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Détection: directe/indirecte
   - directe : reconstruction et identification dans le détecteur (e+/-, 𝛍, γ, 𝛑+/-, K+/-, p, ions)
   - indirecte : reconstruction grâce aux particules issues de la désintégration 

 si temps de vie tel que la distance parcourue dans le détecteur est > 0.5 cm
   → reconstruction d’un vertex secondaire

Distinguer vertex primaire et secondaire  
exige de faire appel à un détecteur de 

vertex offrant une résolution spatiale de 
~10 µm, situé tout près de la région 

d’interaction.
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Temps de vie des particules
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traverse sans désintégration

vtx secondaire éloigné

vtx sec. rec. si très bonne résol.

non discernable du vtx primaire
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Mesure directe de la masse ?
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Si mesure de p (détecteur de traces) et de E (calorimètre) ⇒ masse ?

|~p| = 3 GeV, �p/p = 1% et �E/E = 5 %
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prenons un cas favorable mais réaliste:

�m = 0.5 GeV
<latexit sha1_base64="XbPzcGqNPiJcTZRP270mmQD8qm4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFVyUpiG6EooIuK9gHtKFMpjft0MkkzEyEGoq/4saFIm79D3f+jdM2C209cOFwzr3ce48fc6a043xbuaXlldW1/HphY3Nre8fe3WuoKJEU6jTikWz5RAFnAuqaaQ6tWAIJfQ5Nf3g18ZsPIBWLxL0exeCFpC9YwCjRRuraB6XONXBNcIgvsFM+LeEbaHTtolN2psCLxM1IEWWode2vTi+iSQhCU06UartOrL2USM0oh3GhkyiICR2SPrQNFSQE5aXT68f42Cg9HETSlNB4qv6eSEmo1Cj0TWdI9EDNexPxP6+d6ODcS5mIEw2CzhYFCcc6wpMocI9JoJqPDCFUMnMrpgMiCdUmsIIJwZ1/eZE0KmXXKbt3lWL1Mosjjw7RETpBLjpDVXSLaqiOKHpEz+gVvVlP1ov1bn3MWnNWNrOP/sD6/AGlGZK+</latexit><latexit sha1_base64="XbPzcGqNPiJcTZRP270mmQD8qm4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFVyUpiG6EooIuK9gHtKFMpjft0MkkzEyEGoq/4saFIm79D3f+jdM2C209cOFwzr3ce48fc6a043xbuaXlldW1/HphY3Nre8fe3WuoKJEU6jTikWz5RAFnAuqaaQ6tWAIJfQ5Nf3g18ZsPIBWLxL0exeCFpC9YwCjRRuraB6XONXBNcIgvsFM+LeEbaHTtolN2psCLxM1IEWWode2vTi+iSQhCU06UartOrL2USM0oh3GhkyiICR2SPrQNFSQE5aXT68f42Cg9HETSlNB4qv6eSEmo1Cj0TWdI9EDNexPxP6+d6ODcS5mIEw2CzhYFCcc6wpMocI9JoJqPDCFUMnMrpgMiCdUmsIIJwZ1/eZE0KmXXKbt3lWL1Mosjjw7RETpBLjpDVXSLaqiOKHpEz+gVvVlP1ov1bn3MWnNWNrOP/sD6/AGlGZK+</latexit><latexit sha1_base64="XbPzcGqNPiJcTZRP270mmQD8qm4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFVyUpiG6EooIuK9gHtKFMpjft0MkkzEyEGoq/4saFIm79D3f+jdM2C209cOFwzr3ce48fc6a043xbuaXlldW1/HphY3Nre8fe3WuoKJEU6jTikWz5RAFnAuqaaQ6tWAIJfQ5Nf3g18ZsPIBWLxL0exeCFpC9YwCjRRuraB6XONXBNcIgvsFM+LeEbaHTtolN2psCLxM1IEWWode2vTi+iSQhCU06UartOrL2USM0oh3GhkyiICR2SPrQNFSQE5aXT68f42Cg9HETSlNB4qv6eSEmo1Cj0TWdI9EDNexPxP6+d6ODcS5mIEw2CzhYFCcc6wpMocI9JoJqPDCFUMnMrpgMiCdUmsIIJwZ1/eZE0KmXXKbt3lWL1Mosjjw7RETpBLjpDVXSLaqiOKHpEz+gVvVlP1ov1bn3MWnNWNrOP/sD6/AGlGZK+</latexit><latexit sha1_base64="XbPzcGqNPiJcTZRP270mmQD8qm4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFVyUpiG6EooIuK9gHtKFMpjft0MkkzEyEGoq/4saFIm79D3f+jdM2C209cOFwzr3ce48fc6a043xbuaXlldW1/HphY3Nre8fe3WuoKJEU6jTikWz5RAFnAuqaaQ6tWAIJfQ5Nf3g18ZsPIBWLxL0exeCFpC9YwCjRRuraB6XONXBNcIgvsFM+LeEbaHTtolN2psCLxM1IEWWode2vTi+iSQhCU06UartOrL2USM0oh3GhkyiICR2SPrQNFSQE5aXT68f42Cg9HETSlNB4qv6eSEmo1Cj0TWdI9EDNexPxP6+d6ODcS5mIEw2CzhYFCcc6wpMocI9JoJqPDCFUMnMrpgMiCdUmsIIJwZ1/eZE0KmXXKbt3lWL1Mosjjw7RETpBLjpDVXSLaqiOKHpEz+gVvVlP1ov1bn3MWnNWNrOP/sD6/AGlGZK+</latexit>

⇒

qui ne permet pas de distinguer un p (0.938 GeV) d’un K (0.494 GeV) ou
d’un ⇡ (0.140 GeV)

<latexit sha1_base64="UogeDerrsENX5CavKeYKXMA+T0M="></latexit><latexit sha1_base64="UogeDerrsENX5CavKeYKXMA+T0M="></latexit><latexit sha1_base64="UogeDerrsENX5CavKeYKXMA+T0M="></latexit><latexit sha1_base64="UogeDerrsENX5CavKeYKXMA+T0M="></latexit>

⇒ besoin d’autres méthodes (temps de vol, effect Cherenkov, dE/dx,…)
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! les détecteurs de traces et de vertex  
! le solénoïde 
! le calorimètre électromagnétique  
! le calorimètre hadronique 
! le détecteur de muons 

 

p ou ⇡±
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<latexit sha1_base64="xRY6LPAavLMWICe8BEXf6nKS8p0=">AAAB8HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyYeAke8scbNi9u+zumZALv8LGQmNs/Tl2/hsXuELBl0zy8t5MZuYFieDauO63s7a+sbm1Xdgp7u7tHxyWjo5bOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzPz2EyrN4+jeTBL0JR1GPOSMGis9VPAx6yVyWumXym7VnYOsEi8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1NKIStZ/ND56Sc6sMSBgrW5Ehc/X3REal1hMZ2E5JzUgvezPxP6+bmvDKz3iUpAYjtlgUpoKYmMy+JwOukBkxsYQyxe2thI2ooszYjIo2BG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYSHiGV3hzlPPivDsfi9Y1J585gT9wPn8ASvCQDg==</latexit><latexit sha1_base64="xRY6LPAavLMWICe8BEXf6nKS8p0=">AAAB8HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyYeAke8scbNi9u+zumZALv8LGQmNs/Tl2/hsXuELBl0zy8t5MZuYFieDauO63s7a+sbm1Xdgp7u7tHxyWjo5bOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzPz2EyrN4+jeTBL0JR1GPOSMGis9VPAx6yVyWumXym7VnYOsEi8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1NKIStZ/ND56Sc6sMSBgrW5Ehc/X3REal1hMZ2E5JzUgvezPxP6+bmvDKz3iUpAYjtlgUpoKYmMy+JwOukBkxsYQyxe2thI2ooszYjIo2BG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYSHiGV3hzlPPivDsfi9Y1J585gT9wPn8ASvCQDg==</latexit><latexit sha1_base64="xRY6LPAavLMWICe8BEXf6nKS8p0=">AAAB8HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyYeAke8scbNi9u+zumZALv8LGQmNs/Tl2/hsXuELBl0zy8t5MZuYFieDauO63s7a+sbm1Xdgp7u7tHxyWjo5bOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzPz2EyrN4+jeTBL0JR1GPOSMGis9VPAx6yVyWumXym7VnYOsEi8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1NKIStZ/ND56Sc6sMSBgrW5Ehc/X3REal1hMZ2E5JzUgvezPxP6+bmvDKz3iUpAYjtlgUpoKYmMy+JwOukBkxsYQyxe2thI2ooszYjIo2BG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYSHiGV3hzlPPivDsfi9Y1J585gT9wPn8ASvCQDg==</latexit><latexit sha1_base64="xRY6LPAavLMWICe8BEXf6nKS8p0=">AAAB8HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyYeAke8scbNi9u+zumZALv8LGQmNs/Tl2/hsXuELBl0zy8t5MZuYFieDauO63s7a+sbm1Xdgp7u7tHxyWjo5bOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzPz2EyrN4+jeTBL0JR1GPOSMGis9VPAx6yVyWumXym7VnYOsEi8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1NKIStZ/ND56Sc6sMSBgrW5Ehc/X3REal1hMZ2E5JzUgvezPxP6+bmvDKz3iUpAYjtlgUpoKYmMy+JwOukBkxsYQyxe2thI2ooszYjIo2BG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYSHiGV3hzlPPivDsfi9Y1J585gT9wPn8ASvCQDg==</latexit>

�
<latexit sha1_base64="+hGJJpKP9VwAf7ibOZNaHMg5ARs=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlkEbywjmA5IjzG32kjW7t8funhCO/AcbC0Vs/T92/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8ctozJNWZMqoXQnQsMET1jTcitYJ9UMZSRYOxrfzvz2E9OGq+TBTlIWShwmPOYUrZNavSFKif1K1a/5c5BVEhSkCgUa/cpXb6BoJlliqUBjuoGf2jBHbTkVbFruZYalSMc4ZF1HE5TMhPn82ik5d8qAxEq7SiyZq78ncpTGTGTkOiXakVn2ZuJ/Xjez8XWY8yTNLEvoYlGcCWIVmb1OBlwzasXEEaSau1sJHaFGal1AZRdCsPzyKmld1gK/Ftz71fpNEUcJTuEMLiCAK6jDHTSgCRQe4Rle4c1T3ov37n0sWte8YuYE/sD7/AGFq48R</latexit><latexit sha1_base64="+hGJJpKP9VwAf7ibOZNaHMg5ARs=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlkEbywjmA5IjzG32kjW7t8funhCO/AcbC0Vs/T92/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8ctozJNWZMqoXQnQsMET1jTcitYJ9UMZSRYOxrfzvz2E9OGq+TBTlIWShwmPOYUrZNavSFKif1K1a/5c5BVEhSkCgUa/cpXb6BoJlliqUBjuoGf2jBHbTkVbFruZYalSMc4ZF1HE5TMhPn82ik5d8qAxEq7SiyZq78ncpTGTGTkOiXakVn2ZuJ/Xjez8XWY8yTNLEvoYlGcCWIVmb1OBlwzasXEEaSau1sJHaFGal1AZRdCsPzyKmld1gK/Ftz71fpNEUcJTuEMLiCAK6jDHTSgCRQe4Rle4c1T3ov37n0sWte8YuYE/sD7/AGFq48R</latexit><latexit sha1_base64="+hGJJpKP9VwAf7ibOZNaHMg5ARs=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlkEbywjmA5IjzG32kjW7t8funhCO/AcbC0Vs/T92/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8ctozJNWZMqoXQnQsMET1jTcitYJ9UMZSRYOxrfzvz2E9OGq+TBTlIWShwmPOYUrZNavSFKif1K1a/5c5BVEhSkCgUa/cpXb6BoJlliqUBjuoGf2jBHbTkVbFruZYalSMc4ZF1HE5TMhPn82ik5d8qAxEq7SiyZq78ncpTGTGTkOiXakVn2ZuJ/Xjez8XWY8yTNLEvoYlGcCWIVmb1OBlwzasXEEaSau1sJHaFGal1AZRdCsPzyKmld1gK/Ftz71fpNEUcJTuEMLiCAK6jDHTSgCRQe4Rle4c1T3ov37n0sWte8YuYE/sD7/AGFq48R</latexit><latexit sha1_base64="+hGJJpKP9VwAf7ibOZNaHMg5ARs=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlkEbywjmA5IjzG32kjW7t8funhCO/AcbC0Vs/T92/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8ctozJNWZMqoXQnQsMET1jTcitYJ9UMZSRYOxrfzvz2E9OGq+TBTlIWShwmPOYUrZNavSFKif1K1a/5c5BVEhSkCgUa/cpXb6BoJlliqUBjuoGf2jBHbTkVbFruZYalSMc4ZF1HE5TMhPn82ik5d8qAxEq7SiyZq78ncpTGTGTkOiXakVn2ZuJ/Xjez8XWY8yTNLEvoYlGcCWIVmb1OBlwzasXEEaSau1sJHaFGal1AZRdCsPzyKmld1gK/Ftz71fpNEUcJTuEMLiCAK6jDHTSgCRQe4Rle4c1T3ov37n0sWte8YuYE/sD7/AGFq48R</latexit>

µ±
<latexit sha1_base64="VQG9cyog36RQZDcwe1Oj5YitEN0=">AAAB8nicbVC7TsNAEDyHVwivACWNRYJEFdlpoIygoQwSeUi2ic6Xc3LKPay7NVJk5TNoKECIlq+h42+4JC4gYaSVRjO72t2JU84MeN63U9rY3NreKe9W9vYPDo+qxyddozJNaIcornQ/xoZyJmkHGHDaTzXFIua0F09u537viWrDlHyAaUojgUeSJYxgsFJQD0X2mIepmNUH1ZrX8BZw14lfkBoq0B5Uv8KhIpmgEgjHxgS+l0KUYw2McDqrhJmhKSYTPKKBpRILaqJ8cfLMvbDK0E2UtiXBXai/J3IsjJmK2HYKDGOz6s3F/7wgg+Q6yplMM6CSLBclGXdBufP/3SHTlACfWoKJZvZWl4yxxgRsShUbgr/68jrpNhu+1/Dvm7XWTRFHGZ2hc3SJfHSFWugOtVEHEaTQM3pFbw44L86787FsLTnFzCn6A+fzB+UpkPs=</latexit><latexit sha1_base64="VQG9cyog36RQZDcwe1Oj5YitEN0=">AAAB8nicbVC7TsNAEDyHVwivACWNRYJEFdlpoIygoQwSeUi2ic6Xc3LKPay7NVJk5TNoKECIlq+h42+4JC4gYaSVRjO72t2JU84MeN63U9rY3NreKe9W9vYPDo+qxyddozJNaIcornQ/xoZyJmkHGHDaTzXFIua0F09u537viWrDlHyAaUojgUeSJYxgsFJQD0X2mIepmNUH1ZrX8BZw14lfkBoq0B5Uv8KhIpmgEgjHxgS+l0KUYw2McDqrhJmhKSYTPKKBpRILaqJ8cfLMvbDK0E2UtiXBXai/J3IsjJmK2HYKDGOz6s3F/7wgg+Q6yplMM6CSLBclGXdBufP/3SHTlACfWoKJZvZWl4yxxgRsShUbgr/68jrpNhu+1/Dvm7XWTRFHGZ2hc3SJfHSFWugOtVEHEaTQM3pFbw44L86787FsLTnFzCn6A+fzB+UpkPs=</latexit><latexit sha1_base64="VQG9cyog36RQZDcwe1Oj5YitEN0=">AAAB8nicbVC7TsNAEDyHVwivACWNRYJEFdlpoIygoQwSeUi2ic6Xc3LKPay7NVJk5TNoKECIlq+h42+4JC4gYaSVRjO72t2JU84MeN63U9rY3NreKe9W9vYPDo+qxyddozJNaIcornQ/xoZyJmkHGHDaTzXFIua0F09u537viWrDlHyAaUojgUeSJYxgsFJQD0X2mIepmNUH1ZrX8BZw14lfkBoq0B5Uv8KhIpmgEgjHxgS+l0KUYw2McDqrhJmhKSYTPKKBpRILaqJ8cfLMvbDK0E2UtiXBXai/J3IsjJmK2HYKDGOz6s3F/7wgg+Q6yplMM6CSLBclGXdBufP/3SHTlACfWoKJZvZWl4yxxgRsShUbgr/68jrpNhu+1/Dvm7XWTRFHGZ2hc3SJfHSFWugOtVEHEaTQM3pFbw44L86787FsLTnFzCn6A+fzB+UpkPs=</latexit><latexit sha1_base64="VQG9cyog36RQZDcwe1Oj5YitEN0=">AAAB8nicbVC7TsNAEDyHVwivACWNRYJEFdlpoIygoQwSeUi2ic6Xc3LKPay7NVJk5TNoKECIlq+h42+4JC4gYaSVRjO72t2JU84MeN63U9rY3NreKe9W9vYPDo+qxyddozJNaIcornQ/xoZyJmkHGHDaTzXFIua0F09u537viWrDlHyAaUojgUeSJYxgsFJQD0X2mIepmNUH1ZrX8BZw14lfkBoq0B5Uv8KhIpmgEgjHxgS+l0KUYw2McDqrhJmhKSYTPKKBpRILaqJ8cfLMvbDK0E2UtiXBXai/J3IsjJmK2HYKDGOz6s3F/7wgg+Q6yplMM6CSLBclGXdBufP/3SHTlACfWoKJZvZWl4yxxgRsShUbgr/68jrpNhu+1/Dvm7XWTRFHGZ2hc3SJfHSFWugOtVEHEaTQM3pFbw44L86787FsLTnFzCn6A+fzB+UpkPs=</latexit>

n
<latexit sha1_base64="atRBvOLci/m1LTlwwdiEwv0GolI=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUksNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfWcYzw</latexit><latexit sha1_base64="atRBvOLci/m1LTlwwdiEwv0GolI=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUksNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfWcYzw</latexit><latexit sha1_base64="atRBvOLci/m1LTlwwdiEwv0GolI=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUksNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfWcYzw</latexit><latexit sha1_base64="atRBvOLci/m1LTlwwdiEwv0GolI=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUksNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfWcYzw</latexit>

Schéma général des détecteurs aux 
collisionneurs

 Les détecteurs aux collisionneurs sont constitués de différentes couches de 
détection cylindriques concentriques, que les particules émises sont 
susceptibles de traverser successivement:
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bouchons
ou 

« endcaps »
ou

« forward detectors »

8

 Pour détecter aussi les particules émises vers l’avant et vers l’arrière, on 
complète la partie cylindrique par deux bouchons (un seul dessiné): 

 

reconstruction approchée 
d’un éventuel neutrino 
par bilan d’impulsion 

dans les directions 
transverses
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• Observation de particules charmées et porteuses de beauté dans le détecteur ALEPH, au 
LEP. Ces particules sont identifiées en reconstruisant leur masse invariante.

Identification par vertex secondaire

9
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3.a Détecteur à volume sensible gazeux

10

différents régimes en fonction de la 
différence de potentiel appliquée

Chambre à dérive
ou
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Différents régimes

11

vue transverse - lignes du champ E

vue longitudinale

e- primaire

E~1/r 
→ Avalanche près de l’anode
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Géométries des électrodes

Typiquement : 
b=10 mm, 

a=10μ

plaques 
parallèles

pistes trous tranchées

12
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La chambre à dérive

t0

ta

13

d = |~v|(ta � t0)
<latexit sha1_base64="Y3VrkP6kgJ9Y/5OorXVoAsqR2m4=">AAACAnicbZC7SgNBFIZn4y3G26qV2AwGIRaGWRtthKCNZQRzgWRZZmcnyZDZCzNnA2ENNr6KjYUitj6FnW/jJNlCoz8MfPznHM6c30+k0EDIl1VYWl5ZXSuulzY2t7Z37N29po5TxXiDxTJWbZ9qLkXEGyBA8naiOA19yVv+8Hpab4240iKO7mCccDek/Uj0BKNgLM8+CC7xPe6OOMMjAxXwKD7F4JETzy6TKpkJ/wUnhzLKVffsz24QszTkETBJte44JAE3owoEk3xS6qaaJ5QNaZ93DEY05NrNZidM8LFxAtyLlXkR4Jn7cyKjodbj0DedIYWBXqxNzf9qnRR6F24moiQFHrH5ol4qMcR4mgcOhOIM5NgAZUqYv2I2oIoyMKmVTAjO4sl/oXlWdUjVuSXl2lUeRxEdoiNUQQ46RzV0g+qogRh6QE/oBb1aj9az9Wa9z1sLVj6zj37J+vgGdYOU3w==</latexit><latexit sha1_base64="Y3VrkP6kgJ9Y/5OorXVoAsqR2m4=">AAACAnicbZC7SgNBFIZn4y3G26qV2AwGIRaGWRtthKCNZQRzgWRZZmcnyZDZCzNnA2ENNr6KjYUitj6FnW/jJNlCoz8MfPznHM6c30+k0EDIl1VYWl5ZXSuulzY2t7Z37N29po5TxXiDxTJWbZ9qLkXEGyBA8naiOA19yVv+8Hpab4240iKO7mCccDek/Uj0BKNgLM8+CC7xPe6OOMMjAxXwKD7F4JETzy6TKpkJ/wUnhzLKVffsz24QszTkETBJte44JAE3owoEk3xS6qaaJ5QNaZ93DEY05NrNZidM8LFxAtyLlXkR4Jn7cyKjodbj0DedIYWBXqxNzf9qnRR6F24moiQFHrH5ol4qMcR4mgcOhOIM5NgAZUqYv2I2oIoyMKmVTAjO4sl/oXlWdUjVuSXl2lUeRxEdoiNUQQ46RzV0g+qogRh6QE/oBb1aj9az9Wa9z1sLVj6zj37J+vgGdYOU3w==</latexit><latexit sha1_base64="Y3VrkP6kgJ9Y/5OorXVoAsqR2m4=">AAACAnicbZC7SgNBFIZn4y3G26qV2AwGIRaGWRtthKCNZQRzgWRZZmcnyZDZCzNnA2ENNr6KjYUitj6FnW/jJNlCoz8MfPznHM6c30+k0EDIl1VYWl5ZXSuulzY2t7Z37N29po5TxXiDxTJWbZ9qLkXEGyBA8naiOA19yVv+8Hpab4240iKO7mCccDek/Uj0BKNgLM8+CC7xPe6OOMMjAxXwKD7F4JETzy6TKpkJ/wUnhzLKVffsz24QszTkETBJte44JAE3owoEk3xS6qaaJ5QNaZ93DEY05NrNZidM8LFxAtyLlXkR4Jn7cyKjodbj0DedIYWBXqxNzf9qnRR6F24moiQFHrH5ol4qMcR4mgcOhOIM5NgAZUqYv2I2oIoyMKmVTAjO4sl/oXlWdUjVuSXl2lUeRxEdoiNUQQ46RzV0g+qogRh6QE/oBb1aj9az9Wa9z1sLVj6zj37J+vgGdYOU3w==</latexit><latexit sha1_base64="Y3VrkP6kgJ9Y/5OorXVoAsqR2m4=">AAACAnicbZC7SgNBFIZn4y3G26qV2AwGIRaGWRtthKCNZQRzgWRZZmcnyZDZCzNnA2ENNr6KjYUitj6FnW/jJNlCoz8MfPznHM6c30+k0EDIl1VYWl5ZXSuulzY2t7Z37N29po5TxXiDxTJWbZ9qLkXEGyBA8naiOA19yVv+8Hpab4240iKO7mCccDek/Uj0BKNgLM8+CC7xPe6OOMMjAxXwKD7F4JETzy6TKpkJ/wUnhzLKVffsz24QszTkETBJte44JAE3owoEk3xS6qaaJ5QNaZ93DEY05NrNZidM8LFxAtyLlXkR4Jn7cyKjodbj0DedIYWBXqxNzf9qnRR6F24moiQFHrH5ol4qMcR4mgcOhOIM5NgAZUqYv2I2oIoyMKmVTAjO4sl/oXlWdUjVuSXl2lUeRxEdoiNUQQ46RzV0g+qogRh6QE/oBb1aj9az9Wa9z1sLVj6zj37J+vgGdYOU3w==</latexit>
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Chambre à dérive

• Chambre centrale cylindrique de 
l’expérience H1 (HERA) 

• 15000 fils 

• tension mécanique des fils ~ 6 tonnes

14



PHYS-F305 - L. Favart - Chapitre VI

• Chambre proportionnelle multifils (MWPC)

15

Chambre à dérive
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• Exemple : les chambres à muons du détecteur LHCb 
au LHC : couvre une surface de ~435 m² avec 1400 
chambres et quelque 2.5 millions de fils ! 

 Chambre proportionnelle multifils (MWPC)

16
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La chambre à projection temporelle (TPC)

17

y

z

x

E

B drift

large volume gazeux

MWPC ou autre détecteur de 
position (x-y)Particule chargée

• permet une reconstruction complète dans un seul sous-détecteur 

• de couvrir un grand volume 

• bonne mesure de dE/dx
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MWPC

ø = 5 m

• E :  400V/cm 
• Gain du gaz >104 

• Résolution spatiale  
σx,y= 0.25mm 
σz= 1 mm 

•  B: 0.5T

 Exemple : la TPC d’ALICE  (LHC) pour 
étudier les collisions d’ions lourds. 

La plus grande TPC à 
gaz jamais construite : 

88 m³ de gaz ! 
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Traces dans  
la TPC d’ALICE
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3.b Détecteurs à semi-conducteurs

20
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• pour augmenter le nombre de charges collectées 

→ doper le semi-conducteur, avec un faible pourcentage 
d’impuretés.. 

21

impureté de 
valence 5 
(Arsenic)

électron en 
excès

trou en excès

impureté de 
valence 3 

(Bore)

type n (négatif) : type p (positif) : 
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Jonction n-p+ 

n

-

p

n

+ 

p

-

Zone dépeuplée: le 
bruit des porteurs 
thermiques est 
supprimé.

Détecteur : jonction n-p 
avec polarisation inverse 
La particule chargée crée des 
paires électron-trou qui migrent 
vers les électrodes et y induisent 
un signal.

Détecteurs à semi-conducteurs
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Les détecteurs à pistes pour un traceur (Si)
• une des électrodes est segmentée en fines pistes, chacune pouvant être connectée 

à un amplificateur. 

• La distance entre 2 pistes, p, est typiquement de 20 µm à 200 µm.  

• Si toutes les pistes sont lues de manière binaire la résolution spatiale est donnée 
par :

23

5 50 mµ−
pσ =
12

;



PHYS-F305 - L. Favart - Chapitre VI

Substrat silicium  
jonction n-p épaisseur de 

500 μm (ou 320 μm) 
 512 (ou 768) pistes 

hybride  
 avec 4 (ou 6) puces de 

lecture à 128 voies

cadre évacuant la chaleur

Le trajectographe (tracker) de CMS

24
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Le trajectographe (tracker) de CMS

25

Module simple face

Module double face 
(2 modules simple face collés dos à dos)

Inner 
Barrel

Outer Barrel (tonneau)

 Inner 
Disk

EndCap (bouchon)
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 Les détecteurs sont assemblés en sous-structures 

      exemples celles du trajectographe de CMS : 

 Des rangées (rods), pour la partie tonneau         Des secteurs (pétales) 
                                       pour les roues des bouchons 
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Les sous-structures sont ensuite arrangées en : 

 Couches cylindriques concentriques,        En roues pour les bouchons 

 pour la partie tonneau 
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 Le traceur à pistes de CMS est le plus grand détecteur au Si jamais construit, 
plus grand d’un ordre de grandeur. Il comporte : 

~15.000 détecteurs au Si 
~214 m² de Si 
~11 millions de canaux de lecture

cables du traceur  
interne (tonneau)
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Semi-conducteurs: détecteurs à pixels

29

Détecteur de vertex à 
pixels de CMS :  
66 millions de pixels (100 
x 150 µm²) 
σrφ ~σz ~15 µm
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détecteurs de traces - matériaux morts

30

X0 - longeur de radiation 
λI   - longeur d’interaction (forte)

dans ce volume:  
        - 70% des photon se   
             matérialisent 
         - 5% des pions de 5 GeV 
             interagissent

pseudo-rapidité :
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Schéma général de CMS

31
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3.c Les calorimètres

32

élément actif  :   
élément passif :

E0
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• calorimètre à échantillonnage 

• calorimètre homogène

33

Le calorimètre é.m. de 
CMS, constitué de plus de 
80000 cristaux de PbW4, 

lus par des photodétecteurs.

Erec = C
X

i

Ei

<latexit sha1_base64="BHRCv0npkFlyNYxIqBRK0MhUCHM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZTEjYIIxVJwWcE+oIlhMp20Q2cmYWYilNCNG3/FjQtF3PoP7vwbp20W2nrgwuGce7n3njBhVGnH+bYKS8srq2vF9dLG5tb2jr2711JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HNYmfvuBSEVjcadHCfE56gsaUYy0kQL7sH6fSYLH8ArWoHcJPZXygELvFNYDGthlp+JMAReJm5MyyNEI7C+vF+OUE6ExQ0p1XSfRfoakppiRcclLFUkQHqI+6RoqECfKz6ZfjOGxUXowiqUpoeFU/T2RIa7UiIemkyM9UPPeRPzP66Y6uvAzKpJUE4Fni6KUQR3DSSSwR00Cmo0MQVhScyvEAyQR1ia4kgnBnX95kbTOKq5TcW+dcvU6j6MIDsAROAEuOAdVcAMaoAkweATP4BW8WU/Wi/VufcxaC1Y+sw/+wPr8AUN5lnk=</latexit><latexit sha1_base64="BHRCv0npkFlyNYxIqBRK0MhUCHM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZTEjYIIxVJwWcE+oIlhMp20Q2cmYWYilNCNG3/FjQtF3PoP7vwbp20W2nrgwuGce7n3njBhVGnH+bYKS8srq2vF9dLG5tb2jr2711JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HNYmfvuBSEVjcadHCfE56gsaUYy0kQL7sH6fSYLH8ArWoHcJPZXygELvFNYDGthlp+JMAReJm5MyyNEI7C+vF+OUE6ExQ0p1XSfRfoakppiRcclLFUkQHqI+6RoqECfKz6ZfjOGxUXowiqUpoeFU/T2RIa7UiIemkyM9UPPeRPzP66Y6uvAzKpJUE4Fni6KUQR3DSSSwR00Cmo0MQVhScyvEAyQR1ia4kgnBnX95kbTOKq5TcW+dcvU6j6MIDsAROAEuOAdVcAMaoAkweATP4BW8WU/Wi/VufcxaC1Y+sw/+wPr8AUN5lnk=</latexit><latexit sha1_base64="BHRCv0npkFlyNYxIqBRK0MhUCHM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZTEjYIIxVJwWcE+oIlhMp20Q2cmYWYilNCNG3/FjQtF3PoP7vwbp20W2nrgwuGce7n3njBhVGnH+bYKS8srq2vF9dLG5tb2jr2711JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HNYmfvuBSEVjcadHCfE56gsaUYy0kQL7sH6fSYLH8ArWoHcJPZXygELvFNYDGthlp+JMAReJm5MyyNEI7C+vF+OUE6ExQ0p1XSfRfoakppiRcclLFUkQHqI+6RoqECfKz6ZfjOGxUXowiqUpoeFU/T2RIa7UiIemkyM9UPPeRPzP66Y6uvAzKpJUE4Fni6KUQR3DSSSwR00Cmo0MQVhScyvEAyQR1ia4kgnBnX95kbTOKq5TcW+dcvU6j6MIDsAROAEuOAdVcAMaoAkweATP4BW8WU/Wi/VufcxaC1Y+sw/+wPr8AUN5lnk=</latexit><latexit sha1_base64="BHRCv0npkFlyNYxIqBRK0MhUCHM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBhZTEjYIIxVJwWcE+oIlhMp20Q2cmYWYilNCNG3/FjQtF3PoP7vwbp20W2nrgwuGce7n3njBhVGnH+bYKS8srq2vF9dLG5tb2jr2711JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HNYmfvuBSEVjcadHCfE56gsaUYy0kQL7sH6fSYLH8ArWoHcJPZXygELvFNYDGthlp+JMAReJm5MyyNEI7C+vF+OUE6ExQ0p1XSfRfoakppiRcclLFUkQHqI+6RoqECfKz6ZfjOGxUXowiqUpoeFU/T2RIa7UiIemkyM9UPPeRPzP66Y6uvAzKpJUE4Fni6KUQR3DSSSwR00Cmo0MQVhScyvEAyQR1ia4kgnBnX95kbTOKq5TcW+dcvU6j6MIDsAROAEuOAdVcAMaoAkweATP4BW8WU/Wi/VufcxaC1Y+sw/+wPr8AUN5lnk=</latexit>

�Erec

Erec
=

�N

N
=

p
N

N
=

1p
N

' 1p
Erec

<latexit sha1_base64="kaVNZl96wqqzqMx5IWHH1LmDojA="></latexit><latexit sha1_base64="kaVNZl96wqqzqMx5IWHH1LmDojA="></latexit><latexit sha1_base64="kaVNZl96wqqzqMx5IWHH1LmDojA="></latexit><latexit sha1_base64="kaVNZl96wqqzqMx5IWHH1LmDojA="></latexit>

la résolution en énergie 
croit avec l’énergie

facteur de calibration
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Les calorimètres

34
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3.d Les détecteurs de muons

35

chambres à 
muons de 
DELPHI
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p ou ⇡±
<latexit sha1_base64="+7AH5oMFyMhGl80RV7P2lLnZRUw=">AAAB+XicbVC7SgNBFJ31GeNr1dJmMBGswm4aLYM2lhHMA7JrmJ3MJkPmxcxsICz5ExsLRWz9Ezv/xkmyhSYeuHA4517uvSdRjBobBN/exubW9s5uaa+8f3B4dOyfnLaNzDQmLSyZ1N0EGcKoIC1LLSNdpQniCSOdZHw39zsTog2V4tFOFYk5GgqaUoysk/q+r6DMYDVS9CmPFJ9V+34lqAULwHUSFqQCCjT7/lc0kDjjRFjMkDG9MFA2zpG2FDMyK0eZIQrhMRqSnqMCcWLifHH5DF46ZQBTqV0JCxfq74kccWOmPHGdHNmRWfXm4n9eL7PpTZxToTJLBF4uSjMGrYTzGOCAaoItmzqCsKbuVohHSCNsXVhlF0K4+vI6addrYVALH+qVxm0RRwmcgwtwBUJwDRrgHjRBC2AwAc/gFbx5uffivXsfy9YNr5g5A3/gff4AgWSS6Q==</latexit><latexit sha1_base64="+7AH5oMFyMhGl80RV7P2lLnZRUw=">AAAB+XicbVC7SgNBFJ31GeNr1dJmMBGswm4aLYM2lhHMA7JrmJ3MJkPmxcxsICz5ExsLRWz9Ezv/xkmyhSYeuHA4517uvSdRjBobBN/exubW9s5uaa+8f3B4dOyfnLaNzDQmLSyZ1N0EGcKoIC1LLSNdpQniCSOdZHw39zsTog2V4tFOFYk5GgqaUoysk/q+r6DMYDVS9CmPFJ9V+34lqAULwHUSFqQCCjT7/lc0kDjjRFjMkDG9MFA2zpG2FDMyK0eZIQrhMRqSnqMCcWLifHH5DF46ZQBTqV0JCxfq74kccWOmPHGdHNmRWfXm4n9eL7PpTZxToTJLBF4uSjMGrYTzGOCAaoItmzqCsKbuVohHSCNsXVhlF0K4+vI6addrYVALH+qVxm0RRwmcgwtwBUJwDRrgHjRBC2AwAc/gFbx5uffivXsfy9YNr5g5A3/gff4AgWSS6Q==</latexit><latexit sha1_base64="+7AH5oMFyMhGl80RV7P2lLnZRUw=">AAAB+XicbVC7SgNBFJ31GeNr1dJmMBGswm4aLYM2lhHMA7JrmJ3MJkPmxcxsICz5ExsLRWz9Ezv/xkmyhSYeuHA4517uvSdRjBobBN/exubW9s5uaa+8f3B4dOyfnLaNzDQmLSyZ1N0EGcKoIC1LLSNdpQniCSOdZHw39zsTog2V4tFOFYk5GgqaUoysk/q+r6DMYDVS9CmPFJ9V+34lqAULwHUSFqQCCjT7/lc0kDjjRFjMkDG9MFA2zpG2FDMyK0eZIQrhMRqSnqMCcWLifHH5DF46ZQBTqV0JCxfq74kccWOmPHGdHNmRWfXm4n9eL7PpTZxToTJLBF4uSjMGrYTzGOCAaoItmzqCsKbuVohHSCNsXVhlF0K4+vI6addrYVALH+qVxm0RRwmcgwtwBUJwDRrgHjRBC2AwAc/gFbx5uffivXsfy9YNr5g5A3/gff4AgWSS6Q==</latexit><latexit sha1_base64="+7AH5oMFyMhGl80RV7P2lLnZRUw=">AAAB+XicbVC7SgNBFJ31GeNr1dJmMBGswm4aLYM2lhHMA7JrmJ3MJkPmxcxsICz5ExsLRWz9Ezv/xkmyhSYeuHA4517uvSdRjBobBN/exubW9s5uaa+8f3B4dOyfnLaNzDQmLSyZ1N0EGcKoIC1LLSNdpQniCSOdZHw39zsTog2V4tFOFYk5GgqaUoysk/q+r6DMYDVS9CmPFJ9V+34lqAULwHUSFqQCCjT7/lc0kDjjRFjMkDG9MFA2zpG2FDMyK0eZIQrhMRqSnqMCcWLifHH5DF46ZQBTqV0JCxfq74kccWOmPHGdHNmRWfXm4n9eL7PpTZxToTJLBF4uSjMGrYTzGOCAaoItmzqCsKbuVohHSCNsXVhlF0K4+vI6addrYVALH+qVxm0RRwmcgwtwBUJwDRrgHjRBC2AwAc/gFbx5uffivXsfy9YNr5g5A3/gff4AgWSS6Q==</latexit>

e±
<latexit sha1_base64="xRY6LPAavLMWICe8BEXf6nKS8p0=">AAAB8HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyYeAke8scbNi9u+zumZALv8LGQmNs/Tl2/hsXuELBl0zy8t5MZuYFieDauO63s7a+sbm1Xdgp7u7tHxyWjo5bOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzPz2EyrN4+jeTBL0JR1GPOSMGis9VPAx6yVyWumXym7VnYOsEi8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1NKIStZ/ND56Sc6sMSBgrW5Ehc/X3REal1hMZ2E5JzUgvezPxP6+bmvDKz3iUpAYjtlgUpoKYmMy+JwOukBkxsYQyxe2thI2ooszYjIo2BG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYSHiGV3hzlPPivDsfi9Y1J585gT9wPn8ASvCQDg==</latexit><latexit sha1_base64="xRY6LPAavLMWICe8BEXf6nKS8p0=">AAAB8HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyYeAke8scbNi9u+zumZALv8LGQmNs/Tl2/hsXuELBl0zy8t5MZuYFieDauO63s7a+sbm1Xdgp7u7tHxyWjo5bOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzPz2EyrN4+jeTBL0JR1GPOSMGis9VPAx6yVyWumXym7VnYOsEi8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1NKIStZ/ND56Sc6sMSBgrW5Ehc/X3REal1hMZ2E5JzUgvezPxP6+bmvDKz3iUpAYjtlgUpoKYmMy+JwOukBkxsYQyxe2thI2ooszYjIo2BG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYSHiGV3hzlPPivDsfi9Y1J585gT9wPn8ASvCQDg==</latexit><latexit sha1_base64="xRY6LPAavLMWICe8BEXf6nKS8p0=">AAAB8HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyYeAke8scbNi9u+zumZALv8LGQmNs/Tl2/hsXuELBl0zy8t5MZuYFieDauO63s7a+sbm1Xdgp7u7tHxyWjo5bOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzPz2EyrN4+jeTBL0JR1GPOSMGis9VPAx6yVyWumXym7VnYOsEi8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1NKIStZ/ND56Sc6sMSBgrW5Ehc/X3REal1hMZ2E5JzUgvezPxP6+bmvDKz3iUpAYjtlgUpoKYmMy+JwOukBkxsYQyxe2thI2ooszYjIo2BG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYSHiGV3hzlPPivDsfi9Y1J585gT9wPn8ASvCQDg==</latexit><latexit sha1_base64="xRY6LPAavLMWICe8BEXf6nKS8p0=">AAAB8HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyYeAke8scbNi9u+zumZALv8LGQmNs/Tl2/hsXuELBl0zy8t5MZuYFieDauO63s7a+sbm1Xdgp7u7tHxyWjo5bOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzPz2EyrN4+jeTBL0JR1GPOSMGis9VPAx6yVyWumXym7VnYOsEi8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1NKIStZ/ND56Sc6sMSBgrW5Ehc/X3REal1hMZ2E5JzUgvezPxP6+bmvDKz3iUpAYjtlgUpoKYmMy+JwOukBkxsYQyxe2thI2ooszYjIo2BG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYSHiGV3hzlPPivDsfi9Y1J585gT9wPn8ASvCQDg==</latexit>

�
<latexit sha1_base64="+hGJJpKP9VwAf7ibOZNaHMg5ARs=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlkEbywjmA5IjzG32kjW7t8funhCO/AcbC0Vs/T92/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8ctozJNWZMqoXQnQsMET1jTcitYJ9UMZSRYOxrfzvz2E9OGq+TBTlIWShwmPOYUrZNavSFKif1K1a/5c5BVEhSkCgUa/cpXb6BoJlliqUBjuoGf2jBHbTkVbFruZYalSMc4ZF1HE5TMhPn82ik5d8qAxEq7SiyZq78ncpTGTGTkOiXakVn2ZuJ/Xjez8XWY8yTNLEvoYlGcCWIVmb1OBlwzasXEEaSau1sJHaFGal1AZRdCsPzyKmld1gK/Ftz71fpNEUcJTuEMLiCAK6jDHTSgCRQe4Rle4c1T3ov37n0sWte8YuYE/sD7/AGFq48R</latexit><latexit sha1_base64="+hGJJpKP9VwAf7ibOZNaHMg5ARs=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlkEbywjmA5IjzG32kjW7t8funhCO/AcbC0Vs/T92/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8ctozJNWZMqoXQnQsMET1jTcitYJ9UMZSRYOxrfzvz2E9OGq+TBTlIWShwmPOYUrZNavSFKif1K1a/5c5BVEhSkCgUa/cpXb6BoJlliqUBjuoGf2jBHbTkVbFruZYalSMc4ZF1HE5TMhPn82ik5d8qAxEq7SiyZq78ncpTGTGTkOiXakVn2ZuJ/Xjez8XWY8yTNLEvoYlGcCWIVmb1OBlwzasXEEaSau1sJHaFGal1AZRdCsPzyKmld1gK/Ftz71fpNEUcJTuEMLiCAK6jDHTSgCRQe4Rle4c1T3ov37n0sWte8YuYE/sD7/AGFq48R</latexit><latexit sha1_base64="+hGJJpKP9VwAf7ibOZNaHMg5ARs=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlkEbywjmA5IjzG32kjW7t8funhCO/AcbC0Vs/T92/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8ctozJNWZMqoXQnQsMET1jTcitYJ9UMZSRYOxrfzvz2E9OGq+TBTlIWShwmPOYUrZNavSFKif1K1a/5c5BVEhSkCgUa/cpXb6BoJlliqUBjuoGf2jBHbTkVbFruZYalSMc4ZF1HE5TMhPn82ik5d8qAxEq7SiyZq78ncpTGTGTkOiXakVn2ZuJ/Xjez8XWY8yTNLEvoYlGcCWIVmb1OBlwzasXEEaSau1sJHaFGal1AZRdCsPzyKmld1gK/Ftz71fpNEUcJTuEMLiCAK6jDHTSgCRQe4Rle4c1T3ov37n0sWte8YuYE/sD7/AGFq48R</latexit><latexit sha1_base64="+hGJJpKP9VwAf7ibOZNaHMg5ARs=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlkEbywjmA5IjzG32kjW7t8funhCO/AcbC0Vs/T92/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8ctozJNWZMqoXQnQsMET1jTcitYJ9UMZSRYOxrfzvz2E9OGq+TBTlIWShwmPOYUrZNavSFKif1K1a/5c5BVEhSkCgUa/cpXb6BoJlliqUBjuoGf2jBHbTkVbFruZYalSMc4ZF1HE5TMhPn82ik5d8qAxEq7SiyZq78ncpTGTGTkOiXakVn2ZuJ/Xjez8XWY8yTNLEvoYlGcCWIVmb1OBlwzasXEEaSau1sJHaFGal1AZRdCsPzyKmld1gK/Ftz71fpNEUcJTuEMLiCAK6jDHTSgCRQe4Rle4c1T3ov37n0sWte8YuYE/sD7/AGFq48R</latexit>

µ±
<latexit sha1_base64="VQG9cyog36RQZDcwe1Oj5YitEN0=">AAAB8nicbVC7TsNAEDyHVwivACWNRYJEFdlpoIygoQwSeUi2ic6Xc3LKPay7NVJk5TNoKECIlq+h42+4JC4gYaSVRjO72t2JU84MeN63U9rY3NreKe9W9vYPDo+qxyddozJNaIcornQ/xoZyJmkHGHDaTzXFIua0F09u537viWrDlHyAaUojgUeSJYxgsFJQD0X2mIepmNUH1ZrX8BZw14lfkBoq0B5Uv8KhIpmgEgjHxgS+l0KUYw2McDqrhJmhKSYTPKKBpRILaqJ8cfLMvbDK0E2UtiXBXai/J3IsjJmK2HYKDGOz6s3F/7wgg+Q6yplMM6CSLBclGXdBufP/3SHTlACfWoKJZvZWl4yxxgRsShUbgr/68jrpNhu+1/Dvm7XWTRFHGZ2hc3SJfHSFWugOtVEHEaTQM3pFbw44L86787FsLTnFzCn6A+fzB+UpkPs=</latexit><latexit sha1_base64="VQG9cyog36RQZDcwe1Oj5YitEN0=">AAAB8nicbVC7TsNAEDyHVwivACWNRYJEFdlpoIygoQwSeUi2ic6Xc3LKPay7NVJk5TNoKECIlq+h42+4JC4gYaSVRjO72t2JU84MeN63U9rY3NreKe9W9vYPDo+qxyddozJNaIcornQ/xoZyJmkHGHDaTzXFIua0F09u537viWrDlHyAaUojgUeSJYxgsFJQD0X2mIepmNUH1ZrX8BZw14lfkBoq0B5Uv8KhIpmgEgjHxgS+l0KUYw2McDqrhJmhKSYTPKKBpRILaqJ8cfLMvbDK0E2UtiXBXai/J3IsjJmK2HYKDGOz6s3F/7wgg+Q6yplMM6CSLBclGXdBufP/3SHTlACfWoKJZvZWl4yxxgRsShUbgr/68jrpNhu+1/Dvm7XWTRFHGZ2hc3SJfHSFWugOtVEHEaTQM3pFbw44L86787FsLTnFzCn6A+fzB+UpkPs=</latexit><latexit sha1_base64="VQG9cyog36RQZDcwe1Oj5YitEN0=">AAAB8nicbVC7TsNAEDyHVwivACWNRYJEFdlpoIygoQwSeUi2ic6Xc3LKPay7NVJk5TNoKECIlq+h42+4JC4gYaSVRjO72t2JU84MeN63U9rY3NreKe9W9vYPDo+qxyddozJNaIcornQ/xoZyJmkHGHDaTzXFIua0F09u537viWrDlHyAaUojgUeSJYxgsFJQD0X2mIepmNUH1ZrX8BZw14lfkBoq0B5Uv8KhIpmgEgjHxgS+l0KUYw2McDqrhJmhKSYTPKKBpRILaqJ8cfLMvbDK0E2UtiXBXai/J3IsjJmK2HYKDGOz6s3F/7wgg+Q6yplMM6CSLBclGXdBufP/3SHTlACfWoKJZvZWl4yxxgRsShUbgr/68jrpNhu+1/Dvm7XWTRFHGZ2hc3SJfHSFWugOtVEHEaTQM3pFbw44L86787FsLTnFzCn6A+fzB+UpkPs=</latexit><latexit sha1_base64="VQG9cyog36RQZDcwe1Oj5YitEN0=">AAAB8nicbVC7TsNAEDyHVwivACWNRYJEFdlpoIygoQwSeUi2ic6Xc3LKPay7NVJk5TNoKECIlq+h42+4JC4gYaSVRjO72t2JU84MeN63U9rY3NreKe9W9vYPDo+qxyddozJNaIcornQ/xoZyJmkHGHDaTzXFIua0F09u537viWrDlHyAaUojgUeSJYxgsFJQD0X2mIepmNUH1ZrX8BZw14lfkBoq0B5Uv8KhIpmgEgjHxgS+l0KUYw2McDqrhJmhKSYTPKKBpRILaqJ8cfLMvbDK0E2UtiXBXai/J3IsjJmK2HYKDGOz6s3F/7wgg+Q6yplMM6CSLBclGXdBufP/3SHTlACfWoKJZvZWl4yxxgRsShUbgr/68jrpNhu+1/Dvm7XWTRFHGZ2hc3SJfHSFWugOtVEHEaTQM3pFbw44L86787FsLTnFzCn6A+fzB+UpkPs=</latexit>

n
<latexit sha1_base64="atRBvOLci/m1LTlwwdiEwv0GolI=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUksNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfWcYzw</latexit><latexit sha1_base64="atRBvOLci/m1LTlwwdiEwv0GolI=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUksNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfWcYzw</latexit><latexit sha1_base64="atRBvOLci/m1LTlwwdiEwv0GolI=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUksNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfWcYzw</latexit><latexit sha1_base64="atRBvOLci/m1LTlwwdiEwv0GolI=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUksNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfWcYzw</latexit>

p ou ⇡±
<latexit sha1_base64="+7AH5oMFyMhGl80RV7P2lLnZRUw=">AAAB+XicbVC7SgNBFJ31GeNr1dJmMBGswm4aLYM2lhHMA7JrmJ3MJkPmxcxsICz5ExsLRWz9Ezv/xkmyhSYeuHA4517uvSdRjBobBN/exubW9s5uaa+8f3B4dOyfnLaNzDQmLSyZ1N0EGcKoIC1LLSNdpQniCSOdZHw39zsTog2V4tFOFYk5GgqaUoysk/q+r6DMYDVS9CmPFJ9V+34lqAULwHUSFqQCCjT7/lc0kDjjRFjMkDG9MFA2zpG2FDMyK0eZIQrhMRqSnqMCcWLifHH5DF46ZQBTqV0JCxfq74kccWOmPHGdHNmRWfXm4n9eL7PpTZxToTJLBF4uSjMGrYTzGOCAaoItmzqCsKbuVohHSCNsXVhlF0K4+vI6addrYVALH+qVxm0RRwmcgwtwBUJwDRrgHjRBC2AwAc/gFbx5uffivXsfy9YNr5g5A3/gff4AgWSS6Q==</latexit><latexit sha1_base64="+7AH5oMFyMhGl80RV7P2lLnZRUw=">AAAB+XicbVC7SgNBFJ31GeNr1dJmMBGswm4aLYM2lhHMA7JrmJ3MJkPmxcxsICz5ExsLRWz9Ezv/xkmyhSYeuHA4517uvSdRjBobBN/exubW9s5uaa+8f3B4dOyfnLaNzDQmLSyZ1N0EGcKoIC1LLSNdpQniCSOdZHw39zsTog2V4tFOFYk5GgqaUoysk/q+r6DMYDVS9CmPFJ9V+34lqAULwHUSFqQCCjT7/lc0kDjjRFjMkDG9MFA2zpG2FDMyK0eZIQrhMRqSnqMCcWLifHH5DF46ZQBTqV0JCxfq74kccWOmPHGdHNmRWfXm4n9eL7PpTZxToTJLBF4uSjMGrYTzGOCAaoItmzqCsKbuVohHSCNsXVhlF0K4+vI6addrYVALH+qVxm0RRwmcgwtwBUJwDRrgHjRBC2AwAc/gFbx5uffivXsfy9YNr5g5A3/gff4AgWSS6Q==</latexit><latexit sha1_base64="+7AH5oMFyMhGl80RV7P2lLnZRUw=">AAAB+XicbVC7SgNBFJ31GeNr1dJmMBGswm4aLYM2lhHMA7JrmJ3MJkPmxcxsICz5ExsLRWz9Ezv/xkmyhSYeuHA4517uvSdRjBobBN/exubW9s5uaa+8f3B4dOyfnLaNzDQmLSyZ1N0EGcKoIC1LLSNdpQniCSOdZHw39zsTog2V4tFOFYk5GgqaUoysk/q+r6DMYDVS9CmPFJ9V+34lqAULwHUSFqQCCjT7/lc0kDjjRFjMkDG9MFA2zpG2FDMyK0eZIQrhMRqSnqMCcWLifHH5DF46ZQBTqV0JCxfq74kccWOmPHGdHNmRWfXm4n9eL7PpTZxToTJLBF4uSjMGrYTzGOCAaoItmzqCsKbuVohHSCNsXVhlF0K4+vI6addrYVALH+qVxm0RRwmcgwtwBUJwDRrgHjRBC2AwAc/gFbx5uffivXsfy9YNr5g5A3/gff4AgWSS6Q==</latexit><latexit sha1_base64="+7AH5oMFyMhGl80RV7P2lLnZRUw=">AAAB+XicbVC7SgNBFJ31GeNr1dJmMBGswm4aLYM2lhHMA7JrmJ3MJkPmxcxsICz5ExsLRWz9Ezv/xkmyhSYeuHA4517uvSdRjBobBN/exubW9s5uaa+8f3B4dOyfnLaNzDQmLSyZ1N0EGcKoIC1LLSNdpQniCSOdZHw39zsTog2V4tFOFYk5GgqaUoysk/q+r6DMYDVS9CmPFJ9V+34lqAULwHUSFqQCCjT7/lc0kDjjRFjMkDG9MFA2zpG2FDMyK0eZIQrhMRqSnqMCcWLifHH5DF46ZQBTqV0JCxfq74kccWOmPHGdHNmRWfXm4n9eL7PpTZxToTJLBF4uSjMGrYTzGOCAaoItmzqCsKbuVohHSCNsXVhlF0K4+vI6addrYVALH+qVxm0RRwmcgwtwBUJwDRrgHjRBC2AwAc/gFbx5uffivXsfy9YNr5g5A3/gff4AgWSS6Q==</latexit>

e±
<latexit sha1_base64="xRY6LPAavLMWICe8BEXf6nKS8p0=">AAAB8HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyYeAke8scbNi9u+zumZALv8LGQmNs/Tl2/hsXuELBl0zy8t5MZuYFieDauO63s7a+sbm1Xdgp7u7tHxyWjo5bOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzPz2EyrN4+jeTBL0JR1GPOSMGis9VPAx6yVyWumXym7VnYOsEi8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1NKIStZ/ND56Sc6sMSBgrW5Ehc/X3REal1hMZ2E5JzUgvezPxP6+bmvDKz3iUpAYjtlgUpoKYmMy+JwOukBkxsYQyxe2thI2ooszYjIo2BG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYSHiGV3hzlPPivDsfi9Y1J585gT9wPn8ASvCQDg==</latexit><latexit sha1_base64="xRY6LPAavLMWICe8BEXf6nKS8p0=">AAAB8HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyYeAke8scbNi9u+zumZALv8LGQmNs/Tl2/hsXuELBl0zy8t5MZuYFieDauO63s7a+sbm1Xdgp7u7tHxyWjo5bOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzPz2EyrN4+jeTBL0JR1GPOSMGis9VPAx6yVyWumXym7VnYOsEi8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1NKIStZ/ND56Sc6sMSBgrW5Ehc/X3REal1hMZ2E5JzUgvezPxP6+bmvDKz3iUpAYjtlgUpoKYmMy+JwOukBkxsYQyxe2thI2ooszYjIo2BG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYSHiGV3hzlPPivDsfi9Y1J585gT9wPn8ASvCQDg==</latexit><latexit sha1_base64="xRY6LPAavLMWICe8BEXf6nKS8p0=">AAAB8HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyYeAke8scbNi9u+zumZALv8LGQmNs/Tl2/hsXuELBl0zy8t5MZuYFieDauO63s7a+sbm1Xdgp7u7tHxyWjo5bOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzPz2EyrN4+jeTBL0JR1GPOSMGis9VPAx6yVyWumXym7VnYOsEi8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1NKIStZ/ND56Sc6sMSBgrW5Ehc/X3REal1hMZ2E5JzUgvezPxP6+bmvDKz3iUpAYjtlgUpoKYmMy+JwOukBkxsYQyxe2thI2ooszYjIo2BG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYSHiGV3hzlPPivDsfi9Y1J585gT9wPn8ASvCQDg==</latexit><latexit sha1_base64="xRY6LPAavLMWICe8BEXf6nKS8p0=">AAAB8HicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyYeAke8scbNi9u+zumZALv8LGQmNs/Tl2/hsXuELBl0zy8t5MZuYFieDauO63s7a+sbm1Xdgp7u7tHxyWjo5bOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzPz2EyrN4+jeTBL0JR1GPOSMGis9VPAx6yVyWumXym7VnYOsEi8nZcjR6Je+eoOYpRIjwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1NKIStZ/ND56Sc6sMSBgrW5Ehc/X3REal1hMZ2E5JzUgvezPxP6+bmvDKz3iUpAYjtlgUpoKYmMy+JwOukBkxsYQyxe2thI2ooszYjIo2BG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYSHiGV3hzlPPivDsfi9Y1J585gT9wPn8ASvCQDg==</latexit>

�
<latexit sha1_base64="+hGJJpKP9VwAf7ibOZNaHMg5ARs=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlkEbywjmA5IjzG32kjW7t8funhCO/AcbC0Vs/T92/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8ctozJNWZMqoXQnQsMET1jTcitYJ9UMZSRYOxrfzvz2E9OGq+TBTlIWShwmPOYUrZNavSFKif1K1a/5c5BVEhSkCgUa/cpXb6BoJlliqUBjuoGf2jBHbTkVbFruZYalSMc4ZF1HE5TMhPn82ik5d8qAxEq7SiyZq78ncpTGTGTkOiXakVn2ZuJ/Xjez8XWY8yTNLEvoYlGcCWIVmb1OBlwzasXEEaSau1sJHaFGal1AZRdCsPzyKmld1gK/Ftz71fpNEUcJTuEMLiCAK6jDHTSgCRQe4Rle4c1T3ov37n0sWte8YuYE/sD7/AGFq48R</latexit><latexit sha1_base64="+hGJJpKP9VwAf7ibOZNaHMg5ARs=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlkEbywjmA5IjzG32kjW7t8funhCO/AcbC0Vs/T92/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8ctozJNWZMqoXQnQsMET1jTcitYJ9UMZSRYOxrfzvz2E9OGq+TBTlIWShwmPOYUrZNavSFKif1K1a/5c5BVEhSkCgUa/cpXb6BoJlliqUBjuoGf2jBHbTkVbFruZYalSMc4ZF1HE5TMhPn82ik5d8qAxEq7SiyZq78ncpTGTGTkOiXakVn2ZuJ/Xjez8XWY8yTNLEvoYlGcCWIVmb1OBlwzasXEEaSau1sJHaFGal1AZRdCsPzyKmld1gK/Ftz71fpNEUcJTuEMLiCAK6jDHTSgCRQe4Rle4c1T3ov37n0sWte8YuYE/sD7/AGFq48R</latexit><latexit sha1_base64="+hGJJpKP9VwAf7ibOZNaHMg5ARs=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlkEbywjmA5IjzG32kjW7t8funhCO/AcbC0Vs/T92/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8ctozJNWZMqoXQnQsMET1jTcitYJ9UMZSRYOxrfzvz2E9OGq+TBTlIWShwmPOYUrZNavSFKif1K1a/5c5BVEhSkCgUa/cpXb6BoJlliqUBjuoGf2jBHbTkVbFruZYalSMc4ZF1HE5TMhPn82ik5d8qAxEq7SiyZq78ncpTGTGTkOiXakVn2ZuJ/Xjez8XWY8yTNLEvoYlGcCWIVmb1OBlwzasXEEaSau1sJHaFGal1AZRdCsPzyKmld1gK/Ftz71fpNEUcJTuEMLiCAK6jDHTSgCRQe4Rle4c1T3ov37n0sWte8YuYE/sD7/AGFq48R</latexit><latexit sha1_base64="+hGJJpKP9VwAf7ibOZNaHMg5ARs=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlkEbywjmA5IjzG32kjW7t8funhCO/AcbC0Vs/T92/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLu2Ud/f2Dw4rR8ctozJNWZMqoXQnQsMET1jTcitYJ9UMZSRYOxrfzvz2E9OGq+TBTlIWShwmPOYUrZNavSFKif1K1a/5c5BVEhSkCgUa/cpXb6BoJlliqUBjuoGf2jBHbTkVbFruZYalSMc4ZF1HE5TMhPn82ik5d8qAxEq7SiyZq78ncpTGTGTkOiXakVn2ZuJ/Xjez8XWY8yTNLEvoYlGcCWIVmb1OBlwzasXEEaSau1sJHaFGal1AZRdCsPzyKmld1gK/Ftz71fpNEUcJTuEMLiCAK6jDHTSgCRQe4Rle4c1T3ov37n0sWte8YuYE/sD7/AGFq48R</latexit>

µ±
<latexit sha1_base64="VQG9cyog36RQZDcwe1Oj5YitEN0=">AAAB8nicbVC7TsNAEDyHVwivACWNRYJEFdlpoIygoQwSeUi2ic6Xc3LKPay7NVJk5TNoKECIlq+h42+4JC4gYaSVRjO72t2JU84MeN63U9rY3NreKe9W9vYPDo+qxyddozJNaIcornQ/xoZyJmkHGHDaTzXFIua0F09u537viWrDlHyAaUojgUeSJYxgsFJQD0X2mIepmNUH1ZrX8BZw14lfkBoq0B5Uv8KhIpmgEgjHxgS+l0KUYw2McDqrhJmhKSYTPKKBpRILaqJ8cfLMvbDK0E2UtiXBXai/J3IsjJmK2HYKDGOz6s3F/7wgg+Q6yplMM6CSLBclGXdBufP/3SHTlACfWoKJZvZWl4yxxgRsShUbgr/68jrpNhu+1/Dvm7XWTRFHGZ2hc3SJfHSFWugOtVEHEaTQM3pFbw44L86787FsLTnFzCn6A+fzB+UpkPs=</latexit><latexit sha1_base64="VQG9cyog36RQZDcwe1Oj5YitEN0=">AAAB8nicbVC7TsNAEDyHVwivACWNRYJEFdlpoIygoQwSeUi2ic6Xc3LKPay7NVJk5TNoKECIlq+h42+4JC4gYaSVRjO72t2JU84MeN63U9rY3NreKe9W9vYPDo+qxyddozJNaIcornQ/xoZyJmkHGHDaTzXFIua0F09u537viWrDlHyAaUojgUeSJYxgsFJQD0X2mIepmNUH1ZrX8BZw14lfkBoq0B5Uv8KhIpmgEgjHxgS+l0KUYw2McDqrhJmhKSYTPKKBpRILaqJ8cfLMvbDK0E2UtiXBXai/J3IsjJmK2HYKDGOz6s3F/7wgg+Q6yplMM6CSLBclGXdBufP/3SHTlACfWoKJZvZWl4yxxgRsShUbgr/68jrpNhu+1/Dvm7XWTRFHGZ2hc3SJfHSFWugOtVEHEaTQM3pFbw44L86787FsLTnFzCn6A+fzB+UpkPs=</latexit><latexit sha1_base64="VQG9cyog36RQZDcwe1Oj5YitEN0=">AAAB8nicbVC7TsNAEDyHVwivACWNRYJEFdlpoIygoQwSeUi2ic6Xc3LKPay7NVJk5TNoKECIlq+h42+4JC4gYaSVRjO72t2JU84MeN63U9rY3NreKe9W9vYPDo+qxyddozJNaIcornQ/xoZyJmkHGHDaTzXFIua0F09u537viWrDlHyAaUojgUeSJYxgsFJQD0X2mIepmNUH1ZrX8BZw14lfkBoq0B5Uv8KhIpmgEgjHxgS+l0KUYw2McDqrhJmhKSYTPKKBpRILaqJ8cfLMvbDK0E2UtiXBXai/J3IsjJmK2HYKDGOz6s3F/7wgg+Q6yplMM6CSLBclGXdBufP/3SHTlACfWoKJZvZWl4yxxgRsShUbgr/68jrpNhu+1/Dvm7XWTRFHGZ2hc3SJfHSFWugOtVEHEaTQM3pFbw44L86787FsLTnFzCn6A+fzB+UpkPs=</latexit><latexit sha1_base64="VQG9cyog36RQZDcwe1Oj5YitEN0=">AAAB8nicbVC7TsNAEDyHVwivACWNRYJEFdlpoIygoQwSeUi2ic6Xc3LKPay7NVJk5TNoKECIlq+h42+4JC4gYaSVRjO72t2JU84MeN63U9rY3NreKe9W9vYPDo+qxyddozJNaIcornQ/xoZyJmkHGHDaTzXFIua0F09u537viWrDlHyAaUojgUeSJYxgsFJQD0X2mIepmNUH1ZrX8BZw14lfkBoq0B5Uv8KhIpmgEgjHxgS+l0KUYw2McDqrhJmhKSYTPKKBpRILaqJ8cfLMvbDK0E2UtiXBXai/J3IsjJmK2HYKDGOz6s3F/7wgg+Q6yplMM6CSLBclGXdBufP/3SHTlACfWoKJZvZWl4yxxgRsShUbgr/68jrpNhu+1/Dvm7XWTRFHGZ2hc3SJfHSFWugOtVEHEaTQM3pFbw44L86787FsLTnFzCn6A+fzB+UpkPs=</latexit>

n
<latexit sha1_base64="atRBvOLci/m1LTlwwdiEwv0GolI=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUksNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfWcYzw</latexit><latexit sha1_base64="atRBvOLci/m1LTlwwdiEwv0GolI=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUksNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfWcYzw</latexit><latexit sha1_base64="atRBvOLci/m1LTlwwdiEwv0GolI=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUksNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfWcYzw</latexit><latexit sha1_base64="atRBvOLci/m1LTlwwdiEwv0GolI=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUksNyxa26S5BN4uWkAjmaw/LXYBSzNEJpmKBa9z03MX5GleFM4Lw0SDUmlE3pGPuWShqh9rPloXNyZZURCWNlSxqyVH9PZDTSehYFtjOiZqLXvYX4n9dPTVj3My6T1KBkq0VhKoiJyeJrMuIKmREzSyhT3N5K2IQqyozNpmRD8NZf3iSdWtVzq16rVmnc5nEU4QIu4Ro8uIEG3EMT2sAA4Rle4c15dF6cd+dj1Vpw8plz+APn8wfWcYzw</latexit>

Signaux mesurés



PHYS-F305 - L. Favart - Chapitre VI

Les jets hadroniques

• à haute énergie les hadrons sont la plupart du temps regroupés en jets 
(ensemble de particules hadroniques ou issues de leurs désintégrations situées 
dans un cône).
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PHYS-F305 - L. Favart - Chapitre VI

4. Expériences à cible fixe
• la géométrie du détecteur qui doit tenir compte de ce que les particules sont 

émises vers l’avant (conservation quantité de mvt).
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PHYS-F305 - L. Favart - Chapitre VI

LHCb RICH-1

5. Ring Imaging Cherenkov (RICH)
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à radiateur solide et gazeux

à radiateur solide - changement  
de l’indice de réfraction

anneaux de lumière produite
dans l’aerogel
dans le C4F10



PHYS-F305 - L. Favart - Chapitre VI

LHCb RICH

Réponse des photo-détecteurs 
pour un événement typique

combinaison des mesures du traceur 
(momentum) et du RICH (Cherenkov angle) 

→ identification
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PHYS-F305 - L. Favart - Chapitre VI

Expérience oscillation neutrinos K2K

tank cylindrique rempli d’eau (1k tonne) 
(39.3 m diamètre - 41.4 m hauteur) 
11000 tubes photomultiplicateurs
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Prix Nobel de physique de 2002 : Masatoshi Koshiba


