
Darn cold Darn cold nano-stuffnano-stuff
(or why the hell did McGill needed to dig holes in the Rurtherford basement)

Just because I don't care doesn't 
mean I don't understand

-Homer



Chapter 1: Who’s this guy digging holes and making
so much noise in the basement….?!?

G2 grew up near St-Tite, Qc….



In what sorta castle did he live, anyway?
G2 begun his humble education at the glorious Universite du Rang Sud, in St-Tite, Qc….

GG22  facts #1facts #1::  GG2 2 hated school all along (and schools hated him even more)hated school all along (and schools hated him even more)



G2 at 16 prior to racing JSR (Jean-sebastien Roy) in Valley Junction,Qc

(p.s. I totally chose the wrong career, JSR IS FAMOUS)

But then came the motorcycle…anyway

GG22 facts #2 facts #2: Motorcycles are much more fun than schools. But you : Motorcycles are much more fun than schools. But you gotta gotta fix it yourself fix it yourself 



But did this guy go afterward anyway?
G2 in a tiny village in-between Istanbul and Ankara 

GG22 facts #3 facts #3::  Turkish kids will teach you a heck of a lot more than teachersTurkish kids will teach you a heck of a lot more than teachers……..



But what was this guy doing there anyway?
G2 in a desertic area on the anatolean plateau in Turkey, running out of water,
and telling the Little Prince, what the hell am I (f&*%$ing) doing here.

GG22 facts #4 facts #4: It: It’’s ok to get lost in the desert for as long ass ok to get lost in the desert for as long as  you find the Little Princeyou find the Little Prince……



I like sports

GG22 facts #5 facts #5: Extreme sports/adventures: Extreme sports/adventures  is just as fun as extreme physicsis just as fun as extreme physics……andand
itit’’s much more so than schoolss much more so than schools……  



So what was doing this guy this Summer anyway?

He was climbing a hill at near 13,000 ft altitude in Sante Fe, New Mexico, inJuly….



I know you guys are dying to see my latest darling…
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My sweet Yamaha R6 with 130+ horses, red line  @ 16,500+ RPM and top
speed of 277 km/h for only 355lbs….

GG22 facts #6 facts #6: It: It’’s ok to have a fast bike for as long as you stay alive on it.s ok to have a fast bike for as long as you stay alive on it.

Here she is!

Wanted!!!   policeman to make accurate doppler shift measurement of her top speed…



So how good (…bad)  is this guy academic track record ?
1978: Ecole elementaire de St-Tite
I ‘failed’ my first transcript ever in School cause I was unable to  speak. They did not care I could do
math, but they failed me because I COULD NOT SPEAK. I simply had nothing to say…..

1989: Ecole Polyvalente Paul Lejeune de St Tite
The director threatened to kick me out because of I was racing motorb ikes on the school premisses.
He just did not understand how fun it was.

1995: B.Sc. Universite de Sherbrooke
The dept. Chair did not like me which made it real hard to get any fellowship through…(yeah, being
straight “A”ain’t enough in our business)

1996-1997: M.Sc. McMaster University
My supervisor wrote a bad letter of recommendation “on my behalf”. Darn……(yeah, being
straight “A” an write paper fast ain’t enough in our business)

1997-1998: Michigan State University
I fell in love after 2 weeks and quit that school after 8 months for Chicago.
Got a good letter this time cause americans like new students that write papers real fast…

1998-2002: Ph.d, Northwestern University
The dept. Chair  did not like me cause there is a couple of classes I never took…..I simply
was busy with research… My supervisor loved it tho, cause I was writing lots’a papers….

2002-2005 post-doctoral work, Columbia/Princeton (USA)
I was the laugh of the lab cause I wanted to do “resistive NMR” and I even had  to dig the darn pit I needed
for the experiment
My supervisors, Horst and Dan, loved my ideas tho…(for as long as I were to succeed)

2005-now  assistant prof, McGill U
No comment.



So Guillaume came to McGill ,and recruited the greatest student

First came Cory Dean………



So Guillaume came to McGill ,and recruited the greatest student
First came Cory Dean………(again)



So Guillaume came to McGill ,and recruited the greatest student

First came Cory Dean………(again)



….and then came James Hedberg

So Guillaume came to McGill ,and recruited the greatest student



….and then came James Hedberg (again)

So Guillaume came to McGill ,and recruited the greatest student



….and then came James Hedberg (again)

So Guillaume came to McGill ,and recruited the greatest student

GG22 facts #7 facts #7: in our lab, we welcome personality disorders: in our lab, we welcome personality disorders……..



So Guillaume teaches them the beauty of  experimental physics
with “Fine Literature “



GG22 facts #8 facts #8: experiment : experiment ainain’’t t always easyalways easy……..
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Chapter 2: So what’s this guy doing now anyway?

GG22 facts #9 facts #9: The : The nano-stuff nano-stuff near T=0 sounds very coolnear T=0 sounds very cool



12

How cold is T=0, or how close can we get?

World record: T~500 pK (Helsinki low-temperature lab)

*You are here

 Charles, Sanjeong

Andrew 

T=0

Robert, Jim, Guy…

Maria, Paul, Roland,Peter, Brad,Martin

Mark, Peter, Dominic

Gil,Matt, Peter, Dominic

Guilaume, Micheal

Aashish CLERK?(T<0)

Vicky, Bob
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1913 Kemmerling-Onnes
"for his investigations on the properties of matter at low temperatures 
which led, inter alia, to the production of l iquid helium”

1962 Lev Landau
"for his pioneering theories for condensed matter, especially l iquid helium”

1970 Bardeen, Cooper and Schrieffer
"for their jointly developed theory of superconductivity,
 usually called the BCS-theory”

1973 Josephson
"for his theoretical predictions of the properties of a supercurrent 
through a tunnel barrier, in particular those phenomena which are generally
 known as the Josephson effects”

1978 Kapitza
"for his basic inventions and discoveries in the area of low-temperature physics”

1985 von Klitzing
"for the discovery of the quantized Hall effect”

Is the Physics near T=0Is the Physics near T=0  any interesting?any interesting?
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1996 Osheroff, Richardson and Lee
"for their discovery of superfluidity in helium-3"

1997 Chu, Cohen-Tannoudji, and Phillips
"for development of methods to cool and trap atoms with laser light"

1998 Laughlin, Stormer and Tsui
"for their discovery of a new form of quantum fluid with fractionally
charged excitations”

2001 Cornell, Ketterle, and Wieman
"for the achievement of Bose-Einstein condensation in dilute gases of
alkali atoms, and for early fundamental studies of the properties of the
Condensates”

2003 Abrikosov, Ginzburg and Leggett
"for pioneering contributions to the theory of superconductors
and superfluids”

2023 Dean, Laroche and Hedberg
"for bravely coping with the unreal aspects of the quantum
nano-world, and equally bravely sustaining strong disagreements about
the Nature of all this with their former Ph.D. advisor”

GG22 facts #10 facts #10: You: You’’ve got to disagree if you want to makeve got to disagree if you want to make  advancesadvances……
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To 1K pot

Still
~.7K

counterflow
heat exchanger
~100 mK

step heat 
Exchanger
~50 mK

Mixing chamber
~10 mK

How do you cool solids, liquids that cold?
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To get cold, you also need dedicated grad students….

McGill Ph.D. student (and Queen’s alumnus) Cory Dean working on a dilution refrigerator capable of reaching 8 mK
GG22 facts #11 facts #11: Near T=0, plumbing is everything: Near T=0, plumbing is everything……..
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And you need to have their total respect
     (i.e  you cannot have them making fun of you at all)

GG22 facts #12 facts #12:Students are not always :Students are not always nicenice..
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Just remember that T  =0 physics ain’t always pretty…

From D.D. Osheroff Nobel lecture:

GG22 facts #13 facts #13: Doug was a hard ass-working Ph.d student: Doug was a hard ass-working Ph.d student……
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How small is this brave ‘new’  nano-world?

*You are here

ROBERT, Gil, Matt…

Vicky, Andrew, Bob R…

Shaun…

Maria

Dominic, Martin, Jorge….

Paul, Mark….

PETER, Roland, Aash, Hong, Brad..

Charles, Jean, Sanjeon..
Brigitte, Steven, Guy..

Jim, Keshav, ROBERT???   

GG22 facts #13 facts #13:Robert spans 56+ orders of magnitudes:Robert spans 56+ orders of magnitudes……. Cool. Cool……………………!.!.

John, Bob Moore…



20

Why should we even care that it’s ‘nano’?

‘At the nanoscale, liquids and solids, electrons included, often undergo different, 
even strange new behaviours resulting from a competition between fluctuations, interactions, 
confinement and disorder’

From a technological standpoint, micro-electronics’s reaching the limit….. 

official nano-propaganda is here

Yeah, and so what?
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But remember, the first transistor wasn’t pretty at all…

"This circuit was actually spoken over and by switching the device in and out a distinct gain in speech 
level could be heard and see on on the scope presentation with no noticeable [sic] change in quality.”
 -- Walter Brattain, December 24, lab notebook

GG22 facts #14 facts #14: Big discovery appears to be happening near Xmas: Big discovery appears to be happening near Xmas



Photograph of the GaAs/AlGaAs sample in which the Fractional Quantum Hall
Effect (FQHE)  was discovered in 1981 by Tsui,  Stormer and Gossard. That ugly
piece of shit made history.
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GG22 facts #15 facts #15: It does not matter how good it looks, it: It does not matter how good it looks, it’’s how good it actually iss how good it actually is……..

1- Cory Dean’s quest for the Non-abelions



Filling factor v =
n

(B /!)
where φ=h/e is the flux quantum, 
and n is  the electron density 
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1- Cory Dean’s quest for the Non-abelions
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The Laughlin state, at filling factor υ=1/3, as depicted here, also happen to
have an excitation electrical charge of e*=e/3. Is that weird?

electrons flux quanta composite particles

GG22 facts #16 facts #16: These electrons: These electrons  can be real crazy near T=0can be real crazy near T=0

1- Cory Dean’s quest for the Non-abelions



2- Guillaume Lambert ‘s Quantum Nanofluidics

    Stringent Definitions:Stringent Definitions:

nano: darn small (10-9 m)

` quantum: darn weird to understand

fluidics: darn hard to hold in your hands

GG22 fact #18: fact #18:  small fluids that will behave according small fluids that will behave according to quantumto quantum    rules, rather thanrules, rather than
our boringour boring  classical classical newtonian newtonian World, are CoolWorld, are Cool……
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2- Guillaume Lambert ‘s Quantum Nanofluidics

GG22  fact #19: fact #19: if we can if we can litography litography our face on a silicon wafer, we our face on a silicon wafer, we cancan
litography litography just about just about anythinganything……..
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2- Guillaume Lambert’sQuantum Nanofluidics

GG22  fact #20: fact #20: if we canif we can  put a carbon put a carbon nanotube nanotube in between twoin between two    electrical contacts weelectrical contacts we
can flow an electrical current through itcan flow an electrical current through it……..
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2- Guillaume Lambert’s Quantum Nanofluidics

GG22 fact  fact #21:#21:  ifif  that little guy isthat little guy is  semiconductor, we can make asemiconductor, we can make a    transistor out-of-it.transistor out-of-it.
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GG22 facts #24 facts #24: Yeah right. : Yeah right. 

2- Guillaume Lambert’s Quantum Nanofluidics

Guillaume Lambert is also trying to create the first “black hole on a chip” 
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A

C

B

D

Work in collaboration with Dr. Mike Lilly of Sandia National Labs (USA)

7.5 nm

4- Dominique Laroche’s electron drag racing….

GG22 fact #27:  fact #27: If your competitor does not haveIf your competitor does not have  students as good students as good as those fromas those from
McGill, then send him one! (and he might even send McGill, then send him one! (and he might even send you some money)you some money)
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GG22  fact  #28fact  #28: : Yip, by Yip, by ‘‘drag racingdrag racing’’ electrons we are electrons we are  hoping tohoping to    prove/disproveprove/disprove
whether these guys are Fermi or whether these guys are Fermi or Luttinger Luttinger liquids.liquids.

4- Dominique Laroche electron’s drag racing….



A cool experiment version Peter Grutter: C60 bucky ball molecular transistor

27

5- James Hedberg’s T=0 microscope



Roland
Bennewitz Michael Hilke Guillaume Gervais

Aashish Clerk Peter Grütter

AFM at 50 mK and 16T
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Whence the McGill’s ultra low-temperature atomic force microscope!
(under construction but  as real as wild…)

GG22 facts #28 facts #28: Bigger dreams sometimes call for a bigger team: Bigger dreams sometimes call for a bigger team……

1- James Hedberg’s T=0 microscope
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Last words, and words of wisdom
About the guy who makes noise in the basement:

He hated schools, and schools didn’t like him. He preferred motorbikes,
mountain bikes, turkish kids, and poetry. He dreamed of oceans, and
deserts, but ended up back in Montreal. Go figure!  

I guess he still managed to become a physicist, and an old university  
professor, due to McGill’s recent, and unprecedented decrease in hiring 
standards…… 

G2 wisdom #1:  why not doing physics like doing extreme sports? Or arts? 
Or poetry? Passion is key to everything….and the adventures, intellectual
or else, must go on….
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Last words, and words of wisdom

Yeah, this brave ‘new’ T=0 nano-world isn’t  just small, it looks as if it 
could  even  be interesting! 

About that T=0 nano-fluff and nano-stuff I do now for living: 

Near T=0, new properties of matter (electronic or else) emerge quantum 
mechanically from the competing interactions,  fluctuations, confinement  
and disorder. The bare quantum systems have already shown us  
striking, if not totally insane new physics (e.g. e*=e/3) and there may  
be some  more delicacies waiting to  be discovered. 

About About Nano-stuffNano-stuff::

C’est pas parce que l’on est p’tit qu’on peut pas etre grand!” - La Guerre des Tuques

About Cold-stuffAbout Cold-stuff

It’s not because it’s darn cold, that it can’t be red hot……



Cory Dean, Ph.D 
(Canada/USA)

James Hedberg, Ph.D 
(USA)

Dominique Laroche, M.Sc. 
(Canada)

Andrew Mack, B.Sc.
(USA)

Gregory Crisp, B.Sc. 
(USA) Guillaume Lambert, B.Sc.

(Canada)
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We thank George W. Bush for supplying us with high-quality students

Jonathan Buset, M.Sc. 
(Canada)

The greatest greatest collection of students @ McGill 
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I would like to thank You All, the best the best departmentaldepartmental
staff I ever work withstaff I ever work with, and who made it possible to get my
lab going fast, and make my life much easier every day.


