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The Truth and Beauty of Science

 

Professor Robbert Dijkgraaf

It is the best of times for science. Never 
before have there been so many discover-
ies and ideas, questions and challenges, 
and talent and technology. We are  
witnessing a transformation of society.  
One could characterise the science of  
the previous century as the search for  
the building blocks of reality. The mol-
ecules, atoms and elementary particles 
out of which all matter is made. The cells, 
proteins and genes that make life pos-
sible. The bits, algorithms and networks 
that form the basis of information and 
intelligence. This century will explore all 
there is to be made with these building 
blocks. 

In 14 billion years of cosmic history and 
4 billion years of life on Earth, nature 
has explored only the tiniest fraction of 
possible designs. This natural discovery 
process is now vastly accelerated in  
our laboratories and universities. With 
the help of new ideas, technologies  
and powerful, self-learning computers,  
we will map this new world of “artificial”  
materials, organisms, intelligence, and 
perhaps even better versions of our-
selves. The impact on society of all that 
will be spectacular.

Curiosity-driven basic research is known 
to bring truly revolutionary transforma-
tions, as we have seen in the discovery  
of the genetic basis of life and medicine, 
the new nano materials and energy 
sources designed at the molecular level, 
and the rapid growth of computer-based 
intelligence. Einstein’s century-old theory 
of relativity is used every day in our GPS 
tracking devices. Quantum mechanics 



1312

1
 Particles



1716

T
he

 H
ig

gs
 b

os
on

 (s
om

et
im

es
 a

ls
o 

ca
lle

d
 th

e 
‘G

od
 p

ar
ti

cl
e’

) i
s 

an
 e

le
m

en
ta

ry
 

pa
rt

ic
le

 in
 th

e 
S

ta
n

d
ar

d
 M

od
el

 o
f p

ar
ti

cl
e 

ph
ys

ic
s.

 In
 th

e 
19

60
s 

P
et

er
 H

ig
gs

 w
as

 
th

e 
fi

rs
t p

er
so

n
 to

 e
xp

re
ss

 th
e 

id
ea

 o
f s

u
ch

 a
 p

ar
ti

cl
e.

 T
he

 q
u

es
ti

on
 o

f i
ts

 e
xi

st
en

ce
 

be
ca

m
e 

th
e 

la
st

 u
nv

er
ifi

ed
 p

ar
t o

f t
he

 S
ta

n
d

ar
d

 M
od

el
, a

n
d

 fo
r 

se
ve

ra
l d

ec
ad

es
 

w
as

 c
on

si
d

er
ed

 th
e 

ce
n

tr
al

 p
ro

bl
em

 in
 p

ar
ti

cl
e 

ph
ys

ic
s.

 A
lt

ho
u

gh
 th

e 
‘H

ig
gs

 fi
el

d
’ 

is
 b

el
ie

ve
d

 to
 p

er
m

ea
te

 th
e 

en
ti

re
 u

n
iv

er
se

, p
ro

vi
n

g 
it

s 
ex

is
te

n
ce

 w
as

 fa
r 

fr
om

 e
as

y.
 

T
he

 L
ar

ge
 H

ad
ro

n
 C

ol
lid

er
 a

t C
E

R
N

 in
 S

w
it

ze
rl

an
d

 w
as

 b
u

ilt
 to

 p
ro

ve
 o

r 
d

is
pr

ov
e 

th
e 

ex
is

te
n

ce
 o

f t
he

 H
ig

gs
 b

os
on

. I
t a

cc
el

er
at

es
 tw

o 
be

am
s 

of
 p

ar
ti

cl
es

, t
ra

ve
lli

n
g 

in
 

op
po

si
te

 d
ir

ec
ti

on
s,

 to
 a

lm
os

t l
ig

ht
 s

pe
ed

, b
ef

or
e 

se
tt

in
g 

th
em

 o
n

 a
 p

at
h 

to
 c

ol
lid

e 
w

it
h 

ea
ch

 o
th

er
. O

n
 1

4 
M

ar
ch

 2
01

2,
 s

ci
en

ti
st

s 
at

 C
E

R
N

 c
on

fi
rm

ed
 th

at
 th

ey
 h

ad
 

fo
u

n
d

 th
e 

pa
rt

ic
le

. T
he

 im
ag

e 
sh

ow
s 

a 
vi

su
al

is
at

io
n

 o
f t

he
 li

ke
lih

oo
d

 fu
n

ct
io

n
 u

se
d

 
fo

r 
m

ea
su

ri
n

g 
pr

op
er

ti
es

 o
f t

he
 H

ig
gs

 b
os

on
. T

he
 li

ke
lih

oo
d

 fu
n

ct
io

n
 c

om
pr

is
es

 
d

if
fe

re
n

t c
om

po
n

en
ts

 w
hi

ch
 a

re
 a

ll 
co

n
n

ec
te

d
 in

 s
om

e 
w

ay
. T

he
se

 c
on

n
ec

ti
on

s 
 

ar
e 

re
pr

es
en

te
d

 b
y 

th
e 

lin
es

 in
 th

e 
pi

ct
u

re
. (

N
ik

he
f,

 U
n

iv
er

si
ty

 o
f A

m
st

er
d

am
)



20 21

N
eu

tr
in

os
 a

re
 n

eu
tr

al
 s

u
ba

to
m

ic
 p

ar
ti

cl
es

 th
at

 p
as

s 
st

ra
ig

ht
 th

ro
u

gh
 th

e 
ea

rt
h.

 S
ci

en
ti

st
s 

at
te

m
pt

 to
  

d
et

ec
t n

eu
tr

in
os

 in
 o

rd
er

 to
 s

tu
d

y 
th

ei
r 

be
ha

vi
ou

r 
an

d
 th

e 
pr

op
er

ti
es

 o
f t

he
ir

 s
ou

rc
es

. T
he

y 
d

o 
so

 a
s 

pa
rt

 o
f  

a 
co

lla
bo

ra
ti

on
 a

t A
N

T
A

R
E

S
, a

 n
eu

tr
in

o 
te

le
sc

op
e 

on
 th

e 
bo

tt
om

 o
f t

he
 M

ed
it

er
ra

n
ea

n
 S

ea
 n

ea
r 

F
ra

n
ce

  
an

d
 in

 a
 n

ew
 in

te
rn

at
io

n
al

 p
ro

je
ct

 c
al

le
d

 K
M

3N
eT

, s
ho

rt
 fo

r 
‘C

u
bi

c 
K

ilo
m

et
re

 N
eu

tr
in

o 
Te

le
sc

op
e’

. K
M

3N
eT

 
co

n
si

st
s 

of
 h

u
n

d
re

d
s 

of
 d

et
ec

ti
on

 li
n

es
 o

f a
bo

u
t a

 k
ilo

m
et

re
 in

 le
n

gt
h.

 A
 s

in
gl

e 
lin

e 
co

n
ta

in
s 

18
 D

ig
it

al
 O

pt
ic

al
 

M
od

u
le

s 
(D

O
M

s)
, t

he
 b

u
ild

in
g 

bl
oc

ks
 o

f t
he

 d
et

ec
to

r.
 T

he
 fi

rs
t l

in
es

 h
av

e 
be

en
 d

ep
lo

ye
d

 a
t t

w
o 

si
te

s,
 a

t o
ve

r 
 

2 
ki

lo
m

et
re

 d
ep

th
, n

ea
r 

It
al

y 
an

d
 F

ra
n

ce
. I

n
 th

e 
n

ex
t f

ew
 y

ea
rs

 h
u

n
d

re
d

s 
m

or
e 

lin
es

 w
ill

 fo
llo

w
. (

N
ik

he
f)



24 25

X
E

N
O

N
1T

, a
 d

ar
k 

m
at

te
r 

d
et

ec
to

r.
 T

he
 te

rm
 d

ar
k 

m
at

te
r 

is
 u

se
d

 to
 e

xp
la

in
 ‘m

is
si

n
g 

m
as

s’
. I

t i
s 

es
ti

m
at

ed
 to

 m
ak

e 
u

p 
85

%
 o

f t
he

 to
ta

l m
at

te
r 

in
 th

e 
u

n
iv

er
se

, w
hi

le
 d

ar
k 

en
er

gy
 

pl
u

s 
d

ar
k 

m
at

te
r 

m
ak

e 
u

p 
95

%
. S

ci
en

ti
st

s 
be

lie
ve

 th
at

 d
ar

k 
m

at
te

r 
co

n
si

st
s 

of
 s

om
e 

n
ew

 
ki

n
d

 o
f y

et
 to

 b
e 

d
is

co
ve

re
d

 e
le

m
en

ta
ry

 p
ar

ti
cl

es
. T

he
 X

E
N

O
N

1T
 e

xp
er

im
en

t i
s 

cu
rr

en
tl

y 
th

e 
m

os
t s

en
si

ti
ve

 d
ar

k 
m

at
te

r 
ex

pe
ri

m
en

t w
or

ld
w

id
e.

 It
 a

im
s 

to
 d

ir
ec

tl
y 

d
et

ec
t d

ar
k 

m
at

te
r 

pa
rt

ic
le

s.
 T

he
 e

xp
er

im
en

t i
s 

ho
st

ed
 d

ee
p 

u
n

d
er

 th
e 

gr
ou

n
d

, i
n

 th
e 

IN
F

N
 L

ab
or

at
or

i 
N

az
io

n
al

i d
el

 G
ra

n
 S

as
so

 in
 It

al
y.

 T
he

 X
E

N
O

N
 C

ol
la

bo
ra

ti
on

 c
on

si
st

s 
of

 1
50

 r
es

ea
rc

he
rs

 
fr

om
 th

e 
N

et
he

rl
an

d
s 

(N
ik

he
f a

n
d

 U
n

iv
er

si
ty

 o
f A

m
st

er
d

am
),

 th
e 

U
S

, G
er

m
an

y,
 I

ta
ly

, 
S

w
it

ze
rl

an
d

, P
or

tu
ga

l, 
F

ra
n

ce
, I

sr
ae

l, 
S

w
ed

en
 a

n
d

 th
e 

U
n

it
ed

 A
ra

b 
E

m
ir

at
es

. 



28 29

T
h

eo
re

ti
ca

l p
h

ys
ic

is
ts

 p
er

fo
rm

 th
eo

re
ti

ca
l r

es
ea

rc
h 

on
 a

 w
id

e 
 

ra
n

ge
 o

f f
u

n
d

am
en

ta
l t

op
ic

s 
in

 h
ig

h-
en

er
gy

 p
hy

si
cs

, r
an

gi
n

g 
fr

om
 

pa
rt

ic
le

 a
n

d
 a

st
ro

pa
rt

ic
le

 p
hy

si
cs

 to
 c

os
m

ol
og

y,
 g

ra
vi

ta
ti

on
al

 w
av

es
 

an
d

 s
tr

in
g 

th
eo

ry
. T

he
 a

d
va

n
ce

m
en

t o
f s

ci
en

ce
 g

en
er

al
ly

 d
ep

en
d

s 
 

on
 th

e 
in

te
rp

la
y 

be
tw

ee
n

 e
xp

er
im

en
ta

l s
tu

d
ie

s 
an

d
 th

eo
ry

. (
N

ik
he

f)

E
ve

ry
th

in
g 

in
 th

e 
u

n
iv

er
se

 is
 fo

u
n

d
 to

 b
e 

m
ad

e 
fr

om
 a

 fe
w

 b
as

ic
 b

u
ild

in
g 

bl
oc

ks
 

ca
lle

d
 e

le
m

en
ta

ry
 p

ar
ti

cl
es

. T
he

 S
ta

n
d

ar
d

 M
od

el
 e

xp
la

in
s 

ho
w

 th
es

e 
ba

si
c 

bu
ild

in
g 

bl
oc

ks
 o

f m
at

te
r 

in
te

ra
ct

 th
ro

u
gh

 th
e 

ex
ch

an
ge

 o
f m

es
se

n
ge

r 
pa

rt
ic

le
s.



40 41

About: Aqueous Systems, 
Astronomy, Atoms, Black 
Holes, Companion Stars, 
Emergent Materials, Galaxies, 
Large Magellanic Cloud, 
Light, Massive Stars, 
Metamaterials, Milky Way, 
Molecules, Nanophotonics, 
Nanoscale, Neutron Stars, 
Origami, Quantum Matter, 
Soft Robotics, Solar Cells, 
Spatial Structures, Supernova, 
Tarantula Nebula, Ultrahigh 
Vacuum, Universe, Very Large 
Telescope, Wavelengths
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Eyelashes and Black Holes

Facts in the post-truth era
 

 
 

Jos Jansen

The relationship between people, nature, 
technology and science has fascinated 
me since early childhood. In particular, the 
concept of man constantly working to ex-
pand his boundaries has always intrigued 
me. Later, I grew interested in all the purely 
fundamental scientific research it takes 
to achieve that. Such research generally 
seems to yield decades of nothing more 
than ‘useless’ knowledge, but at some 
point suddenly helps to generate a break-
through that transforms the world, causing 
people’s lives to change beyond recogni-
tion. But what is fundamental research in 
essence? Where does it take place and 
what does it look like? What are the great 
mysteries that scientists currently strug-
gle to comprehend? And what do scientific 
facts mean in a world of alternative facts?

Anthropological
For 18 months, from autumn 2016 to 
spring 2018, I had the opportunity to re-
search exactly what fundamental science 
truly entails. In this period, I was able to 
explore freely in the universe of one of the 
biggest concentrations of exact science 
in Europe: Amsterdam Science Park.  
This scientific cluster in the northeast 
of the city is situated in a fringe location 
that many Amsterdam locals find a bit  
too windy for their taste. Amsterdam 
Science Park marks the intersection of 
renowned institutes of higher education, 
high-quality research institutes, and 
knowledge-intensive businesses. While  
I was working on this documentary  
project, I frequently had to think of Bruno 
Latour. This French philosopher and  
anthropologist of science spent over  
two years in the 1980s in a microbiology  
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note

Although the author and publisher 
have made every effort to ensure  
that the information in this book  
was correct at press time, the author 
and publisher do not assume and 
hereby disclaim any liability to any 
party for any loss, damage, or disrup-
tion caused by errors or omissions, 
whether such errors or omissions 
result from negligence, accident,  
or any other cause.

about the artist

Jos Jansen studied psychology as 
well as documentary photography 
and film. Although he always uses 
reality as his point of departure,  
his work is personal and subjective. 
Bridges the gap between reality  
and fiction, documentary reporting 
and the visual arts. Over the past  
six years, Jansen has published  
five photo books, four of which with 
The Eriskay Connection: Entering  
the Black Box (2012), Seeds (2014), 
Battlefields (2015) and Universe 
(2018). Seeds was acclaimed in the 
Netherlands as one of the best  
photo books of 2014. Battlefields  
was acquired by the Metropolitan 
Museum of Modern Art in New York 
and nominated for the Prix du Livre 
2016 at the Rencontres d’Arles  
photography Festival in France.
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Universe is about curiosity, comprehending,  
and knowing. Knowledge for the sake of  
knowledge. Comprehending for the sake of 
comprehending. Fundamental scientists as  
modern explorers. Pioneers who are trying to 
understand the world and waging a war on  
mortality. But what are the major mysteries  
that they grapple with now? And what do  
scientific facts mean in a world of fake news  
and alternative facts? 

In Universe, Jos Jansen explores research  
topics in the domain of hard science, like dark  
matter and new galaxies. His explorations also 
extend to genetic research, soft robotics, and 
artificial intelligence. Jansen observes and 
documents the passionate quest for seemingly 
useless knowledge – the type of knowledge  
that often takes many years to result in a crucial 
breakthrough that changes the world and helps 
people lead completely different lives. In this  
nearly incomprehensible world, he builds a  
parallel, artistic universe using his own images, 
found footage, and data visualisations. 

Introduction by Professor Robbert Dijkgraaf,  
director of the Institute for Advanced Study  
and Leon Levy Professor, Princeton, US.
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