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LIQhT is made of

Photons
are cool...

A

Photons are waves




Two photons can be entangled, or
act like they're connected, no
matter how far apart they are.

That's what Einstein said!
He called it "spooky
action at a distance.”

Quantum physics does not yet have an
explanation for how entanglement
works. But the 2022 physics Nobel

prize went to those who did the first

experiments proving it's real.




Entangled photons are all around us, but it's
hard to study them in the wild. The Public
Quantum Network brings entangled photons

to public spaces for people to play with. There are entangled photons traveling
from a lab at the University of Illinois
Urbana-Champaign over to this library!

Optical fiber -- same type of
fiber as carries the internet



Yeah. And using the setup, you can
see some of the strange properties
of light for yourself!
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Before we begin: Polarizers
only let through photons that
wiggle a certain direction.
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OK, now let's play with photons.

Polarizers ask photons to "choose” which direction they are Using the setup, you can “ask”
wiggling. Quantum physics says the photons can be photons what direction they wiggle
"undecided” beforehand, in what is called a superposition. and see for yourself that they can

“change their answers."
‘l/ Does that mean \/
everything in life is

| : undecided beforehand?
\7/

called quantum interpretations that

suggest different answers.

I appreciate your
honesty.
()

\ k . / ‘ \ Here are some
We don't know yet. There are theories VD' ﬁ e -




5. Place a 3rd polarizer on top of the second one and

1. This is a polarizer. ) )
rotate it to be diagonal.

It only lets light through that

,

wiggles a certain direction,
like Horizontal or Vertical.
2. Place one polarizer on top of the light screen. 6. Now instead move the 3rd polarizer to insert it in
between the 1st & 2nd polarizers, keeping it diag-
onal.

7. Do you see the difference in brightness between
steps 5 and 6? The photons changed. At the

3. Then place a 2nd polarizer on top of the middle polarizer, some became Diagonal, which is
first one. a superposition of Horizontal and Vertical!

4. Rotate the 2nd polarizer only. Notice the
light where they overlap changing brightness.
Rotate to completely block the light.




I did itl T saw the effect
of quantum superposition!

Nice work!
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Now, let's play with entangled pairs of photons,
where both photons are in a superposition of
polarizations. No matter what polarization one
chooses to be, the other will choose the same.*

Kind of like me and my
friend. We always choose
the same books to read.

(Hi, I'm Bob.

*Other types of entangled photons can choose
opposites or other correlated combinations.
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Great! You and Bob can answer a series of questions on the
touchscreens. When you answer the same, the photons
"choose" the same polarization, because they're entangled.
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And T'll be here
and answer at the
same time.

OK! T'll be here
and answer the
questions.




Great! There are a few activities

you can do:
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Ge1‘ to Know Someone

1. As you answer each question, photons are asked to

choose from two possible polarizations. If you

answer to the right, the photons choose between
Horizontal or Vertical. If you answer to the lefft,
they choose between Diagonal and Anti-diagonal.

Anti-diagonal Diagonal

. Every time you both answer the same, the photons
agree, too, because they're asked to choose from
the same polarizations and they're entangled.

. The more questions you answer the same, the more
like entangled photons you seem to bel!

GOAL: Just be yourself so you can get to know one
another!
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Shar'e a Secret Message

. One of you chooses an emoji (shh! it's a secretl).

. S0 that noone else can see it, we'll scramble the

message using bits (O's and 1's). To reveal the mes-
sage, you need to create shared bits by answering
questions the samel!

. Every fime you answer a question the same, both

photons will be measured the same way. Because
they're entangled, they will always give the same
result (for example, both Horizontal), which would
be impossible without entanglement.

. If you answer questions differently, the photons

are measured differently, and no useful bits are
created.

GOAL: Keep trying to answer questions the same
until the emoji is as clear as possible!



1. You choose how to measure your photons. You will do
this many times.

2. Because the photons are in a superposition, or have
the possibility of being polarized one way or anoth-
er, the result is a series of O's and 1's that are
unpredictable!

Hey! We got a message
using entangled
photons!

What does
it mean?

1
0
3. These O's and 1's correspond to a “quantum fortune,”
which is shared with youl!

Q

Lucky you,

lucky me
C..and we get a cookie?L @

Sorry, there's no actual cookie herel



You can also do a "Bell test”
proving the photons are entangled,
which is the type of experiment

that got the 2022 Nobel prize!

IJ\ Verify Quantum Link

. Choose two angles at which to measure the photons
going through the library.

It's up o you to interpret the 1
meaning... get it?

2. Back at the lab, the photons that are entangled with
the library photons are measured at an angle slight-

Ha ha... so... ly different from the ones you chose.
what else can we do?

3. By comparing the results for each set of angles, we
can see whether the photons are really entangled.
This is called a Bell test. If the value is greater
than 2, this means the angles you chose allowed us
to verify the entanglement!

4. Try different angles to see how the test depends

on the angles you choose.
( Hee hee... )

It's cool we can do the same
experiment as the No-"Bell"
prizel




Umm, no... but check out the Public Quantum Network
website for more information and activities, including
a quantum network coloring book!

ILLINOIS

And when you're all done, please take the survey -- your
answers help us improve the Public Quantum Network! ABCs ©%

Quantum Networks

I don't usually do
surveys, but I'm
excited to help!

(Do we get a cookiefD
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O.K.
like to color.
N

pgnetwork.org
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