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QUANTUM INFORMATION SCIENCE
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How 100-year old concepts
+ Today’s state-of-the-art technology
= Future advances in computing, sensing, communications …
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WHAT WE ARE MADE OF
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7,000,000,000,000,000,000,000,000,000 atoms*
= 70,000,000,000,000,000,000,000,000,000

protons, neutrons and electrons

*7x1027

That’s a lot of building blocks
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ABOUT 100 YEARS AGO
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We started to understand that the rules on this scale

Are not the same as the rules on this scale



/ P. Denes / Quantum Information Science at Berkeley Lab – CAG Jan. 13, 2020

QUANTUM MECHANICS
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Strict rules for small things

e.g. quantization

But counterintuitive
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QUANTUM METROLOGY: e.g. ATOMIC CLOCK
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Accurate to 1 second 
in 300,000,000 years

Before 1964: 1 second = 1 day / 86,400
After 1964: 1 second = 9,192,631,770 periods 
of the transition between the two hyperfine levels of the unperturbed ground state of the 133Cs atom

The standard kilogram
Atomic Clock at NIST
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EXAMPLE: GPS
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The Global Positioning System 
relies on Atomic Clocks

ß If you use something like this, you do too!
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AT BERKELEY LAB
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Transition Edge Sensor

Measuring energies of “light” very precisely

Quantum Electron Microscope

Astronomy, Cosmology, ...
Measuring tiny magnetic fields from single cells

Biology, Geology, ...

Nitrogen-Vacancy
center in diamond

New kinds of quantum sensors

Materials Research

ψ- ψ+

1-D Charge Density Waves in 2-D MoSe

Best Non-Quantum Quantum

Better ways to see small things

Microscopy ...
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SUPERPOSITION
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“Classical”

“Quantum”

But once there is a measurement, it is either

or
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“MAKING A MEASUREMENT”
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Quantum objects can exist in multiple states at the same time (superposition)

Until we look

=pL x pD x

Erwin Schrödinger - 1935

Once we look

= or
Thought experiment:
Cat in a closed box
Decay of one atom triggers hammer

Cat is in a superposition of states

Opening the box to observe the 
cat causes it to abruptly change 
its quantum state
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ENTANGLEMENT
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“Quantum” coin roll
• Only 2 coins
• Must be            and

Flip

If flip is
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COMPUTATION
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QUANTUM LOGIC
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Classical Quantum

A bit is               or

(can only be in one of two states)

Simplest logic gate: inverter

IN OUT

A qubit is

(can only be in one of many states)
Simplest logic gate: inverter

IN

OUT

a  x + b  x

𝑎" + 𝑏" = 1

a             + b

a             + b

A bit is 0 or 1 A qubit is a x 0 + b x 1
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WHAT’S THE BEST QUBIT?
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https://www.oezratty.net/wordpress/2018/comprendre-informatique-quantique-
qubits/
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WHAT CAN YOU DO WITH IT?
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Ancient Database Format

For example: Grover search algorithm ~ 𝑁, classical ~𝑁

Find the name in a phone book given the phone number

In a phone book with 10,000 entries,
Classical takes ~10,000 tries
Quantum takes ~100 tries 
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IN ¼ CENTURY – 50 YEARS AGO
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Point Contact Germanium Bipolar Transistor
Bell Labs 1947

Integrated Circuit
Texas Instruments 1959

Microprocessor (4004)
Intel 1971
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$1 TRN in R&D
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WE ARE NOT ALONE
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Patents (since 2012)

Sample Investments:
US National Quantum Initiative $1.25B
Russia $790M
China $400M
EU Quantum Flagship Program $1.1B
Germany $725M
…
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OUR ROLE
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Early days:
We are here

Don’t expect your
quPhone too soon

Fundamental research to advance Quantum Information Science
• Address grand challenges needed to drive science and technology
• Apply cross-lab expertise in qubits, materials, computing, applications, …
• Collaborate with academia and industry:

+ industry partners
and growing …


