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Le cas de la matiére noire et de 1’énergie noire

Episode 5 «The Dark Matter Enigma »

Année académique 2019-2020

1 00:00:02:26 00:00:06:20 - Tout autour de nous Everything we see,
les villes, les gens, from people to cities,
2 00:00:07:02 00:00:10:08 les millions d'étoiles to the millions of stars
qui illuminent la nuit that fill the night's sky.
3 00:00:10:23 00:00:15:01 sont faits de la méme chose : They're all made of the same stuff -
des atomes de matiére. atoms of matter.
4 00:00:15:19 00:00:17:15 Mais il existe autre chose. But there's something else out there.
5 00:00:17:24 00:00:21:20 Quelque chose d'étrange, Something weird.
d'invisible, la matiére noire. Invisible dark matter.
6 00:00:22:03 00:00:23:24 Notre univers en regorge. It fills our universe too.
7 00:00:24:00 00:00:28:18 Et elle pourrait étre la clé And it could be the key
de I'existence de toute chose. to the existence of everything.
8 00:00:29:05 00:00:30:27 Nous inclus. Including us.
9 00:00:46:03 00:00:49:14 Un fait sur notre univers There's something about our universe
pourrait vous surprendre. that might surprise you.
10 00:00:50:24 00:00:54:20 Nous existons cote a cote We exist side by side with cosmic ghosts.
avec des fantdmes cosmiques.
11 00:00:56:22 00:01:00:11 Ce qui constitue les étoiles, Normal matter, the stuff that makes stars,
les gens et les planétes planets and people,
12 00:01:00:17 00:01:04:02 n'est qu'une fraction accounts for just a fraction
de ce qui existe vraiment. of what's really out there.
13 00:01:06:20 00:01:12:02 Une toile de matiére invisible An invisible web of strange material
connecte les galaxies de I'univers. connects the galaxies that make up our universe.
14 00:01:12:19 00:01:15:28 On ne peut ni la voir We can't see or feel this mysterious stuff,
ni la toucher,
15 00:01:16:04 00:01:20:12 mais elle existe certainement, but we're pretty sure it's there,
car on peut mesurer sa gravite. because we can measure its gravity.
16 00:01:21:07 00:01:24:11 - C'est un peu bizarre de découvrir -It's a little weird to discover
17 00:01:24:18 00:01:28:21 que tout ce qu'on voit, that what you see, what you know,
tout ce qu'on connait, everything in your experience,
18 00:01:29:03 00:01:34:14 est la plus petite partie is actually the tiniest fraction
de ce qui existe dans 'univers. of what's actually out there in the universe.
19 00:01:35:18 00:01:41:06 La plupart de la matiere Most of the matter in the universe
est faite d'une substance inconnue. is made of a substance that we haven't
even discovered yet.
20 00:01:45:17 00:01:50:03 - Cette matiére fantdme étrange -This strange ghostly stuff is called dark matter.

est appelée matiére noire.
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21 00:01:52:00 00:01:56:13 Les chercheurs estiment Most scientists believe dark matter
que c'est une particule élémentaire, is a kind of elementary particle,
22 00:01:56:23 00:02:00:23 qui forme de vastes réseaux hanging in vast networks of clouds or halos,
de nuages ou de halos
23 00:02:00:28 00:02:05:04 reliant les 2 billiards de galaxies that like the 2 trillion galaxies
présentes dans l'univers. that make up our universe.
24 00:02:07:05 00:02:11:17 - Si vous aviez des lunettes -1f you could put On some sort of mask or goggles
pouvant détecter la matiére noire, that could detect dark matter,
25 00:02:11:21 00:02:15:01 vous en verriez des millions you would see millions of them
Vous traverser, passing through you every second,
26 00:02:15:05 00:02:18:07 des milliards, millions of them, billions
partout, tout le temps. all around you all the time.
27 00:02:18:18 00:02:21:20 On ne les voit pas, You can't see them,
mais leur effet est bien réel. but their effect is very real.
28 00:02:24:04 00:02:29:22 - Nous découvrons aujourd'hui -Crucially, we are now beginning to understand
que des filaments de matiére noire that ghostly tendrils of dark matter
29 00:02:30:00 00:02:33:15 ont sculpté l'univers d'aujourd'hui. have shaped everything we see
in our universe today.
30 00:02:35:15 00:02:40:06 Ils pourraient méme avoir They may have even played a key role
influencé notre évolution. in the evolution of us.
31 00:02:41:13 00:02:44:11 - La matiére noire -Dark matter is kind of like
est une marionnettiste, an invisible puppet master.
32 00:02:44:16 00:02:48:10 elle tire sur ses fils invisibles, With invisible strings,
et controle l'univers. controlling the movement of everything we can see.
33 00:02:49:06 00:02:52:10 Elle est la cause principale It is the central reason for our existence.
de notre existence.
34 00:02:52:19 00:02:56:01 - S'il y a une galaxie -The fact that our galaxy exists
dans laquelle on peut vivre, for us to exist in
35 00:02:56:06 00:03:00:07 c'est grace a la matiére noire. is due to the fact that dark matter exists.
- En fait, la matiére noire - If you were to think about it,
36 00:03:00:14 00:03:02:21 est la matiére a réflexion. dark matter is the matter that matters.
37 00:03:04:04 00:03:07:27 - Comment la matiére noire So how did dark matter
a-t-elle construit l'univers ? shape the universe we see today?
38 00:03:08:14 00:03:13:04 Comment le savoir ? Best way to find out?
Remonter jusqu'au tout début : Take a trip back to the beginning of everything.
39 00:03:13:14 00:03:14:19 le Big Bang. The big bang.
40 00:03:17:08 00:03:19:28 I'y a 13,8 milliards d'années, 13.8 billion years ago,
41 00:03:20:02 00:03:25:24 Un point infiniment chaud An infinitely hot and infinitely dense spec
et infiniment dense explose. bursts into existence.
42 00:03:27:06 00:03:30:02 Ce point est I'univers primitif. This spec is the infant universe.
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43 00:03:30:10 00:03:34:11 Il est chaud, It's hot, and filled with nothing but pure energy.
et ne contient que de I'énergie pure.
44 00:03:35:21 00:03:37:19 Il refroidit en grandissant, As it expands, it cools,
45 00:03:37:25 00:03:42:25 et une partie de I'énergie and some of the energy condenses
se concentre en particules. to form tiny subatomic particles
46 00:03:43:27 00:03:47:22 Mais ce ne sont pas les particules But these aren't the protons
qui nous constituent, or electrons that make up you and me.
47 00:03:48:03 00:03:50:22 ce sont des particules They're particles of dark matter.
de matiére noire.
48 00:03:52:16 00:03:56:07 - Si la matiére noire est faite -If dark matter is made up
de particules étranges, of strange subatomic particles,
49 00:03:56:14 00:03:59:26 elle a été créée these were probably created
trés tot dans l'univers primitif, in the very, very early universe,
50 00:04:00:04 00:04:02:18 juste un instant apreés le Big Bang. moments after the big bang itself.
51 00:04:02:27 00:04:06:20 Méme la matiére normale Even normal matter
n'existait peut-étre pas encore. may not have existed when dark matter did.
52 00:04:09:00 00:04:12:00 Moins d'une seconde The universe is still
apres le Big Bang, less than a second old.
53 00:04:12:27 00:04:15:04 I'univers est chaud et dense. It's incredibly dense and hot.
54 00:04:16:17 00:04:21:28 Dans cet univers étroit, In this confined space, the dark matter particles
la matiére noire est comprimée. are crammed tightly together.
55 00:04:22:15 00:04:24:26 Les collisions sont inévitables. Collisions are inevitable.
56 00:04:25:03 00:04:29:10 Les particules s'anéantissent The particles annihilate each other
en entrant en collision, as they smash together,
57 00:04:29:25 00:04:32:03 et liberent de I'énergie. releasing a burst of energy.
58 00:04:33:13 00:04:38:16 Et quelque chose d'autre : Plus something new.
des particules de matiére normale. Subatomic particles of ordinary matter.
59 00:04:39:09 00:04:42:25 Elles constituent The stuff that makes up the universe we can see.
I'univers que nous voyons.
60 00:04:44:25 00:04:50:07 - Il est probable qu'une collision -It's very plausible that two dark matter particles
dans l'univers primitif that collided and annihilated in the early universe
61 00:04:50:18 00:04:53:16 ait créé un électron produced an electron
qui fait partie de moi. that's now part of my body.
62 00:04:53:22 00:04:57:26 Je serais donc littéralement So | might actually be a child of dark matter,
un enfant de la matiére noire. even in the very direct and literal sense.
63 00:05:00:25 00:05:06:25 - Des collisions de matiére noire Did colliding dark matter particles really make
ont-elles créé tout dans l'univers ? all the ordinary matter we see in the universe today?
64 00:05:08:03 00:05:11:26 Ca dépend de la nature It depends on what
des particules de matiére noire. dark matter particles are made of.
65 00:05:13:09 00:05:18:27 Elles sont sirement The best bet is that dark matter is a particle

100 fois plus massives qu'un proton,

100 times the mass of a proton
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66 00:05:20:01 00:05:22:08 mais a l'inverse de la matiére, but, unlike ordinary matter,
67 00:05:22:14 00:05:26:16 elles n'interagissent

ni avec la lumiére, ni rien d'autre. it doesn’t interact with light or anything else.
68 00:05:27:10 00:05:32:11 - Une des meilleures hypotheses -One of The top contenders

est celle des WIMPs. for dark matter is something called a WIMP,
69 00:05:32:26 00:05:37:10 Ces particules du Big Bang a Weakly Interacting Massive Particle.

sont encore présentes aujourd'hui.
70 00:05:38:04 00:05:39:27 - Les WIMPs sont Les favoris This is particle that was made in the big bang,

that's left over today.

71 00:05:40:01 00:05:44:23 parce qu'en insérant leur propriétés -WIMPs are the leading contender,

dans des simulations du Big Bang,
72 00:05:45:10 00:05:49:25 on obtient un univers because if you plug their properties

trés proche du nétre : into computer simulations of the big bang,
73 00:05:50:09 00:05:55:09 fait de 84% de matiére noire you end up with a universe

et seulement 16% de matiere normale. that looks just like the universe we see today.
74 00:06:00:10 00:06:04:07 - Ca correspond plus ou moins With 84% dark matter,

aux proportions qu'on calcule. and just 16% ordinary matter.
75 00:06:04:13 00:06:07:06 Il'yadonc -We get numbers that correspond roughly

de bonnes preuves indirectes to the amount of dark matter we infer in the universe.
76 00:06:07:11 00:06:10:20 que ces particules So there's good evidence, indirectly,

sont la matiére noire. that these particles may be the dark matter.
77 00:06:11:28 00:06:15:19 -Si c'est le cas, la structure -If current thinking is right,

subatomique de l'univers the subatomic building blocks of the universe
78 00:06:15:24 00:06:18:01 résulte des collisions de WIMPs. were forged from colliding WIMPs.
79 00:06:18:17 00:06:23:01 Mais pour la matiére noire, But dark matter's role

ce n'est que le début. in building the cosmos was just getting started.
80 00:06:23:15 00:06:28:04 En fait, elle pourrait résoudre In fact, dark matter may answer

un des mysteres de la cosmologie : on the great mysteries of cosmology-
81 00:06:28:18 00:06:32:05 comment le gaz primordial how the primordial gas

dans l'univers primitif that filled the early universe
82 00:06:32:10 00:06:35:23 s'est-il effondré clumped together to form the first stars.

pour créer les premieres étoiles ?
83 00:06:36:05 00:06:40:01 Le mystere débute The mystery begins

juste apres le Big Bang. when the universe is less than a second old.
84 00:06:42:03 00:06:43:28 Soudain, il gonfle. It suddenly expands.
85 00:06:45:13 00:06:49:03 - En un millioniéme de milliardiéme -In a period of about millionth

de milliardiéme de seconde, of a billionth of a billionth of a billionth of a second,
86 00:06:49:24 00:06:54:27 notre univers a grandi our universe puffed up

de 90 ordres de grandeur : by over 90 orders of magnitude in volume.
87 00:06:55:01 00:06:58:23 de la taille d'un atome It went from the size of a single atom

a celle d'une balle de basket.

to the size of a basketball.
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88 00:06:59:16 00:07:02:28 En une fraction de seconde. In a fraction of a fraction
of a fraction of a second.
89 00:07:04:18 00:07:10:01 - L'expansion a créé des particules -This rapid expansion
uniformément distribuées, creates a vast sea of evenly spread particles
90 00:07:10:06 00:07:14:07 qui refroidissent et s'assemblent which cool to form atoms of hydrogen and helium.
en hydrogéne et en hélium.
91 00:07:15:03 00:07:21:14 Ces gaz, sous l'effet de la gravité, The gases that will one day collapse
s'effondrent et forment les étoiles. under the force of gravity to become the first stars.
92 00:07:22:15 00:07:24:12 Mais il y a un probléme. But there's a problem.
93 00:07:24:25 00:07:29:12 Le gaz dans l'univers primitif The gas of the early universe
est trop homogeéne, trop uniforme, is too evenly spread, too smooth
94 00:07:29:20 00:07:32:24 pour que la gravité for gravity to pull on some parts more than others,
soit plus forte par endroits,
95 00:07:33:00 00:07:36:16 et pour que certaines régions and trigger regions of the gas
puissent s'effondrer. to collapse and clump.
96 00:07:37:01 00:07:39:19 - Si l'univers -If the universe was completely smooth,
était vraiment uniforme,
97 00:07:40:03 00:07:45:21 il serait beau, mais ennuyeux. It would be beautiful but boring.
Il n'y aurait que du gaz. Because nothing would exist that we could see.
98 00:07:47:29 00:07:53:10 - Quelque chose a fait s'effondrer -Something must have made The smooth sea of gas
le gaz uniforme, créant les étoiles. collapse and build the first stars.
99 00:07:54:29 00:07:59:07 - Quelque chose d'étrange, Something weird,
qui opére dans l'infiniment petit. operating on the tiniest of scales.
100 | 00:08:00:20 00:08:05:04 - Ce qui est vraiment intéressant, -One thing that really interesting about that,
c'est qu'a cette échelle, is that on very small scales
101 | 00:08:05:09 00:08:09:16 le principe d'incertitude de Heisenberg due to the Heisenberg uncertainty principle,
a des effets étranges. strange things can happen.
102 | 00:08:10:24 00:08:16:29 - On peut calculer le mouvement -When we see a car, a runner,
d'une voiture, ou d'un joggeur. or even a spacecraft, we can calculate their motions.
103 | 00:08:19:10 00:08:24:21 Mais dans le monde quantique, In the tiny quantum world
cette certitude est perdue. of the infant universe, that certainty is missing.
104 | 00:08:25:12 00:08:30:17 Rien n'a un mouvement Nothing has a definite momentum or position,
ou une position sdrs, et donc, and because nothing was locked in place,
105 | 00:08:30:23 00:08:34:20 des fluctuations fluctuations or grooves
ont pu apparaitre dans l'univers. could develop in the expanding universe.
106 | 00:08:35:19 00:08:41:04 Durant I'expansion, ces fluctuations And when the universe expanded rapidly,
sont restées figées, these fluctuations became frozen in place,
107 | 00:08:41:22 00:08:45:19 créant des points denses creating dense points
ou le gaz peut s'effondrer, around which the gas could collapse,
108 | 00:08:46:01 00:08:50:02 comme un terreau pour étoiles. acting like gravitational seeds
for star formation.
109 00:08:51:21 00:08:56:04 - Heureusement, -Fortunately,

ces fluctuations originelles,

there were these seed fluctuations, which
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110 | 00:08:56:12 00:09:01:00 un peu comme une ADN cosmique, acted kind of like a cosmic DNA,
ont déterminé ou et quand determining where and when and how
111 | 00:09:01:04 00:09:03:28 se sont formées structure later grew
les structures du cosmos, into the stars, the planets,
112 | 00:09:04:03 00:09:07:21 telles que les étoiles and all the other awesome structures
et les planétes. we see around us in today's world.
113 | 00:09:08:02 00:09:11:08 C'est une des plus belles idées I think it's one of the most beautiful ideas
de toute la science, in all of science, that something
114 | 00:09:11:17 00:09:16:24 que le principe d'Heisenberg, like the Heisenberg uncertainty principle,
qui s'applique au niveau quantique, which we thought applied only to tiny things
in quantum mechanics,
115 | 00:09:17:00 00:09:21:29 a créé les plus grandes structures ultimately is responsible for
qu'on connaisse dans l'univers. the biggest structures that we know of in the cosmos.
116 | 00:09:22:18 00:09:24:12 Donc merci, Heisenberg. So, thank you Heisenberg.
117 | 00:09:30:02 00:09:33:17 - Ces fluctuations -The development of The fluctuations
semblent résoudre le mystere seems to solve the mystery
118 | 00:09:33:26 00:09:36:15 de la structure de l'univers. of how the universe evolved its structure.
119 | 00:09:37:11 00:09:42:18 Mais il y a un autre probléme. But there's another problem.
Selon les calculs, la masse du gaz If you do the math, the mass of the gas alone
120 | 00:09:42:26 00:09:48:05 n'a pas assez de gravité doesn't pack enough gravity to create
pour former les étoiles. all the stars we see in the universe today.
121 | 00:09:49:20 00:09:54:10 De la masse a dii étre ajoutée Something else must have added mass
aux nuages de gaz. to the collapsing gas clouds.
122 | 00:09:54:23 00:09:58:19 Est-ce I'ccuvre de la matiére noire ? Could that something have been dark matter?
123 | 00:10:09:14 00:10:13:12 - Les cosmologistes font face - Today, cosmologists are grappling
a un paradoxe déconcertant : with the puzzling paradox -
124 | 00:10:13:22 00:10:17:17 comment le gaz primordial how did the gas that once filled the universe
se serait-il effondré collapse so quickly
125 | 00:10:17:23 00:10:22:10 pour former étoiles, to form the stars we see today
s'il n'y avait pas assez de gaz ? when there wasn't enough gas to begin with?
126 | 00:10:23:01 00:10:27:03 La seule réponse : The only answer -
autre chose devait étre présent, something other than normal matter
127 | 00:10:27:14 00:10:32:24 donnant de la masse au gaz, must have been out there,
et catalysant leur effondrement. adding mass to the gas clouds,
helping the collapse into stars.
128 | 00:10:33:08 00:10:35:21 - La matiére normale seule, en fait, -1f you only have normal matter, it turns out,
129 | 00:10:35:29 00:10:39:29 ne suffit pas a former things just don't grow fast enough
la structure de 'univers. you don't have enough structure in the universe.
130 | 00:10:40:07 00:10:43:03 - On peut calculer -We can calculate
qu'il n'y a pas assez de temps that there wouldn't have been enough time
131 | 00:10:43:15 00:10:46:19 depuis le Big Bang since the beginning of the universe,

pour que la matiére normale

for normal matter to collapse
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132 | 00:10:46:22 00:10:50:04 puisse former
les étoiles et les planétes. to form galaxies, stars, planets and people.
133 | 00:10:51:12 00:10:52:26 - On pense aujourd'hui Many scientists now believe
134 | 00:10:53:05 00:10:56:19 que le catalyseur the extra push
accélérant la formation d'étoiles speeding up the formation of stars
135 | 00:10:56:26 00:11:00:05 est la gravité de la matiére noire. was the gravity of invisible dark matter.
136 | 00:11:00:21 00:11:04:19 - Méme si elle n'interagit pas -Even though dark matter
avec la matiere normale, and normal matter can't interact directly,
137 | 00:11:04:29 00:11:07:02 elle interagit via la gravité. they do interact via gravity
138 | 00:11:07:07 00:11:10:28 Et c'est crucial , and it turns out
pour notre existence. that is critically important to our existence.
139 | 00:11:11:25 00:11:16:16 - En incluant la matiére noire, -If you put that dark matter in, everything
tout marche, et c'est incroyable works out and it's kind of amazing how well
140 | 00:11:16:21 00:11:18:16 a quel point on y voit clair. we can make the universe work.
141 | 00:11:22:01 00:11:26:00 - En grandissant, -As the universe expands, it also cools.
I'univers refroidit.
142 | 00:11:27:02 00:11:30:13 Il est rempli It's now a sea of hydrogen and helium gas.
de gaz d'hydrogéne et d'hélium.
143 | 00:11:33:20 00:11:36:04 Il'y a aussi There's also lots of dark matter around,
beaucoup de matiére noire,
144 | 00:11:36:12 00:11:41:07 qui s'est agglomérée which has built up in the fluctuations
dans les fluctuations de I'univers, or grooves in the expanding universe,
145 | 00:11:41:25 00:11:44:19 créant des régions a haute gravité. crating regions of high gravity.
146 | 00:11:46:03 00:11:49:05 - La matiere noire -The dark matter was free
était libre d'agir, to actually start doing its own thing.
147 | 00:11:49:11 00:11:53:23 et développa ses groupements and started growing
avant la matiére normale. its patterns and its clustering.
148 | 00:11:54:00 00:11:57:07 Elle joua donc un réle essentiel before the ordinary matter did.
That's why dark matter actually
played such a key role in
149 | 00:11:57:15 00:12:00:26 dans la création creating this much more interesting universe
de l'univers riche ou nous vivons. that we live in today.
150 | 00:12:03:04 00:12:06:07 - La gravité -The gravitational pull
de ces groupements of these clumps of dark matter
151 | 00:12:06:13 00:12:10:07 attire d'énormes nuages drags in huge clouds of hydrogen and helium.
d'hydrogene et d'hélium.
152 | 00:12:12:01 00:12:14:13 Les nuages se condensent, The clouds get denser and denser,
153 | 00:12:14:18 00:12:17:15 jusqu'a provoquer

une fusion nucléaire.

until they trigger nuclear fusion.
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154 | 00:12:18:13 00:12:24:11 Les premieres étoiles naissent And the first stars in our universe are born,
grace a la matiere noire. thanks to dark matter.
155 | 00:12:26:27 00:12:32:27 - En s'agglomérant, elle aide -1t clumped and collapsed, and that would later
la matiere normale a se regrouper. allow all the normal matter to fall in.
156 | 00:12:34:14 00:12:37:22 Elle donne Dark matter is what gave the initial kick
la premiére impulsion aux étoiles, to form stars,
157 | 00:12:38:03 00:12:42:09 aux trous noirs, black holes, planets, aliens,
aux planétes, et a tout le reste. people, and everything else.
158 | 00:12:48:03 00:12:52:22 - Comprenez bien, la matiere noire -You really have to understand that dark matter
est la matiére prépondérante. is the dominant form of matter in the universe.
159 | 00:12:53:03 00:12:56:11 Elle a tout mis en marche At the very beginning of the universe,
au commencement, that's what got everything started,
160 | 00:12:56:16 00:12:59:25 la matiére normale and regular matter was just along for the ride.
suivait juste le courant.
161 | 00:13:02:19 00:13:07:08 - La matiere noire explique -Dark matter explains how
la naissance des premiéres étoiles. the first stars in the universe burst into life.
162 | 00:13:09:25 00:13:13:25 Mais quand les astronomes But when astronomers gaze back
étudient I'univers primitif, to the early universe,
163 | 00:13:14:03 00:13:18:24 ils trouvent aussi autre chose : they see these stars weren't alone.
des monstres de l'univers, They lived alongside monsters,
164 | 00:13:19:14 00:13:21:24 les trous noirs supermassifs.
supermassive black holes.
165 | 00:13:22:27 00:13:26:14 - C'est problématique -A real puzzle is that we see
de trouver ces trous noirs some of these supermassive black holes
166 | 00:13:26:19 00:13:28:09 aussi tot dans l'univers. in the very early universe.
167 | 00:13:28:14 00:13:32:15 - Ces trous noirs -So there really wasn't enough time
n‘auraient pas di avoir le temps between the big bang and when
we're studying these things
168 | 00:13:32:20 00:13:35:23 de devenir aussi massifs. for them to grow to such large sizes.
169 | 00:13:37:21 00:13:41:29 - Les trous noirs supermassifs -Supermassive black holes
sont les poids lourds de l'univers. are the heavyweights of the early universe.
170 | 00:13:43:01 00:13:47:16 Certains font 12 milliards de fois Some weight in
la masse de notre Soleil. at 12 billion times the mass of our Sun.
171 | 00:13:48:26 00:13:54:16 C'est un grand mystére de l'univers. How they grew so gigantic so quickly
Comment ont-ils grossi aussi vite ? has been one of the biggest mysteries in cosmology.
172 | 00:13:55:09 00:13:57:28 Nous avons peut-étre la réponse. Until, perhaps, now.
173 | 00:14:00:10 00:14:04:08 Certains chercheurs pensent Some scientists believe
que ces trous noir précoces the beginning of these early black holes
174 | 00:14:04:13 00:14:07:19 pourraient provenir could have been formed
d'une super étoile étrange by a strange super-star
175 | 00:14:07:24 00:14:09:22 appelée étoile noire. called a dark star.
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176 | 00:14:11:00 00:14:16:04 - Ces étoiles seraient les premiéres -Dark stars would be The very first stars
a prendre forme dans l'univers. to form in the universe.
177 | 00:14:16:15 00:14:20:01 Elles seraient apparues So they formed when the universe
aprés 200 millions d'années. is about 200 million years old.
178 | 00:14:20:16 00:14:22:16 Des astres trés précoces, These are very early objects,
179 | 00:14:22:23 00:14:26:08 faits de matiére normale, they are made of ordinary matter,
d'hydrogene et d'hélium, they are made of hydrogen and helium,
180 | 00:14:26:22 00:14:29:08 mais alimentés But they're powered by dark matter.
par la matiere noire.
181 | 00:14:31:28 00:14:37:21 - Selon Katherine Freese, -Katie Freese believes that
I'énorme gravité des étoiles géantes as these giant early stars formed
in the early universe
182 | 00:14:38:09 00:14:43:15 attire de la matiére noire their enormous gravity
dans leur noyau. dragged dark matter particles into their cores.
183 | 00:14:46:05 00:14:50:27 Ces particules entrent en collision, These particles smashed into each other,
et libérent beaucoup d'énergie. releasing bursts of energy.
184 | 00:14:52:16 00:14:54:08 - En entrant en collision, -Whenever they encounter each other,
185 | 00:14:54:14 00:14:58:04 elles s'annihilent, they annihilate
et se transforment en autre chose. and turn into something else.
186 | 00:14:58:10 00:15:01:00 Ca libere beaucoup d'énergie. That means a lot of heat is released, a lot of energy.
187 | 00:15:01:05 00:15:04:25 Et cette énergie And it's that energy that could power stars.
pourrait alimenter les étoiles.
188 | 00:15:07:17 00:15:10:14 - Les réaction internes -So it's possible that in some stars,
de certaines étoiles
189 | 00:15:10:19 00:15:14:14 pourraient étre alimentées their internal reactions
par la matiere noire. are actually being powered by dark matter.
190 | 00:15:14:25 00:15:19:21 L'annihilation de la matiere noire Effectively dark matter annihilation
entretient leurs réactions. is providing energy to keep these stars lit up.
191 | 00:15:24:16 00:15:29:09 - C'est assez remarquable, -It's quite remarkable because you only need
car 0,01% de matiére noire suffit one part in 10.000 of dark matter
192 | 00:15:29:14 00:15:32:07 pour alimenter une étoile géante.
to power an entire giant star.
193 | 00:15:35:22 00:15:42:16 - Ceci permet aux étoiles noires -The energy form dark matter annihilations
d'atteindre une taille gigantesque. allowed the dark stars to become super large.
194 | 00:15:43:04 00:15:45:17 - Ces astres précoces sont étranges. -These early objects are really strange.
195 | 00:15:45:22 00:15:49:16 Ils sont tres froids, They're very cool,
et ils sont vraiment énormes. and they're really really big.
196 | 00:15:49:24 00:15:53:21 Leur taille est dix fois supérieure
The size of these things is 10 times the size
197 | 00:15:53:28 00:15:56:20 a la distance the distance between the Sun and the Earth.

entre le Soleil et la Terre.
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198 | 00:15:56:25 00:16:01:26 Elles sont donc énormes, froides, So they're really big, puffy, cool,
et alimentées par la matiére noire. and powered by dark matter annihilation.
199 | 00:16:04:27 00:16:10:25 - Mais quand la matiere noire -But when their dark matter fuel ran out,
est épuisée, I'équilibre est rompu. these huge stars had nothing left
to hold them up.
200 | 00:16:11:20 00:16:14:05 - Plus rien -There's nothing to sustain
n'entretient les réactions. this big puffy object.
201 | 00:16:14:10 00:16:16:00 L'étoile va s'effondrer. It's gonna collapse.
202 | 00:16:16:11 00:16:19:23 Si elle est assez massive, If it's big enough,
elle devient un trou noir. you collapse directly to a black hole.
203 | 00:16:21:24 00:16:24:12 - Puisque I'étoile est trés massive, -Because The collapsing star was so huge
204 | 00:16:24:19 00:16:28:23 le trou noir qu'elle forme the new black hole it formed
est aussi supermassif. was also supermassive.
205 | 00:16:30:14 00:16:35:09 - Si les étoiles noires existent, -If dark stars exist,
un trou noir pourrait naitre massif. then black holes could be born big.
206 | 00:16:35:26 00:16:38:07 La matiére noire So because of dark matter,
pourrait engendrer you could start with
207 | 00:16:38:12 00:16:41:04 ces trous noirs very very massive black holes
tres tot dans l'univers. early in the universe.
208 | 00:16:41:10 00:16:45:19 Mais seulement si la matiere noire But that's only because you have
alimente ces étoiles précoces. the dark matter to power these early stars.
209 | 00:16:46:27 00:16:50:20 La matiére noire aurait posé -dark matter may have helped form
les fondations de l'univers : the basic units of our universe -
210 | 00:16:51:20 00:16:53:24 les étoiles et les trous noirs. stars and black holes.
211 | 00:16:55:29 00:17:01:09 Mais son influence But did the reach of this mysterious
serait-elle plus grande encore ? puppet master stretch even further?
212 | 00:17:02:00 00:17:06:06 La distribution des galaxies There are patters in the distribution
suit certaines tendances of galaxies and galaxy clusters
213 | 00:17:06:18 00:17:10:20 que la matiere normale that normal matter alone can't explain.
ne peut pas expliquer.
214 | 00:17:20:04 00:17:25:25 Le Soleil n'est qu'une étoile Our home star, the Sun, is just one
parmi 200 milliards dans la galaxie. of 200 million stars that make up our galaxy.
215 | 00:17:27:19 00:17:30:29 Mais d'ou vient But how did this
ce vaste groupe d'étoiles ? vast collection of stars first form?
216 | 00:17:33:09 00:17:37:04 Si on applique un filtre imaginaire View the milky way
a matiére noire, with imaginary dark matter goggles,
217 | 00:17:37:15 00:17:39:14 on trouve un indice : and you'll find a clue.
218 | 00:17:41:05 00:17:45:04 un halo de matiére noire A halo of dark matter surrounding the galaxy.
entourant la galaxie.
219 | 00:17:46:08 00:17:51:20 - Un halo de matiere noire -A dark matter halo helps a galaxy form simply by

apporte plus de gravité,
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220 | 00:17:51:25 00:17:54:23 ce qui favorise providing gravity
la formation de la galaxie. to pull things together, catalysing it.
221 | 00:17:54:28 00:17:59:17 - Elle s'est peut-étre formée ainsi. -And that may have allowed our galaxy to form.
La gravité de cette structure The gravity from this huge construct
222 | 00:17:59:22 00:18:03:06 a attiré la matiére Brought regular matter in
et formé la galaxie en son milieu. to form the milky way in the middle.
223 | 00:18:05:23 00:18:07:09 - Auparavant, on pensait -Astronomers used to think
224 | 00:18:07:14 00:18:11:20 que la répartition des galaxies the distribution
dans I'univers était aléatoire. of galaxies throughout the universe
was random.
225 | 00:18:12:05 00:18:16:08 Mais des observation récentes Bu recent observations
révelent une chose incroyable : have discovered something extraordinary-
226 | 00:18:16:22 00:18:21:11 des filaments de galaxies walls of interlinked galaxies
qui s'étendent a travers l'univers that stretch trough space
227 | 00:18:21:16 00:18:24:08 sur des millions d'années-lumiére. for millions and millions of light-years.
228 | 00:18:25:13 00:18:28:04 - On afait -One of The most amazing discoveries
une découverte importante : of the last few decades
229 | 00:18:28:14 00:18:33:04 les galaxies s'assemblent is that galaxies formed
en filaments gigantesques. these vast superstructures
that actually span the known universe.
230 | 00:18:33:08 00:18:35:17 Le Grand Mur The Great Wall is a filament of galaxies
est un de ces filaments,
231 | 00:18:35:22 00:18:39:09 long de centaines that stretches hundreds of millions
de millions d'années-lumiére. of light-years.
232 | 00:18:40:25 00:18:44:20 - Pour comprendre -To understand
comment ces filaments se forment, how these vast galactic structures formed
233 | 00:18:44:25 00:18:46:25 on utilise des télescopes astronomers use telescopes
234 | 00:18:47:03 00:18:51:29 tels que 'ALMA, like the Atacama Large Millimeter Array,
Atacama Large Millimeter Array. or ALMA for short.
235 | 00:18:53:18 00:18:56:28 C'est un réseau It's an array of 66 radio telescopes.
de 66 radiotélescopes,
236 | 00:18:57:06 00:19:01:10 si puissant qu'il peut voir It's so powerful,
des milliards d'années en arriére, it can peer back billions of years,
237 | 00:19:01:26 00:19:05:15 jusqu'a la formation to the formation
des premiers filaments. of the earliest galactic structures.
238 | 00:19:06:10 00:19:09:23 - ALMA peut remonter -Now ALMA can actually look back
dans I'histoire de I'univers into the history of the universe
239 | 00:19:09:29 00:19:13:22 et observer les jeunes galaxies and see similar structures being formed
former ces structures, by these giant baby galaxies,
240 | 00:19:13:28 00:19:16:21 comme un proto Grand Mur. sort of a proto Great Wall.
241 | 00:19:19:16 00:19:24:08 - ALMA nous donne un apergu -ALMA gives us a snapshot

de I'adolescence de I'univers.

of how the adolescent universe evolved.
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242 | 00:19:26:00 00:19:28:15 Lors de I'expansion de l'univers, It shows us that as the universe expanded,
243 | 00:19:28:21 00:19:32:02 les galaxies the new-born galaxies
s'alignent sur leurs voisines, aligned with their neighbours.
244 | 00:19:33:19 00:19:38:27 comme si I'expansion de I'univers It was as if the expanding universe
produisait des filaments collants. was producing sticky filaments.
245 | 00:19:39:04 00:19:43:21 La matiere construisant les galaxies And the materials building new galaxies
adhére a ces filaments, were sticking to this threads,
246 | 00:19:44:00 00:19:46:23 comme une mouche like flies to a spider's silk.
sur une toile d'araignée.
247 | 00:19:47:08 00:19:51:14 Il s'avére que ces filaments It turns out,
sont de la matiére noire. these invisible filaments are dark matter.
248 | 00:19:52:13 00:19:57:24 - Comme un échafaud de matiere noire -It's like a scaffolding of dark matter
qui attire la matiére normale. that was pulling normal matter into it.
249 | 00:20:00:16 00:20:01:29 - Durant I'expansion, -As the universe expanded,
250 | 00:20:02:04 00:20:06:26 les amas de matiére noire the original clumps of dark matter
ont grandi moins vite que le reste. didn't expand as quickly as the rest.
251 | 00:20:07:28 00:20:10:11 Ils collent comme un caramel gluant, They stuck together like sticky toffee,
252 | 00:20:10:17 00:20:14:06 let leur puissante gravité with their powerful gravity
les étire en filaments. shaping them into filaments.
253 | 00:20:15:16 00:20:19:15 Ces filaments ont tissé une toile The filaments formed
de brins de matiere noire a sprawling web of dark matter strands
254 | 00:20:19:23 00:20:22:09 qui s'étend a travers l'univers. stretching throughout the universe.
255 | 00:20:23:29 00:20:28:10 La gravité de cette toile The gravity of this dark matter web
a ensuite attiré la matiére normale. then dragged in normal matter,
256 | 00:20:28:17 00:20:31:07 Elle s'agglomére aux croisements, which built up where the filaments meet,
257 | 00:20:32:06 00:20:35:28 et finit par s'effondrer and eventually collapsed to form galaxies.
pour former les galaxies.
258 | 00:20:37:09 00:20:39:29 Les filaments épais The thicker filaments pulled in the most gas.
attirent plus de gaz,
259 | 00:20:40:04 00:20:43:20 servant de fondations providing the building blocks
aux amas de galaxies. for galaxy clusters.
260 | 00:20:45:09 00:20:48:03 - Le gaz est attiré -They actually fall On
par ces filaments, these tremendous filaments
across the universe.
261 | 00:20:48:08 00:20:52:00 qui sont longs Hundreds of millions of light-years across
de millions d'années-lumiére.
262 | 00:20:52:03 00:20:57:20 Ce sont des structures titanesques, We're talking about tremendously

impossibles sans la toile.

large structures.
But they would not exist if it weren't
for dark matter.
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263 | 00:20:58:02 00:21:02:10 Et les galaxies ont pu se former And the galaxies themselves were able to form
grace a cette structure. because of this structure.
264 | 00:21:02:22 00:21:06:29 Les galaxies, les étoiles, There are galaxies and stars and planets,
les planétes et vous aujourd'hui and you here today,
265 | 00:21:07:07 00:21:11:06 existez tous grace a elle, that's because of the dark matter
et a son réle d'architecte. providing the framework
266 | 00:21:13:05 00:21:17:11 - Tout comme la trame d'une ville -Just like a grid system In a city
détermine ou sont les batiments, defines were the buildings are going to be,
267 | 00:21:17:21 00:21:21:22 les galaxies s'agrégent galaxies assemble themselves
autour de la trame cosmique. around the cosmic grid.
268 | 00:21:22:01 00:21:27:01 - Les urbanistes sur terre -1t seems like city planners here On Earth
s'inspirent de l'univers, on dirait. have been following the lead of the universe.
269 | 00:21:27:11 00:21:31:22 Sauf qu'ils utilisent des routes, Except those planners
pas de la matiére noire. use road in place of dark matter.
270 | 00:21:32:06 00:21:34:16 New York est I'exemple parfait. New York is the perfect example.
271 | 00:21:35:05 00:21:38:01 - Imaginez New York sans routes. -Let's imagine New York City without roads.
272 | 00:21:38:20 00:21:43:17 Il n'y aurait plus aucune structure. There would be no structure, no foundation.
Tout s'effondrerait. And the whole thing would fall apart.
273 | 00:21:44:26 00:21:49:01 Quand on a concu la ville, When people first designed the city,
on a commencé par la trame, they laid down the grid,
274 | 00:21:49:12 00:21:52:20 on a construit les rues, they built the roads,
les fondations de la ville. and that was really the foundation.
275 | 00:21:52:29 00:21:55:16 Les batiments sont arrivés apres. And then later on the built the buildings.
276 | 00:21:56:18 00:22:01:14 - Tout comme la matiere noire -Just like The dark matter web transported
transporte la matiere des galaxies, the building materials for galaxies,
277 | 00:22:02:02 00:22:06:00 les rues de New York New York's grid of roads
ont amené le ciment et l'acier brought the steel and concrete
278 | 00:22:06:05 00:22:08:11 pour construire ses batiments. to build its city blocks.
279 | 00:22:08:25 00:22:13:11 - La matiére noire est la fondation, -It's the dark matter that gives you
la structure cosmique, the foundation,
gives you the cosmic structure
280 | 00:22:13:22 00:22:17:07 et ce n'est que plus tard and then later on,
que la matiere normale the normal matter fell into
281 | 00:22:17:12 00:22:19:20 forme les galaxies et les amas. the galaxies and the clusters
that we see today.
282 | 00:22:20:28 00:22:24:26 - L'élégance de ces découvertes -The elegance of This newly discovered
me laisse sans voix. structure of the universe really astounds me.
283 | 00:22:25:06 00:22:28:24 Cette toile de matiére noire You have this web of dark matter,
crée une sorte d'autoroute and it almost creates highways
284 | 00:22:28:29 00:22:31:29 qu'emprunte la matiére normale. for regular matter to fall into these nexuses.
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285 | 00:22:32:08 00:22:35:28 Et c'est Ia que se forment And that's where you form
les plus grandes galaxies. the biggest, brightest galaxies.
286 | 00:22:38:25 00:22:41:08 - Plus on étudie la matiéere noire, -The more cosmologists study dark matter,
287 | 00:22:41:14 00:22:46:29 plus on comprend son importance the more they see the crucial role
dans I'évolution de I'univers. it's played in shaping
the universe we see today.
288 | 00:22:48:05 00:22:51:25 Mais malgré ces découvertes, But despite these insights into our origins,
289 | 00:22:52:02 00:22:56:23 les chercheurs ne savent pas encore scientists still don't know
ce qu'est vraiment la matiére noire. what dark matter actually is.
290 | 00:22:58:09 00:23:02:18 Comment mesurer quelque chose How do you measure something
qu'on ne peut ni toucher ni sentir ? that you can't see or feel?
291 | 00:23:14:15 00:23:19:25 Ces 50 derniéres années, In the last 50 years, astronomers
une découverte inouie a été faite. have discovered
something incredible about our universe-
292 | 00:23:21:20 00:23:26:13 Une force invisible contrdle it's controlled by an invisible puppet master
I'univers : la matiére noire. called dark matter.
293 | 00:23:29:03 00:23:33:13 Elle a créé et organisé Dark matter created and organized
la structure de l'univers. the large-scale structure of our universe.
294 | 00:23:36:01 00:23:39:19 Elle a méme peut-étre créé It may have even created
les atomes dans votre corps. the atoms that make up your body.
295 | 00:23:42:03 00:23:45:09 Mais elle est insondable, But it remains a mystery
car on ne peut ni la voir, because we can't see it, feel it,
296 | 00:23:45:14 00:23:48:00 ni la mesurer directement. or measure it directly.
297 | 00:23:51:10 00:23:56:00 - Mais on sait une chose : -One of The properties of dark matter
elle n'interagit pas avec la lumiére. that we know for sure is that
it doesn't interact with light.
298 | 00:23:56:03 00:24:01:19 Elle ne brille pas, n'interagit pas, It doesn't shine, it doesn't interact with light,
donc si on pointe un laser dessus, and so if you shine a laser beam on dark matter
299 | 00:24:01:24 00:24:05:04 il passe a travers, the laser beam goes right trough,
il ne fait rien du tout. ti doesn't do anything.
300 | 00:24:06:06 00:24:08:22 - «Matiére noire» -The term dark matter
est un peu trompeur. might be a little bit misleading.
301 | 00:24:08:26 00:24:12:05 Ce serait plutot maybe the real term for this stuff
une «matiére transparente». is transparent matter.
302 | 00:24:12:10 00:24:15:27 Mais c'est une peut moins cool But somehow that doesn't sound
que «matiere noire». quite as cool as dark matter.
303 | 00:24:16:20 00:24:18:29 - Mais si on ne peut pas la voir, -So if we can't see dark matter,
304 | 00:24:19:09 00:24:22:07 pourquoi est-on why are scientists so sure it's there?
si stir qu'elle existe ?
305 | 00:24:23:07 00:24:28:04 - On utilise la gravité pour - We know dark matter's there the same way

détecter la matiére noire.

many things are there that we can't see.
We use gravity
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306 | 00:24:28:11 00:24:32:16 La lumiére ne l'influence pas, Dark matter may not interact with light,
mais elle obéit a la gravité. but it interacts with gravity.
307 | 00:24:33:18 00:24:36:02 - En étudiant -It's only by studying the motions of stars,
308 | 00:24:36:08 00:24:39:21 des galaxies et des amas, even the motion of galaxies,
on s'est rendu compte and the clustering of galaxies do we know
309 | 00:24:39:27 00:24:43:02 que quelque chose manque, that there's a lot of extra stuff
qui a de la masse, out there that has mass,
310 | 00:24:43:07 00:24:48:14 qui oriente les étoiles et galaxies that's directing these stars and galaxies
dans des directions inattendues. to move in ways
that are somewhat unexpected.
311 | 00:24:50:11 00:24:54:12 - Le premier a découvrir -The first person to detect
le mouvement inhabituel des galaxies this unusual movement in galaxies
312 | 00:24:54:18 00:24:57:25 fut l'astronome Fritz Zwicky, was astronomer Fritz Zvwcky, in the 1930s.
dans les années 30.
313 | 00:24:59:04 00:25:02:03 Avec un télescope Using a custom-built 16-inch telescope,
de 16 pouces personnalisé,
314 | 00:25:02:08 00:25:07:27 il étudie l'interaction des galaxies he studied how multiple galaxies interact
dans un groupe compact de galaxies, inside a tight grouping of galaxies,
315 | 00:25:08:10 00:25:09:23 qu'on appelle un amas. known as a cluster.
316 | 00:25:11:09 00:25:14:09 - Zwicky étudiait -Fritz Zwicky studying The motions
le mouvement des galaxies, of galaxies and clusters, and what he saw
317 | 00:25:14:15 00:25:18:17 et il a remarqué is that these galaxies were moving too fast.
qu'elles bougeaient trop vite.
318 | 00:25:20:18 00:25:24:16 Chaque concentration de masse Every concentration of matter has,
a une vitesse de libération. associated with it, an escape velocity.
319 | 00:25:24:29 00:25:29:23 Si on dépasse cette vitesse, And if you're moving faster
on échappe a la gravité du systeme. that the escape velocity,
you should no longer be a part of that system.
320 | 00:25:32:05 00:25:36:11 - Si une fusée va assez vite, -Just as a rocket can escape Earth's gravity
elle échappe a la gravité terrestre. if it's traveling fast enough,
321 | 00:25:37:24 00:25:41:04 Un galaxie devrait pouvoir A galaxy should break away
échapper a son amas from a galaxy cluster
322 | 00:25:41:10 00:25:43:09 si elle se déplace assez vite. if it's moving with enough speed.
323 | 00:25:44:08 00:25:47:12 Zwicky a remarqué Zwicky noticed
que les galaxies de I'amas Coma that the galaxies in the Coma cluster
324 | 00:25:47:17 00:25:52:07 se déplagaient assez vite should be moving fast enough
pour se détacher de leurs voisines. to escape the gravitational pull
of their neighbors.
325 | 00:25:53:01 00:25:56:12 Mais au lieu But instead of speeding off
d'étre éparpillées dans l'univers, into different parts of the universe,
326 | 00:25:56:26 00:26:00:11 elles restaient liées ensemble. the galaxies remained bound together.
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327 | 00:26:03:27 00:26:07:24 Zwicky a émit I'hypothése Zwicky thought
gu'une matiere massive inconnue some unknown material was adding mass,
328 | 00:26:08:01 00:26:13:23 ajoutait de la gravité au systéme and therefore, extra gravity to the system,
et maintenait les galaxies ensemble. holding the galaxies in place.
329 | 00:26:18:17 00:26:21:02 - Il'y a peut-étre -Maybe there's something extra there
quelque chose en plus,
330 | 00:26:21:07 00:26:25:02 qui est responsable that's providing more gravity
de cette gravité supplémentaire. than we can account for
based on what we see.
331 | 00:26:26:24 00:26:32:06 - A I'époque, I'hypothése de Zwicky At the time, Zwicky's ideas for
sur cette gravité mystérieuse this unexplained source of extra gravity
332 | 00:26:32:19 00:26:34:10 est totalement ignorée. fell on deaf ears.
333 | 00:26:34:24 00:26:37:18 - Zwicky n'était pas trés aimable, -Zwicky was a very unlikable fellow.
334 | 00:26:37:27 00:26:41:05 et exaspérait and I think infuriated
nombre de ses collégues. many of his colleagues, and that
335 | 00:26:41:15 00:26:45:24 Cela peut avoir contribué perhaps, was another reason they were
a ce qu'on ignore ses idées. less willing to accept his suggestion.
336 | 00:26:46:04 00:26:50:03 Mais il était aussi The other is that
trés en avance sur son temps, I think he was so ahead of his time
as a scientist
337 | 00:26:50:10 00:26:53:14 et la communauté scientifique that it just took time
a dd le rattraper. for the rest of the community to catch up.
338 | 00:26:57:03 00:26:59:01 - Il aura fallu 30 ans -1t took another 30 years,
339 | 00:26:59:06 00:27:02:25 et une découverte cruciale and a crucial discovery
par l'astronome Vera Rubin by astronomer Vera Rubin
340 | 00:27:03:00 00:27:06:04 pour que la matiére noire before dark matter
Soit reconnue. made it into the textbooks.
341 | 00:27:08:06 00:27:10:17 - Vera Rubin étudiait les galaxies. -Vera Rubin
was looking at galaxies themselves,
342 | 00:27:10:29 00:27:15:23 Le gaz et les étoiles des galaxies Now galaxies are collections
vont dans une certaine direction. of gas and stars and dust,
and they have an overall motion.
343 | 00:27:16:00 00:27:21:05 Notre Voie lactée est un disque, Our milky was galaxy is a disk,
orbitant autour de son centre. and that disk is moving
around the center of the galaxy.
344 | 00:27:21:29 00:27:25:09 - Donc les étoiles au centre -The stars In The middle of The galaxy
devraient aller vite, you expect to go very fast,
345 | 00:27:25:15 00:27:28:28 et les étoiles plus éloignées and the starts at the outskirts of the galaxy
devraient étre lentes. you expect to go around very slowly.
346 | 00:27:29:03 00:27:34:12 Comme autour du Soleil, Just like the inner planets

les planétes proches vont plus vite.

go around the Sun very quickly
and the outer planets
go around the Sun much more slowly.
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347 | 00:27:35:07 00:27:37:14 - Elle découvre - What she found was that the outskirts
que la périphérie of a galaxy
348 | 00:27:37:19 00:27:41:22 orbite a la méme vitesse were spinning around the galaxy at the same speed
que les régions plus centrales. as parts that were closer in,
349 | 00:27:41:27 00:27:44:03 Ca n'avait aucun sens.
and that didn't make any sense.
350 | 00:27:45:02 00:27:47:28 - Les étoiles semblaient figées, -The stars of the galaxy appeared to be fixed,
351 | 00:27:48:05 00:27:51:21 comme si elles collaient almost as if they were glued
sur le disque galactique. to a giant spinning wheel.
352 | 00:27:54:27 00:27:59:26 - La seule explication est qu'il y a -And The only way that can be is
de la gravité supplémentaire, if there's some additional gravity there,
some additional stuff there,
353 | 00:28:00:04 00:28:04:24 qui ajoute de la masse et accélere that's adding mass, that's adding gravity,
les étoiles périphériques. that's making those outer stars go faster.
354 | 00:28:06:21 00:28:09:24 - La seule solution -The only conclusion
est que ce disque galactique was that the spinning wheel
355 | 00:28:09:29 00:28:15:07 est influencé par quelque chose was being affected by something very massive.
de massif, totalement invisible. And completely invisible.
356 | 00:28:16:16 00:28:22:12 Quand les chercheurs ont vérifié When astronomers turned their telescopes
I'existence de cette masse, to see for themselves if this invisible mass was real
357 | 00:28:23:01 00:28:27:16 ils ont trouvé des preuves they found evidence for it
presque partout ou ils cherchaient. almost everywhere they looked.
358 | 00:28:30:25 00:28:34:04 - De plus en plus de monde -As more and more other people
a reproduit ces résultats, were able to replicate what they had done,
359 | 00:28:34:23 00:28:38:15 et on s'est rendu compte people started to realize
que Fritz et Vera avaient raison. wow, you know, «Fritz and Vera were right».
360 | 00:28:39:02 00:28:42:12 Cette matiére bizarre existe. This weird stuff is really out there.
361 | 00:28:43:15 00:28:45:12 - Etil n'y en a pas qu'un peu. -And there's not only just a little bit.
362 | 00:28:46:10 00:28:50:29 - En fait, la matiere noire Every galaxy, essentially,
représente la majorité des galaxies. is dominated by dark matter.
363 | 00:28:53:03 00:28:55:21 - Donc on sait qu'elle existe. -Now, we know the dark matter is out there.
364 | 00:28:56:07 00:29:00:29 Mais on est toujours trés loin But we're still no closer
de comprendre ce qu'elle est. to working out what it actually is.
365 | 00:29:02:01 00:29:05:23 Ce pourrait étre une particule WIMP, We think it may be a particle called a WIMP.
366 | 00:29:06:08 00:29:08:24 ou hien But it could be a whole family of particles,
toute une famille de particules
367 | 00:29:09:02 00:29:12:23 qui forment des atomes that form dark atoms and dark molecules.
et des molécules de matiere noire.
368 | 00:29:13:01 00:29:17:02 Peut-étre qu'il y a Perhaps an entire dark universe is out there,

tout un univers de matiére noire,
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369 | 00:29:17:11 00:29:19:29 rempli filled with invisible dark planets,
de planétes noires invisibles,
370 | 00:29:20:13 00:29:25:14 et illuminé par la lumiére noire and illuminated
de ses étoiles noires. by the dark light of their dark stars.
371 | 00:29:35:27 00:29:40:14 Les chercheurs s'échinent a révéler Scientists are struggling
la nature de la matiere noire. to uncover the true identity of dark matter.
372 | 00:29:43:15 00:29:48:06 Aujourd'hui, le meilleur candidat To date, the best candidate
est la particule théorique, le WIMP. is a theoretical particle walled a WIMP.
373 | 00:29:49:03 00:29:52:25 Mais un WIMP peut traverser But because WIMP can pass
la matiére, tel un fantdme, through ordinary matter like a ghost,
374 | 00:29:53:01 00:29:56:03 et les chercheurs the researchers have been left empty-handed.
rentrent bredouilles.
375 | 00:30:00:20 00:30:04:21 - A l'instant, de la matiére noire -Not only could dark matter
pourrait me passer a travers, be going through me right now, but...
376 | 00:30:05:10 00:30:09:00 c'est en fait presque certain, it almost certainly is,
mais je ne la remarque pas. and I'm just not noticing it.
377 | 00:30:11:12 00:30:16:03 C'est pour ¢a qu'on construit This is why we're building
tous ces détecteurs sur Terre. these very fancy detectors here on Earth.
378 | 00:30:16:11 00:30:17:29 On veut en attraper. To try to catch them.
379 | 00:30:20:14 00:30:23:27 - Jusqu'a ce qu'on capture -Until scientists can capture
et qu'on analyse un WIMP, or analyse a WIMP,
380 | 00:30:24:07 00:30:25:29 tout est possible. all bets are off.
381 | 00:30:28:14 00:30:32:28 - Le probléme de la théorie WIMP -The main challenge for The WIMP theory
est qu'on en a trouvé aucun. is that we simply haven't found any WIMPSs yet.
382 | 00:30:33:11 00:30:36:18 Et ¢a fait longtemps qu'on cherche. And we've been looking pretty hard,
for a lot of years, and...
383 | 00:30:37:00 00:30:38:29 Ca commence a devenir génant. pretty soon it's gonna start
to get embarrassing.
384 | 00:30:40:24 00:30:43:23 - La solution -Perhaps dark matter isn't made of WIMPs.
n'est peut-étre pas la.
385 | 00:30:44:08 00:30:46:26 La nature de la matiére noire Perhaps the stuff that makes up dark matter
386 | 00:30:47:02 00:30:51:01 pourrait étre plus complexe is stranger and more complex
et bizarre qu'on ne I'imaginait. than we ever thought possible.
387 | 00:30:51:16 00:30:53:28 - La matiére -We know that regular matter
a de nombreuses formes : comes in many different forms
388 | 00:30:54:02 00:30:58:00 les électrons, les protons, There are electrons and protons,
les neutrons, les quarks... neutrons, quarks, all of those.
389 | 00:30:59:02 00:31:02:09 Pourquoi imaginer Why should we assume
un seul type de matiére noire ? there’s only one kind of dark matter?
390 | 00:31:02:27 00:31:06:18 - On se trompe peut-étre. -Our approach could be all wrong,

Plutdt qu'une seule particule,

instead of looking a single type of particle,
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391 | 00:31:06:24 00:31:09:18 il pourrait y en avoir une myriade. there could be an entire zoo
of dark matter particles.
392 | 00:31:12:15 00:31:17:14 - Les particules normales -Particles of ordinary matter interact
forment des atomes et des molécules, with each other to form atoms and molecules.
393 | 00:31:17:22 00:31:19:27 la matiere que nous connaissons. The stuff we touch and see.
394 | 00:31:21:16 00:31:26:05 Plusieurs types de matiére noire If dark matter is made
pourraient faire la méme chose : from different particles, it could do the same.
395 | 00:31:27:00 00:31:31:10 interagir, créer des atomes Interacting and building
ou des molécules de matiere noire. dark atoms of dark stuff.
396 | 00:31:32:26 00:31:37:01 Peut-étre méme Perhaps even a universe of dark materials.
tout un univers de matiere noire.
397 | 00:31:39:29 00:31:43:10 - Si la matiére noire -1f We can show that dark matter
interagit avec elle-méme, interacts with itself,
398 | 00:31:43:16 00:31:48:28 cela signifie qu'elle peut former that means there really could be
des étoiles et des galaxies, dark matter galaxy, dark matter stars and people
399 | 00:31:49:05 00:31:52:07 partout autour de nous, all around us right now,
totalement inconnues. that we weren't aware of.
400 | 00:31:54:22 00:31:58:08 - Un tel secteur noir -Could This shadowy dark universe
pourrait-il vraiment exister ? really exist?
401 | 00:32:03:22 00:32:06:26 En 2012, In 2012, the Chandra X-ray telescope
le télescope a rayons X Chandra
402 | 00:32:07:04 00:32:11:21 apporte un premier indice gave astronomers the first clue
sur cette interaction. to whether dark matter interacts.
403 | 00:32:14:27 00:32:19:02 Il a observé la collision The telescope observed the collision
de deux amas de galaxies, of two galaxy clusters,
404 | 00:32:19:07 00:32:22:04 contenant chacun each packed with hundreds of galaxies.
des centaines de galaxies.
405 | 00:32:26:23 00:32:32:05 Son but: Astronomers hope to see what would happen
examiner la matiere noire des amas. to the dark matter inside those clusters.
406 | 00:32:32:15 00:32:35:15 Va-t-elle montrer Would it show any signs of interacting?
un signe d'interaction ?
407 | 00:32:36:12 00:32:39:14 - Que fera la matiére noire -What does The dark matter do
lors de la collision ? when these clusters collide?
408 | 00:32:39:23 00:32:41:19 C'est Ia la question. Well, that's the big question.
409 | 00:32:42:02 00:32:45:22 Va-t-elle When the clusters come together,
s'entrechoquer et ralentir ? does the dark matter smack and drag?
410 | 00:32:45:27 00:32:47:28 Va-t-elle se passer au travers ? Or does it go right on through?
411 | 00:32:48:03 00:32:52:15 Si on peut mesurer la différence, If we can measure that difference,
on aura notre réponse. we can tell does the dark matter self-interact or not.
412 | 00:32:55:09 00:32:58:09 - Les galaxies -The galaxies pass through each other.

se passent au travers.
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413 | 00:32:59:28 00:33:01:29 Mais elles laissent une trace : But something is left behind -
414 | 00:33:04:10 00:33:06:26 un fragment de matiére noire. A tangle of dark matter.
415 | 00:33:08:20 00:33:12:13 - Un peu de matiére noire -1t looks like there's some extra dark matter
s'est détachée, on dirait. that's been left behind in the middle.
416 | 00:33:12:21 00:33:17:27 Comme si, lors de la collision, So it looks like as these two dark matter balls
il y avait eu une attraction have come together, there’s been some extra drag,
417 | 00:33:18:02 00:33:22:22 qui aurait détaché and that drag has deposited, has left
un peu de matiere noire des amas. a bit of dark matter kind of sitting in-between.
418 | 00:33:25:05 00:33:31:02 -Cela signifie que la matiére noire -To produce the drag, the dark matte
dans les amas a dd interagir. r in the colliding galaxy clusters
must have interacted.
419 | 00:33:33:29 00:33:36:10 Si cette observation est confirmée, If this observation turns out to be correct,
420 | 00:33:36:15 00:33:40:24 cela signifie que certains types it means that some dark matter
de matiére noire interagissent. interacts with itself.
421 | 00:33:42:22 00:33:44:10 - Si ¢a tient debout, -If that signal holds up,
422 | 00:33:44:14 00:33:49:19 c'est une détection exceptionnelle then it could be a really smoking-gun detection
d'interaction de la matiére noire. of self-interacting dark matter.
423 | 00:33:50:12 00:33:52:27 - Ca changerait tout. -And that would be a game-changer.
424 | 00:33:54:06 00:33:58:25 - Des planétes ou des créatures -Perhaps there could be dark matter planets,
de matiére noire pourraient exister. and dark matter living entities.
425 | 00:33:59:04 00:34:04:11 - Tout un univers de matiére noire, -There could be a hidden dark matter universe
si vous voulez, d'objets cachés. if you wish, of hidden dark matter objects.
426 | 00:34:04:17 00:34:09:08 Ca va un petit peu loin, It stretches the limits of plausibility,
mais ce n'est pas impossible. but it's not impossible.
427 | 00:34:12:12 00:34:17:11 - Si ce secteur noir existe, -If this dark sector really exists,
méme la lumiére noire est possible. there could even be dark light.
428 | 00:34:18:15 00:34:20:29 - Donc Imaginez ce secteur noir. -So imagine you have this dark matter universe,
429 | 00:34:21:09 00:34:23:11 Il a son propre rayonnement, and it has this dark matter radiation,
430 | 00:34:23:22 00:34:27:16 qui peut voyager en une onde and this dark radiation can travel
qu'on appelle «lumiére noirex». in waves that we call dark light,
431 | 00:34:27:20 00:34:32:28 Avec des lunettes appropriées, then maybe you can put on your dark glasses
vous pourriez le voir and actually view this dark universe
432 | 00:34:33:06 00:34:35:02 grace a la lumiére noire. via the dark light.
433 | 00:34:37:01 00:34:41:15 - L'interaction de la matiere noire -Interacting dark matter suggests
suggere un secteur caché. invisible worlds next to our own.
434 | 00:34:43:22 00:34:48:04 Mais ces idées sont-elles sensées, But are these visions real?

ou juste de la science-fiction ?

Or just a sci-fi fantasy?
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435 | 00:34:50:19 00:34:54:06 - Selon moi, des planétes, -1 think dark matter stars,
des étoiles de matiere noire dark matter planets,
436 | 00:34:54:12 00:34:58:06 ou encore des gens, dark matter people are more
c'est plut6t de la science-fiction. in the realm of science fiction at this point.
437 | 00:34:59:16 00:35:02:14 - Il est tout de méme -1t would require a plethora of tooth fairies
extrémement improbable
438 | 00:35:02:25 00:35:05:28 que ce secteur noir to imagine
soit aussi complexe that the dark sector is that complicated
439 | 00:35:06:03 00:35:08:17 et qu'il ressemble au notre. to actually reproduce something like our sector.
440 | 00:35:08:23 00:35:12:15 Des planetes, des gens, In order to have dark planets
des séries té1é noires. .. and dark people and dark TV shows,
441 | 00:35:12:25 00:35:16:02 Cest vrai, It's... people have imagined it,
certains en font I'nypothése, I'm not saying they haven't,
442 | 00:35:16:08 00:35:20:26 mais c'est tout de méme but it certainly stretches
une grande extrapolation. the realm of possibility.
443 | 00:35:21:06 00:35:25:14 - Il'y a tant de matiere noire -there is So much dark matter out there
que l'avenir de l'univers en dépend. that it controls the very fate of our universe.
444 | 00:35:25:19 00:35:29:23 Si méme une petite fraction If even a tiny fraction of it
de la matiére noire peut interagir, can interact with other forms of dark matter,
445 | 00:35:29:29 00:35:31:26 tout peut étre possible. then mayhbe all bets are off.
446 | 00:35:33:15 00:35:36:27 - Méme une minorité -Even a tiny percentage
de matiére noire qui interagit of dark matter interacting
447 | 00:35:37:06 00:35:41:14 pourrait grandement influencer could have huge implications
le futur de la vie sur Terre. for the future of life on Earth.
448 | 00:35:43:02 00:35:47:12 Une nouvelle idée controversée Because a controversial new idea
suggere que, dans le futur, suggests that in the future,
449 | 00:35:47:25 00:35:53:04 cette matiére noire pourrait causer self-interacting dark matter
une pluie de météorites sur Terre. could hail send a hail of comets our way.
450 | 00:35:54:04 00:35:58:10 Comment le sait-on ? How do we know?
Cela s'est peut-étre déja produit. Because dark matter may have done it before.
451 | 00:36:12:10 00:36:16:17 La matiére noire Dark matter is the dominant creative force
est la force créatrice de I'univers. in our universe.
452 | 00:36:17:09 00:36:20:27 Aurait-elle joué un réle But could it have helped to create us too?
dans notre création ?
453 | 00:36:23:06 00:36:27:05 Selon certains chercheurs, Some scientists believe
la matiere noire de la VVoie lactée that a key moment in human evolution
454 | 00:36:27:11 00:36:31:24 pourrait avoir influencé may have been directly affected
une étape clé dans notre évolution. by dark matter in the Milky Way.
455 | 00:36:37:23 00:36:39:12 Cette théorie contestée This controversial theory
456 | 00:36:39:19 00:36:43:13 se base sur l'un des pires jours is inspired

de I'histoire de la Terre.

by one of the most violent days in Earth's history.
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457 | 00:36:49:04 00:36:51:04 I'y a 65 millions d'années, 65 million years ago,
458 | 00:36:51:10 00:36:55:10 un objet de la taille de I'Everest an object the size of mount Everest
s'écrase sur Terre. slammed into the Earth.
459 | 00:36:59:06 00:37:04:11 L'impact noircit le ciel The impact turned the sky black,
et enflamme les continents. and set the continents on fire.
460 | 00:37:06:09 00:37:09:14 - L'impact libére autant d'énergie -The amount of energy
real eased in that explosion is about
461 | 00:37:09:21 00:37:15:05 qu'un milliard de bombes atomiques a billion times the Hiroshima atom bomb
similaires a celle d'Hiroshima. that was dropped in World War I1.
462 | 00:37:15:27 00:37:16:28 Un milliard. A billion times.
463 | 00:37:23:18 00:37:27:05 - Cet événement catastrophique -This catastrophic event
marque la fin des dinosaures, ended the age of dinosaurs
464 | 00:37:27:29 00:37:33:28 et ouvre la voie aux mammiferes. and paved the way
Mais était-ce exceptionnel ? for our mammalian ancestors to flourish.
But was it a one-off?
465 | 00:37:34:12 00:37:37:21 - Les grandes extinctions -Mass extinctions
sont nombreuses sur Terre. have happened on Earth multiple times
466 | 00:37:37:29 00:37:41:01 On peut se demander So an obvious question to ask -
s'il y aun cycle prévisible. is there any pattern?
467 | 00:37:41:07 00:37:45:18 Y a-t-il une période dangereuse Is there any time that we know is more dangerous,
ou les extinctions sont probables ? more likely to have a mass extinction event?
468 | 00:37:45:26 00:37:49:26 Peut-on établir un lien And is there anything we can link it to
entre cette période et l'univers ? in the larger universe?
469 | 00:37:51:12 00:37:54:24 - Mike Rampino, un géologue, -Geologist Mike Rampino
pense qu'il y a un cycle. thinks there is a pattern.
470 | 00:37:55:10 00:37:57:19 Un cycle lié & la matiéere noire. And it could be linked to dark matter.
471 | 00:37:58:15 00:38:01:29 - Nous étudions -We were looking at The possibility
I'nypothese de cycles géologiques. of cycles in the geological record.
472 | 00:38:02:09 00:38:05:11 Un cycle de 30 millions d'années And we found what seemed to be
semble exister a 30 million-yea