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The theoretical σ-M relations
from the virial theorem the relations between the velocity dispersion and the mass are given by

     depends on the concentration parameter and the particular density profile

NFW profile 

constant  
concentration  

c=5

A = 1040–1140
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Simulations: DM particles in DM-Only

↵ = 0.3361± 0.0026
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Evrard et al. 2008
Ensemble of  11 DM-Only simulations 

DM particlestracers: 

h(z) M200 > 1 x 1014 M⊙Mass threshold: 

Munari et al. 2013

↵ = 0.334± 0.0014
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A = 1094± 3.7
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Trieste DM-Only simulation:

DM particlestracers: 

h(z) M200 > 1 x 1013  M⊙Mass threshold: 

A = 1082± 4.0
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(average of 8 redshifts from 0 to 2)

DM particles in DM-Only
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↵ = 0.361± 0.0027
<latexit sha1_base64="oBjYlOV7un5YtXdnMrhuZWjUBlU=">AAACDHicbZBNS8NAEIY39avWr6gn8bJYBE8lqWK9CAUvHqvYWmhKmayjXbpJlt2JIEX8B/4Lr3rxJl79D4I/xqTm4NecHt53hpl5Q62kJc97d0pT0zOzc+X5ysLi0vKKu7rWsUlqBLZFohLTDcGikjG2SZLCrjYIUajwPBwd5f75NRork/iMbjT2I7iK5aUUQJk0cDcCUHoI/JB7td19nwc6ysjz6o2BW80hL/4X/AKqrKjWwP0ILhKRRhiTUGBtz/c09cdgSAqFt5UgtahBjOAKexnGEKHtjycv3PLt1AIlXKPhUvGJiN8nxhBZexOFWWcENLS/vVz8z+uldHnQH8tYp4SxyBeRVDhZZIWRWTbIL6RBIsgvRy5jLsAAERrJQYhMTLOwsjj838//hU695ns1/2Sv2jwtgimzTbbFdpjPGqzJjlmLtZlgd+yBPbIn5955dl6c16/WklPMrLMf5bx9AqB2mKE=</latexit><latexit sha1_base64="oBjYlOV7un5YtXdnMrhuZWjUBlU=">AAACDHicbZBNS8NAEIY39avWr6gn8bJYBE8lqWK9CAUvHqvYWmhKmayjXbpJlt2JIEX8B/4Lr3rxJl79D4I/xqTm4NecHt53hpl5Q62kJc97d0pT0zOzc+X5ysLi0vKKu7rWsUlqBLZFohLTDcGikjG2SZLCrjYIUajwPBwd5f75NRork/iMbjT2I7iK5aUUQJk0cDcCUHoI/JB7td19nwc6ysjz6o2BW80hL/4X/AKqrKjWwP0ILhKRRhiTUGBtz/c09cdgSAqFt5UgtahBjOAKexnGEKHtjycv3PLt1AIlXKPhUvGJiN8nxhBZexOFWWcENLS/vVz8z+uldHnQH8tYp4SxyBeRVDhZZIWRWTbIL6RBIsgvRy5jLsAAERrJQYhMTLOwsjj838//hU695ns1/2Sv2jwtgimzTbbFdpjPGqzJjlmLtZlgd+yBPbIn5955dl6c16/WklPMrLMf5bx9AqB2mKE=</latexit><latexit sha1_base64="oBjYlOV7un5YtXdnMrhuZWjUBlU=">AAACDHicbZBNS8NAEIY39avWr6gn8bJYBE8lqWK9CAUvHqvYWmhKmayjXbpJlt2JIEX8B/4Lr3rxJl79D4I/xqTm4NecHt53hpl5Q62kJc97d0pT0zOzc+X5ysLi0vKKu7rWsUlqBLZFohLTDcGikjG2SZLCrjYIUajwPBwd5f75NRork/iMbjT2I7iK5aUUQJk0cDcCUHoI/JB7td19nwc6ysjz6o2BW80hL/4X/AKqrKjWwP0ILhKRRhiTUGBtz/c09cdgSAqFt5UgtahBjOAKexnGEKHtjycv3PLt1AIlXKPhUvGJiN8nxhBZexOFWWcENLS/vVz8z+uldHnQH8tYp4SxyBeRVDhZZIWRWTbIL6RBIsgvRy5jLsAAERrJQYhMTLOwsjj838//hU695ns1/2Sv2jwtgimzTbbFdpjPGqzJjlmLtZlgd+yBPbIn5955dl6c16/WklPMrLMf5bx9AqB2mKE=</latexit><latexit sha1_base64="oBjYlOV7un5YtXdnMrhuZWjUBlU=">AAACDHicbZBNS8NAEIY39avWr6gn8bJYBE8lqWK9CAUvHqvYWmhKmayjXbpJlt2JIEX8B/4Lr3rxJl79D4I/xqTm4NecHt53hpl5Q62kJc97d0pT0zOzc+X5ysLi0vKKu7rWsUlqBLZFohLTDcGikjG2SZLCrjYIUajwPBwd5f75NRork/iMbjT2I7iK5aUUQJk0cDcCUHoI/JB7td19nwc6ysjz6o2BW80hL/4X/AKqrKjWwP0ILhKRRhiTUGBtz/c09cdgSAqFt5UgtahBjOAKexnGEKHtjycv3PLt1AIlXKPhUvGJiN8nxhBZexOFWWcENLS/vVz8z+uldHnQH8tYp4SxyBeRVDhZZIWRWTbIL6RBIsgvRy5jLsAAERrJQYhMTLOwsjj838//hU695ns1/2Sv2jwtgimzTbbFdpjPGqzJjlmLtZlgd+yBPbIn5955dl6c16/WklPMrLMf5bx9AqB2mKE=</latexit>

↵ = 0.364± 0.0021
<latexit sha1_base64="7rBZ3IzJ1bHppVXzkaok8TETWHA=">AAACDHicbZDPSsNAEMY3/rf+i3oSL4tF8FSSKupFKHjxqGJboQllso7t0k2y7E4EKcU38C286sWbePUdBB/GpBZR65x+fN8MM/NFWklLnvfuTExOTc/Mzs2XFhaXllfc1bWGTTMjsC5SlZrLCCwqmWCdJCm81AYhjhQ2o95x4Tdv0FiZJhd0qzGMoZPIaymAcqntbgSgdBf4Efcqu/t7PNBxTp5X9dtuuYCi+Df4f6HMRnXadj+Cq1RkMSYkFFjb8j1NYR8MSaFwUAoyixpEDzrYyjGBGG3YH74w4NuZBUq5RsOl4kMRf070Ibb2No7yzhioa/96hfif18ro+jDsy0RnhIkoFpFUOFxkhZF5NsivpEEiKC5HLhMuwAARGslBiFzM8rDyOMaeH4dGteJ7Ff9sr1w7HwUzxzbZFtthPjtgNXbCTlmdCXbHHtgje3LunWfnxXn9ap1wRjPr7Fc5b5+dZZif</latexit><latexit sha1_base64="7rBZ3IzJ1bHppVXzkaok8TETWHA=">AAACDHicbZDPSsNAEMY3/rf+i3oSL4tF8FSSKupFKHjxqGJboQllso7t0k2y7E4EKcU38C286sWbePUdBB/GpBZR65x+fN8MM/NFWklLnvfuTExOTc/Mzs2XFhaXllfc1bWGTTMjsC5SlZrLCCwqmWCdJCm81AYhjhQ2o95x4Tdv0FiZJhd0qzGMoZPIaymAcqntbgSgdBf4Efcqu/t7PNBxTp5X9dtuuYCi+Df4f6HMRnXadj+Cq1RkMSYkFFjb8j1NYR8MSaFwUAoyixpEDzrYyjGBGG3YH74w4NuZBUq5RsOl4kMRf070Ibb2No7yzhioa/96hfif18ro+jDsy0RnhIkoFpFUOFxkhZF5NsivpEEiKC5HLhMuwAARGslBiFzM8rDyOMaeH4dGteJ7Ff9sr1w7HwUzxzbZFtthPjtgNXbCTlmdCXbHHtgje3LunWfnxXn9ap1wRjPr7Fc5b5+dZZif</latexit><latexit sha1_base64="7rBZ3IzJ1bHppVXzkaok8TETWHA=">AAACDHicbZDPSsNAEMY3/rf+i3oSL4tF8FSSKupFKHjxqGJboQllso7t0k2y7E4EKcU38C286sWbePUdBB/GpBZR65x+fN8MM/NFWklLnvfuTExOTc/Mzs2XFhaXllfc1bWGTTMjsC5SlZrLCCwqmWCdJCm81AYhjhQ2o95x4Tdv0FiZJhd0qzGMoZPIaymAcqntbgSgdBf4Efcqu/t7PNBxTp5X9dtuuYCi+Df4f6HMRnXadj+Cq1RkMSYkFFjb8j1NYR8MSaFwUAoyixpEDzrYyjGBGG3YH74w4NuZBUq5RsOl4kMRf070Ibb2No7yzhioa/96hfif18ro+jDsy0RnhIkoFpFUOFxkhZF5NsivpEEiKC5HLhMuwAARGslBiFzM8rDyOMaeH4dGteJ7Ff9sr1w7HwUzxzbZFtthPjtgNXbCTlmdCXbHHtgje3LunWfnxXn9ap1wRjPr7Fc5b5+dZZif</latexit><latexit sha1_base64="7rBZ3IzJ1bHppVXzkaok8TETWHA=">AAACDHicbZDPSsNAEMY3/rf+i3oSL4tF8FSSKupFKHjxqGJboQllso7t0k2y7E4EKcU38C286sWbePUdBB/GpBZR65x+fN8MM/NFWklLnvfuTExOTc/Mzs2XFhaXllfc1bWGTTMjsC5SlZrLCCwqmWCdJCm81AYhjhQ2o95x4Tdv0FiZJhd0qzGMoZPIaymAcqntbgSgdBf4Efcqu/t7PNBxTp5X9dtuuYCi+Df4f6HMRnXadj+Cq1RkMSYkFFjb8j1NYR8MSaFwUAoyixpEDzrYyjGBGG3YH74w4NuZBUq5RsOl4kMRf070Ibb2No7yzhioa/96hfif18ro+jDsy0RnhIkoFpFUOFxkhZF5NsivpEEiKC5HLhMuwAARGslBiFzM8rDyOMaeH4dGteJ7Ff9sr1w7HwUzxzbZFtthPjtgNXbCTlmdCXbHHtgje3LunWfnxXn9ap1wRjPr7Fc5b5+dZZif</latexit>

↵ = 0.365± 0.0017
<latexit sha1_base64="PLOFAz0Gfe3jB2h/uHHjEDDZjM0=">AAACDHicdZDLSsNAFIYn3q23qCtxM1gEVyXxVjeC4MZlFXuBppST8VgHJ8kwcyJIEd/At3CrG3fi1ncQfBiTWKEV/Vcf/38OZ+YPtZKWPO/DGRufmJyanpktzc0vLC65yysNm6RGYF0kKjGtECwqGWOdJClsaYMQhQqb4fVxnjdv0FiZxOd0q7ETQS+Wl1IAZVbXXQtA6Svgh9yr7Ozv8UBHGXmeX+26ZT+DXIUzCj9RmQ1U67qfwUUi0ghjEgqsbfuepk4fDEmh8K4UpBY1iGvoYTvDGCK0nX7xhTu+mVqghGs0XCpemDi80YfI2tsozCYjoCv7O8vNv7J2SpcHnb6MdUoYi/wQSYXFISuMzLpBfiENEkH+cuQy5gIMEKGRHITIzDQra7iO/6GxXfG9in+6Wz46GxQzw9bZBttiPquyI3bCaqzOBLtnj+yJPTsPzovz6rx9j445g51VNiLn/Qum1Zil</latexit><latexit sha1_base64="PLOFAz0Gfe3jB2h/uHHjEDDZjM0=">AAACDHicdZDLSsNAFIYn3q23qCtxM1gEVyXxVjeC4MZlFXuBppST8VgHJ8kwcyJIEd/At3CrG3fi1ncQfBiTWKEV/Vcf/38OZ+YPtZKWPO/DGRufmJyanpktzc0vLC65yysNm6RGYF0kKjGtECwqGWOdJClsaYMQhQqb4fVxnjdv0FiZxOd0q7ETQS+Wl1IAZVbXXQtA6Svgh9yr7Ozv8UBHGXmeX+26ZT+DXIUzCj9RmQ1U67qfwUUi0ghjEgqsbfuepk4fDEmh8K4UpBY1iGvoYTvDGCK0nX7xhTu+mVqghGs0XCpemDi80YfI2tsozCYjoCv7O8vNv7J2SpcHnb6MdUoYi/wQSYXFISuMzLpBfiENEkH+cuQy5gIMEKGRHITIzDQra7iO/6GxXfG9in+6Wz46GxQzw9bZBttiPquyI3bCaqzOBLtnj+yJPTsPzovz6rx9j445g51VNiLn/Qum1Zil</latexit><latexit sha1_base64="PLOFAz0Gfe3jB2h/uHHjEDDZjM0=">AAACDHicdZDLSsNAFIYn3q23qCtxM1gEVyXxVjeC4MZlFXuBppST8VgHJ8kwcyJIEd/At3CrG3fi1ncQfBiTWKEV/Vcf/38OZ+YPtZKWPO/DGRufmJyanpktzc0vLC65yysNm6RGYF0kKjGtECwqGWOdJClsaYMQhQqb4fVxnjdv0FiZxOd0q7ETQS+Wl1IAZVbXXQtA6Svgh9yr7Ozv8UBHGXmeX+26ZT+DXIUzCj9RmQ1U67qfwUUi0ghjEgqsbfuepk4fDEmh8K4UpBY1iGvoYTvDGCK0nX7xhTu+mVqghGs0XCpemDi80YfI2tsozCYjoCv7O8vNv7J2SpcHnb6MdUoYi/wQSYXFISuMzLpBfiENEkH+cuQy5gIMEKGRHITIzDQra7iO/6GxXfG9in+6Wz46GxQzw9bZBttiPquyI3bCaqzOBLtnj+yJPTsPzovz6rx9j445g51VNiLn/Qum1Zil</latexit><latexit sha1_base64="PLOFAz0Gfe3jB2h/uHHjEDDZjM0=">AAACDHicdZDLSsNAFIYn3q23qCtxM1gEVyXxVjeC4MZlFXuBppST8VgHJ8kwcyJIEd/At3CrG3fi1ncQfBiTWKEV/Vcf/38OZ+YPtZKWPO/DGRufmJyanpktzc0vLC65yysNm6RGYF0kKjGtECwqGWOdJClsaYMQhQqb4fVxnjdv0FiZxOd0q7ETQS+Wl1IAZVbXXQtA6Svgh9yr7Ozv8UBHGXmeX+26ZT+DXIUzCj9RmQ1U67qfwUUi0ghjEgqsbfuepk4fDEmh8K4UpBY1iGvoYTvDGCK0nX7xhTu+mVqghGs0XCpemDi80YfI2tsozCYjoCv7O8vNv7J2SpcHnb6MdUoYi/wQSYXFISuMzLpBfiENEkH+cuQy5gIMEKGRHITIzDQra7iO/6GxXfG9in+6Wz46GxQzw9bZBttiPquyI3bCaqzOBLtnj+yJPTsPzovz6rx9j445g51VNiLn/Qum1Zil</latexit>

A = 1244± 4.7
<latexit sha1_base64="HMdlpYa1AVQ+xLpC+Cgzith9VDA=">AAACA3icbVDLSsNAFJ3UV62vqEs3g0VwFZJSqBuh4sZlFfuANpTJ9LYOnTyYuSmU0KV/4VY37sStHyL4MSYxC209q8M593LPPV4khUbb/jRKa+sbm1vl7crO7t7+gXl41NFhrDi0eShD1fOYBikCaKNACb1IAfM9CV1vep353RkoLcLgHucRuD6bBGIsOMNUGprmFb2kTq1ep4PIp3WrMTSrtmXnoKvEKUiVFGgNza/BKOSxDwFyybTuO3aEbsIUCi5hURnEGiLGp2wC/ZQGzAftJnnyBT2LNcOQRqCokDQX4fdGwnyt576XTvoMH/Syl4n/ef0YxxduIoIoRgh4dgiFhPyQ5kqklQAdCQWILEsOVASUM8UQQQnKOE/FOO0orcNZfn6VdGqWY1vObb3avCuKKZMTckrOiUMapEluSIu0CScz8kSeyYvxaLwab8b7z2jJKHaOyR8YH9+iWJVr</latexit><latexit sha1_base64="HMdlpYa1AVQ+xLpC+Cgzith9VDA=">AAACA3icbVDLSsNAFJ3UV62vqEs3g0VwFZJSqBuh4sZlFfuANpTJ9LYOnTyYuSmU0KV/4VY37sStHyL4MSYxC209q8M593LPPV4khUbb/jRKa+sbm1vl7crO7t7+gXl41NFhrDi0eShD1fOYBikCaKNACb1IAfM9CV1vep353RkoLcLgHucRuD6bBGIsOMNUGprmFb2kTq1ep4PIp3WrMTSrtmXnoKvEKUiVFGgNza/BKOSxDwFyybTuO3aEbsIUCi5hURnEGiLGp2wC/ZQGzAftJnnyBT2LNcOQRqCokDQX4fdGwnyt576XTvoMH/Syl4n/ef0YxxduIoIoRgh4dgiFhPyQ5kqklQAdCQWILEsOVASUM8UQQQnKOE/FOO0orcNZfn6VdGqWY1vObb3avCuKKZMTckrOiUMapEluSIu0CScz8kSeyYvxaLwab8b7z2jJKHaOyR8YH9+iWJVr</latexit><latexit sha1_base64="HMdlpYa1AVQ+xLpC+Cgzith9VDA=">AAACA3icbVDLSsNAFJ3UV62vqEs3g0VwFZJSqBuh4sZlFfuANpTJ9LYOnTyYuSmU0KV/4VY37sStHyL4MSYxC209q8M593LPPV4khUbb/jRKa+sbm1vl7crO7t7+gXl41NFhrDi0eShD1fOYBikCaKNACb1IAfM9CV1vep353RkoLcLgHucRuD6bBGIsOMNUGprmFb2kTq1ep4PIp3WrMTSrtmXnoKvEKUiVFGgNza/BKOSxDwFyybTuO3aEbsIUCi5hURnEGiLGp2wC/ZQGzAftJnnyBT2LNcOQRqCokDQX4fdGwnyt576XTvoMH/Syl4n/ef0YxxduIoIoRgh4dgiFhPyQ5kqklQAdCQWILEsOVASUM8UQQQnKOE/FOO0orcNZfn6VdGqWY1vObb3avCuKKZMTckrOiUMapEluSIu0CScz8kSeyYvxaLwab8b7z2jJKHaOyR8YH9+iWJVr</latexit><latexit sha1_base64="HMdlpYa1AVQ+xLpC+Cgzith9VDA=">AAACA3icbVDLSsNAFJ3UV62vqEs3g0VwFZJSqBuh4sZlFfuANpTJ9LYOnTyYuSmU0KV/4VY37sStHyL4MSYxC209q8M593LPPV4khUbb/jRKa+sbm1vl7crO7t7+gXl41NFhrDi0eShD1fOYBikCaKNACb1IAfM9CV1vep353RkoLcLgHucRuD6bBGIsOMNUGprmFb2kTq1ep4PIp3WrMTSrtmXnoKvEKUiVFGgNza/BKOSxDwFyybTuO3aEbsIUCi5hURnEGiLGp2wC/ZQGzAftJnnyBT2LNcOQRqCokDQX4fdGwnyt576XTvoMH/Syl4n/ef0YxxduIoIoRgh4dgiFhPyQ5kqklQAdCQWILEsOVASUM8UQQQnKOE/FOO0orcNZfn6VdGqWY1vObb3avCuKKZMTckrOiUMapEluSIu0CScz8kSeyYvxaLwab8b7z2jJKHaOyR8YH9+iWJVr</latexit>

A = 1199± 5.2
<latexit sha1_base64="Stf09eY4D4W6lhtoY/5KvmxOr1s=">AAACA3icdVDLSsNAFJ3UV62vqEs3g0VwFZKiaBdCxY3LKvYBbSiT6W0dOnkwc1MooUv/wq1u3IlbP0TwY0xihfo6q8M553IPx4uk0Gjbb0ZhYXFpeaW4Wlpb39jcMrd3mjqMFYcGD2Wo2h7TIEUADRQooR0pYL4noeWNLjK/NQalRRjc4CQC12fDQAwEZ5hKPdM8p2fUcapV2o18emxVembZsewc1P5FvqwymaHeM9+7/ZDHPgTIJdO649gRuglTKLiEaakba4gYH7EhdFIaMB+0m+TNp/Qg1gxDGoGiQtJchPmLhPlaT3wvTfoMb/VPLxP/8joxDk7dRARRjBDw7BEKCfkjzZVIJwHaFwoQWdYcqAgoZ4ohghKUcZ6KcbrR/Bz/k2bFcmzLuToq165nwxTJHtknh8QhJ6RGLkmdNAgnY3JPHsijcWc8Gc/Gy2e0YMxudsk3GK8fq/WVcQ==</latexit><latexit sha1_base64="Stf09eY4D4W6lhtoY/5KvmxOr1s=">AAACA3icdVDLSsNAFJ3UV62vqEs3g0VwFZKiaBdCxY3LKvYBbSiT6W0dOnkwc1MooUv/wq1u3IlbP0TwY0xihfo6q8M553IPx4uk0Gjbb0ZhYXFpeaW4Wlpb39jcMrd3mjqMFYcGD2Wo2h7TIEUADRQooR0pYL4noeWNLjK/NQalRRjc4CQC12fDQAwEZ5hKPdM8p2fUcapV2o18emxVembZsewc1P5FvqwymaHeM9+7/ZDHPgTIJdO649gRuglTKLiEaakba4gYH7EhdFIaMB+0m+TNp/Qg1gxDGoGiQtJchPmLhPlaT3wvTfoMb/VPLxP/8joxDk7dRARRjBDw7BEKCfkjzZVIJwHaFwoQWdYcqAgoZ4ohghKUcZ6KcbrR/Bz/k2bFcmzLuToq165nwxTJHtknh8QhJ6RGLkmdNAgnY3JPHsijcWc8Gc/Gy2e0YMxudsk3GK8fq/WVcQ==</latexit><latexit sha1_base64="Stf09eY4D4W6lhtoY/5KvmxOr1s=">AAACA3icdVDLSsNAFJ3UV62vqEs3g0VwFZKiaBdCxY3LKvYBbSiT6W0dOnkwc1MooUv/wq1u3IlbP0TwY0xihfo6q8M553IPx4uk0Gjbb0ZhYXFpeaW4Wlpb39jcMrd3mjqMFYcGD2Wo2h7TIEUADRQooR0pYL4noeWNLjK/NQalRRjc4CQC12fDQAwEZ5hKPdM8p2fUcapV2o18emxVembZsewc1P5FvqwymaHeM9+7/ZDHPgTIJdO649gRuglTKLiEaakba4gYH7EhdFIaMB+0m+TNp/Qg1gxDGoGiQtJchPmLhPlaT3wvTfoMb/VPLxP/8joxDk7dRARRjBDw7BEKCfkjzZVIJwHaFwoQWdYcqAgoZ4ohghKUcZ6KcbrR/Bz/k2bFcmzLuToq165nwxTJHtknh8QhJ6RGLkmdNAgnY3JPHsijcWc8Gc/Gy2e0YMxudsk3GK8fq/WVcQ==</latexit><latexit sha1_base64="Stf09eY4D4W6lhtoY/5KvmxOr1s=">AAACA3icdVDLSsNAFJ3UV62vqEs3g0VwFZKiaBdCxY3LKvYBbSiT6W0dOnkwc1MooUv/wq1u3IlbP0TwY0xihfo6q8M553IPx4uk0Gjbb0ZhYXFpeaW4Wlpb39jcMrd3mjqMFYcGD2Wo2h7TIEUADRQooR0pYL4noeWNLjK/NQalRRjc4CQC12fDQAwEZ5hKPdM8p2fUcapV2o18emxVembZsewc1P5FvqwymaHeM9+7/ZDHPgTIJdO649gRuglTKLiEaakba4gYH7EhdFIaMB+0m+TNp/Qg1gxDGoGiQtJchPmLhPlaT3wvTfoMb/VPLxP/8joxDk7dRARRjBDw7BEKCfkjzZVIJwHaFwoQWdYcqAgoZ4ohghKUcZ6KcbrR/Bz/k2bFcmzLuToq165nwxTJHtknh8QhJ6RGLkmdNAgnY3JPHsijcWc8Gc/Gy2e0YMxudsk3GK8fq/WVcQ==</latexit>

A = 1177± 4.2
<latexit sha1_base64="K/7ClywwwmYCqj0TlkW//81RVNU=">AAACA3icbVDLSsNAFJ34rPUVdelmsAiuQlIKdSNU3LisYh/QhjKZ3tahk0mYuSmU0qV/4VY37sStHyL4MSaxiLae1eGce7nnniCWwqDrflgrq2vrG5uFreL2zu7evn1w2DRRojk0eCQj3Q6YASkUNFCghHasgYWBhFYwusr81hi0EZG6w0kMfsiGSgwEZ5hKPdu+pBfU86pV2o1DWnHKPbvkOm4O+kO8RVIic9R79me3H/EkBIVcMmM6nhujP2UaBZcwK3YTAzHjIzaETkoVC8H40zz5jJ4mhmFEY9BUSJqL8HtjykJjJmGQToYM782il4n/eZ0EB+f+VKg4QVA8O4RCQn7IcC3SSoD2hQZEliUHKhTlTDNE0IIyzlMxSTtK61h6fpk0y47nOt5NpVS7nRdTIMfkhJwRj1RJjVyTOmkQTsbkkTyRZ+vBerFerbfv0RVrvnNE/sB6/wKj+ZVs</latexit><latexit sha1_base64="K/7ClywwwmYCqj0TlkW//81RVNU=">AAACA3icbVDLSsNAFJ34rPUVdelmsAiuQlIKdSNU3LisYh/QhjKZ3tahk0mYuSmU0qV/4VY37sStHyL4MSaxiLae1eGce7nnniCWwqDrflgrq2vrG5uFreL2zu7evn1w2DRRojk0eCQj3Q6YASkUNFCghHasgYWBhFYwusr81hi0EZG6w0kMfsiGSgwEZ5hKPdu+pBfU86pV2o1DWnHKPbvkOm4O+kO8RVIic9R79me3H/EkBIVcMmM6nhujP2UaBZcwK3YTAzHjIzaETkoVC8H40zz5jJ4mhmFEY9BUSJqL8HtjykJjJmGQToYM782il4n/eZ0EB+f+VKg4QVA8O4RCQn7IcC3SSoD2hQZEliUHKhTlTDNE0IIyzlMxSTtK61h6fpk0y47nOt5NpVS7nRdTIMfkhJwRj1RJjVyTOmkQTsbkkTyRZ+vBerFerbfv0RVrvnNE/sB6/wKj+ZVs</latexit><latexit sha1_base64="K/7ClywwwmYCqj0TlkW//81RVNU=">AAACA3icbVDLSsNAFJ34rPUVdelmsAiuQlIKdSNU3LisYh/QhjKZ3tahk0mYuSmU0qV/4VY37sStHyL4MSaxiLae1eGce7nnniCWwqDrflgrq2vrG5uFreL2zu7evn1w2DRRojk0eCQj3Q6YASkUNFCghHasgYWBhFYwusr81hi0EZG6w0kMfsiGSgwEZ5hKPdu+pBfU86pV2o1DWnHKPbvkOm4O+kO8RVIic9R79me3H/EkBIVcMmM6nhujP2UaBZcwK3YTAzHjIzaETkoVC8H40zz5jJ4mhmFEY9BUSJqL8HtjykJjJmGQToYM782il4n/eZ0EB+f+VKg4QVA8O4RCQn7IcC3SSoD2hQZEliUHKhTlTDNE0IIyzlMxSTtK61h6fpk0y47nOt5NpVS7nRdTIMfkhJwRj1RJjVyTOmkQTsbkkTyRZ+vBerFerbfv0RVrvnNE/sB6/wKj+ZVs</latexit><latexit sha1_base64="K/7ClywwwmYCqj0TlkW//81RVNU=">AAACA3icbVDLSsNAFJ34rPUVdelmsAiuQlIKdSNU3LisYh/QhjKZ3tahk0mYuSmU0qV/4VY37sStHyL4MSaxiLae1eGce7nnniCWwqDrflgrq2vrG5uFreL2zu7evn1w2DRRojk0eCQj3Q6YASkUNFCghHasgYWBhFYwusr81hi0EZG6w0kMfsiGSgwEZ5hKPdu+pBfU86pV2o1DWnHKPbvkOm4O+kO8RVIic9R79me3H/EkBIVcMmM6nhujP2UaBZcwK3YTAzHjIzaETkoVC8H40zz5jJ4mhmFEY9BUSJqL8HtjykJjJmGQToYM782il4n/eZ0EB+f+VKg4QVA8O4RCQn7IcC3SSoD2hQZEliUHKhTlTDNE0IIyzlMxSTtK61h6fpk0y47nOt5NpVS7nRdTIMfkhJwRj1RJjVyTOmkQTsbkkTyRZ+vBerFerbfv0RVrvnNE/sB6/wKj+ZVs</latexit>

Numerical simulations: state of the art
Sub-haloes and Galaxies in Hydro

Trieste DM-Only simulation:

Sub-haloestracers: 

h(z) M200 > 1 x 1013Mass threshold: 

Trieste Hydro simulation:

Sub-haloestracers: 

h(z) M200 > 1 x 1013Mass threshold: 

Trieste Hydro simulation:

Galaxiestracers: 

h(z) M200 > 1 x 1013Mass threshold: 

(average of 8 redshifts from 0 to 2)
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Simulations: runs

GADGET X
modern SPH 

AGN feedback 
(Davé+19 Model)

GIZMO
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Spherical  Zoomed regions of 15/h Mpc radius  centred around the 324 most massive clusters of 
the  Multidark-Planck simulation formed at z=0 ( Mass:  3.2x1015 – 8x1014 M/h )  

modern SPH 

AGN feedback, 
(Trieste Model)

DM ONLY HYDRO



Simulations: tracers

DM particles

single simulation element
structures of 

gravitationally bound DM 
particles  

NDM_part ≥ 20 

Mstar ≥ 109 M⊙

Sub-haloes
structures of 

gravitationally bound DM 
and Gas particles  

NDM_part ≥ 20 

Mstar ≥ 109 M⊙

Galaxies
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Simulations: tracers

DM particles

single simulation element

ANTONIO FERRAGAMO— mmUniverse@NIKA2 - 01/07/2021

structures of 
gravitationally bound DM 

particles  

NDM_part ≥ 20 

Mstar ≥ 109 M⊙

Sub-haloes
structures of 

gravitationally bound DM 
and Gas particles  

NDM_part ≥ 20 

Mstar ≥ 109 M⊙

Galaxies
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THE 300th: Sub-halos Nsh ≥ 5

• the slope shows a redshift dependence 

• the normalisation seems to be more stable  
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THE 300th: Sub-halos Nsh ≥ 5

• the slope shows a redshift dependence 

• the normalisation seems to be more stable  
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THE 300th: Sub-halos Nsh ≥ 5 

the scatter seems not to correlate neither with the shape of the velocity distribution nor 
with the parameter of the dynamic state. 
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THE 300th: Sub-halos Nsh ≥ 10

• the slope shows a redshift dependence 

• the normalisation seems to be more stable  
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THE 300th: Sub-halos Nsh ≥ 10

• the slope shows a redshift dependence 

• the normalisation seems to be more stable  
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THE 300th: Galaxies Ngal ≥ 5

• the slope shows a redshift dependence 

• the normalisation shows a redshift dependence after z=1  
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THE 300th: Galaxies Ngal ≥ 10

• the slope shows a redshift dependence 

• the normalisation is constant with redshift 
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THE 300th: GADGET-X vs GIZMO

GIZMO parameter are lower than the 
GADGET-X ones, especially the slope 

Effect of the differences in AGN feedback 
recipes 

SUB-HALOES
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THE 300th: GADGET-X vs GIZMO
SUB-HALOES

ANTONIO FERRAGAMO— mmUniverse@NIKA2 - 01/07/2021

MGADGET X
200

MGIZMO
200

� 1 ⇠ 0.1
<latexit sha1_base64="Y3TQglwMb0twVjnbDav4vHorPZA="></latexit><latexit sha1_base64="Y3TQglwMb0twVjnbDav4vHorPZA="></latexit><latexit sha1_base64="Y3TQglwMb0twVjnbDav4vHorPZA="></latexit><latexit sha1_base64="Y3TQglwMb0twVjnbDav4vHorPZA="></latexit>

LOW MASS 

HIGH MASS 

MGADGET X
200

MGIZMO
200

� 1 ⇠ 0.05
<latexit sha1_base64="qRRbjxBq+DM21zNtRYxvQehwzr4="></latexit><latexit sha1_base64="qRRbjxBq+DM21zNtRYxvQehwzr4="></latexit><latexit sha1_base64="qRRbjxBq+DM21zNtRYxvQehwzr4="></latexit><latexit sha1_base64="qRRbjxBq+DM21zNtRYxvQehwzr4="></latexit>
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THE 300th: GADGET-X vs GIZMO
GALAXIES

ANTONIO FERRAGAMO— mmUniverse@NIKA2 - 01/07/2021

MGADGET X
200

MGIZMO
200

� 1 ⇠ 0.1
<latexit sha1_base64="Y3TQglwMb0twVjnbDav4vHorPZA="></latexit><latexit sha1_base64="Y3TQglwMb0twVjnbDav4vHorPZA="></latexit><latexit sha1_base64="Y3TQglwMb0twVjnbDav4vHorPZA="></latexit><latexit sha1_base64="Y3TQglwMb0twVjnbDav4vHorPZA="></latexit>

LOW MASS HIGH MASS 

MGADGET X
200

MGIZMO
200

� 1 ⇠ 0.05
<latexit sha1_base64="qRRbjxBq+DM21zNtRYxvQehwzr4="></latexit><latexit sha1_base64="qRRbjxBq+DM21zNtRYxvQehwzr4="></latexit><latexit sha1_base64="qRRbjxBq+DM21zNtRYxvQehwzr4="></latexit><latexit sha1_base64="qRRbjxBq+DM21zNtRYxvQehwzr4="></latexit>
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THE 300th: the scaling relation (PRELIMINARY)
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�200

km s�1
= A


h(z) M200

1015 M�

�↵+�z

<latexit sha1_base64="d37w87/m9SSMTZ0ZHptyJtYj9DE="></latexit><latexit sha1_base64="d37w87/m9SSMTZ0ZHptyJtYj9DE="></latexit><latexit sha1_base64="d37w87/m9SSMTZ0ZHptyJtYj9DE="></latexit><latexit sha1_base64="d37w87/m9SSMTZ0ZHptyJtYj9DE="></latexit>

GADGET X GIZMO

A α β A α β
sub-haloes 1216.2 ± 0.6 0.358 ± 0.002 0.027 ± 0.003 1198.8 ± 0.7 0.341 ± 0.002 0.026 ± 0.002

galaxies 1172.7 ± 0.8 0.357 ± 0.002 0.029 ± 0.002 1171.5 ± 0.6 0.340 ± 0.001 0.016 ± 0.001



THE 300th: star mass dependence

ANTONIO FERRAGAMO— mmUniverse@NIKA2 - 01/07/2021

structures of 
gravitationally bound DM 

and Gas particles  

NDM_part ≥ 20 

Galaxies

What happen if we increase the stellar mass of the galaxies we use to estimate the dispersion?

7 stellar mass thresholds from 7.0 dex (1 stellar particle) to 10.25 dex
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• Increasing slope 

• Decreasing normalisation 
• Increasing stellar mass threshold

Z=0.0
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THE 300th: star mass dependence
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• Increasing slope 

• Decreasing normalisation 
• Increasing stellar mass threshold

Z=0.0

GADGET X GIZMO
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THE 300th: star mass dependence
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• statistical effect 

• physical effect 
the trend is present also at high redshift

Z=1.031

22

THE 300th: star mass dependence



• Relations σ200 - M200 for both Sub-haloes and Galaxies 

• 19 redshifts from z=0 to z=2.16 

• 3 simulation flavours: GADGET-X, GIZMO, DM-Only Low-Resolution 

• halo mass thresholds: M≥13.0 [dex], M≥13.6 [dex], M≥14.0 [dex], M≥14.6 [dex] 

• halo mass bins: 13.0≤M≤13.8[dex], 13.8≤M≤14.6[dex], M≥14.6 [dex] 

• min number of sub-halos: 5, 10, 20  

• We observed a redshift dependence of the of the slope) 

• We observed a differences due to the particular AGN feedback recipe

Conclusions  (PRELIMINARY)
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• We are investigating a dependence of the parameters with the stellar mass of 
the galaxy members 

• Constrain the relations σ500 - M500 and σ200 - M500 

next future
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