p l e s , w h i l e  t a l k i n g a b o u t  
q u a n t u m c o m p l e x i t y  c l a s s e s  s u c h a s  
QMA/qpoly.

C a s e y  M y e r s  v i s i t e d  t h e  
Q u a n t u m  S c i e n c e s  &  
Te c h n o l o g i e s  G ro u p, B ato n  
R o u g e , L o u i s i a n a  S t a t e  
U n i ve r s i t y. A s  p a r t  o f  h i s  

v i s i t , C a s e y  b e g a n  a  c o l l a b o r a t i o n  w i t h  
J o n a t h a n  P. D o w l i n g  a n d  h i s  g r o u p  o n  
a p p l i c a t i o n s  o f  l i n e a r  o p t i c s  q u a n t u m  
computing.

ITALY

M a r t i n  L a fo r e s t  a t t e n d e d  
t h e  E n r i c o  F e r m i  
I n t e r n a t i o n a l  S c h o o l  o f  
P h y s i c s  c o u r s e  o n  
" Q u a n t u m  C o m p u t e r s ,
Algor i thms and Chaos,"  a  10 day summer 
s c h o o l  b r i n g i n g  t o g e t h e r  1 0 0  g r a d u a t e  
s t u d e n t s  i n  t h e  f i e l d  o f   q u a n t u m  
computing f rom around the wor ld.  Of  the 
1 0 0  a t t e n d e e s , 1 5  w e r e  s e l e c t e d  t o  
p r e s e n t  t h e i r  r e s e a r c h  r e s u l t s .  M a r t i n  
presented a  ta lk  ent i t led : " Is  t ime reversal  
a n  a n s w e r  t o  t h e  m y s t e r y  o f  
e n t a n g l e m e n t ? "   M a r t i n  r e c e i v e d  a  
s c h o l a r s h i p  f r o m  t h e  p r e s i d e n t  o f  t h e   
I t a l i a n  P hy s i c a l  S o c i e t y  t o  a t t e n d  t h i s  
summer school .

I Q C  i s  d e l i g h t e d  t o  c o n g r a t u l a t e  o u r  
D e p u t y  D i r e c t o r, M i c h e l e  M o s c a  o n  h i s  
r e c e n t  m a r r i a g e . N e l i a  B r a n c o  a n d  
M i c h e l e  M o s c a  we re  m a r r i e d  J u l y  1 s t  i n  
Water loo.

Nel ia  and M ichele  would l ik e  to  thank the 
members  of  the IQC for  the k ind wishes  
and generous gi f ts  they have received.

Professor  Mosca is  current ly  on a  6  month 
s a b b at i c a l  l e ave. H e  v i s i te d  t h e  q u a nt u m  
c o m p u t i n g  g r o u p  a t  t h e  Ce n t r u m  vo o r  
W i s k u n d e  e n  I n f o r m a t i c a  ( C e n t e r  f o r  

M a t h e m a t i c s  a n d  C o m p u t e r  S c i e n c e )  
Amsterdam for  3  weeks  in  September, the 
C e n t r e  f o r  Q u a n t u m  C o m p u t a t i o n  i n  
Cambridge UK for  3  weeks  in  Oc tober, the 
B e r k e l e y  Q u a n t u m  I n f o r m a t i o n  a n d  
C o m p u t a t i o n  C e n t e r  f o r  2  w e e k s  i n  
November, and wi l l  v is i t  the Inst i tut  Henr i  
Po i n c a r é  f o r  3  w e e k s  i n  J a n u a r y  t o  
par t ic ipate  in  their  "Quantum Information,
Computat ion and Complexit y"  programme.

Congratulat ions  to  IQC members  Hamed 
M a j e d i  a n d R o l f  H o r n w h o h ave b o t h 
r e c e n t l y  w e l c o m e d n e w I Q C f a m i l y  
members. 

Hamed and wife  Sheva had a  son, Farhan, 
and Rol f  and f iance K aren Gordon had a  
daughter, Madeleine.

We a lso ex tend congratulat ions  to  former  
IQC member  Mar t in  Roetel ler  and his  wi fe  
S i m o r e H o l d e r b a c h w h o r e c e n t l y  
welcomed E l la  Mar ie  to  the fami ly.

Farhan Majedi  (Lef t )
Rol f, K aren and Madeleine (R ight)
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IQC THANKS ITS  PARTNERS FOR THEIR CONTINUING 
SUPPORT OF OUR VIS ION

ARDA -  The Advanced Research & Development  Ac t iv i t y
Alcatel
Bruk er

Canadian Foundat ion for  Innovat ion
Canadian Inst i tute  for  Advanced Research

Canada Research Chairs
Canadian Secur i t ies  Establ ishment

Hel ios/Oceana
IBM

Mathematics  of  Information Technology and Complex Systems 
Research Network

(U.S . )  Nat ional  Secur i t y  Agenc y
Nat ional  Sc ience & Engineer ing Research Counci l
Ontar io  Research & Development  Chal lenge Fund

Ontar io  Innovat ion Trust
Premier 's  Research Excel lence Awards

Research In  Motion
Si l icon Graphics  Inc.

St . Jerome's  Univers i t y
Sun M icrosystems

MIKE LAZARIDIS

-  AND -
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