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WE'VE BEEN /.-AND WE HAVE A
STUDYING MATTER FINE UNDERSTANDING AND ALL OF A SUDDEN WE

FOR A COuPLE OF CHEMICALS, ETC... DISCOVER TUAT ALL THAT

HUNDRED YEARS... L\_‘ _;-) WORK WE'VE BEEN DoOING,

; S ONLY ON A

TINY FRACTION
OF WHAT THE

(L %v»:kse <,
MADE OUT OF!
— /

¢

TS LIKE YOU'VE Bt—:eh

STUDYING AN ELEPHANTS
TAIL FOR TWO HUNDRED g
YEARS AND You DISCOVER...

‘i (T'S ONLY THE TAWL!

7




IE YOU LOOK AT WHAT THE UNIVERSE
IS MADE OUT OF, LIKE A PIE CHART:

WE HAVE

DARK MATTER & S TIMES Ac HEAVY
AS ALL THE MATTER WE KNoW ABROUT,

THERE ARE HUGE MASSIVE BLOBS
OF STUFE OuT THERE...
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e EVERYWHERE.,
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THERE ARE 4 MAJOR WAYS
THAT THNGS INTERACT:

IE YOu HAVE ANY
MASS AT ALL, THINGS
GET ATTRACTED.

molecules
holding tight

electrically.
TWO CHARGES ATTRACT
OR REPEL EACH OTHER.

THAT'S THE
MAJOR FORCE
You ACTUALLY
FEEL.

—> — <
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ELECTRO-MAGNETIGM

TS LIKE ELECTRO-
STATIC FORCES, BUT
MUCH, MUCH WEAKER.

WEAK FORCE

i

ALL THESE THINGS ARE

TS WHAT BINDS
THE NUCLEUS
TOGETHER.

STRONG FORCE

JusT DESCRIPTIVE.

TS A SUMMARY OF THE THINGS

rvl\——-—/

WE'VE SEEN. LIKE BOTANY.
o f“%@f"wf‘jr
D Jod oo G
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WHAT WE KNow

| €0 FAR, WE CAN EXPLAIN BEVERY
| EXPERIMENT IN TERMS OF THESE
FOUR KINDS oF lNTERACTloNe. :




g
DARK MATTER HAS (T DOESN'T -
REFLECT LiGHT.. ¥ -
MAGS. oe / /

BUT (T Does
NOT HAVE

ELECTRO-STATIC <
INTERACTION...

WHICH 1S WHY
WE CAN'T

G N

X
A\ \\\
N N

FOR A WHILE, PEOPLE THOUGHT MAYBE DARK
MATTER WAS JUST A LOT OF NEUTRINOS.
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WAYS WE KNOW L NoBER!
D A RK MATTER ﬁ — (Plus THeY ARE

%ou\le Too FAST)
ONE WAY TO “SEE” DARK
ls MATTER & WHEN THINGS DON'T
sPlN THE WAY THEY SHOULD:

THERE'S TW oy
CLASSES OF WA\/S
WE HAVE E\/(DENCE s‘l’a(s : N )
FOR DARK MATTER =N .
(o,

visible matter

THE eTARs
ROTATE =i
FASTER THAN - ° Yebi s cert
ALLOWED BY

VISBLE R\
MATTER. galaxy j




STRONG LENGING

YOU LOOK UP AT A GALAXY...

LIGHT FROM [T
COMES ONE WAY...

AND GETS BENT
BY THE DARK
MATTER'S GRAVITY...

BUT (T ALSO
COMES AROUND
THE OTHER WAY...

YOU SEEM TO SEE
A GALAXY N TWO
DIFFERENT DIRECTIONS...

BUT (T'S ACTUALL
THE SAME GALAXY!

"MATTER” e
lBelGTG“EQT WAY ¢ \ KNOW ABOUT (T /
WEVE SEEN (
DARK MATTER L
(BECAUSE [T FEELS T) [T WAS STUFF TO T,

GRAVITY  m#re wwv me cauep (We e o )
ONLY THINGS WE
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WE SAW TWO GALAXIES

EACH GALAXY HWAD COLLl D Eo/

NORMAL MATTER... ¢

8BS ; =)
i LMD DARK
‘lﬂ&_’( MA :
‘:/ 5
THEN THEY
COLLIDED!

THE NORMAL
MATTER SLAMMED
INTO EACH OTHER
@

A

THE DARK MATTER
JUST WENT RIGHT
THROUGH [TSELE!

(it doeen't teel
electrostatic Forces,
remember ?)

ENORMOUS GALACTIC-S1ZED
PIECES OF MATTER PASSED
RIGHT THROUGH EACH OTHER!
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: VIEWQ: =y - 7 the whole univerge I

FOR A LONG TWME,

PARTICLE
PHYSICISTS

HAVE BEEN
DRILLING DOWN
INTO SMALLER AND
SMALLER LENGTH
SCALES.
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THERE USED TO BE A JOKE THAT
IN COSMOLOGY A FACTOR OF 100 BUT LITTLE BY LITTLE, PARTICLE
WAS “PRECISION” COSMOLOGY. PHYSICISTS HAD To START ADMITTING...

THESE GUYS ARE \
DONG SOMETUNG

=

IMPORTANT...

Now THE PARTICLE PHYSICISTS
REALLY WANT TO kKNOW WHAT

THE OTHERS FIND OuUT. WE HAVE TO 60 ToO THER

CONFERENCES ...

AND LITTLE BY LITTLE THEY ARE
COMING TO OURS Too!
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WE'RE REALLY

EXPLORING
HERE...
7 D weRe W

THE EARLY DAYS

<] TUERE'S BEEN
A MELDING OF
CULTURES!




\TOO MANY PEOPLE THINK...

]

“YEAH, SCIENTISTS MOSTLY -
HAVE (T FIGURED OUT...” __f_

—

THEY'RE DOWN
STUDYING THE
DETALS OF THE
DETALS OF THE
DETALS.

WHAT THE

WE SHOULD )

WE'RE ONLY Now,
BY LOOKING AT THE
DETALS, REALIZING
QE ASKING
AV

DD YoU BVER FEEL WHEN
You WERE LEARNING
ABOUT THE EXPLORERS IN

ELEMENTARY SCHOOL...

BUT WE HAVE

/\NO IDEA

,)

lg [
— T's NOT'TRUE.)
( MAN, THAT wOULD THERE ARE NO ) THERE'S A )
HAVE BEEN CooL MORE CONTINENTS )
TO DIGCOVER... HUGE
j BUT (TS ALL ——-/ AMOUNT OF
ol DAY USED UP’ EXPLORATION




AT CERN, We'RE ABOUT TO ILLUMINATE A LARGE PORTION
OF THE UNIVERSE NOBODY HAS LOOKED AT BEFORE.
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TUESE TWO THINGS ARE
COMING TO&ET\»{ER‘

RIGHT No
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THIS WAS THE PERIOD TUAT REDEFINED
OUR UNDERSTANDING OF THE UNIVERGSGE.
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WHAT You SHouLD -
TAKE AWAY FROM WE DONT KNoW WHAT

ALL OF THIS 1S... THE REST OF THE
- < : QEPHANT LOOKS LIKE...

AND You SHoulD Be
READY FOR SOME

SURPRISES.
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