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Thanks: 
 
• My host: Dima Budker 

 
• The Miller team, and especially Kathy 

 
• The coaching by Milo Lin and Xie Chen 

Apologies: 
 
• To the physicists: For not being technical enough 

 
• To the non-physicists: For being too technical 

 
• And to everyone for having to rush through the material 
 

This talk will have two parts… 



Views from the desert 



Lots of history…. 



Alkali vapor 

Color centers in diamond 

The Atom Chip 

Examples of the Q tool box: 3 Quantum systems in our lab 

Largest know
n tem

perature gradient 

The best of two worlds: 
Quantum optics with an isolated system and 

accuracy/robustness of semi-conductor technology 



Atom chip review article:  
RF et al.  Adv. At. Mol. Opt. Phys. 48, 263 (2002)  

One of the humble beginnings:  
RF et al. PRL 84, 4749 (2000)  

A quick view of what the atom chip is:  
“where material engineering meets quantum optics” 

+ 

= 

Cold atoms behave as waves: 
Atom Chip=Optics for matter waves: fibers, mirrors, etc.  



Applications: clocks, acceleration sensors, gravitational sensors, magnetic sensors,  
quantum memory and communications, quantum computing 

Fundamental science: Decoherence, interferometry, many body, atomic physics, 
low dimensional systems, atom-surface physics, surface physics, symmetries and 
fundamental constants 
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A quick view of what the atom chip is:  
“where material engineering meets quantum optics” 



The monolithic integration dream 

The atom chip technology is advancing very rapidly so that eventually,  
all the different particles such as Rydberg, molecules,  
atom-like (NV), ions, cold electrons, etc.  
may be put on the chip, including  
entanglement to a quantum surface. 

Atom
 C

hips: 
From

 3 in 2000 to ~30 today,  

• new book on atom chips,  
RF, Philipp Treutlein and Joerg Schmiedmayer,  
(Eds: Jakob Reichel and Vladan Vuletic) 
 
• special issue on QIP  
(Journal of Quantum Information Processing 
Editors :Howard Brandt & RF ) 

The Atom Chip definition is broadening 

More information on the atom chip in: 
+ near field optics, plasmonics, etc. 

H
ighest tem

perature gradient  
know

n to m
ankind 

Ion and permanent magnet chips 
@ BGU for Mainz and Amsterdam 



Electronics Optics Matter waves 

Atom Chip 

The promise of AtomChips: miniaturization, integration, monolithic   

 Quantum scales (e.g. tunneling barriers), accuracy, complexity  novel functionality 

e.g. Shimon  Machluf, Yonathan Japha and RF, Nature Communications 2013. 



The big challenge of Quantum Technology? 

My answer: 
The Tibetian monk 



Surface physics – use the atoms as a probe 
e.g. Mesoscopic transport, Johnson noise, shot noise of fractional charge 

Non-interferometric  
atom-chip measurements 

Example: electron transport 

BGU+HD, Science (2008) 

By the way, atom-chips are advantageous not only for matter waves: 

I would have loved to stay in my comfort zone and talk about the atom chip…. 
        …but I decided to be a little provocative 



Back to our title:  
After endless experiments confirming QM, 
What is there left to be provocative about? 

• indeterminism (even philosophical implications e.g. quantum brain with freedom of thought?) 
• non-locality (entanglement) 
• reality is created by measurement 
Feynman's "if a tree falls in the forest and there is no one there to hear it,  
does it make a sound?", or Mermin's "is the moon there when nobody looks?“ 
No reality independent of measurement (EPR, GHZ, Bell). 
• quantization (the reason the atom does not collapse) 
• uncertainty principle 
• wave-particle duality 
• superposition principle……………………………………………………….>> 

Many names to our (psychological…?) discomfort: 

http://en.wikipedia.org/wiki/Image:Schr%C3%B6dinger_cat.png


First generation of fathers: 

Albert Einstein  
Nobel: 1921 

Louis de-Broglie  
Nobel: 1929 

Erwin Schrödinger 
Nobel: 1933 

Niels Bohr 
Nobel: 1922 



David Bohm 
(Berkeley graduate, 
1951 EPR experiment 
1959 AB effect, 
Spent most of his life 
writing an alternative 
theory) 

John Bell: 1964 B inequalities. 
“QM carries within it the  
seeds of its own destruction” 

Is it all just the shock of  
Boy meets new Girl? 

Second generation of fathers: 

2012 



First generation of sons: a lot of theoretical questions and ideas…. 

1970s and onwards: Environment: Zeh, Zurek, et al. 

1957: Many Worlds, Everett 



First generation of sons: 

1990s: 

And many more….. 

Objective/independent collapse models 
 

e.g. gravitation/space-time (Penrose and others) 

1990s 



First generation of sons (21st century): Some (annoying?) people are still unhappy! 

Steven Weinberg 
Nobel prize 1979 
Unification of weak  
and electro-magnetic  
forces 



First generation of sons: more (annoying?) discontent. 



After all these years: 
Is it still just the shock 
of Boy meets new Girl? 



Second generation of sons: starting to think about experiments… 

My main point: Very few examples of such experiments…!! 
 
Why are we not teaching ideas of independent collapse in our universities? 
(at least in advanced courses) 



Second generation of sons: 

Why are we not teaching weak measurement in our universities? 
(at least in advanced courses) 

The crux of our method is that the first measurement is  
performed in a gentle way through weak measurement 
 
Aharonov, Y., Albert, D. Z. & Vaidman, L.  
Phys. Rev. Lett. 60, 1351–1354 (1988) 



Second generation of sons: 

Why are we not teaching generalized versions of QM in our universities? 
(at least in advanced courses) 



Second generation of sons: 

Why are we not teaching BM in our universities? 
(at least in advanced courses) 



Crash course in Bohmian mechanics 

Many hints that information w/o energy can play a role: 
e.g. experiments on interaction free measurement 
Vaidman, Elitzur, Kwiat, Kasevich, Zeilinger… 
            -> You can detect an object even if it is destroyed by a single particle…!!! 
  (ask me later how it works) 

Why are we not teaching interaction free measurements  
and the role of information in QM in our universities? 
(at least in advanced courses) 

Also called: de-Broglie-Bohm, the causal interpretation,   
Non-local hidden variables, Pilot wave (information wave), 

One of the latest: Interaction free measurements with SC qubits, PRL 180406 (2006)  

Orthodox QM: 
No element of reality  

concerning particle position 
until it hits the screen. 

Wave-particle duality forbids it! 

Bohmian QM: 
particle position 

always well defined. 
Deterministic evolution. 



Many of these theories could be tested: Example of my humble thoughts 

Bohm-Bub 1966:  
If QM is some “statistical equilibrium” state, 
short times will reveal deviations from QM. 
Measure 2 consecutive measurements 
showing, according to QM, no correlation  
(e.g. SG with 90 degree rotation) 
But with very short time delay. 



There are many more examples of things related to thought and experiment concerning 
the fundamental rules of quantum mechanics which we don’t teach… 

What could be done to get out of it? 

Is it possible that we are having the quantum equivalent of the Nb syndrome? 

Transition 
Temperatures to 
Superconductivity 

In business schools it is called 
the Kodak effect 



The philosopher Thomas Kuhn once described science as "a series of peaceful interludes  
punctuated by intellectually violent revolutions." To Kuhn, scientific progress was never  
a gradual accumulation of knowledge, but an endlessly repeating battle between established  
theories, such as Newtonian gravity, and younger upstarts, such as Einstein’s general relativity. 
 
Guided by the paradigm, normal science is also extremely productive: "when the paradigm is  
successful, the profession will have solved problems that its members could scarcely have  
imagined and would never have undertaken without commitment to the paradigm“ 
 

What does philosophy of science have to say? 

Thomas Kuhn (Princeton/MIT): Paradigm shifts! 
(taught also at Berkeley) 

Will we live to see an extension to QM? 



Many no-go theorems: 
 
1. The most famous one is that of John Bell 1964: No local hidden variables! 
Lawrence Berkeley particle physicist Henry Stapp declared:  
“Bell’s theorem is the most profound discovery of science.”  why? 
 
2. Followed by the less known (but just as important) Kochen-Specker theorem 1967. 
 
3. Followed by the GHZ state (1989)  
e.g. assuming for the spins of three particles a reality independent of measurement 
- directly leads to contradictions. 
 
 
 
4. And more keep coming…… 

John Bell: all we have proven is our lack of imagination 



Let us make an outrageously unfounded assumption: 
 
1.QM is not the end of the road even in the microscopic/low energy realm and 
                                                         more accurate descriptions of this realm are possible 
2.Present experimental techniques are good enough to give a hint at this new description 

What should be the search strategy for the next say 20 years? 
Single particle physics or many body…? 
Theories of independent decoherence? 
Loopholes in previous tests? (e.g. of Bells’ inequalities) 
The role of information? (non-local hidden variables) 
What would suit a unification with Gravity? 
Quantum effects in Biology? (dephasing is not what we thought) 
Perhaps we should even check for 
correlations between random variables…? 
 
What constitutes more of the same? 

Among those who believe this is not the end of the road, some people say, we should wait 
for a theoretical breakthrough… (Strings?, TOE?) 
 
Other people say it will come in an experiment but we have to wait until the technology enables  
shorter or longer space-time scales, better control of the environment, higher/lower energies…. 
 
 



e.g. What will breaking records 
teach us about QM? 



There is a lot more to say….. but I need to conclude: 

RF in his usual  
”why doesn’t it work” state…. 

1. At the beginning of the 21st century we have 
many new systems for quantum experiments in our labs. 
Specifically, the atom chip is a great new tool. 
 
2. But what is our Q goal? Is it only technology and complexity  
(e.g. many body effects, solid state)  
 
3. What do we do with the idea of extensions to QM? 
Are we intellectually stuck? 

 
3. Should we start by enhancing our advanced university  
curriculum?  
 
5. How do we theoretically and experimentally try and  
facilitate a search for a paradigm shift after 100 years 
of success? 



pq-qp=h/2πi 

I would like to end with one of my 
favorite Quantum quotes: 
 
(Max Born - one of the fathers I have 
not mentioned yet…) 



My latest anti-gravity experiment…. 







Schroedinger in Nature 138, 13 (1936)  

Quantum brain? Freedom of will?  



May 2014 



Interaction free measurement – using the duality 
or the non local nature of the photon particle 
(A. Elitzur & L. Vaidman) to measure things without 
interacting with them! 

100% mirror 

Incoming single photon 

Prove that we can detect the presence of the photosensitive material without 
destroying it!! what maximal percentage will we be able to detect without destruction? 
Realization: P. Kwiat, H. Harald & A. Zeilinger, Scientific American 275, 52 (1996). 

〰 

〰
 

A 

B 

Problem: you want to 
verify that you have a certain 
photosensitive material in your 
bottle. Note that its so small that 
only light can see it, but since its 
photosensitive, and light will  
destroy it! 









Examples of the work we do:  Atomic vapor (on the interaction of light and matter) 



NV Diamond atom-like system 

Archive 2013 

Room temperature  
Rabi oscillations  

in a solid!! 



Last example: Atom chips 

Pieter Zeeman 
Nobel 1902  

Stern-Gerlach 1922 
Otto Stern 
Nobel prize 1943 

Isidor Isaac Rabi 
Nobel prize 1944 

Norman F. Ramsey 
Nobel prize 1989 

atoms 

electrons 

Observed interference pattern 















2012 

2005 
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