
A la mémoire de mon ami Robert Brout

Echappées vers le futur
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Au delà du modèle Standard 

 Matière noire (25%), Energie Noire (70%)

La quantification de la gravitationLa complexité La physique quantique

L’Inconnu



La physique quantique 
Probabilités

<latexit sha1_base64="rrnUeInbcSaRpm2IcNL5id7Y3SA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEQShJEXUjFN24rGAf0MQwmU7aoZOZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfeECaNKO863VVpaXlldK69XNja3tnfs3b22EqnEpIUFE7IbIkUY5aSlqWakm0iC4pCRTji6mfidRyIVFfxejxPix2jAaUQx0kYK7INmkJ3mVx4W6qEOMw+xZIjywK46NWcKuEjcglRBgWZgf3l9gdOYcI0ZUqrnOon2MyQ1xYzkFS9VJEF4hAakZyhHMVF+Nj0/h8dG6cNISFNcw6n6eyJDsVLjODSdMdJDNe9NxP+8XqqjSz+jPEk14Xi2KEoZ1AJOsoB9KgnWbGwIwpKaWyEeIomwNolVTAju/MuLpF2vuec15+6s2rgu4iiDQ3AEToALLkAD3IImaAEMMvAMXsGb9WS9WO/Wx6y1ZBUz++APrM8fjvGVPA==</latexit>

P+ = cos2 ↵
<latexit sha1_base64="s1cFbtxz2078x6WcrEK2Egix7gY=">AAAB/3icbVDLSsNAFJ20Pmp9NFVw42awCm4sSRfqRii4cdmCfUATw2Q6aYdOJmFmIpSYhb/h0o0Li7j1N9z5M+L0sdDqgQuHc+7l3nv8mFGpLOvTyOVXVtfWCxvFza3tnZJZ3m3LKBGYtHDEItH1kSSMctJSVDHSjQVBoc9Ixx9dTf3OHRGSRvxGjWPihmjAaUAxUlryzP2Gl55ml9CRlN/WYOogFg9R5pkVq2rNAP8Se0Eq9Xy51Jw8fjU888PpRzgJCVeYISl7thUrN0VCUcxIVnQSSWKER2hAeppyFBLpprP7M3islT4MIqGLKzhTf06kKJRyHPq6M0RqKJe9qfif10tUcOGmlMeJIhzPFwUJgyqC0zBgnwqCFRtrgrCg+laIh0ggrHRkRR2CvfzyX9KuVe2zqtXUaRyBOQrgAByCE2CDc1AH16ABWgCDe/AEXsDEeDCejVfjbd6aMxYze+AXjPdv4zKYQw==</latexit>

P� = sin2 ↵

<latexit sha1_base64="a27QxqYW/XZnb/D5ZqUU6/enn7c=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BszbQUVPXDhcM693HtPEAtuLEIfXm5tfWNzK79d2Nnd2z8oHh51jEo0ZW2qhNK9gBgmuGRty61gvVgzEgWCdYPpVeZ375k2XMlbO4uZH5Gx5CGnxDqpMyAinpBhsYTKCCGMMcwIrlWRI41GvYLrEGeWQwms0BoW3wcjRZOISUsFMaaPUWz9lGjLqWDzwiAxLCZ0Ssas76gkETN+urh2Ds+cMoKh0q6khQv1+0RKImNmUeA6I2In5reXiX95/cSGdT/lMk4sk3S5KEwEtApmr8MR14xaMXOEUM3drZBOiCbUuoAKLoSvT+H/pFMp42oZ3VyUmperOPLgBJyCc4BBDTTBNWiBNqDgDjyAJ/DsKe/Re/Fel605bzVzDH7Ae/sE2h2PUw==</latexit>↵

la physique quantique repose sur des probabilités

les lois (mécanique, électromagnétisme) de la physique classique sont 
déterministes

Peut - on résoudre l’indétermination irréductible quantique en la 
complétant par sous-monde déterministe (variables cachées) ?



Etat “intriqué” à deux photons

<latexit sha1_base64="/nuvjXH0pP2b6MjDkKgGs8wjIHk="></latexit>

E(a b) ⌘ P (a b) = P++ + P�� � P+� � P�+

➤

➤➤ ➤

<latexit sha1_base64="KrNhlEXb55n6eLje1KwfoLWndWI=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4Ct1BstyiXjwmYBZIhtDT6Una9Cx09wgh5Au8eFDEq5/kzb+xJ4mgog8KHu9VUVXPi6XQBuMPJ7O2vrG5ld3O7ezu7R/kD4/aOkoU4y0WyUh1Paq5FCFvGWEk78aK08CTvONNrlO/c8+VFlF4a6YxdwM6CoUvGDVWal4O8gVcxBgTQlBKSKWMLanVqiVSRSS1LAqwQmOQf+8PI5YEPDRMUq17BMfGnVFlBJN8nusnmseUTeiI9ywNacC1O1scOkdnVhkiP1K2QoMW6veJGQ20ngae7QyoGevfXir+5fUS41fdmQjjxPCQLRf5iUQmQunXaCgUZ0ZOLaFMCXsrYmOqKDM2m5wN4etT9D9pl4qkXMTNi0L9ahVHFk7gFM6BQAXqcAMNaAEDDg/wBM/OnfPovDivy9aMs5o5hh9w3j4B4XmNAA==</latexit>

A
<latexit sha1_base64="a7j+f/WpH58k16HdGim1Bu9Js8M=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstxCvHhMwCyQDKGnU0na9Cx09whhyBd48aCIVz/Jm39jTxJBRR8UPN6roqqeF0mhDSEfTmZjc2t7J7ub29s/ODzKH590dBgrDm0eylD1PKZBigDaRhgJvUgB8z0JXW92nfrde1BahMGtmUfg+mwSiLHgzFip1RjmC6RICKGU4pTQSplYUqtVS7SKaWpZFNAazWH+fTAKeexDYLhkWvcpiYybMGUEl7DIDWINEeMzNoG+pQHzQbvJ8tAFvrDKCI9DZSsweKl+n0iYr/Xc92ynz8xU//ZS8S+vH5tx1U1EEMUGAr5aNI4lNiFOv8YjoYAbObeEcSXsrZhPmWLc2GxyNoSvT/H/pFMq0nKRtK4K9cY6jiw6Q+foElFUQXV0g5qojTgC9ICe0LNz5zw6L87rqjXjrGdO0Q84b5/i/Y0B</latexit>

B

<latexit sha1_base64="yEwQG2QOhjdFbSn4gV1VQS8orpc=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPoTtIllvQi8cEzALJEHo6PUmbnoXuHiEM+QIvHhTx6id582/sSSKo6IOCx3tVVNXzYim0wfjDWVvf2Nzazu3kd/f2Dw4LR8cdHSWK8TaLZKR6HtVcipC3jTCS92LFaeBJ3vWm15nfvedKiyi8NbOYuwEdh8IXjBorteiwUMQljDEhBGWEVCvYknq9ViY1RDLLoggrNIeF98EoYknAQ8Mk1bpPcGzclCojmOTz/CDRPKZsSse8b2lIA67ddHHoHJ1bZYT8SNkKDVqo3ydSGmg9CzzbGVAz0b+9TPzL6yfGr7mpCOPE8JAtF/mJRCZC2ddoJBRnRs4soUwJeytiE6ooMzabvA3h61P0P+mUS6RSwq3LYuNqFUcOTuEMLoBAFRpwA01oAwMOD/AEz86d8+i8OK/L1jVnNXMCP+C8fQISCI0g</latexit>a
<latexit sha1_base64="7Br8XKihi6vtG4U5ILEOTCDgTzw=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPoTtIllvQi8cEzALJEHo6PUmbnoXuHiEM+QIvHhTx6id582/sSSKo6IOCx3tVVNXzYim0wfjDWVvf2Nzazu3kd/f2Dw4LR8cdHSWK8TaLZKR6HtVcipC3jTCS92LFaeBJ3vWm15nfvedKiyi8NbOYuwEdh8IXjBortbxhoYhLGGNCCMoIqVawJfV6rUxqiGSWRRFWaA4L74NRxJKAh4ZJqnWf4Ni4KVVGMMnn+UGieUzZlI5539KQBly76eLQOTq3ygj5kbIVGrRQv0+kNNB6Fni2M6Bmon97mfiX10+MX3NTEcaJ4SFbLvITiUyEsq/RSCjOjJxZQpkS9lbEJlRRZmw2eRvC16fof9Ipl0ilhFuXxcbVKo4cnMIZXACBKjTgBprQBgYcHuAJnp0759F5cV6XrWvOauYEfsB5+wQTjI0h</latexit>

b

<latexit sha1_base64="EyXTgwoV5zb9cwj1tiJp+qAGOJc="></latexit>

P++ = P�� =
1

2
cos2(a b)

<latexit sha1_base64="78L7xLll5/z1l2aICZQ8QmCZUF0="></latexit>

P+� = P�+ =
1

2
sin2(a b)

<latexit sha1_base64="Kp7RkgmB3EyYyzH4d3BwNp3OhpM="></latexit>

P (a b) = cos 2 (a b)



Théorème de Bell

Variables Cachées

<latexit sha1_base64="Ws75JCIsdJSdqrqpiDO+7CaPLAY=">AAAB6XicbZC7SgNBFIbPxltcb1FLm8EgWIVdC7URgzaWUcwFkiXMTmaTIbOzy8xZIYS8gY2FIrZ5GHsb8W2cXAqN/jDw8f/nMOecMJXCoOd9Obml5ZXVtfy6u7G5tb1T2N2rmSTTjFdZIhPdCKnhUiheRYGSN1LNaRxKXg/715O8/sC1EYm6x0HKg5h2lYgEo2itO0rahaJX8qYif8GfQ/Hy3b1Ix59upV34aHUSlsVcIZPUmKbvpRgMqUbBJB+5rczwlLI+7fKmRUVjboLhdNIRObJOh0SJtk8hmbo/O4Y0NmYQh7Yyptgzi9nE/C9rZhidB0Oh0gy5YrOPokwSTMhkbdIRmjOUAwuUaWFnJaxHNWVoj+PaI/iLK/+F2knJPy15t16xfAUz5eEADuEYfDiDMtxABarAIIJHeIYXp+88Oa/O26w058x79uGXnPE3el6QUQ==</latexit>a

<latexit sha1_base64="IVgbt8xypOkFmYQ8YNkYYA3TyeE=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdC7URgzaWCZgLJEuYnZxNxszOLjOzQljyBDYWitjqw9jbiG/j5FJo4g8DH/9/DnPOCRLOlHbdbyu3tLyyupZftzc2t7Z3Crt7dRWnkmKNxjyWzYAo5ExgTTPNsZlIJFHAsREMrsd54x6lYrG41cME/Yj0BAsZJdpY1aBTKLoldyJnEbwZFC8/7Ivk/cuudAqf7W5M0wiFppwo1fLcRPsZkZpRjiO7nSpMCB2QHrYMChKh8rPJoCPnyDhdJ4yleUI7E/d3R0YipYZRYCojovtqPhub/2WtVIfnfsZEkmoUdPpRmHJHx854a6fLJFLNhwYIlczM6tA+kYRqcxvbHMGbX3kR6icl77TkVt1i+QqmysMBHMIxeHAGZbiBCtSAAsIDPMGzdWc9Wi/W67Q0Z8169uGPrLcfJh2QKA==</latexit>

b

<latexit sha1_base64="o1n/ZZgRKIB0ywVbfHnoMVe9l3Q=">AAAB73icbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcFeoB1LJj3ThiaZMckIZehLuHGhiODKJ3HvRnwb08tCW38IfPz/OeScEyacaeN5305uYXFpeSW/6q6tb2xuFbZ3ajpOFYUqjXmsGiHRwJmEqmGGQyNRQETIoR72L0d5/R6UZrG8MYMEAkG6kkWMEmOtRnjbShQT0C4UvZI3Fp4HfwrF8w/3LHn7civtwmerE9NUgDSUE62bvpeYICPKMMph6LZSDQmhfdKFpkVJBOggG887xAfW6eAoVvZJg8fu746MCK0HIrSVgpiens1G5n9ZMzXRaZAxmaQGJJ18FKUcmxiPlscdpoAaPrBAqGJ2Vkx7RBFq7IlcewR/duV5qB2V/OOSd+0VyxdoojzaQ/voEPnoBJXRFaqgKqKIowf0hJ6dO+fReXFeJ6U5Z9qzi/7Ief8Bga2TRQ==</latexit>

b0 <latexit sha1_base64="YsywnyT3KJPWsjvL2D2KNOOAgSk=">AAAB73icbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcFeoB1LJj3ThiaZMckIZehLuHGhiODKJ3HvRnwb08tCW38IfPz/OeScEyacaeN5305uYXFpeSW/6q6tb2xuFbZ3ajpOFYUqjXmsGiHRwJmEqmGGQyNRQETIoR72L0d5/R6UZrG8MYMEAkG6kkWMEmOtBrltJYoJaBeKXskbC8+DP4Xi+Yd7lrx9uZV24bPViWkqQBrKidZN30tMkBFlGOUwdFuphoTQPulC06IkAnSQjecd4gPrdHAUK/ukwWP3d0dGhNYDEdpKQUxPz2Yj87+smZroNMiYTFIDkk4+ilKOTYxHy+MOU0ANH1ggVDE7K6Y9ogg19kSuPYI/u/I81I5K/nHJu/aK5Qs0UR7toX10iHx0gsroClVQFVHE0QN6Qs/OnfPovDivk9KcM+3ZRX/kvP8AgCKTRA==</latexit>

a0

<latexit sha1_base64="VOnecaABHZE5YKn/+p6Zi/F137c="></latexit>

S ⌘ E(a b) + E(a0 b) + E(a0 b0)� E(a b0)  |2|

 (a b) =22°5

<latexit sha1_base64="huWPAJ8llJ3JmDPiH3LvSINYlq4="></latexit>

SQ.M = 2
p
2 > Sclassical

<latexit sha1_base64="1KBzLoxXoUlunEgOyfp9fZ2kESA="></latexit>

E(a b) =

Z
d� ⇢(�)A(a,�)B(a,�)

<latexit sha1_base64="a6ZDnpjMe9mf9H5PY2rnYdWNTKs=">AAAB8XicdVDLSgMxFM3UV62vqks3oUWoKCXpoo+FUHTjsoJ9YDuUTJppQzOZIckIpfQvunGhiFv/xl3/xkyroKIHLhzOuZd77/EiwbVBaOGk1tY3NrfS25md3b39g+zhUUuHsaKsSUMRqo5HNBNcsqbhRrBOpBgJPMHa3vg68dsPTGkeyjsziZgbkKHkPqfEWOm+AQukdwG9s8t+No+KCCGMMUwIrpSRJbVatYSrECeWRb6e653PF/VJo5997w1CGgdMGiqI1l2MIuNOiTKcCjbL9GLNIkLHZMi6lkoSMO1OlxfP4KlVBtAPlS1p4FL9PjElgdaTwLOdATEj/dtLxL+8bmz8qjvlMooNk3S1yI8FNCFM3ocDrhg1YmIJoYrbWyEdEUWosSFlbAhfn8L/SatUxOUiurVpXIEV0uAE5EABYFABdXADGqAJKJBgDp7As6OdR+fFeV21ppzPmWPwA87bB5hQko0=</latexit>

P (a b) =

Il est impossible de résoudre l’indéterminisme irréductible de la physique 
quantique par des variables cachées classiques !!!

Hypothèses de Bell : localité, indépendance de la mesure



<latexit sha1_base64="MgCbojJ84SNckiOuAz0Ygzl8Iok="></latexit>

⇢(�, a, b) ! <latexit sha1_base64="AOCpyr4Q70ueZgqZZF0aU1N4/EI=">AAACDnicdVDLSgNBEJyN7/iKevQyGIKewu4akngTvHhUMA/ILmF20kmGzD6Y6RXCki/w4q948aCIV8/e/BtnNYKKFjRdVHUz0xUkUmi07TersLC4tLyyulZc39jc2i7t7LZ1nCoOLR7LWHUDpkGKCFooUEI3UcDCQEInmJzlfucalBZxdIXTBPyQjSIxFJyhkfqlSuYJpJJRGXMmBXqHQEEjTZRhGtS1aTDrl8p29aRZd2t1aldtu+G4Tk7cRu24Rh2j5CiTOS76pVdvEPM0hAi5ZFr3HDtBP2MKBZcwK3qphoTxCRtBz9CIhaD97OOcGa0YZUCHsTIVIf1Qv29kLNR6GgZmMmQ41r+9XPzL66U4bPqZiJIUIeKfDw1TSTGmeTZ0IBRwlFNDGFfC/JXyMVOMo0mwaEL4upT+T9pu1alX7Uu3fNqcx7FK9skBOSIOaZBTck4uSItwckPuyAN5tG6te+vJev4cLVjznT3yA9bLO49Lm8k=</latexit>

la localité est préservée

Indépendance des mesures et le libre arbitre

<latexit sha1_base64="KrNhlEXb55n6eLje1KwfoLWndWI=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4Ct1BstyiXjwmYBZIhtDT6Una9Cx09wgh5Au8eFDEq5/kzb+xJ4mgog8KHu9VUVXPi6XQBuMPJ7O2vrG5ld3O7ezu7R/kD4/aOkoU4y0WyUh1Paq5FCFvGWEk78aK08CTvONNrlO/c8+VFlF4a6YxdwM6CoUvGDVWal4O8gVcxBgTQlBKSKWMLanVqiVSRSS1LAqwQmOQf+8PI5YEPDRMUq17BMfGnVFlBJN8nusnmseUTeiI9ywNacC1O1scOkdnVhkiP1K2QoMW6veJGQ20ngae7QyoGevfXir+5fUS41fdmQjjxPCQLRf5iUQmQunXaCgUZ0ZOLaFMCXsrYmOqKDM2m5wN4etT9D9pl4qkXMTNi0L9ahVHFk7gFM6BQAXqcAMNaAEDDg/wBM/OnfPovDivy9aMs5o5hh9w3j4B4XmNAA==</latexit>

A <latexit sha1_base64="a7j+f/WpH58k16HdGim1Bu9Js8M=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Ct1BstxCvHhMwCyQDKGnU0na9Cx09whhyBd48aCIVz/Jm39jTxJBRR8UPN6roqqeF0mhDSEfTmZjc2t7J7ub29s/ODzKH590dBgrDm0eylD1PKZBigDaRhgJvUgB8z0JXW92nfrde1BahMGtmUfg+mwSiLHgzFip1RjmC6RICKGU4pTQSplYUqtVS7SKaWpZFNAazWH+fTAKeexDYLhkWvcpiYybMGUEl7DIDWINEeMzNoG+pQHzQbvJ8tAFvrDKCI9DZSsweKl+n0iYr/Xc92ynz8xU//ZS8S+vH5tx1U1EEMUGAr5aNI4lNiFOv8YjoYAbObeEcSXsrZhPmWLc2GxyNoSvT/H/pFMq0nKRtK4K9cY6jiw6Q+foElFUQXV0g5qojTgC9ICe0LNz5zw6L87rqjXjrGdO0Q84b5/i/Y0B</latexit>

B<latexit sha1_base64="yEwQG2QOhjdFbSn4gV1VQS8orpc=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPoTtIllvQi8cEzALJEHo6PUmbnoXuHiEM+QIvHhTx6id582/sSSKo6IOCx3tVVNXzYim0wfjDWVvf2Nzazu3kd/f2Dw4LR8cdHSWK8TaLZKR6HtVcipC3jTCS92LFaeBJ3vWm15nfvedKiyi8NbOYuwEdh8IXjBorteiwUMQljDEhBGWEVCvYknq9ViY1RDLLoggrNIeF98EoYknAQ8Mk1bpPcGzclCojmOTz/CDRPKZsSse8b2lIA67ddHHoHJ1bZYT8SNkKDVqo3ydSGmg9CzzbGVAz0b+9TPzL6yfGr7mpCOPE8JAtF/mJRCZC2ddoJBRnRs4soUwJeytiE6ooMzabvA3h61P0P+mUS6RSwq3LYuNqFUcOTuEMLoBAFRpwA01oAwMOD/AEz86d8+i8OK/L1jVnNXMCP+C8fQISCI0g</latexit>a
<latexit sha1_base64="7Br8XKihi6vtG4U5ILEOTCDgTzw=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPoTtIllvQi8cEzALJEHo6PUmbnoXuHiEM+QIvHhTx6id582/sSSKo6IOCx3tVVNXzYim0wfjDWVvf2Nzazu3kd/f2Dw4LR8cdHSWK8TaLZKR6HtVcipC3jTCS92LFaeBJ3vWm15nfvedKiyi8NbOYuwEdh8IXjBortbxhoYhLGGNCCMoIqVawJfV6rUxqiGSWRRFWaA4L74NRxJKAh4ZJqnWf4Ni4KVVGMMnn+UGieUzZlI5539KQBly76eLQOTq3ygj5kbIVGrRQv0+kNNB6Fni2M6Bmon97mfiX10+MX3NTEcaJ4SFbLvITiUyEsq/RSCjOjJxZQpkS9lbEJlRRZmw2eRvC16fof9Ipl0ilhFuXxcbVKo4cnMIZXACBKjTgBprQBgYcHuAJnp0759F5cV6XrWvOauYEfsB5+wQTjI0h</latexit>

b➤

➤➤ ➤

La localité est conservée. L’indépendance des mesures est en fait due à 
l’hypothèse cachée du libre arbitre de Bob et Alice, ce que je rejette. Le réglage 
des polariseurs peut être vu comme statistique pour rendre la complexité du réel

<latexit sha1_base64="lVTo2zUvstuZux3528X8EctL2lc="></latexit>

�i ! �0
i,Ai ,Bi

<latexit sha1_base64="+jksqRDPkDeiTDzWk96uRd2n3eM=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXw8w4tHVXdOOygn1gO5RMmmlDM8mQZCxl6F+4caGIW//GnX9jpq2gogcCh3PuIfeeMGFUacf5sFZW19Y3Ngtbxe2d3b390sFhS4lUYtLEggnZCZEijHLS1FQz0kkkQXHISDscX+V++55IRQW/1dOEBDEachpRjLSR7noDMeFISjHpl8qOfVGreH4FOrbjVF3PzYlX9c996BolRxks0eiX3k0YpzHhGjOkVNd1Eh1kSGqKGZkVe6kiCcJjNCRdQzmKiQqy+cYzeGqUAYyENI9rOFe/JzIUKzWNQzMZIz1Sv71c/MvrpjqqBRnlSaoJx4uPopRBLWB+PhxQSbBmU0MQltTsCvEISYS1KaloSvi6FP5PWp7tVmznxi/XL5d1FMAxOAFnwAVVUAfXoAGaAAMOHsATeLaU9Wi9WK+L0RVrmTkCP2C9fQJg0JFk</latexit>

#

On peut concevoir la physique quantique et par conséquent toute la physique 
comme (super) déterministe Il faut remonter le passé jusqu’à sa naissance 
( big-bang ou autre) qui serait alors l’origine d’un monde déterministe

<latexit sha1_base64="KgVg4DHzUHxOQGJfNoISwivwRBk="></latexit>

Pclassical(a b) = PQ.M .(a b)


