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Conteúdo de matéria no Universo
7.0 Introdução
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Conteúdo de matéria no Universo

o que conhecemos 
no lab 

7.0 Introdução
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Conteúdo de matéria no Universo

bariônica

7.0 Introdução

Bárions:
prótons e nêutrons
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Conteúdo de matéria no Universo

7.0 Introdução

Bárions:
Para cosmólogos: matéria 
atômica normal, o que 
inclui os elétrons... mas 
estes contribuem apenas 

em ~0.0005 da massa 
atômica, então são 

praticamente 
desprezíveis.

Nota: neutrinos são 
considerados não-

bariônicos.



7 http://ecuip.lib.uchicago.edu/multiwavelength-astronomy/astrophysics/05.html

Wikipedia

7.0 Introdução

A matéria bariônica é 
detectada pelos fótons 

que emitem / absorvem. 
Também pode ser 

detectada indiretamente 
por efeitos gravitacionais 

que provocam 
perturbações em corpos 

vizinhos.

http://ecuip.lib.uchicago.edu/multiwavelength-astronomy/astrophysics/05.html
http://ecuip.lib.uchicago.edu/multiwavelength-astronomy/astrophysics/05.html
http://ecuip.lib.uchicago.edu/multiwavelength-astronomy/astrophysics/05.html
http://ecuip.lib.uchicago.edu/multiwavelength-astronomy/astrophysics/05.html


8 https://www.forbes.com/sites/startswithabang/2017/12/27/2018-will-be-the-year-
humanity-directly-sees-our-first-black-hole/#614a06693a16

7.0 Introdução

Buracos negros também são considerados 
matéria bariônica pelos cosmólogos, mas é bom 
ter em mente que,  ao ser adicionada ao BN, a 
matéria “perde” sua distinção (bariônica ou 
não), já que BNs não possuem “cabelo”.

http://ecuip.lib.uchicago.edu/multiwavelength-astronomy/astrophysics/05.html
http://ecuip.lib.uchicago.edu/multiwavelength-astronomy/astrophysics/05.html
http://ecuip.lib.uchicago.edu/multiwavelength-astronomy/astrophysics/05.html
http://ecuip.lib.uchicago.edu/multiwavelength-astronomy/astrophysics/05.html
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A matéria bariônica, quando detectada por efeitos 
gravitacionais, é usualmente nomeada “massa 

faltante” (“missing mass”). 
Ou seja, é matéria escura bariônica.

Ryden, ICTP Lectures
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Porém, há evidências de que o Universo tem um tipo de 
matéria escura que não é bariônica.

Ryden, ICTP Lectures
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Porém, há evidências de que o Universo tem um tipo de 
matéria escura que não é bariônica.

https://www.slideshare.net/AstroKatie/insights-into-dark-matter

•Curvas de rotação e dinâmica de galáxias
•Dinâmica de aglomerados de galáxias
•Lentes gravitacionais
•Picos acústicos da CMBR (razão DM/bárion)
•Espectro de potência da matéria e formação de 
estruturas (razão DM/bárion)
•Colisões de aglomerados de galáxias

https://www.slideshare.net/AstroKatie/insights-into-dark-matter
https://www.slideshare.net/AstroKatie/insights-into-dark-matter
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Características da matéria escura não-bariônica.

https://www.slideshare.net/AstroKatie/insights-into-dark-matter

•Massiva (atrai gravitacionalmente e gera 
aglomeração)
•Fria (não-relativística)
•Acolisional
•Escura (não emite / absorve radiação EM)
•Não interagente ou fracamente interagente (ie, 
interações de origem não-gravitacional não foram 
detectadas)

https://www.slideshare.net/AstroKatie/insights-into-dark-matter
https://www.slideshare.net/AstroKatie/insights-into-dark-matter
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Matéria escura não-bariônica.

https://www.slideshare.net/AstroKatie/insights-into-dark-matter

“gravidade 
escura”???

https://www.slideshare.net/AstroKatie/insights-into-dark-matter
https://www.slideshare.net/AstroKatie/insights-into-dark-matter
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Matéria escura não-bariônica.

https://en.wikipedia.org/wiki/Alternatives_to_general_relativity#References

“gravidade 
escura”???

Modificações da RG:
•Teorias de campo escalar
•Teorias bimétricas
•Teorias quasi-lineares
•Teorias tensoriais (eg., f(R), Gauss-Bonet, etc)
•Teorias escala-tensoriais
•Teorias vetor-tensoriais
•Teorias não-métricas
•Quintessência
•Teorias de Moffat
•MOND relativístico
•ETC...

https://www.slideshare.net/AstroKatie/insights-into-dark-matter
https://www.slideshare.net/AstroKatie/insights-into-dark-matter
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O que não sabemos sobre a 
matéria escura não-bariônica?

https://www.slideshare.net/AstroKatie/insights-into-dark-matter

•Sua natureza fundamental
•Como se formou primordialmente
•Se possui alguma interação não-gravitacional com 
as outras partículas do modelo padrão
•Se possui alguma interação não-gravitacional 
consigo mesma
•Se seria na verdade uma manifestação de 
“gravitação escura”, seja inteiramente ou 
parcialmente acoplada com esta. 

https://www.slideshare.net/AstroKatie/insights-into-dark-matter
https://www.slideshare.net/AstroKatie/insights-into-dark-matter
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Nesta aula, estamos interessados em estudar 
métodos que estimem o parâmetro de densidade de 

matéria total no tempo atual e, para tanto, 
assumiremos que a matéria escura não-bariônica se 
manifesta como partículas, gerando uma densidade 
de energia equivalente, tal como no caso da matéria 

bariônica.

⌦m,0
<latexit sha1_base64="3gJGthdTXNru0U4+DgNw/trC924=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgQUoigh6LXrxZwdpCE8pmO2mX7m7C7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0srq2vlHerGxt7+zuVfcPHnWSKYotmvBEdSKikTOJLcMMx06qkIiIYzsa3Uz99hMqzRL5YMYphoIMJIsZJcZKQXAncEB6uTjzJr1qzat7M7jLxC9IDQo0e9WvoJ/QTKA0lBOtu76XmjAnyjDKcVIJMo0poSMywK6lkgjUYT67eeKeWKXvxomyJY07U39P5ERoPRaR7RTEDPWiNxX/87qZia/CnMk0MyjpfFGccdck7jQAt88UUsPHlhCqmL3VpUOiCDU2pooNwV98eZk8ntd9r+7fX9Qa10UcZTiCYzgFHy6hAbfQhBZQSOEZXuHNyZwX5935mLeWnGLmEP7A+fwBiNORVw==</latexit><latexit sha1_base64="3gJGthdTXNru0U4+DgNw/trC924=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgQUoigh6LXrxZwdpCE8pmO2mX7m7C7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0srq2vlHerGxt7+zuVfcPHnWSKYotmvBEdSKikTOJLcMMx06qkIiIYzsa3Uz99hMqzRL5YMYphoIMJIsZJcZKQXAncEB6uTjzJr1qzat7M7jLxC9IDQo0e9WvoJ/QTKA0lBOtu76XmjAnyjDKcVIJMo0poSMywK6lkgjUYT67eeKeWKXvxomyJY07U39P5ERoPRaR7RTEDPWiNxX/87qZia/CnMk0MyjpfFGccdck7jQAt88UUsPHlhCqmL3VpUOiCDU2pooNwV98eZk8ntd9r+7fX9Qa10UcZTiCYzgFHy6hAbfQhBZQSOEZXuHNyZwX5935mLeWnGLmEP7A+fwBiNORVw==</latexit><latexit sha1_base64="3gJGthdTXNru0U4+DgNw/trC924=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgQUoigh6LXrxZwdpCE8pmO2mX7m7C7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0srq2vlHerGxt7+zuVfcPHnWSKYotmvBEdSKikTOJLcMMx06qkIiIYzsa3Uz99hMqzRL5YMYphoIMJIsZJcZKQXAncEB6uTjzJr1qzat7M7jLxC9IDQo0e9WvoJ/QTKA0lBOtu76XmjAnyjDKcVIJMo0poSMywK6lkgjUYT67eeKeWKXvxomyJY07U39P5ERoPRaR7RTEDPWiNxX/87qZia/CnMk0MyjpfFGccdck7jQAt88UUsPHlhCqmL3VpUOiCDU2pooNwV98eZk8ntd9r+7fX9Qa10UcZTiCYzgFHy6hAbfQhBZQSOEZXuHNyZwX5935mLeWnGLmEP7A+fwBiNORVw==</latexit><latexit sha1_base64="3gJGthdTXNru0U4+DgNw/trC924=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgQUoigh6LXrxZwdpCE8pmO2mX7m7C7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0srq2vlHerGxt7+zuVfcPHnWSKYotmvBEdSKikTOJLcMMx06qkIiIYzsa3Uz99hMqzRL5YMYphoIMJIsZJcZKQXAncEB6uTjzJr1qzat7M7jLxC9IDQo0e9WvoJ/QTKA0lBOtu76XmjAnyjDKcVIJMo0poSMywK6lkgjUYT67eeKeWKXvxomyJY07U39P5ERoPRaR7RTEDPWiNxX/87qZia/CnMk0MyjpfFGccdck7jQAt88UUsPHlhCqmL3VpUOiCDU2pooNwV98eZk8ntd9r+7fX9Qa10UcZTiCYzgFHy6hAbfQhBZQSOEZXuHNyZwX5935mLeWnGLmEP7A+fwBiNORVw==</latexit>
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Banda-V: 500 nm < � < 590 nm
<latexit sha1_base64="zD71L12+lj70Om+DI3/vzGC8Kt8=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0VWbEooKLohuXFewDOkPJZDJtaJIZkoxQhvoHbvwVNy4UcevSnX9j2s6ith4IHM65h5t7goRRpR3nxyosLa+srhXXSxubW9s79u5eU8WpxKSBYxbLdoAUYVSQhqaakXYiCeIBI61gcDP2Ww9EKhqLez1MiM9RT9CIYqSN1LWPq44DHzNPcij4CF5Bj5lwiAyrXs44XbvsVJwJ4CJxc1IGOepd+9sLY5xyIjRmSKmO6yTaz5DUFDMyKnmpIgnCA9QjHUMF4kT52eSgETwySgijWJonNJyos4kMcaWGPDCTHOm+mvfG4n9eJ9XRhZ9RkaSaCDxdFKUM6hiO24EhlQRrNjQEYUnNXyHuI4mwNh2WTAnu/MmLpHlacZ2Ke3dWrl3ndRTBATgEJ8AF56AGbkEdNAAGT+AFvIF369l6tT6sz+lowcoz++APrK9fA66asQ==</latexit><latexit sha1_base64="zD71L12+lj70Om+DI3/vzGC8Kt8=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0VWbEooKLohuXFewDOkPJZDJtaJIZkoxQhvoHbvwVNy4UcevSnX9j2s6ith4IHM65h5t7goRRpR3nxyosLa+srhXXSxubW9s79u5eU8WpxKSBYxbLdoAUYVSQhqaakXYiCeIBI61gcDP2Ww9EKhqLez1MiM9RT9CIYqSN1LWPq44DHzNPcij4CF5Bj5lwiAyrXs44XbvsVJwJ4CJxc1IGOepd+9sLY5xyIjRmSKmO6yTaz5DUFDMyKnmpIgnCA9QjHUMF4kT52eSgETwySgijWJonNJyos4kMcaWGPDCTHOm+mvfG4n9eJ9XRhZ9RkaSaCDxdFKUM6hiO24EhlQRrNjQEYUnNXyHuI4mwNh2WTAnu/MmLpHlacZ2Ke3dWrl3ndRTBATgEJ8AF56AGbkEdNAAGT+AFvIF369l6tT6sz+lowcoz++APrK9fA66asQ==</latexit><latexit sha1_base64="zD71L12+lj70Om+DI3/vzGC8Kt8=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0VWbEooKLohuXFewDOkPJZDJtaJIZkoxQhvoHbvwVNy4UcevSnX9j2s6ith4IHM65h5t7goRRpR3nxyosLa+srhXXSxubW9s79u5eU8WpxKSBYxbLdoAUYVSQhqaakXYiCeIBI61gcDP2Ww9EKhqLez1MiM9RT9CIYqSN1LWPq44DHzNPcij4CF5Bj5lwiAyrXs44XbvsVJwJ4CJxc1IGOepd+9sLY5xyIjRmSKmO6yTaz5DUFDMyKnmpIgnCA9QjHUMF4kT52eSgETwySgijWJonNJyos4kMcaWGPDCTHOm+mvfG4n9eJ9XRhZ9RkaSaCDxdFKUM6hiO24EhlQRrNjQEYUnNXyHuI4mwNh2WTAnu/MmLpHlacZ2Ke3dWrl3ndRTBATgEJ8AF56AGbkEdNAAGT+AFvIF369l6tT6sz+lowcoz++APrK9fA66asQ==</latexit><latexit sha1_base64="zD71L12+lj70Om+DI3/vzGC8Kt8=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0VWbEooKLohuXFewDOkPJZDJtaJIZkoxQhvoHbvwVNy4UcevSnX9j2s6ith4IHM65h5t7goRRpR3nxyosLa+srhXXSxubW9s79u5eU8WpxKSBYxbLdoAUYVSQhqaakXYiCeIBI61gcDP2Ww9EKhqLez1MiM9RT9CIYqSN1LWPq44DHzNPcij4CF5Bj5lwiAyrXs44XbvsVJwJ4CJxc1IGOepd+9sLY5xyIjRmSKmO6yTaz5DUFDMyKnmpIgnCA9QjHUMF4kT52eSgETwySgijWJonNJyos4kMcaWGPDCTHOm+mvfG4n9eJ9XRhZ9RkaSaCDxdFKUM6hiO24EhlQRrNjQEYUnNXyHuI4mwNh2WTAnu/MmLpHlacZ2Ke3dWrl3ndRTBATgEJ8AF56AGbkEdNAAGT+AFvIF369l6tT6sz+lowcoz++APrK9fA66asQ==</latexit>

L�,V ⇡ 0.12L� ⇡ 4.6⇥ 1025 watts
<latexit sha1_base64="9awS17g0YoZ9O9/R28mqNh1RNNY="></latexit><latexit sha1_base64="9awS17g0YoZ9O9/R28mqNh1RNNY="></latexit><latexit sha1_base64="9awS17g0YoZ9O9/R28mqNh1RNNY="></latexit><latexit sha1_base64="9awS17g0YoZ9O9/R28mqNh1RNNY="></latexit>

Densidade de luminosidade de galáxias locais, baseada em surveys na banda-V: 

 V = 1.1⇥ 108L�,V Mpc�3
<latexit sha1_base64="Id2xuLNlDb0P/luPhkYzKBv5jl8="></latexit><latexit sha1_base64="Id2xuLNlDb0P/luPhkYzKBv5jl8="></latexit><latexit sha1_base64="Id2xuLNlDb0P/luPhkYzKBv5jl8="></latexit><latexit sha1_base64="Id2xuLNlDb0P/luPhkYzKBv5jl8="></latexit>

(d . 0.1c/H0)
<latexit sha1_base64="kQ/aGYizqEUFUbrxlqVZKPF5EMA=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYmIuiy6KbLCvYBbQiTyU07dCYJMxOhxC78FTcuFHHrb7jzb5w+Ftp64MLhnHu5954g5Uxpx/m2Ciura+sbxc3S1vbO7p69f9BSSSYpNGnCE9kJiALOYmhqpjl0UglEBBzawfB24rcfQCqWxPd6lIInSD9mEaNEG8m3jyoh7nFQSjGBnaqL6Xndd858u+xUnSnwMnHnpIzmaPj2Vy9MaCYg1pQTpbquk2ovJ1IzymFc6mUKUkKHpA9dQ2MiQHn59P4xPjVKiKNEmoo1nqq/J3IilBqJwHQKogdq0ZuI/3ndTEfXXs7iNNMQ09miKONYJ3gSBg6ZBKr5yBBCJTO3YjogklBtIiuZENzFl5dJ66LqmuDuLsu1m3kcRXSMTlAFuegK1VAdNVATUfSIntErerOerBfr3fqYtRas+cwh+gPr8wex85Pw</latexit><latexit sha1_base64="kQ/aGYizqEUFUbrxlqVZKPF5EMA=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYmIuiy6KbLCvYBbQiTyU07dCYJMxOhxC78FTcuFHHrb7jzb5w+Ftp64MLhnHu5954g5Uxpx/m2Ciura+sbxc3S1vbO7p69f9BSSSYpNGnCE9kJiALOYmhqpjl0UglEBBzawfB24rcfQCqWxPd6lIInSD9mEaNEG8m3jyoh7nFQSjGBnaqL6Xndd858u+xUnSnwMnHnpIzmaPj2Vy9MaCYg1pQTpbquk2ovJ1IzymFc6mUKUkKHpA9dQ2MiQHn59P4xPjVKiKNEmoo1nqq/J3IilBqJwHQKogdq0ZuI/3ndTEfXXs7iNNMQ09miKONYJ3gSBg6ZBKr5yBBCJTO3YjogklBtIiuZENzFl5dJ66LqmuDuLsu1m3kcRXSMTlAFuegK1VAdNVATUfSIntErerOerBfr3fqYtRas+cwh+gPr8wex85Pw</latexit><latexit sha1_base64="kQ/aGYizqEUFUbrxlqVZKPF5EMA=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYmIuiy6KbLCvYBbQiTyU07dCYJMxOhxC78FTcuFHHrb7jzb5w+Ftp64MLhnHu5954g5Uxpx/m2Ciura+sbxc3S1vbO7p69f9BSSSYpNGnCE9kJiALOYmhqpjl0UglEBBzawfB24rcfQCqWxPd6lIInSD9mEaNEG8m3jyoh7nFQSjGBnaqL6Xndd858u+xUnSnwMnHnpIzmaPj2Vy9MaCYg1pQTpbquk2ovJ1IzymFc6mUKUkKHpA9dQ2MiQHn59P4xPjVKiKNEmoo1nqq/J3IilBqJwHQKogdq0ZuI/3ndTEfXXs7iNNMQ09miKONYJ3gSBg6ZBKr5yBBCJTO3YjogklBtIiuZENzFl5dJ66LqmuDuLsu1m3kcRXSMTlAFuegK1VAdNVATUfSIntErerOerBfr3fqYtRas+cwh+gPr8wex85Pw</latexit><latexit sha1_base64="kQ/aGYizqEUFUbrxlqVZKPF5EMA=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYmIuiy6KbLCvYBbQiTyU07dCYJMxOhxC78FTcuFHHrb7jzb5w+Ftp64MLhnHu5954g5Uxpx/m2Ciura+sbxc3S1vbO7p69f9BSSSYpNGnCE9kJiALOYmhqpjl0UglEBBzawfB24rcfQCqWxPd6lIInSD9mEaNEG8m3jyoh7nFQSjGBnaqL6Xndd858u+xUnSnwMnHnpIzmaPj2Vy9MaCYg1pQTpbquk2ovJ1IzymFc6mUKUkKHpA9dQ2MiQHn59P4xPjVKiKNEmoo1nqq/J3IilBqJwHQKogdq0ZuI/3ndTEfXXs7iNNMQ09miKONYJ3gSBg6ZBKr5yBBCJTO3YjogklBtIiuZENzFl5dJ66LqmuDuLsu1m3kcRXSMTlAFuegK1VAdNVATUfSIntErerOerBfr3fqYtRas+cwh+gPr8wex85Pw</latexit>

Como converter a densidade de 
luminosidade em densidade de massa 

das estrelas?

⇢⇤
<latexit sha1_base64="W6Lzt7PSLD9wIYKyVpQPvOKvBcY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsDo1jNeZltq0Imq5FIrXUaDkrcRwGkeSN6PR7dRvPnFjhVYPOE54GNOBEn3BKDqp0TFD3T3vlsp+xZ+BLJMgJ2XIUeuWvjo9zdKYK2SSWtsO/ATDjBoUTPJJsZNanlA2ogPedlTRmNswm107IadO6ZG+Nq4Ukpn6eyKjsbXjOHKdMcWhXfSm4n9eO8X+dZgJlaTIFZsv6qeSoCbT10lPGM5Qjh2hzAh3K2FDaihDF1DRhRAsvrxMGheVwK8E95fl6k0eRwGO4QTOIIArqMId1KAODB7hGV7hzdPei/fufcxbV7x85gj+wPv8ATzejuQ=</latexit><latexit sha1_base64="W6Lzt7PSLD9wIYKyVpQPvOKvBcY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsDo1jNeZltq0Imq5FIrXUaDkrcRwGkeSN6PR7dRvPnFjhVYPOE54GNOBEn3BKDqp0TFD3T3vlsp+xZ+BLJMgJ2XIUeuWvjo9zdKYK2SSWtsO/ATDjBoUTPJJsZNanlA2ogPedlTRmNswm107IadO6ZG+Nq4Ukpn6eyKjsbXjOHKdMcWhXfSm4n9eO8X+dZgJlaTIFZsv6qeSoCbT10lPGM5Qjh2hzAh3K2FDaihDF1DRhRAsvrxMGheVwK8E95fl6k0eRwGO4QTOIIArqMId1KAODB7hGV7hzdPei/fufcxbV7x85gj+wPv8ATzejuQ=</latexit><latexit sha1_base64="W6Lzt7PSLD9wIYKyVpQPvOKvBcY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsDo1jNeZltq0Imq5FIrXUaDkrcRwGkeSN6PR7dRvPnFjhVYPOE54GNOBEn3BKDqp0TFD3T3vlsp+xZ+BLJMgJ2XIUeuWvjo9zdKYK2SSWtsO/ATDjBoUTPJJsZNanlA2ogPedlTRmNswm107IadO6ZG+Nq4Ukpn6eyKjsbXjOHKdMcWhXfSm4n9eO8X+dZgJlaTIFZsv6qeSoCbT10lPGM5Qjh2hzAh3K2FDaihDF1DRhRAsvrxMGheVwK8E95fl6k0eRwGO4QTOIIArqMId1KAODB7hGV7hzdPei/fufcxbV7x85gj+wPv8ATzejuQ=</latexit><latexit sha1_base64="W6Lzt7PSLD9wIYKyVpQPvOKvBcY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsDo1jNeZltq0Imq5FIrXUaDkrcRwGkeSN6PR7dRvPnFjhVYPOE54GNOBEn3BKDqp0TFD3T3vlsp+xZ+BLJMgJ2XIUeuWvjo9zdKYK2SSWtsO/ATDjBoUTPJJsZNanlA2ogPedlTRmNswm107IadO6ZG+Nq4Ukpn6eyKjsbXjOHKdMcWhXfSm4n9eO8X+dZgJlaTIFZsv6qeSoCbT10lPGM5Qjh2hzAh3K2FDaihDF1DRhRAsvrxMGheVwK8E95fl6k0eRwGO4QTOIIArqMId1KAODB7hGV7hzdPei/fufcxbV7x85gj+wPv8ATzejuQ=</latexit>
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 V = 1.1⇥ 108L�,V Mpc�3
<latexit sha1_base64="Id2xuLNlDb0P/luPhkYzKBv5jl8="></latexit><latexit sha1_base64="Id2xuLNlDb0P/luPhkYzKBv5jl8="></latexit><latexit sha1_base64="Id2xuLNlDb0P/luPhkYzKBv5jl8="></latexit><latexit sha1_base64="Id2xuLNlDb0P/luPhkYzKBv5jl8="></latexit>

Como converter a densidade de 
luminosidade em densidade de massa 

das estrelas?

⇢⇤
<latexit sha1_base64="W6Lzt7PSLD9wIYKyVpQPvOKvBcY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsDo1jNeZltq0Imq5FIrXUaDkrcRwGkeSN6PR7dRvPnFjhVYPOE54GNOBEn3BKDqp0TFD3T3vlsp+xZ+BLJMgJ2XIUeuWvjo9zdKYK2SSWtsO/ATDjBoUTPJJsZNanlA2ogPedlTRmNswm107IadO6ZG+Nq4Ukpn6eyKjsbXjOHKdMcWhXfSm4n9eO8X+dZgJlaTIFZsv6qeSoCbT10lPGM5Qjh2hzAh3K2FDaihDF1DRhRAsvrxMGheVwK8E95fl6k0eRwGO4QTOIIArqMId1KAODB7hGV7hzdPei/fufcxbV7x85gj+wPv8ATzejuQ=</latexit><latexit sha1_base64="W6Lzt7PSLD9wIYKyVpQPvOKvBcY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsDo1jNeZltq0Imq5FIrXUaDkrcRwGkeSN6PR7dRvPnFjhVYPOE54GNOBEn3BKDqp0TFD3T3vlsp+xZ+BLJMgJ2XIUeuWvjo9zdKYK2SSWtsO/ATDjBoUTPJJsZNanlA2ogPedlTRmNswm107IadO6ZG+Nq4Ukpn6eyKjsbXjOHKdMcWhXfSm4n9eO8X+dZgJlaTIFZsv6qeSoCbT10lPGM5Qjh2hzAh3K2FDaihDF1DRhRAsvrxMGheVwK8E95fl6k0eRwGO4QTOIIArqMId1KAODB7hGV7hzdPei/fufcxbV7x85gj+wPv8ATzejuQ=</latexit><latexit sha1_base64="W6Lzt7PSLD9wIYKyVpQPvOKvBcY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsDo1jNeZltq0Imq5FIrXUaDkrcRwGkeSN6PR7dRvPnFjhVYPOE54GNOBEn3BKDqp0TFD3T3vlsp+xZ+BLJMgJ2XIUeuWvjo9zdKYK2SSWtsO/ATDjBoUTPJJsZNanlA2ogPedlTRmNswm107IadO6ZG+Nq4Ukpn6eyKjsbXjOHKdMcWhXfSm4n9eO8X+dZgJlaTIFZsv6qeSoCbT10lPGM5Qjh2hzAh3K2FDaihDF1DRhRAsvrxMGheVwK8E95fl6k0eRwGO4QTOIIArqMId1KAODB7hGV7hzdPei/fufcxbV7x85gj+wPv8ATzejuQ=</latexit><latexit sha1_base64="W6Lzt7PSLD9wIYKyVpQPvOKvBcY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsDo1jNeZltq0Imq5FIrXUaDkrcRwGkeSN6PR7dRvPnFjhVYPOE54GNOBEn3BKDqp0TFD3T3vlsp+xZ+BLJMgJ2XIUeuWvjo9zdKYK2SSWtsO/ATDjBoUTPJJsZNanlA2ogPedlTRmNswm107IadO6ZG+Nq4Ukpn6eyKjsbXjOHKdMcWhXfSm4n9eO8X+dZgJlaTIFZsv6qeSoCbT10lPGM5Qjh2hzAh3K2FDaihDF1DRhRAsvrxMGheVwK8E95fl6k0eRwGO4QTOIIArqMId1KAODB7hGV7hzdPei/fufcxbV7x85gj+wPv8ATzejuQ=</latexit>

7.1 A Matéria Visível

Razão Massa/
Luminosidade (M/L) 

das estrelas
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 V = 1.1⇥ 108L�,V Mpc�3
<latexit sha1_base64="Id2xuLNlDb0P/luPhkYzKBv5jl8="></latexit><latexit sha1_base64="Id2xuLNlDb0P/luPhkYzKBv5jl8="></latexit><latexit sha1_base64="Id2xuLNlDb0P/luPhkYzKBv5jl8="></latexit><latexit sha1_base64="Id2xuLNlDb0P/luPhkYzKBv5jl8="></latexit>

Como converter a densidade de 
luminosidade em densidade de massa 

das estrelas?

⇢⇤
<latexit sha1_base64="W6Lzt7PSLD9wIYKyVpQPvOKvBcY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsDo1jNeZltq0Imq5FIrXUaDkrcRwGkeSN6PR7dRvPnFjhVYPOE54GNOBEn3BKDqp0TFD3T3vlsp+xZ+BLJMgJ2XIUeuWvjo9zdKYK2SSWtsO/ATDjBoUTPJJsZNanlA2ogPedlTRmNswm107IadO6ZG+Nq4Ukpn6eyKjsbXjOHKdMcWhXfSm4n9eO8X+dZgJlaTIFZsv6qeSoCbT10lPGM5Qjh2hzAh3K2FDaihDF1DRhRAsvrxMGheVwK8E95fl6k0eRwGO4QTOIIArqMId1KAODB7hGV7hzdPei/fufcxbV7x85gj+wPv8ATzejuQ=</latexit><latexit sha1_base64="W6Lzt7PSLD9wIYKyVpQPvOKvBcY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsDo1jNeZltq0Imq5FIrXUaDkrcRwGkeSN6PR7dRvPnFjhVYPOE54GNOBEn3BKDqp0TFD3T3vlsp+xZ+BLJMgJ2XIUeuWvjo9zdKYK2SSWtsO/ATDjBoUTPJJsZNanlA2ogPedlTRmNswm107IadO6ZG+Nq4Ukpn6eyKjsbXjOHKdMcWhXfSm4n9eO8X+dZgJlaTIFZsv6qeSoCbT10lPGM5Qjh2hzAh3K2FDaihDF1DRhRAsvrxMGheVwK8E95fl6k0eRwGO4QTOIIArqMId1KAODB7hGV7hzdPei/fufcxbV7x85gj+wPv8ATzejuQ=</latexit><latexit sha1_base64="W6Lzt7PSLD9wIYKyVpQPvOKvBcY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsDo1jNeZltq0Imq5FIrXUaDkrcRwGkeSN6PR7dRvPnFjhVYPOE54GNOBEn3BKDqp0TFD3T3vlsp+xZ+BLJMgJ2XIUeuWvjo9zdKYK2SSWtsO/ATDjBoUTPJJsZNanlA2ogPedlTRmNswm107IadO6ZG+Nq4Ukpn6eyKjsbXjOHKdMcWhXfSm4n9eO8X+dZgJlaTIFZsv6qeSoCbT10lPGM5Qjh2hzAh3K2FDaihDF1DRhRAsvrxMGheVwK8E95fl6k0eRwGO4QTOIIArqMId1KAODB7hGV7hzdPei/fufcxbV7x85gj+wPv8ATzejuQ=</latexit><latexit sha1_base64="W6Lzt7PSLD9wIYKyVpQPvOKvBcY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckS5idTJIxszPLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsDo1jNeZltq0Imq5FIrXUaDkrcRwGkeSN6PR7dRvPnFjhVYPOE54GNOBEn3BKDqp0TFD3T3vlsp+xZ+BLJMgJ2XIUeuWvjo9zdKYK2SSWtsO/ATDjBoUTPJJsZNanlA2ogPedlTRmNswm107IadO6ZG+Nq4Ukpn6eyKjsbXjOHKdMcWhXfSm4n9eO8X+dZgJlaTIFZsv6qeSoCbT10lPGM5Qjh2hzAh3K2FDaihDF1DRhRAsvrxMGheVwK8E95fl6k0eRwGO4QTOIIArqMId1KAODB7hGV7hzdPei/fufcxbV7x85gj+wPv8ATzejuQ=</latexit>

7.1 A Matéria Visível

Razão Massa/
Luminosidade (M/L) 

das estrelas

Se todas as estrelas fossem idênticas ao Sol... hM/LV i = 1M�/L�,V
<latexit sha1_base64="GJBH5LLlZm+f1P3pEm43GjTRpdM=">AAACGnicbZDLSgMxFIYzXut4q7p0EyyCC2lnRNCNUHTjooUK9gKdYcikaRuaSYYkI5Shz+HGV3HjQhF34sa3MZ3OQlt/CHz5zzkk5w9jRpV2nG9raXlldW29sGFvbm3v7Bb39ltKJBKTJhZMyE6IFGGUk6ammpFOLAmKQkba4ehmWm8/EKmo4Pd6HBM/QgNO+xQjbayg6HoM8QEjdr1SC1q2J7MbvIIurAepJ3pCT2AF1nI+bU2CYskpO5ngIrg5lECuRlD89HoCJxHhGjOkVNd1Yu2nSGqKGZnYXqJIjPAIDUjXIEcRUX6arTaBx8bpwb6Q5nANM/f3RIoipcZRaDojpIdqvjY1/6t1E92/9FPK40QTjmcP9RMGtYDTnGCPSoI1GxtAWFLzV4iHSCKsTZq2CcGdX3kRWmdl1ym7d+el6nUeRwEcgiNwAlxwAargFjRAE2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6+sH8x2e9A==</latexit><latexit sha1_base64="GJBH5LLlZm+f1P3pEm43GjTRpdM=">AAACGnicbZDLSgMxFIYzXut4q7p0EyyCC2lnRNCNUHTjooUK9gKdYcikaRuaSYYkI5Shz+HGV3HjQhF34sa3MZ3OQlt/CHz5zzkk5w9jRpV2nG9raXlldW29sGFvbm3v7Bb39ltKJBKTJhZMyE6IFGGUk6ammpFOLAmKQkba4ehmWm8/EKmo4Pd6HBM/QgNO+xQjbayg6HoM8QEjdr1SC1q2J7MbvIIurAepJ3pCT2AF1nI+bU2CYskpO5ngIrg5lECuRlD89HoCJxHhGjOkVNd1Yu2nSGqKGZnYXqJIjPAIDUjXIEcRUX6arTaBx8bpwb6Q5nANM/f3RIoipcZRaDojpIdqvjY1/6t1E92/9FPK40QTjmcP9RMGtYDTnGCPSoI1GxtAWFLzV4iHSCKsTZq2CcGdX3kRWmdl1ym7d+el6nUeRwEcgiNwAlxwAargFjRAE2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6+sH8x2e9A==</latexit><latexit sha1_base64="GJBH5LLlZm+f1P3pEm43GjTRpdM=">AAACGnicbZDLSgMxFIYzXut4q7p0EyyCC2lnRNCNUHTjooUK9gKdYcikaRuaSYYkI5Shz+HGV3HjQhF34sa3MZ3OQlt/CHz5zzkk5w9jRpV2nG9raXlldW29sGFvbm3v7Bb39ltKJBKTJhZMyE6IFGGUk6ammpFOLAmKQkba4ehmWm8/EKmo4Pd6HBM/QgNO+xQjbayg6HoM8QEjdr1SC1q2J7MbvIIurAepJ3pCT2AF1nI+bU2CYskpO5ngIrg5lECuRlD89HoCJxHhGjOkVNd1Yu2nSGqKGZnYXqJIjPAIDUjXIEcRUX6arTaBx8bpwb6Q5nANM/f3RIoipcZRaDojpIdqvjY1/6t1E92/9FPK40QTjmcP9RMGtYDTnGCPSoI1GxtAWFLzV4iHSCKsTZq2CcGdX3kRWmdl1ym7d+el6nUeRwEcgiNwAlxwAargFjRAE2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6+sH8x2e9A==</latexit><latexit sha1_base64="GJBH5LLlZm+f1P3pEm43GjTRpdM=">AAACGnicbZDLSgMxFIYzXut4q7p0EyyCC2lnRNCNUHTjooUK9gKdYcikaRuaSYYkI5Shz+HGV3HjQhF34sa3MZ3OQlt/CHz5zzkk5w9jRpV2nG9raXlldW29sGFvbm3v7Bb39ltKJBKTJhZMyE6IFGGUk6ammpFOLAmKQkba4ehmWm8/EKmo4Pd6HBM/QgNO+xQjbayg6HoM8QEjdr1SC1q2J7MbvIIurAepJ3pCT2AF1nI+bU2CYskpO5ngIrg5lECuRlD89HoCJxHhGjOkVNd1Yu2nSGqKGZnYXqJIjPAIDUjXIEcRUX6arTaBx8bpwb6Q5nANM/f3RIoipcZRaDojpIdqvjY1/6t1E92/9FPK40QTjmcP9RMGtYDTnGCPSoI1GxtAWFLzV4iHSCKsTZq2CcGdX3kRWmdl1ym7d+el6nUeRwEcgiNwAlxwAargFjRAE2DwCJ7BK3iznqwX6936mLUuWfnMAfgj6+sH8x2e9A==</latexit>

M/LV = 60M�/20000L�,V ⇡ 0.003M�/L�,V
<latexit sha1_base64="KSJf6fc6jcehUJ8ZLVimDTc4PuM="></latexit><latexit sha1_base64="KSJf6fc6jcehUJ8ZLVimDTc4PuM="></latexit><latexit sha1_base64="KSJf6fc6jcehUJ8ZLVimDTc4PuM="></latexit><latexit sha1_base64="KSJf6fc6jcehUJ8ZLVimDTc4PuM="></latexit>

Estrelas tipo O:

M/LV = 0.1M�/5⇥ 10�5L�,V ⇡ 2000M�/L�,V
<latexit sha1_base64="AvmBLrzdUSK47Xh3ptd88x3Dhn0="></latexit><latexit sha1_base64="AvmBLrzdUSK47Xh3ptd88x3Dhn0="></latexit><latexit sha1_base64="AvmBLrzdUSK47Xh3ptd88x3Dhn0="></latexit><latexit sha1_base64="AvmBLrzdUSK47Xh3ptd88x3Dhn0="></latexit>

Estrelas tipo M:

Mas as estrelas têm propriedades diferentes.
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7.1 A Matéria Visível

Função de massa inicial �(M)
<latexit sha1_base64="92RB6ZRcmjoOUnHUWBOWyJaljxA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrwIFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXaPjUT1/rxfrrg1dw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMx+JwOhOUM5sYQyLeythI2opgxtQiUbgrf88ippXdQ8t+Y9XFbqN3kcRTiBU6iCB1dQhztoQBMYjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBY1KO7g==</latexit><latexit sha1_base64="92RB6ZRcmjoOUnHUWBOWyJaljxA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrwIFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXaPjUT1/rxfrrg1dw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMx+JwOhOUM5sYQyLeythI2opgxtQiUbgrf88ippXdQ8t+Y9XFbqN3kcRTiBU6iCB1dQhztoQBMYjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBY1KO7g==</latexit><latexit sha1_base64="92RB6ZRcmjoOUnHUWBOWyJaljxA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrwIFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXaPjUT1/rxfrrg1dw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMx+JwOhOUM5sYQyLeythI2opgxtQiUbgrf88ippXdQ8t+Y9XFbqN3kcRTiBU6iCB1dQhztoQBMYjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBY1KO7g==</latexit><latexit sha1_base64="92RB6ZRcmjoOUnHUWBOWyJaljxA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrwIFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXaPjUT1/rxfrrg1dw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMx+JwOhOUM5sYQyLeythI2opgxtQiUbgrf88ippXdQ8t+Y9XFbqN3kcRTiBU6iCB1dQhztoQBMYjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBY1KO7g==</latexit>

�(M) / M��
<latexit sha1_base64="X79BFk3yFmL810W5hBtgXohCvmI=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahLiwzIuiy6MZNoYJ9QGcsmTTThmaSkGSEMhTc+CtuXCji1p9w59+YPhbaeiBwOOdebs6JJKPaeN63k1taXlldy68XNja3tnfc3b2GFqnCpI4FE6oVIU0Y5aRuqGGkJRVBScRIMxpcj/3mA1GaCn5nhpKECepxGlOMjJU67kGA+7RUPYGBVEIaAav32WkQEYNGHbfolb0J4CLxZ6QIZqh13K+gK3CaEG4wQ1q3fU+aMEPKUMzIqBCkmkiEB6hH2pZylBAdZpMMI3hslS6MhbKPGzhRf29kKNF6mER2MkGmr+e9sfif105NfBlmlMvUEI6nh+KUQZt1XAjsUkWwYUNLEFbU/hXiPlIIG1tbwZbgz0deJI2zsu+V/dvzYuVqVkceHIIjUAI+uAAVcANqoA4weATP4BW8OU/Oi/PufExHc85sZx/8gfP5A6r7luU=</latexit><latexit sha1_base64="X79BFk3yFmL810W5hBtgXohCvmI=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahLiwzIuiy6MZNoYJ9QGcsmTTThmaSkGSEMhTc+CtuXCji1p9w59+YPhbaeiBwOOdebs6JJKPaeN63k1taXlldy68XNja3tnfc3b2GFqnCpI4FE6oVIU0Y5aRuqGGkJRVBScRIMxpcj/3mA1GaCn5nhpKECepxGlOMjJU67kGA+7RUPYGBVEIaAav32WkQEYNGHbfolb0J4CLxZ6QIZqh13K+gK3CaEG4wQ1q3fU+aMEPKUMzIqBCkmkiEB6hH2pZylBAdZpMMI3hslS6MhbKPGzhRf29kKNF6mER2MkGmr+e9sfif105NfBlmlMvUEI6nh+KUQZt1XAjsUkWwYUNLEFbU/hXiPlIIG1tbwZbgz0deJI2zsu+V/dvzYuVqVkceHIIjUAI+uAAVcANqoA4weATP4BW8OU/Oi/PufExHc85sZx/8gfP5A6r7luU=</latexit><latexit sha1_base64="X79BFk3yFmL810W5hBtgXohCvmI=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahLiwzIuiy6MZNoYJ9QGcsmTTThmaSkGSEMhTc+CtuXCji1p9w59+YPhbaeiBwOOdebs6JJKPaeN63k1taXlldy68XNja3tnfc3b2GFqnCpI4FE6oVIU0Y5aRuqGGkJRVBScRIMxpcj/3mA1GaCn5nhpKECepxGlOMjJU67kGA+7RUPYGBVEIaAav32WkQEYNGHbfolb0J4CLxZ6QIZqh13K+gK3CaEG4wQ1q3fU+aMEPKUMzIqBCkmkiEB6hH2pZylBAdZpMMI3hslS6MhbKPGzhRf29kKNF6mER2MkGmr+e9sfif105NfBlmlMvUEI6nh+KUQZt1XAjsUkWwYUNLEFbU/hXiPlIIG1tbwZbgz0deJI2zsu+V/dvzYuVqVkceHIIjUAI+uAAVcANqoA4weATP4BW8OU/Oi/PufExHc85sZx/8gfP5A6r7luU=</latexit><latexit sha1_base64="X79BFk3yFmL810W5hBtgXohCvmI=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahLiwzIuiy6MZNoYJ9QGcsmTTThmaSkGSEMhTc+CtuXCji1p9w59+YPhbaeiBwOOdebs6JJKPaeN63k1taXlldy68XNja3tnfc3b2GFqnCpI4FE6oVIU0Y5aRuqGGkJRVBScRIMxpcj/3mA1GaCn5nhpKECepxGlOMjJU67kGA+7RUPYGBVEIaAav32WkQEYNGHbfolb0J4CLxZ6QIZqh13K+gK3CaEG4wQ1q3fU+aMEPKUMzIqBCkmkiEB6hH2pZylBAdZpMMI3hslS6MhbKPGzhRf29kKNF6mER2MkGmr+e9sfif105NfBlmlMvUEI6nh+KUQZt1XAjsUkWwYUNLEFbU/hXiPlIIG1tbwZbgz0deJI2zsu+V/dvzYuVqVkceHIIjUAI+uAAVcANqoA4weATP4BW8OU/Oi/PufExHc85sZx/8gfP5A6r7luU=</latexit>

Ryden (Introduction to Cosmology)
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<latexit sha1_base64="BEquc7OsUejys0kFivZ+6jeg15k="></latexit><latexit sha1_base64="BEquc7OsUejys0kFivZ+6jeg15k="></latexit><latexit sha1_base64="BEquc7OsUejys0kFivZ+6jeg15k="></latexit><latexit sha1_base64="BEquc7OsUejys0kFivZ+6jeg15k="></latexit>

M < 0.08M�
<latexit sha1_base64="rd+KPUBOPYLBAqTTnJsjiVh/roU=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR7MFD0YuXQgX7AW0Im82mXbrJht2JWEL/ihcPinj1j3jz37htc9DWBwOP92aYmRekgmtwnG9rbX1jc2u7tFPe3ds/OLSPKh0tM0VZm0ohVS8gmgmesDZwEKyXKkbiQLBuML6d+d1HpjSXyQNMUubFZJjwiFMCRvLtShNfY6fm1HHTzwcylDD17aoR5sCrxC1IFRVo+fbXIJQ0i1kCVBCt+66TgpcTBZwKNi0PMs1SQsdkyPqGJiRm2svnt0/xmVFCHEllKgE8V39P5CTWehIHpjMmMNLL3kz8z+tnENW9nCdpBiyhi0VRJjBIPAsCh1wxCmJiCKGKm1sxHRFFKJi4yiYEd/nlVdK5qLlOzb2/rDZuijhK6ASdonPkoivUQHeohdqIoif0jF7RmzW1Xqx362PRumYVM8foD6zPH26aksQ=</latexit><latexit sha1_base64="rd+KPUBOPYLBAqTTnJsjiVh/roU=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR7MFD0YuXQgX7AW0Im82mXbrJht2JWEL/ihcPinj1j3jz37htc9DWBwOP92aYmRekgmtwnG9rbX1jc2u7tFPe3ds/OLSPKh0tM0VZm0ohVS8gmgmesDZwEKyXKkbiQLBuML6d+d1HpjSXyQNMUubFZJjwiFMCRvLtShNfY6fm1HHTzwcylDD17aoR5sCrxC1IFRVo+fbXIJQ0i1kCVBCt+66TgpcTBZwKNi0PMs1SQsdkyPqGJiRm2svnt0/xmVFCHEllKgE8V39P5CTWehIHpjMmMNLL3kz8z+tnENW9nCdpBiyhi0VRJjBIPAsCh1wxCmJiCKGKm1sxHRFFKJi4yiYEd/nlVdK5qLlOzb2/rDZuijhK6ASdonPkoivUQHeohdqIoif0jF7RmzW1Xqx362PRumYVM8foD6zPH26aksQ=</latexit><latexit sha1_base64="rd+KPUBOPYLBAqTTnJsjiVh/roU=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR7MFD0YuXQgX7AW0Im82mXbrJht2JWEL/ihcPinj1j3jz37htc9DWBwOP92aYmRekgmtwnG9rbX1jc2u7tFPe3ds/OLSPKh0tM0VZm0ohVS8gmgmesDZwEKyXKkbiQLBuML6d+d1HpjSXyQNMUubFZJjwiFMCRvLtShNfY6fm1HHTzwcylDD17aoR5sCrxC1IFRVo+fbXIJQ0i1kCVBCt+66TgpcTBZwKNi0PMs1SQsdkyPqGJiRm2svnt0/xmVFCHEllKgE8V39P5CTWehIHpjMmMNLL3kz8z+tnENW9nCdpBiyhi0VRJjBIPAsCh1wxCmJiCKGKm1sxHRFFKJi4yiYEd/nlVdK5qLlOzb2/rDZuijhK6ASdonPkoivUQHeohdqIoif0jF7RmzW1Xqx362PRumYVM8foD6zPH26aksQ=</latexit><latexit sha1_base64="rd+KPUBOPYLBAqTTnJsjiVh/roU=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR7MFD0YuXQgX7AW0Im82mXbrJht2JWEL/ihcPinj1j3jz37htc9DWBwOP92aYmRekgmtwnG9rbX1jc2u7tFPe3ds/OLSPKh0tM0VZm0ohVS8gmgmesDZwEKyXKkbiQLBuML6d+d1HpjSXyQNMUubFZJjwiFMCRvLtShNfY6fm1HHTzwcylDD17aoR5sCrxC1IFRVo+fbXIJQ0i1kCVBCt+66TgpcTBZwKNi0PMs1SQsdkyPqGJiRm2svnt0/xmVFCHEllKgE8V39P5CTWehIHpjMmMNLL3kz8z+tnENW9nCdpBiyhi0VRJjBIPAsCh1wxCmJiCKGKm1sxHRFFKJi4yiYEd/nlVdK5qLlOzb2/rDZuijhK6ASdonPkoivUQHeohdqIoif0jF7RmzW1Xqx362PRumYVM8foD6zPH26aksQ=</latexit>

250 estrelas 
tipo M para 

cada estrela O

M > 18M�
<latexit sha1_base64="rtiJZgZnGcKkAkJp9ALvDLXj8vA=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEsCcpevFSqGA/oA1hs9m0SzfZsLsplNB/4sWDIl79J978N27bHLT1wcDjvRlm5gUpZ0o7zrdV2tjc2t4p71b29g8Oj+zjk44SmSS0TQQXshdgRTlLaFszzWkvlRTHAafdYHw/97sTKhUTyZOeptSL8TBhESNYG8m37Sa6RW4dNf18IEKhZ75ddWrOAmiduAWpQoGWb38NQkGymCaacKxU33VS7eVYakY4nVUGmaIpJmM8pH1DExxT5eWLy2fowighioQ0lWi0UH9P5DhWahoHpjPGeqRWvbn4n9fPdFT3cpakmaYJWS6KMo60QPMYUMgkJZpPDcFEMnMrIiMsMdEmrIoJwV19eZ10rmquU3Mfr6uNuyKOMpzBOVyCCzfQgAdoQRsITOAZXuHNyq0X6936WLaWrGLmFP7A+vwBlFaSVQ==</latexit><latexit sha1_base64="rtiJZgZnGcKkAkJp9ALvDLXj8vA=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEsCcpevFSqGA/oA1hs9m0SzfZsLsplNB/4sWDIl79J978N27bHLT1wcDjvRlm5gUpZ0o7zrdV2tjc2t4p71b29g8Oj+zjk44SmSS0TQQXshdgRTlLaFszzWkvlRTHAafdYHw/97sTKhUTyZOeptSL8TBhESNYG8m37Sa6RW4dNf18IEKhZ75ddWrOAmiduAWpQoGWb38NQkGymCaacKxU33VS7eVYakY4nVUGmaIpJmM8pH1DExxT5eWLy2fowighioQ0lWi0UH9P5DhWahoHpjPGeqRWvbn4n9fPdFT3cpakmaYJWS6KMo60QPMYUMgkJZpPDcFEMnMrIiMsMdEmrIoJwV19eZ10rmquU3Mfr6uNuyKOMpzBOVyCCzfQgAdoQRsITOAZXuHNyq0X6936WLaWrGLmFP7A+vwBlFaSVQ==</latexit><latexit sha1_base64="rtiJZgZnGcKkAkJp9ALvDLXj8vA=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEsCcpevFSqGA/oA1hs9m0SzfZsLsplNB/4sWDIl79J978N27bHLT1wcDjvRlm5gUpZ0o7zrdV2tjc2t4p71b29g8Oj+zjk44SmSS0TQQXshdgRTlLaFszzWkvlRTHAafdYHw/97sTKhUTyZOeptSL8TBhESNYG8m37Sa6RW4dNf18IEKhZ75ddWrOAmiduAWpQoGWb38NQkGymCaacKxU33VS7eVYakY4nVUGmaIpJmM8pH1DExxT5eWLy2fowighioQ0lWi0UH9P5DhWahoHpjPGeqRWvbn4n9fPdFT3cpakmaYJWS6KMo60QPMYUMgkJZpPDcFEMnMrIiMsMdEmrIoJwV19eZ10rmquU3Mfr6uNuyKOMpzBOVyCCzfQgAdoQRsITOAZXuHNyq0X6936WLaWrGLmFP7A+vwBlFaSVQ==</latexit><latexit sha1_base64="rtiJZgZnGcKkAkJp9ALvDLXj8vA=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEsCcpevFSqGA/oA1hs9m0SzfZsLsplNB/4sWDIl79J978N27bHLT1wcDjvRlm5gUpZ0o7zrdV2tjc2t4p71b29g8Oj+zjk44SmSS0TQQXshdgRTlLaFszzWkvlRTHAafdYHw/97sTKhUTyZOeptSL8TBhESNYG8m37Sa6RW4dNf18IEKhZ75ddWrOAmiduAWpQoGWb38NQkGymCaacKxU33VS7eVYakY4nVUGmaIpJmM8pH1DExxT5eWLy2fowighioQ0lWi0UH9P5DhWahoHpjPGeqRWvbn4n9fPdFT3cpakmaYJWS6KMo60QPMYUMgkJZpPDcFEMnMrIiMsMdEmrIoJwV19eZ10rmquU3Mfr6uNuyKOMpzBOVyCCzfQgAdoQRsITOAZXuHNyq0X6936WLaWrGLmFP7A+vwBlFaSVQ==</latexit>
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7.1 A Matéria Visível

Função de massa inicial �(M)
<latexit sha1_base64="92RB6ZRcmjoOUnHUWBOWyJaljxA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrwIFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXaPjUT1/rxfrrg1dw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMx+JwOhOUM5sYQyLeythI2opgxtQiUbgrf88ippXdQ8t+Y9XFbqN3kcRTiBU6iCB1dQhztoQBMYjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBY1KO7g==</latexit><latexit sha1_base64="92RB6ZRcmjoOUnHUWBOWyJaljxA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrwIFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXaPjUT1/rxfrrg1dw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMx+JwOhOUM5sYQyLeythI2opgxtQiUbgrf88ippXdQ8t+Y9XFbqN3kcRTiBU6iCB1dQhztoQBMYjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBY1KO7g==</latexit><latexit sha1_base64="92RB6ZRcmjoOUnHUWBOWyJaljxA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrwIFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXaPjUT1/rxfrrg1dw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMx+JwOhOUM5sYQyLeythI2opgxtQiUbgrf88ippXdQ8t+Y9XFbqN3kcRTiBU6iCB1dQhztoQBMYjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBY1KO7g==</latexit><latexit sha1_base64="92RB6ZRcmjoOUnHUWBOWyJaljxA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrwIFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXaPjUT1/rxfrrg1dw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMx+JwOhOUM5sYQyLeythI2opgxtQiUbgrf88ippXdQ8t+Y9XFbqN3kcRTiBU6iCB1dQhztoQBMYjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBY1KO7g==</latexit>

250 estrelas tipo M para cada estrela tipo O.

Porém a luminosidade total (banda-V) dessas 250 
estrelas tipo M é muito menor do que a de uma 

estrela tipo O.

Para galáxias com formação estelar ativa:

M/LV ⇡ 0.3M�/L�,V
<latexit sha1_base64="2kgDwQucckEcIPZyOg6asgAOMR4=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCgqSJCrosunHRQgV7gSaEyXTSDp1kwsxELKHP4MZXceNCEbeu3Pk2TtsstPWHgY//nMOZ8wcJo1LZ9rexsLi0vLJaWCuub2xubZs7u03JU4FJA3PGRTtAkjAak4aiipF2IgiKAkZaweB6XG/dEyEpj+/UMCFehHoxDSlGSlu+eVwrV/1m0UVJIvgDtK0zWPMzl3e5GsEyrOZ80hz5Zsm27IngPDg5lECuum9+uV2O04jECjMkZcexE+VlSCiKGRkV3VSSBOEB6pGOxhhFRHrZ5KQRPNROF4Zc6BcrOHF/T2QoknIYBbozQqovZ2tj879aJ1XhpZfROEkVifF0UZgyqDgc5wO7VBCs2FADwoLqv0LcRwJhpVMs6hCc2ZPnoXlqObbl3J6XKld5HAWwDw7AEXDABaiAG1AHDYDBI3gGr+DNeDJejHfjY9q6YOQze+CPjM8fMbCb7w==</latexit><latexit sha1_base64="2kgDwQucckEcIPZyOg6asgAOMR4=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCgqSJCrosunHRQgV7gSaEyXTSDp1kwsxELKHP4MZXceNCEbeu3Pk2TtsstPWHgY//nMOZ8wcJo1LZ9rexsLi0vLJaWCuub2xubZs7u03JU4FJA3PGRTtAkjAak4aiipF2IgiKAkZaweB6XG/dEyEpj+/UMCFehHoxDSlGSlu+eVwrV/1m0UVJIvgDtK0zWPMzl3e5GsEyrOZ80hz5Zsm27IngPDg5lECuum9+uV2O04jECjMkZcexE+VlSCiKGRkV3VSSBOEB6pGOxhhFRHrZ5KQRPNROF4Zc6BcrOHF/T2QoknIYBbozQqovZ2tj879aJ1XhpZfROEkVifF0UZgyqDgc5wO7VBCs2FADwoLqv0LcRwJhpVMs6hCc2ZPnoXlqObbl3J6XKld5HAWwDw7AEXDABaiAG1AHDYDBI3gGr+DNeDJejHfjY9q6YOQze+CPjM8fMbCb7w==</latexit><latexit sha1_base64="2kgDwQucckEcIPZyOg6asgAOMR4=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCgqSJCrosunHRQgV7gSaEyXTSDp1kwsxELKHP4MZXceNCEbeu3Pk2TtsstPWHgY//nMOZ8wcJo1LZ9rexsLi0vLJaWCuub2xubZs7u03JU4FJA3PGRTtAkjAak4aiipF2IgiKAkZaweB6XG/dEyEpj+/UMCFehHoxDSlGSlu+eVwrV/1m0UVJIvgDtK0zWPMzl3e5GsEyrOZ80hz5Zsm27IngPDg5lECuum9+uV2O04jECjMkZcexE+VlSCiKGRkV3VSSBOEB6pGOxhhFRHrZ5KQRPNROF4Zc6BcrOHF/T2QoknIYBbozQqovZ2tj879aJ1XhpZfROEkVifF0UZgyqDgc5wO7VBCs2FADwoLqv0LcRwJhpVMs6hCc2ZPnoXlqObbl3J6XKld5HAWwDw7AEXDABaiAG1AHDYDBI3gGr+DNeDJejHfjY9q6YOQze+CPjM8fMbCb7w==</latexit><latexit sha1_base64="2kgDwQucckEcIPZyOg6asgAOMR4=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCgqSJCrosunHRQgV7gSaEyXTSDp1kwsxELKHP4MZXceNCEbeu3Pk2TtsstPWHgY//nMOZ8wcJo1LZ9rexsLi0vLJaWCuub2xubZs7u03JU4FJA3PGRTtAkjAak4aiipF2IgiKAkZaweB6XG/dEyEpj+/UMCFehHoxDSlGSlu+eVwrV/1m0UVJIvgDtK0zWPMzl3e5GsEyrOZ80hz5Zsm27IngPDg5lECuum9+uV2O04jECjMkZcexE+VlSCiKGRkV3VSSBOEB6pGOxhhFRHrZ5KQRPNROF4Zc6BcrOHF/T2QoknIYBbozQqovZ2tj879aJ1XhpZfROEkVifF0UZgyqDgc5wO7VBCs2FADwoLqv0LcRwJhpVMs6hCc2ZPnoXlqObbl3J6XKld5HAWwDw7AEXDABaiAG1AHDYDBI3gGr+DNeDJejHfjY9q6YOQze+CPjM8fMbCb7w==</latexit>
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7.1 A Matéria Visível

Estrelas tipo O, apesar de muito luminosas, têm 
uma vida breve.

Ex: M = 60M� ) t ⇡ 3 Myr
<latexit sha1_base64="xgfNn4KNd3l7pdZ6KzCNX8wN01c="></latexit><latexit sha1_base64="xgfNn4KNd3l7pdZ6KzCNX8wN01c="></latexit><latexit sha1_base64="xgfNn4KNd3l7pdZ6KzCNX8wN01c="></latexit><latexit sha1_base64="xgfNn4KNd3l7pdZ6KzCNX8wN01c="></latexit>

Galáxias quiescentes serão deficientes em estrelas O.

M/LV ⇡ 8M�/L�,V
<latexit sha1_base64="dBpLA5Pc5EeA2hvKXmQ0XvPW+JA=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiC2lnRLDLohsXLVSwF+gMQyZN29BMMiQZsQx9BDe+ihsXirh16c63MW1noa0/BD7+cw4n5w9jRpV2nG9raXlldW09t5Hf3Nre2bX39ptKJBKTBhZMyHaIFGGUk4ammpF2LAmKQkZa4fB6Um/dE6mo4Hd6FBM/Qn1OexQjbazAPqmVqkEz76E4luIBlmEtSD3RFXoMS7Ca8VlzHNgFp+hMBRfBzaAAMtUD+8vrCpxEhGvMkFId14m1nyKpKWZknPcSRWKEh6hPOgY5iojy0+lBY3hsnC7sCWke13Dq/p5IUaTUKApNZ4T0QM3XJuZ/tU6ie2U/pTxONOF4tqiXMKgFnKQDu1QSrNnIAMKSmr9CPEASYW0yzJsQ3PmTF6F5XnSdont7UahcZXHkwCE4AqfABZegAm5AHTQABo/gGbyCN+vJerHerY9Z65KVzRyAP7I+fwBN/ZuC</latexit><latexit sha1_base64="dBpLA5Pc5EeA2hvKXmQ0XvPW+JA=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiC2lnRLDLohsXLVSwF+gMQyZN29BMMiQZsQx9BDe+ihsXirh16c63MW1noa0/BD7+cw4n5w9jRpV2nG9raXlldW09t5Hf3Nre2bX39ptKJBKTBhZMyHaIFGGUk4ammpF2LAmKQkZa4fB6Um/dE6mo4Hd6FBM/Qn1OexQjbazAPqmVqkEz76E4luIBlmEtSD3RFXoMS7Ca8VlzHNgFp+hMBRfBzaAAMtUD+8vrCpxEhGvMkFId14m1nyKpKWZknPcSRWKEh6hPOgY5iojy0+lBY3hsnC7sCWke13Dq/p5IUaTUKApNZ4T0QM3XJuZ/tU6ie2U/pTxONOF4tqiXMKgFnKQDu1QSrNnIAMKSmr9CPEASYW0yzJsQ3PmTF6F5XnSdont7UahcZXHkwCE4AqfABZegAm5AHTQABo/gGbyCN+vJerHerY9Z65KVzRyAP7I+fwBN/ZuC</latexit><latexit sha1_base64="dBpLA5Pc5EeA2hvKXmQ0XvPW+JA=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiC2lnRLDLohsXLVSwF+gMQyZN29BMMiQZsQx9BDe+ihsXirh16c63MW1noa0/BD7+cw4n5w9jRpV2nG9raXlldW09t5Hf3Nre2bX39ptKJBKTBhZMyHaIFGGUk4ammpF2LAmKQkZa4fB6Um/dE6mo4Hd6FBM/Qn1OexQjbazAPqmVqkEz76E4luIBlmEtSD3RFXoMS7Ca8VlzHNgFp+hMBRfBzaAAMtUD+8vrCpxEhGvMkFId14m1nyKpKWZknPcSRWKEh6hPOgY5iojy0+lBY3hsnC7sCWke13Dq/p5IUaTUKApNZ4T0QM3XJuZ/tU6ie2U/pTxONOF4tqiXMKgFnKQDu1QSrNnIAMKSmr9CPEASYW0yzJsQ3PmTF6F5XnSdont7UahcZXHkwCE4AqfABZegAm5AHTQABo/gGbyCN+vJerHerY9Z65KVzRyAP7I+fwBN/ZuC</latexit><latexit sha1_base64="dBpLA5Pc5EeA2hvKXmQ0XvPW+JA=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiC2lnRLDLohsXLVSwF+gMQyZN29BMMiQZsQx9BDe+ihsXirh16c63MW1noa0/BD7+cw4n5w9jRpV2nG9raXlldW09t5Hf3Nre2bX39ptKJBKTBhZMyHaIFGGUk4ammpF2LAmKQkZa4fB6Um/dE6mo4Hd6FBM/Qn1OexQjbazAPqmVqkEz76E4luIBlmEtSD3RFXoMS7Ca8VlzHNgFp+hMBRfBzaAAMtUD+8vrCpxEhGvMkFId14m1nyKpKWZknPcSRWKEh6hPOgY5iojy0+lBY3hsnC7sCWke13Dq/p5IUaTUKApNZ4T0QM3XJuZ/tU6ie2U/pTxONOF4tqiXMKgFnKQDu1QSrNnIAMKSmr9CPEASYW0yzJsQ3PmTF6F5XnSdont7UahcZXHkwCE4AqfABZegAm5AHTQABo/gGbyCN+vJerHerY9Z65KVzRyAP7I+fwBN/ZuC</latexit>
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7.1 A Matéria Visível

Universo local: mistura de galáxias ativas e quiescentes.
hM/LV i ⇡ 4M�/L�,V

<latexit sha1_base64="+AWqSOTIROdCuy3wBbIAlLnvUdA=">AAACIHicbZDLSgMxFIYzXut4G3XpJlgEF9LOSKEui25ctFDBXqBThkyatqGZZEgyYhn6KG58FTcuFNGdPo1pOwtt/SHw5T/nkJw/jBlV2nW/rJXVtfWNzdyWvb2zu7fvHBw2lUgkJg0smJDtECnCKCcNTTUj7VgSFIWMtMLR9bTeuidSUcHv9Dgm3QgNOO1TjLSxAqfsM8QHjMBasRo0bV/ObraP4liKB1iCtSD1RU/oCSzCasbnzUng5N2COxNcBi+DPMhUD5xPvydwEhGuMUNKdTw31t0USU0xIxPbTxSJER6hAekY5CgiqpvOFpzAU+P0YF9Ic7iGM/f3RIoipcZRaDojpIdqsTY1/6t1Et2/7KaUx4kmHM8f6icMagGnacEelQRrNjaAsKTmrxAPkURYm0xtE4K3uPIyNC8Knlvwbkv5ylUWRw4cgxNwBjxQBhVwA+qgATB4BM/gFbxZT9aL9W59zFtXrGzmCPyR9f0DdYuh7A==</latexit><latexit sha1_base64="+AWqSOTIROdCuy3wBbIAlLnvUdA=">AAACIHicbZDLSgMxFIYzXut4G3XpJlgEF9LOSKEui25ctFDBXqBThkyatqGZZEgyYhn6KG58FTcuFNGdPo1pOwtt/SHw5T/nkJw/jBlV2nW/rJXVtfWNzdyWvb2zu7fvHBw2lUgkJg0smJDtECnCKCcNTTUj7VgSFIWMtMLR9bTeuidSUcHv9Dgm3QgNOO1TjLSxAqfsM8QHjMBasRo0bV/ObraP4liKB1iCtSD1RU/oCSzCasbnzUng5N2COxNcBi+DPMhUD5xPvydwEhGuMUNKdTw31t0USU0xIxPbTxSJER6hAekY5CgiqpvOFpzAU+P0YF9Ic7iGM/f3RIoipcZRaDojpIdqsTY1/6t1Et2/7KaUx4kmHM8f6icMagGnacEelQRrNjaAsKTmrxAPkURYm0xtE4K3uPIyNC8Knlvwbkv5ylUWRw4cgxNwBjxQBhVwA+qgATB4BM/gFbxZT9aL9W59zFtXrGzmCPyR9f0DdYuh7A==</latexit><latexit sha1_base64="+AWqSOTIROdCuy3wBbIAlLnvUdA=">AAACIHicbZDLSgMxFIYzXut4G3XpJlgEF9LOSKEui25ctFDBXqBThkyatqGZZEgyYhn6KG58FTcuFNGdPo1pOwtt/SHw5T/nkJw/jBlV2nW/rJXVtfWNzdyWvb2zu7fvHBw2lUgkJg0smJDtECnCKCcNTTUj7VgSFIWMtMLR9bTeuidSUcHv9Dgm3QgNOO1TjLSxAqfsM8QHjMBasRo0bV/ObraP4liKB1iCtSD1RU/oCSzCasbnzUng5N2COxNcBi+DPMhUD5xPvydwEhGuMUNKdTw31t0USU0xIxPbTxSJER6hAekY5CgiqpvOFpzAU+P0YF9Ic7iGM/f3RIoipcZRaDojpIdqsTY1/6t1Et2/7KaUx4kmHM8f6icMagGnacEelQRrNjaAsKTmrxAPkURYm0xtE4K3uPIyNC8Knlvwbkv5ylUWRw4cgxNwBjxQBhVwA+qgATB4BM/gFbxZT9aL9W59zFtXrGzmCPyR9f0DdYuh7A==</latexit><latexit sha1_base64="+AWqSOTIROdCuy3wBbIAlLnvUdA=">AAACIHicbZDLSgMxFIYzXut4G3XpJlgEF9LOSKEui25ctFDBXqBThkyatqGZZEgyYhn6KG58FTcuFNGdPo1pOwtt/SHw5T/nkJw/jBlV2nW/rJXVtfWNzdyWvb2zu7fvHBw2lUgkJg0smJDtECnCKCcNTTUj7VgSFIWMtMLR9bTeuidSUcHv9Dgm3QgNOO1TjLSxAqfsM8QHjMBasRo0bV/ObraP4liKB1iCtSD1RU/oCSzCasbnzUng5N2COxNcBi+DPMhUD5xPvydwEhGuMUNKdTw31t0USU0xIxPbTxSJER6hAekY5CgiqpvOFpzAU+P0YF9Ic7iGM/f3RIoipcZRaDojpIdqsTY1/6t1Et2/7KaUx4kmHM8f6icMagGnacEelQRrNjaAsKTmrxAPkURYm0xtE4K3uPIyNC8Knlvwbkv5ylUWRw4cgxNwBjxQBhVwA+qgATB4BM/gFbxZT9aL9W59zFtXrGzmCPyR9f0DdYuh7A==</latexit>

Usando o valor acima, temos:

⇢⇤,0 = hM/LV i V ⇡ 4⇥ 108M� Mpc�3
<latexit sha1_base64="YV5m12LlztnM0J15VI4A/nuEdeI="></latexit><latexit sha1_base64="YV5m12LlztnM0J15VI4A/nuEdeI="></latexit><latexit sha1_base64="YV5m12LlztnM0J15VI4A/nuEdeI="></latexit><latexit sha1_base64="YV5m12LlztnM0J15VI4A/nuEdeI="></latexit>

⇢c,0 = 1.28⇥ 1011M� Mpc�3
<latexit sha1_base64="dcpwiU/Qs/D2faHXuXKIBqDf1Ts="></latexit><latexit sha1_base64="dcpwiU/Qs/D2faHXuXKIBqDf1Ts="></latexit><latexit sha1_base64="dcpwiU/Qs/D2faHXuXKIBqDf1Ts="></latexit><latexit sha1_base64="dcpwiU/Qs/D2faHXuXKIBqDf1Ts="></latexit>

Incluindo anãs brancas, estrelas de nêutrons e buracos negros:

⌦⇤,0 =
⇢⇤,0
⇢c,0

⇡ 0.003
<latexit sha1_base64="x5uXcVz7uwTRl9x+QlrX/O7BFJg=">AAACI3icbZBNS8MwGMfT+TbrW9Wjl+AQRGS0KiiCMPTizQnuBdZS0izdwtKmJKk4yr6LF7+KFw/K8OLB72K67qCbD4T883ueJ8nzDxJGpbLtL6O0sLi0vFJeNdfWNza3rO2dpuSpwKSBOeOiHSBJGI1JQ1HFSDsRBEUBI61gcJPnW49ESMrjBzVMiBehXkxDipHSyLcu3buI9JCfHR3bI3hlZq7o8+Jkulx3mgXAGmiCkkTwJ2hXbfvUtyr5ngecF85UVMA06r41drscpxGJFWZIyo5jJ8rLkFAUM6JvTyVJEB6gHuloGaOISC+bzDiCB5p0YciFXrGCE/q7I0ORlMMo0JURUn05m8vhf7lOqsILL6NxkioS4+KhMGVQcZgbBrtUEKzYUAuEBdV/hbiPBMJK22pqE5zZkedF86Tq2FXn/qxSu57aUQZ7YB8cAgecgxq4BXXQABg8g1fwDj6MF+PNGBufRWnJmPbsgj9hfP8A3t2h6g==</latexit><latexit sha1_base64="x5uXcVz7uwTRl9x+QlrX/O7BFJg=">AAACI3icbZBNS8MwGMfT+TbrW9Wjl+AQRGS0KiiCMPTizQnuBdZS0izdwtKmJKk4yr6LF7+KFw/K8OLB72K67qCbD4T883ueJ8nzDxJGpbLtL6O0sLi0vFJeNdfWNza3rO2dpuSpwKSBOeOiHSBJGI1JQ1HFSDsRBEUBI61gcJPnW49ESMrjBzVMiBehXkxDipHSyLcu3buI9JCfHR3bI3hlZq7o8+Jkulx3mgXAGmiCkkTwJ2hXbfvUtyr5ngecF85UVMA06r41drscpxGJFWZIyo5jJ8rLkFAUM6JvTyVJEB6gHuloGaOISC+bzDiCB5p0YciFXrGCE/q7I0ORlMMo0JURUn05m8vhf7lOqsILL6NxkioS4+KhMGVQcZgbBrtUEKzYUAuEBdV/hbiPBMJK22pqE5zZkedF86Tq2FXn/qxSu57aUQZ7YB8cAgecgxq4BXXQABg8g1fwDj6MF+PNGBufRWnJmPbsgj9hfP8A3t2h6g==</latexit><latexit sha1_base64="x5uXcVz7uwTRl9x+QlrX/O7BFJg=">AAACI3icbZBNS8MwGMfT+TbrW9Wjl+AQRGS0KiiCMPTizQnuBdZS0izdwtKmJKk4yr6LF7+KFw/K8OLB72K67qCbD4T883ueJ8nzDxJGpbLtL6O0sLi0vFJeNdfWNza3rO2dpuSpwKSBOeOiHSBJGI1JQ1HFSDsRBEUBI61gcJPnW49ESMrjBzVMiBehXkxDipHSyLcu3buI9JCfHR3bI3hlZq7o8+Jkulx3mgXAGmiCkkTwJ2hXbfvUtyr5ngecF85UVMA06r41drscpxGJFWZIyo5jJ8rLkFAUM6JvTyVJEB6gHuloGaOISC+bzDiCB5p0YciFXrGCE/q7I0ORlMMo0JURUn05m8vhf7lOqsILL6NxkioS4+KhMGVQcZgbBrtUEKzYUAuEBdV/hbiPBMJK22pqE5zZkedF86Tq2FXn/qxSu57aUQZ7YB8cAgecgxq4BXXQABg8g1fwDj6MF+PNGBufRWnJmPbsgj9hfP8A3t2h6g==</latexit><latexit sha1_base64="x5uXcVz7uwTRl9x+QlrX/O7BFJg=">AAACI3icbZBNS8MwGMfT+TbrW9Wjl+AQRGS0KiiCMPTizQnuBdZS0izdwtKmJKk4yr6LF7+KFw/K8OLB72K67qCbD4T883ueJ8nzDxJGpbLtL6O0sLi0vFJeNdfWNza3rO2dpuSpwKSBOeOiHSBJGI1JQ1HFSDsRBEUBI61gcJPnW49ESMrjBzVMiBehXkxDipHSyLcu3buI9JCfHR3bI3hlZq7o8+Jkulx3mgXAGmiCkkTwJ2hXbfvUtyr5ngecF85UVMA06r41drscpxGJFWZIyo5jJ8rLkFAUM6JvTyVJEB6gHuloGaOISC+bzDiCB5p0YciFXrGCE/q7I0ORlMMo0JURUn05m8vhf7lOqsILL6NxkioS4+KhMGVQcZgbBrtUEKzYUAuEBdV/hbiPBMJK22pqE5zZkedF86Tq2FXn/qxSu57aUQZ7YB8cAgecgxq4BXXQABg8g1fwDj6MF+PNGBufRWnJmPbsgj9hfP8A3t2h6g==</latexit>

⌦⇤,0 < 0.005
<latexit sha1_base64="z6TXmjUy9PaRZZ6UjISl3BoJGps=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCiJSMKLpwUXTjzgr2Ae0wZNK0DU0yQ5IR6lD8FTcuFHHrf7jzb8y0s9Dqgcs9nHMvuTlhzJk2CH05hbn5hcWl4nJpZXVtfcPd3GroKFGE1knEI9UKsaacSVo3zHDaihXFIuS0GQ6vMr95T5Vmkbwzo5j6Avcl6zGCjZUCd6dzI2gfB+nhERrDC4gqCJ0GbjnrGeBf4uWkDHLUAvez041IIqg0hGOt2x6KjZ9iZRjhdFzqJJrGmAxxn7YtlVhQ7aeT68dw3ypd2IuULWngRP25kWKh9UiEdlJgM9CzXib+57UT0zv3UybjxFBJpg/1Eg5NBLMoYJcpSgwfWYKJYvZWSAZYYWJsYCUbgjf75b+kcVzxUMW7PSlXL/M4imAX7IED4IEzUAXXoAbqgIAH8ARewKvz6Dw7b877dLTg5Dvb4Becj28VIJME</latexit><latexit sha1_base64="z6TXmjUy9PaRZZ6UjISl3BoJGps=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCiJSMKLpwUXTjzgr2Ae0wZNK0DU0yQ5IR6lD8FTcuFHHrf7jzb8y0s9Dqgcs9nHMvuTlhzJk2CH05hbn5hcWl4nJpZXVtfcPd3GroKFGE1knEI9UKsaacSVo3zHDaihXFIuS0GQ6vMr95T5Vmkbwzo5j6Avcl6zGCjZUCd6dzI2gfB+nhERrDC4gqCJ0GbjnrGeBf4uWkDHLUAvez041IIqg0hGOt2x6KjZ9iZRjhdFzqJJrGmAxxn7YtlVhQ7aeT68dw3ypd2IuULWngRP25kWKh9UiEdlJgM9CzXib+57UT0zv3UybjxFBJpg/1Eg5NBLMoYJcpSgwfWYKJYvZWSAZYYWJsYCUbgjf75b+kcVzxUMW7PSlXL/M4imAX7IED4IEzUAXXoAbqgIAH8ARewKvz6Dw7b877dLTg5Dvb4Becj28VIJME</latexit><latexit sha1_base64="z6TXmjUy9PaRZZ6UjISl3BoJGps=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCiJSMKLpwUXTjzgr2Ae0wZNK0DU0yQ5IR6lD8FTcuFHHrf7jzb8y0s9Dqgcs9nHMvuTlhzJk2CH05hbn5hcWl4nJpZXVtfcPd3GroKFGE1knEI9UKsaacSVo3zHDaihXFIuS0GQ6vMr95T5Vmkbwzo5j6Avcl6zGCjZUCd6dzI2gfB+nhERrDC4gqCJ0GbjnrGeBf4uWkDHLUAvez041IIqg0hGOt2x6KjZ9iZRjhdFzqJJrGmAxxn7YtlVhQ7aeT68dw3ypd2IuULWngRP25kWKh9UiEdlJgM9CzXib+57UT0zv3UybjxFBJpg/1Eg5NBLMoYJcpSgwfWYKJYvZWSAZYYWJsYCUbgjf75b+kcVzxUMW7PSlXL/M4imAX7IED4IEzUAXXoAbqgIAH8ARewKvz6Dw7b877dLTg5Dvb4Becj28VIJME</latexit><latexit sha1_base64="z6TXmjUy9PaRZZ6UjISl3BoJGps=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCiJSMKLpwUXTjzgr2Ae0wZNK0DU0yQ5IR6lD8FTcuFHHrf7jzb8y0s9Dqgcs9nHMvuTlhzJk2CH05hbn5hcWl4nJpZXVtfcPd3GroKFGE1knEI9UKsaacSVo3zHDaihXFIuS0GQ6vMr95T5Vmkbwzo5j6Avcl6zGCjZUCd6dzI2gfB+nhERrDC4gqCJ0GbjnrGeBf4uWkDHLUAvez041IIqg0hGOt2x6KjZ9iZRjhdFzqJJrGmAxxn7YtlVhQ7aeT68dw3ypd2IuULWngRP25kWKh9UiEdlJgM9CzXib+57UT0zv3UybjxFBJpg/1Eg5NBLMoYJcpSgwfWYKJYvZWSAZYYWJsYCUbgjf75b+kcVzxUMW7PSlXL/M4imAX7IED4IEzUAXXoAbqgIAH8ARewKvz6Dw7b877dLTg5Dvb4Becj28VIJME</latexit>
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7.1 A Matéria Visível

Galáxias também contêm matéria bariônica sem ser 
estrelas: gás interestelar.

Há também gás intergaláctico, por ex., em aglomerados 
de galáxias.

Ex.: Aglomerado de Coma. L
Coma,V

⇡ 5⇥ 1012L�,V

<latexit sha1_base64="GYMNwrKtGSGDXv0S1AWKafR+j4U=">AAACGXicbVC7SgNBFJ31GeNr1dJmMAgWIewGRctgGguLCOYByRpmJ7PJkNmdZeauGJb9DRt/xcZCEUut/Bsnj0ITDwwczrmXM/f4seAaHOfbWlpeWV1bz23kN7e2d3btvf2GlomirE6lkKrlE80Ej1gdOAjWihUjoS9Y0x9Wx37zninNZXQLo5h5IelHPOCUgJG6tnPdTasyJEXcyPIdEsdKPuAz3AEeMo1d5y51yxk2Qx3Zk1BsZF274JScCfAicWekgGaode3PTk/SJGQRUEG0brtODF5KFHAqmAlNNIsJHZI+axsaERPspZPLMnxslB4OpDIvAjxRf2+kJNR6FPpmMiQw0PPeWPzPaycQXHgpj+IEWESnQUEiMEg8rgn3uGIUxMgQQhU3f8V0QBShYMrMmxLc+ZMXSaNccp2Se3NaqFzO6sihQ3SETpCLzlEFXaEaqiOKHtEzekVv1pP1Yr1bH9PRJWu2c4D+wPr6AaVBntQ=</latexit><latexit sha1_base64="GYMNwrKtGSGDXv0S1AWKafR+j4U=">AAACGXicbVC7SgNBFJ31GeNr1dJmMAgWIewGRctgGguLCOYByRpmJ7PJkNmdZeauGJb9DRt/xcZCEUut/Bsnj0ITDwwczrmXM/f4seAaHOfbWlpeWV1bz23kN7e2d3btvf2GlomirE6lkKrlE80Ej1gdOAjWihUjoS9Y0x9Wx37zninNZXQLo5h5IelHPOCUgJG6tnPdTasyJEXcyPIdEsdKPuAz3AEeMo1d5y51yxk2Qx3Zk1BsZF274JScCfAicWekgGaode3PTk/SJGQRUEG0brtODF5KFHAqmAlNNIsJHZI+axsaERPspZPLMnxslB4OpDIvAjxRf2+kJNR6FPpmMiQw0PPeWPzPaycQXHgpj+IEWESnQUEiMEg8rgn3uGIUxMgQQhU3f8V0QBShYMrMmxLc+ZMXSaNccp2Se3NaqFzO6sihQ3SETpCLzlEFXaEaqiOKHtEzekVv1pP1Yr1bH9PRJWu2c4D+wPr6AaVBntQ=</latexit><latexit sha1_base64="GYMNwrKtGSGDXv0S1AWKafR+j4U=">AAACGXicbVC7SgNBFJ31GeNr1dJmMAgWIewGRctgGguLCOYByRpmJ7PJkNmdZeauGJb9DRt/xcZCEUut/Bsnj0ITDwwczrmXM/f4seAaHOfbWlpeWV1bz23kN7e2d3btvf2GlomirE6lkKrlE80Ej1gdOAjWihUjoS9Y0x9Wx37zninNZXQLo5h5IelHPOCUgJG6tnPdTasyJEXcyPIdEsdKPuAz3AEeMo1d5y51yxk2Qx3Zk1BsZF274JScCfAicWekgGaode3PTk/SJGQRUEG0brtODF5KFHAqmAlNNIsJHZI+axsaERPspZPLMnxslB4OpDIvAjxRf2+kJNR6FPpmMiQw0PPeWPzPaycQXHgpj+IEWESnQUEiMEg8rgn3uGIUxMgQQhU3f8V0QBShYMrMmxLc+ZMXSaNccp2Se3NaqFzO6sihQ3SETpCLzlEFXaEaqiOKHtEzekVv1pP1Yr1bH9PRJWu2c4D+wPr6AaVBntQ=</latexit><latexit sha1_base64="GYMNwrKtGSGDXv0S1AWKafR+j4U=">AAACGXicbVC7SgNBFJ31GeNr1dJmMAgWIewGRctgGguLCOYByRpmJ7PJkNmdZeauGJb9DRt/xcZCEUut/Bsnj0ITDwwczrmXM/f4seAaHOfbWlpeWV1bz23kN7e2d3btvf2GlomirE6lkKrlE80Ej1gdOAjWihUjoS9Y0x9Wx37zninNZXQLo5h5IelHPOCUgJG6tnPdTasyJEXcyPIdEsdKPuAz3AEeMo1d5y51yxk2Qx3Zk1BsZF274JScCfAicWekgGaode3PTk/SJGQRUEG0brtODF5KFHAqmAlNNIsJHZI+axsaERPspZPLMnxslB4OpDIvAjxRf2+kJNR6FPpmMiQw0PPeWPzPaycQXHgpj+IEWESnQUEiMEg8rgn3uGIUxMgQQhU3f8V0QBShYMrMmxLc+ZMXSaNccp2Se3NaqFzO6sihQ3SETpCLzlEFXaEaqiOKHtEzekVv1pP1Yr1bH9PRJWu2c4D+wPr6AaVBntQ=</latexit>

Se (em estrelas) : hM/LV i ⇡ 4M�/L�,V
<latexit sha1_base64="+AWqSOTIROdCuy3wBbIAlLnvUdA=">AAACIHicbZDLSgMxFIYzXut4G3XpJlgEF9LOSKEui25ctFDBXqBThkyatqGZZEgyYhn6KG58FTcuFNGdPo1pOwtt/SHw5T/nkJw/jBlV2nW/rJXVtfWNzdyWvb2zu7fvHBw2lUgkJg0smJDtECnCKCcNTTUj7VgSFIWMtMLR9bTeuidSUcHv9Dgm3QgNOO1TjLSxAqfsM8QHjMBasRo0bV/ObraP4liKB1iCtSD1RU/oCSzCasbnzUng5N2COxNcBi+DPMhUD5xPvydwEhGuMUNKdTw31t0USU0xIxPbTxSJER6hAekY5CgiqpvOFpzAU+P0YF9Ic7iGM/f3RIoipcZRaDojpIdqsTY1/6t1Et2/7KaUx4kmHM8f6icMagGnacEelQRrNjaAsKTmrxAPkURYm0xtE4K3uPIyNC8Knlvwbkv5ylUWRw4cgxNwBjxQBhVwA+qgATB4BM/gFbxZT9aL9W59zFtXrGzmCPyR9f0DdYuh7A==</latexit><latexit sha1_base64="+AWqSOTIROdCuy3wBbIAlLnvUdA=">AAACIHicbZDLSgMxFIYzXut4G3XpJlgEF9LOSKEui25ctFDBXqBThkyatqGZZEgyYhn6KG58FTcuFNGdPo1pOwtt/SHw5T/nkJw/jBlV2nW/rJXVtfWNzdyWvb2zu7fvHBw2lUgkJg0smJDtECnCKCcNTTUj7VgSFIWMtMLR9bTeuidSUcHv9Dgm3QgNOO1TjLSxAqfsM8QHjMBasRo0bV/ObraP4liKB1iCtSD1RU/oCSzCasbnzUng5N2COxNcBi+DPMhUD5xPvydwEhGuMUNKdTw31t0USU0xIxPbTxSJER6hAekY5CgiqpvOFpzAU+P0YF9Ic7iGM/f3RIoipcZRaDojpIdqsTY1/6t1Et2/7KaUx4kmHM8f6icMagGnacEelQRrNjaAsKTmrxAPkURYm0xtE4K3uPIyNC8Knlvwbkv5ylUWRw4cgxNwBjxQBhVwA+qgATB4BM/gFbxZT9aL9W59zFtXrGzmCPyR9f0DdYuh7A==</latexit><latexit sha1_base64="+AWqSOTIROdCuy3wBbIAlLnvUdA=">AAACIHicbZDLSgMxFIYzXut4G3XpJlgEF9LOSKEui25ctFDBXqBThkyatqGZZEgyYhn6KG58FTcuFNGdPo1pOwtt/SHw5T/nkJw/jBlV2nW/rJXVtfWNzdyWvb2zu7fvHBw2lUgkJg0smJDtECnCKCcNTTUj7VgSFIWMtMLR9bTeuidSUcHv9Dgm3QgNOO1TjLSxAqfsM8QHjMBasRo0bV/ObraP4liKB1iCtSD1RU/oCSzCasbnzUng5N2COxNcBi+DPMhUD5xPvydwEhGuMUNKdTw31t0USU0xIxPbTxSJER6hAekY5CgiqpvOFpzAU+P0YF9Ic7iGM/f3RIoipcZRaDojpIdqsTY1/6t1Et2/7KaUx4kmHM8f6icMagGnacEelQRrNjaAsKTmrxAPkURYm0xtE4K3uPIyNC8Knlvwbkv5ylUWRw4cgxNwBjxQBhVwA+qgATB4BM/gFbxZT9aL9W59zFtXrGzmCPyR9f0DdYuh7A==</latexit><latexit sha1_base64="+AWqSOTIROdCuy3wBbIAlLnvUdA=">AAACIHicbZDLSgMxFIYzXut4G3XpJlgEF9LOSKEui25ctFDBXqBThkyatqGZZEgyYhn6KG58FTcuFNGdPo1pOwtt/SHw5T/nkJw/jBlV2nW/rJXVtfWNzdyWvb2zu7fvHBw2lUgkJg0smJDtECnCKCcNTTUj7VgSFIWMtMLR9bTeuidSUcHv9Dgm3QgNOO1TjLSxAqfsM8QHjMBasRo0bV/ObraP4liKB1iCtSD1RU/oCSzCasbnzUng5N2COxNcBi+DPMhUD5xPvydwEhGuMUNKdTw31t0USU0xIxPbTxSJER6hAekY5CgiqpvOFpzAU+P0YF9Ic7iGM/f3RIoipcZRaDojpIdqsTY1/6t1Et2/7KaUx4kmHM8f6icMagGnacEelQRrNjaAsKTmrxAPkURYm0xtE4K3uPIyNC8Knlvwbkv5ylUWRw4cgxNwBjxQBhVwA+qgATB4BM/gFbxZT9aL9W59zFtXrGzmCPyR9f0DdYuh7A==</latexit>

M
Coma,⇤ ⇡ 2⇥ 1013M�

<latexit sha1_base64="JDB78qhQkl9cSnFAyKCmWFEuIeo=">AAACF3icbVDLSgMxFM34rPU16tJNsAgiUmaqoMtiN26ECvYBbR0yadqGZiZDckcsw/yFG3/FjQtF3OrOvzFtZ6GtBwKHc+7l5B4/ElyD43xbC4tLyyurubX8+sbm1ra9s1vXMlaU1agUUjV9opngIasBB8GakWIk8AVr+MPK2G/cM6W5DG9hFLFOQPoh73FKwEieXbz2kooMyAk+TvNtEkVKPuASbgMPmMauc5e4pyk2Q23ZlZB6dsEpOhPgeeJmpIAyVD37q92VNA5YCFQQrVuuE0EnIQo4FcxExppFhA5Jn7UMDYmJ7SSTu1J8aJQu7kllXgh4ov7eSEig9SjwzWRAYKBnvbH4n9eKoXfRSXgYxcBCOg3qxQKDxOOScJcrRkGMDCFUcfNXTAdEEQqmyrwpwZ09eZ7US0XXKbo3Z4XyZVZHDu2jA3SEXHSOyugKVVENUfSIntErerOerBfr3fqYji5Y2c4e+gPr8wctQZ4S</latexit><latexit sha1_base64="JDB78qhQkl9cSnFAyKCmWFEuIeo=">AAACF3icbVDLSgMxFM34rPU16tJNsAgiUmaqoMtiN26ECvYBbR0yadqGZiZDckcsw/yFG3/FjQtF3OrOvzFtZ6GtBwKHc+7l5B4/ElyD43xbC4tLyyurubX8+sbm1ra9s1vXMlaU1agUUjV9opngIasBB8GakWIk8AVr+MPK2G/cM6W5DG9hFLFOQPoh73FKwEieXbz2kooMyAk+TvNtEkVKPuASbgMPmMauc5e4pyk2Q23ZlZB6dsEpOhPgeeJmpIAyVD37q92VNA5YCFQQrVuuE0EnIQo4FcxExppFhA5Jn7UMDYmJ7SSTu1J8aJQu7kllXgh4ov7eSEig9SjwzWRAYKBnvbH4n9eKoXfRSXgYxcBCOg3qxQKDxOOScJcrRkGMDCFUcfNXTAdEEQqmyrwpwZ09eZ7US0XXKbo3Z4XyZVZHDu2jA3SEXHSOyugKVVENUfSIntErerOerBfr3fqYji5Y2c4e+gPr8wctQZ4S</latexit><latexit sha1_base64="JDB78qhQkl9cSnFAyKCmWFEuIeo=">AAACF3icbVDLSgMxFM34rPU16tJNsAgiUmaqoMtiN26ECvYBbR0yadqGZiZDckcsw/yFG3/FjQtF3OrOvzFtZ6GtBwKHc+7l5B4/ElyD43xbC4tLyyurubX8+sbm1ra9s1vXMlaU1agUUjV9opngIasBB8GakWIk8AVr+MPK2G/cM6W5DG9hFLFOQPoh73FKwEieXbz2kooMyAk+TvNtEkVKPuASbgMPmMauc5e4pyk2Q23ZlZB6dsEpOhPgeeJmpIAyVD37q92VNA5YCFQQrVuuE0EnIQo4FcxExppFhA5Jn7UMDYmJ7SSTu1J8aJQu7kllXgh4ov7eSEig9SjwzWRAYKBnvbH4n9eKoXfRSXgYxcBCOg3qxQKDxOOScJcrRkGMDCFUcfNXTAdEEQqmyrwpwZ09eZ7US0XXKbo3Z4XyZVZHDu2jA3SEXHSOyugKVVENUfSIntErerOerBfr3fqYji5Y2c4e+gPr8wctQZ4S</latexit><latexit sha1_base64="JDB78qhQkl9cSnFAyKCmWFEuIeo=">AAACF3icbVDLSgMxFM34rPU16tJNsAgiUmaqoMtiN26ECvYBbR0yadqGZiZDckcsw/yFG3/FjQtF3OrOvzFtZ6GtBwKHc+7l5B4/ElyD43xbC4tLyyurubX8+sbm1ra9s1vXMlaU1agUUjV9opngIasBB8GakWIk8AVr+MPK2G/cM6W5DG9hFLFOQPoh73FKwEieXbz2kooMyAk+TvNtEkVKPuASbgMPmMauc5e4pyk2Q23ZlZB6dsEpOhPgeeJmpIAyVD37q92VNA5YCFQQrVuuE0EnIQo4FcxExppFhA5Jn7UMDYmJ7SSTu1J8aJQu7kllXgh4ov7eSEig9SjwzWRAYKBnvbH4n9eKoXfRSXgYxcBCOg3qxQKDxOOScJcrRkGMDCFUcfNXTAdEEQqmyrwpwZ09eZ7US0XXKbo3Z4XyZVZHDu2jA3SEXHSOyugKVVENUfSIntErerOerBfr3fqYji5Y2c4e+gPr8wctQZ4S</latexit>

Esse valor é ~10 vezes menor do que a massa do gás 
quente intergaláctico (observado em raios X): M

Coma,gas

⇡ 2⇥ 1014M�
<latexit sha1_base64="cwIO07CN8o0DsDhOC2nQqocQ4uU=">AAACGXicbVC7SgNBFJ2NrxhfUUubwSBYSNgNAS2DaWyECOYBSQx3J5NkyOzOMnNXDEt+w8ZfsbFQxFIr/8bJo9DEAwOHc+7lzD1+JIVB1/12Uiura+sb6c3M1vbO7l52/6BmVKwZrzIllW74YLgUIa+iQMkbkeYQ+JLX/WF54tfvuTZChbc4ing7gH4oeoIBWqmTda87SVkFcEb7YMaZFkSRVg+0QFsoAm6o594lXnFM7VhLdRWOO9mcm3enoMvEm5McmaPSyX62uorFAQ+RSTCm6bkRthPQKJjkNjI2PAI2hD5vWhqCjW0n08vG9MQqXdpT2r4Q6VT9vZFAYMwo8O1kADgwi95E/M9rxti7aCcijGLkIZsF9WJJUdFJTbQrNGcoR5YA08L+lbIBaGBoy8zYErzFk5dJrZD33Lx3U8yVLud1pMkROSanxCPnpESuSIVUCSOP5Jm8kjfnyXlx3p2P2WjKme8ckj9wvn4AROefOA==</latexit><latexit sha1_base64="cwIO07CN8o0DsDhOC2nQqocQ4uU=">AAACGXicbVC7SgNBFJ2NrxhfUUubwSBYSNgNAS2DaWyECOYBSQx3J5NkyOzOMnNXDEt+w8ZfsbFQxFIr/8bJo9DEAwOHc+7lzD1+JIVB1/12Uiura+sb6c3M1vbO7l52/6BmVKwZrzIllW74YLgUIa+iQMkbkeYQ+JLX/WF54tfvuTZChbc4ing7gH4oeoIBWqmTda87SVkFcEb7YMaZFkSRVg+0QFsoAm6o594lXnFM7VhLdRWOO9mcm3enoMvEm5McmaPSyX62uorFAQ+RSTCm6bkRthPQKJjkNjI2PAI2hD5vWhqCjW0n08vG9MQqXdpT2r4Q6VT9vZFAYMwo8O1kADgwi95E/M9rxti7aCcijGLkIZsF9WJJUdFJTbQrNGcoR5YA08L+lbIBaGBoy8zYErzFk5dJrZD33Lx3U8yVLud1pMkROSanxCPnpESuSIVUCSOP5Jm8kjfnyXlx3p2P2WjKme8ckj9wvn4AROefOA==</latexit><latexit sha1_base64="cwIO07CN8o0DsDhOC2nQqocQ4uU=">AAACGXicbVC7SgNBFJ2NrxhfUUubwSBYSNgNAS2DaWyECOYBSQx3J5NkyOzOMnNXDEt+w8ZfsbFQxFIr/8bJo9DEAwOHc+7lzD1+JIVB1/12Uiura+sb6c3M1vbO7l52/6BmVKwZrzIllW74YLgUIa+iQMkbkeYQ+JLX/WF54tfvuTZChbc4ing7gH4oeoIBWqmTda87SVkFcEb7YMaZFkSRVg+0QFsoAm6o594lXnFM7VhLdRWOO9mcm3enoMvEm5McmaPSyX62uorFAQ+RSTCm6bkRthPQKJjkNjI2PAI2hD5vWhqCjW0n08vG9MQqXdpT2r4Q6VT9vZFAYMwo8O1kADgwi95E/M9rxti7aCcijGLkIZsF9WJJUdFJTbQrNGcoR5YA08L+lbIBaGBoy8zYErzFk5dJrZD33Lx3U8yVLud1pMkROSanxCPnpESuSIVUCSOP5Jm8kjfnyXlx3p2P2WjKme8ckj9wvn4AROefOA==</latexit><latexit sha1_base64="cwIO07CN8o0DsDhOC2nQqocQ4uU=">AAACGXicbVC7SgNBFJ2NrxhfUUubwSBYSNgNAS2DaWyECOYBSQx3J5NkyOzOMnNXDEt+w8ZfsbFQxFIr/8bJo9DEAwOHc+7lzD1+JIVB1/12Uiura+sb6c3M1vbO7l52/6BmVKwZrzIllW74YLgUIa+iQMkbkeYQ+JLX/WF54tfvuTZChbc4ing7gH4oeoIBWqmTda87SVkFcEb7YMaZFkSRVg+0QFsoAm6o594lXnFM7VhLdRWOO9mcm3enoMvEm5McmaPSyX62uorFAQ+RSTCm6bkRthPQKJjkNjI2PAI2hD5vWhqCjW0n08vG9MQqXdpT2r4Q6VT9vZFAYMwo8O1kADgwi95E/M9rxti7aCcijGLkIZsF9WJJUdFJTbQrNGcoR5YA08L+lbIBaGBoy8zYErzFk5dJrZD33Lx3U8yVLud1pMkROSanxCPnpESuSIVUCSOP5Jm8kjfnyXlx3p2P2WjKme8ckj9wvn4AROefOA==</latexit>

T ⇡ 108K
<latexit sha1_base64="6tYDWj5yFmp89wbNJElLhWrI8Fc=">AAAB+nicbVBNSwMxEJ31s9avrR69BIvgqeyKYI9FL4KXCv2CtpZsmm1Ds8mSZNWy9qd48aCIV3+JN/+NabsHbX0w8Hhvhpl5QcyZNp737aysrq1vbOa28ts7u3v7buGgoWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBmMrqZ+854qzaSomXFMuxEeCBYygo2Vem6hhjo4jpV8RL53V0Y3qOcWvZI3A1omfkaKkKHac786fUmSiApDONa67Xux6aZYGUY4neQ7iaYxJiM8oG1LBY6o7qaz0yfoxCp9FEplSxg0U39PpDjSehwFtjPCZqgXvan4n9dOTFjupkzEiaGCzBeFCUdGomkOqM8UJYaPLcFEMXsrIkOsMDE2rbwNwV98eZk0zkq+V/Jvz4uVyyyOHBzBMZyCDxdQgWuoQh0IPMAzvMKb8+S8OO/Ox7x1xclmDuEPnM8fyyOSYQ==</latexit><latexit sha1_base64="6tYDWj5yFmp89wbNJElLhWrI8Fc=">AAAB+nicbVBNSwMxEJ31s9avrR69BIvgqeyKYI9FL4KXCv2CtpZsmm1Ds8mSZNWy9qd48aCIV3+JN/+NabsHbX0w8Hhvhpl5QcyZNp737aysrq1vbOa28ts7u3v7buGgoWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBmMrqZ+854qzaSomXFMuxEeCBYygo2Vem6hhjo4jpV8RL53V0Y3qOcWvZI3A1omfkaKkKHac786fUmSiApDONa67Xux6aZYGUY4neQ7iaYxJiM8oG1LBY6o7qaz0yfoxCp9FEplSxg0U39PpDjSehwFtjPCZqgXvan4n9dOTFjupkzEiaGCzBeFCUdGomkOqM8UJYaPLcFEMXsrIkOsMDE2rbwNwV98eZk0zkq+V/Jvz4uVyyyOHBzBMZyCDxdQgWuoQh0IPMAzvMKb8+S8OO/Ox7x1xclmDuEPnM8fyyOSYQ==</latexit><latexit sha1_base64="6tYDWj5yFmp89wbNJElLhWrI8Fc=">AAAB+nicbVBNSwMxEJ31s9avrR69BIvgqeyKYI9FL4KXCv2CtpZsmm1Ds8mSZNWy9qd48aCIV3+JN/+NabsHbX0w8Hhvhpl5QcyZNp737aysrq1vbOa28ts7u3v7buGgoWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBmMrqZ+854qzaSomXFMuxEeCBYygo2Vem6hhjo4jpV8RL53V0Y3qOcWvZI3A1omfkaKkKHac786fUmSiApDONa67Xux6aZYGUY4neQ7iaYxJiM8oG1LBY6o7qaz0yfoxCp9FEplSxg0U39PpDjSehwFtjPCZqgXvan4n9dOTFjupkzEiaGCzBeFCUdGomkOqM8UJYaPLcFEMXsrIkOsMDE2rbwNwV98eZk0zkq+V/Jvz4uVyyyOHBzBMZyCDxdQgWuoQh0IPMAzvMKb8+S8OO/Ox7x1xclmDuEPnM8fyyOSYQ==</latexit><latexit sha1_base64="6tYDWj5yFmp89wbNJElLhWrI8Fc=">AAAB+nicbVBNSwMxEJ31s9avrR69BIvgqeyKYI9FL4KXCv2CtpZsmm1Ds8mSZNWy9qd48aCIV3+JN/+NabsHbX0w8Hhvhpl5QcyZNp737aysrq1vbOa28ts7u3v7buGgoWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBmMrqZ+854qzaSomXFMuxEeCBYygo2Vem6hhjo4jpV8RL53V0Y3qOcWvZI3A1omfkaKkKHac786fUmSiApDONa67Xux6aZYGUY4neQ7iaYxJiM8oG1LBY6o7qaz0yfoxCp9FEplSxg0U39PpDjSehwFtjPCZqgXvan4n9dOTFjupkzEiaGCzBeFCUdGomkOqM8UJYaPLcFEMXsrIkOsMDE2rbwNwV98eZk0zkq+V/Jvz4uVyyyOHBzBMZyCDxdQgWuoQh0IPMAzvMKb8+S8OO/Ox7x1xclmDuEPnM8fyyOSYQ==</latexit>

E ⇠ kT ⇠ 9 keV
<latexit sha1_base64="V4ZvOIPL2TEVfYN3E1JDRX/9Huk=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyyCqzIjgroriuCyQl/QGUomzbShycyQZIQyVHDjr7hxoYhbP8Kdf2PazkJbD4ScnHMvN/cECWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWilNJaJPEPJadACvKWUSbmmlOO4mkWASctoPR9dRv31OpWBw19DihvsCDiIWMYG2knl2+QZ5iAo0a8/sSPWSeNG/amvTsilN1ZkDLxM1JBXLUe/aX149JKmikCcdKdV0n0X6GpWaE00nJSxVNMBnhAe0aGmFBlZ/NlpigY6P0URhLcyKNZurvjgwLpcYiMJUC66Fa9Kbif1431eGFn7EoSTWNyHxQmHKkYzRNBPWZpETzsSGYSGb+isgQS0y0ya1kQnAXV14mrdOq61Tdu7NK7SqPowhlOIITcOEcanALdWgCgUd4hld4s56sF+vd+piXFqy85xD+wPr8Aa6wltc=</latexit><latexit sha1_base64="V4ZvOIPL2TEVfYN3E1JDRX/9Huk=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyyCqzIjgroriuCyQl/QGUomzbShycyQZIQyVHDjr7hxoYhbP8Kdf2PazkJbD4ScnHMvN/cECWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWilNJaJPEPJadACvKWUSbmmlOO4mkWASctoPR9dRv31OpWBw19DihvsCDiIWMYG2knl2+QZ5iAo0a8/sSPWSeNG/amvTsilN1ZkDLxM1JBXLUe/aX149JKmikCcdKdV0n0X6GpWaE00nJSxVNMBnhAe0aGmFBlZ/NlpigY6P0URhLcyKNZurvjgwLpcYiMJUC66Fa9Kbif1431eGFn7EoSTWNyHxQmHKkYzRNBPWZpETzsSGYSGb+isgQS0y0ya1kQnAXV14mrdOq61Tdu7NK7SqPowhlOIITcOEcanALdWgCgUd4hld4s56sF+vd+piXFqy85xD+wPr8Aa6wltc=</latexit><latexit sha1_base64="V4ZvOIPL2TEVfYN3E1JDRX/9Huk=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyyCqzIjgroriuCyQl/QGUomzbShycyQZIQyVHDjr7hxoYhbP8Kdf2PazkJbD4ScnHMvN/cECWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWilNJaJPEPJadACvKWUSbmmlOO4mkWASctoPR9dRv31OpWBw19DihvsCDiIWMYG2knl2+QZ5iAo0a8/sSPWSeNG/amvTsilN1ZkDLxM1JBXLUe/aX149JKmikCcdKdV0n0X6GpWaE00nJSxVNMBnhAe0aGmFBlZ/NlpigY6P0URhLcyKNZurvjgwLpcYiMJUC66Fa9Kbif1431eGFn7EoSTWNyHxQmHKkYzRNBPWZpETzsSGYSGb+isgQS0y0ya1kQnAXV14mrdOq61Tdu7NK7SqPowhlOIITcOEcanALdWgCgUd4hld4s56sF+vd+piXFqy85xD+wPr8Aa6wltc=</latexit><latexit sha1_base64="V4ZvOIPL2TEVfYN3E1JDRX/9Huk=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyyCqzIjgroriuCyQl/QGUomzbShycyQZIQyVHDjr7hxoYhbP8Kdf2PazkJbD4ScnHMvN/cECWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWilNJaJPEPJadACvKWUSbmmlOO4mkWASctoPR9dRv31OpWBw19DihvsCDiIWMYG2knl2+QZ5iAo0a8/sSPWSeNG/amvTsilN1ZkDLxM1JBXLUe/aX149JKmikCcdKdV0n0X6GpWaE00nJSxVNMBnhAe0aGmFBlZ/NlpigY6P0URhLcyKNZurvjgwLpcYiMJUC66Fa9Kbif1431eGFn7EoSTWNyHxQmHKkYzRNBPWZpETzsSGYSGb+isgQS0y0ya1kQnAXV14mrdOq61Tdu7NK7SqPowhlOIITcOEcanALdWgCgUd4hld4s56sF+vd+piXFqy85xD+wPr8Aa6wltc=</latexit>
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7.1 A Matéria Visível

Cerca de 85% dos bárions no Universo estão na forma de 
gás extremamente tênue no espaço intergaláctico, fora de 
galáxias e de aglomerados de galáxias, difíceis de detectar.

Observações da CMBR e previsões da nucleossíntese no 
Universo primordial fornecem a melhor estimativa para o 
limite superior da densidade de bárions no Universo atual.

Propriedades das flutuações de 
temperatura da CMBR dependem 

da razão bárions/fótons.

Eficiência da nucleossíntese 
(conversão de H em D, He, Li, etc) 
depende da razão bárions/fótons.

⌦bar,0 = 0.048± 0.003 ⇠ 10⇥ (20⇥)⌦⇤,0
<latexit sha1_base64="yUBLQxIqjKANDWv39+xboS2LhMQ="></latexit><latexit sha1_base64="yUBLQxIqjKANDWv39+xboS2LhMQ="></latexit><latexit sha1_base64="yUBLQxIqjKANDWv39+xboS2LhMQ="></latexit><latexit sha1_base64="yUBLQxIqjKANDWv39+xboS2LhMQ="></latexit>
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Vera Rubin 
(1928-2016)

https://www.pnas.org/content/114/9/2099

Em evidência observacional da matéria escura 
não-bariônica através do estudo das curvas de 
rotação de galáxias. 

ApJ, 159, 379 (1970)

M31

https://www.pnas.org/content/114/9/2099
https://www.pnas.org/content/114/9/2099
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7.2 A Matéria Escura em Galáxias

https://en.wikipedia.org/wiki/Galaxy_rotation_curve#/media/
File:Rotation_curve_of_spiral_galaxy_Messier_33_(Triangulum).png

M33

https://www.pnas.org/content/114/9/2099
https://www.pnas.org/content/114/9/2099
https://www.pnas.org/content/114/9/2099
https://www.pnas.org/content/114/9/2099
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7.2 A Matéria Escura em Galáxias

Suponha uma estrela em órbita circular em torno do centro 
de sua galáxia hospedeira, com raio da órbita R.

|acentrip| =
v2

R
= |Fgrav| =

GM(R)

R2
<latexit sha1_base64="FSYp/FAlEhFcvdrr8+GV+s+RZP0="></latexit><latexit sha1_base64="FSYp/FAlEhFcvdrr8+GV+s+RZP0="></latexit><latexit sha1_base64="FSYp/FAlEhFcvdrr8+GV+s+RZP0="></latexit><latexit sha1_base64="FSYp/FAlEhFcvdrr8+GV+s+RZP0="></latexit>

Assumindo uma distribuição esfericamente de massa, onde M(R) é a massa no interior de 
uma esfera de raio R e v é a velocidade orbital da estrela:

Nota: outras distribuições 
de massa implicam numa 
pequena correção para 
esta equação.

v =

r
GM(R)

R
<latexit sha1_base64="wntJuNBWvtQCwiyrLaLyNuV5DP0=">AAACA3icbVDLSgMxFM34rONr1J1ugkWomzIjgm6EogvdCLXYB3SGkkkzbWgmGZNMoQwFN/6KGxeKuPUn3Pk3po+Fth4IHM65h5t7woRRpV3321pYXFpeWc2t2esbm1vbzs5uTYlUYlLFggnZCJEijHJS1VQz0kgkQXHISD3sXY38ep9IRQW/14OEBDHqcBpRjLSRWs5+H15A21cPUtvZ9W2hcgx9YQKwMmw5ebfojgHniTcleTBFueV8+W2B05hwjRlSqum5iQ4yJDXFjAxtP1UkQbiHOqRpKEcxUUE2vmEIj4zShpGQ5nENx+rvRIZipQZxaCZjpLtq1huJ/3nNVEfnQUZ5kmrC8WRRlDKoBRwVAttUEqzZwBCEJTV/hbiLJMLa1GabErzZk+dJ7aTouUXv7jRfupzWkQMH4BAUgAfOQAncgDKoAgwewTN4BW/Wk/VivVsfk9EFa5rZA39gff4AzuOVtQ==</latexit><latexit sha1_base64="wntJuNBWvtQCwiyrLaLyNuV5DP0=">AAACA3icbVDLSgMxFM34rONr1J1ugkWomzIjgm6EogvdCLXYB3SGkkkzbWgmGZNMoQwFN/6KGxeKuPUn3Pk3po+Fth4IHM65h5t7woRRpV3321pYXFpeWc2t2esbm1vbzs5uTYlUYlLFggnZCJEijHJS1VQz0kgkQXHISD3sXY38ep9IRQW/14OEBDHqcBpRjLSRWs5+H15A21cPUtvZ9W2hcgx9YQKwMmw5ebfojgHniTcleTBFueV8+W2B05hwjRlSqum5iQ4yJDXFjAxtP1UkQbiHOqRpKEcxUUE2vmEIj4zShpGQ5nENx+rvRIZipQZxaCZjpLtq1huJ/3nNVEfnQUZ5kmrC8WRRlDKoBRwVAttUEqzZwBCEJTV/hbiLJMLa1GabErzZk+dJ7aTouUXv7jRfupzWkQMH4BAUgAfOQAncgDKoAgwewTN4BW/Wk/VivVsfk9EFa5rZA39gff4AzuOVtQ==</latexit><latexit sha1_base64="wntJuNBWvtQCwiyrLaLyNuV5DP0=">AAACA3icbVDLSgMxFM34rONr1J1ugkWomzIjgm6EogvdCLXYB3SGkkkzbWgmGZNMoQwFN/6KGxeKuPUn3Pk3po+Fth4IHM65h5t7woRRpV3321pYXFpeWc2t2esbm1vbzs5uTYlUYlLFggnZCJEijHJS1VQz0kgkQXHISD3sXY38ep9IRQW/14OEBDHqcBpRjLSRWs5+H15A21cPUtvZ9W2hcgx9YQKwMmw5ebfojgHniTcleTBFueV8+W2B05hwjRlSqum5iQ4yJDXFjAxtP1UkQbiHOqRpKEcxUUE2vmEIj4zShpGQ5nENx+rvRIZipQZxaCZjpLtq1huJ/3nNVEfnQUZ5kmrC8WRRlDKoBRwVAttUEqzZwBCEJTV/hbiLJMLa1GabErzZk+dJ7aTouUXv7jRfupzWkQMH4BAUgAfOQAncgDKoAgwewTN4BW/Wk/VivVsfk9EFa5rZA39gff4AzuOVtQ==</latexit><latexit sha1_base64="wntJuNBWvtQCwiyrLaLyNuV5DP0=">AAACA3icbVDLSgMxFM34rONr1J1ugkWomzIjgm6EogvdCLXYB3SGkkkzbWgmGZNMoQwFN/6KGxeKuPUn3Pk3po+Fth4IHM65h5t7woRRpV3321pYXFpeWc2t2esbm1vbzs5uTYlUYlLFggnZCJEijHJS1VQz0kgkQXHISD3sXY38ep9IRQW/14OEBDHqcBpRjLSRWs5+H15A21cPUtvZ9W2hcgx9YQKwMmw5ebfojgHniTcleTBFueV8+W2B05hwjRlSqum5iQ4yJDXFjAxtP1UkQbiHOqRpKEcxUUE2vmEIj4zShpGQ5nENx+rvRIZipQZxaCZjpLtq1huJ/3nNVEfnQUZ5kmrC8WRRlDKoBRwVAttUEqzZwBCEJTV/hbiLJMLa1GabErzZk+dJ7aTouUXv7jRfupzWkQMH4BAUgAfOQAncgDKoAgwewTN4BW/Wk/VivVsfk9EFa5rZA39gff4AzuOVtQ==</latexit>

Perfil do brilho superficial I(R) para galáxias espirais:

I(R) = I0 exp

✓
� R

Rs

◆

<latexit sha1_base64="ynJdPIoaeelMWxQUPXAo2kjJM7Q=">AAACGHicbVDLSgMxFM3UVx1fVZdugkWoC+uMCLoRim7sTotVoVOGTHqnDc08SO6IZehnuPFX3LhQxK07/8a0dqHWA4HDOfckuSdIpdDoOJ9WYWZ2bn6huGgvLa+srpXWN651kikOTZ7IRN0GTIMUMTRRoITbVAGLAgk3Qf9s5N/cgdIiia9wkEI7Yt1YhIIzNJJf2q9XGrv0hNZ9h3pwn9qehBBpxd7LG9RLTJQ2fD20PSW6PaS7fqnsVJ0x6DRxJ6RMJrjwSx9eJ+FZBDFyybRuuU6K7ZwpFFyCuTjTkDLeZ11oGRqzCHQ7Hy82pDtG6dAwUebESMfqz0TOIq0HUWAmI4Y9/dcbif95rQzD43Yu4jRDiPn3Q2EmKSZ01BLtCAUc5cAQxpUwf6W8xxTjaLq0TQnu35WnyfVB1XWq7uVhuXY6qaNItsg2qRCXHJEaOScXpEk4eSBP5IW8Wo/Ws/VmvX+PFqxJZpP8gvXxBQPBnK4=</latexit><latexit sha1_base64="ynJdPIoaeelMWxQUPXAo2kjJM7Q=">AAACGHicbVDLSgMxFM3UVx1fVZdugkWoC+uMCLoRim7sTotVoVOGTHqnDc08SO6IZehnuPFX3LhQxK07/8a0dqHWA4HDOfckuSdIpdDoOJ9WYWZ2bn6huGgvLa+srpXWN651kikOTZ7IRN0GTIMUMTRRoITbVAGLAgk3Qf9s5N/cgdIiia9wkEI7Yt1YhIIzNJJf2q9XGrv0hNZ9h3pwn9qehBBpxd7LG9RLTJQ2fD20PSW6PaS7fqnsVJ0x6DRxJ6RMJrjwSx9eJ+FZBDFyybRuuU6K7ZwpFFyCuTjTkDLeZ11oGRqzCHQ7Hy82pDtG6dAwUebESMfqz0TOIq0HUWAmI4Y9/dcbif95rQzD43Yu4jRDiPn3Q2EmKSZ01BLtCAUc5cAQxpUwf6W8xxTjaLq0TQnu35WnyfVB1XWq7uVhuXY6qaNItsg2qRCXHJEaOScXpEk4eSBP5IW8Wo/Ws/VmvX+PFqxJZpP8gvXxBQPBnK4=</latexit><latexit sha1_base64="ynJdPIoaeelMWxQUPXAo2kjJM7Q=">AAACGHicbVDLSgMxFM3UVx1fVZdugkWoC+uMCLoRim7sTotVoVOGTHqnDc08SO6IZehnuPFX3LhQxK07/8a0dqHWA4HDOfckuSdIpdDoOJ9WYWZ2bn6huGgvLa+srpXWN651kikOTZ7IRN0GTIMUMTRRoITbVAGLAgk3Qf9s5N/cgdIiia9wkEI7Yt1YhIIzNJJf2q9XGrv0hNZ9h3pwn9qehBBpxd7LG9RLTJQ2fD20PSW6PaS7fqnsVJ0x6DRxJ6RMJrjwSx9eJ+FZBDFyybRuuU6K7ZwpFFyCuTjTkDLeZ11oGRqzCHQ7Hy82pDtG6dAwUebESMfqz0TOIq0HUWAmI4Y9/dcbif95rQzD43Yu4jRDiPn3Q2EmKSZ01BLtCAUc5cAQxpUwf6W8xxTjaLq0TQnu35WnyfVB1XWq7uVhuXY6qaNItsg2qRCXHJEaOScXpEk4eSBP5IW8Wo/Ws/VmvX+PFqxJZpP8gvXxBQPBnK4=</latexit><latexit sha1_base64="ynJdPIoaeelMWxQUPXAo2kjJM7Q=">AAACGHicbVDLSgMxFM3UVx1fVZdugkWoC+uMCLoRim7sTotVoVOGTHqnDc08SO6IZehnuPFX3LhQxK07/8a0dqHWA4HDOfckuSdIpdDoOJ9WYWZ2bn6huGgvLa+srpXWN651kikOTZ7IRN0GTIMUMTRRoITbVAGLAgk3Qf9s5N/cgdIiia9wkEI7Yt1YhIIzNJJf2q9XGrv0hNZ9h3pwn9qehBBpxd7LG9RLTJQ2fD20PSW6PaS7fqnsVJ0x6DRxJ6RMJrjwSx9eJ+FZBDFyybRuuU6K7ZwpFFyCuTjTkDLeZ11oGRqzCHQ7Hy82pDtG6dAwUebESMfqz0TOIq0HUWAmI4Y9/dcbif95rQzD43Yu4jRDiPn3Q2EmKSZ01BLtCAUc5cAQxpUwf6W8xxTjaLq0TQnu35WnyfVB1XWq7uVhuXY6qaNItsg2qRCXHJEaOScXpEk4eSBP5IW8Wo/Ws/VmvX+PFqxJZpP8gvXxBQPBnK4=</latexit>

Na banda-B:

MW:

M31:

Rs ⇡ 4 kpc
<latexit sha1_base64="9PMmVhcqQkYmnpBqkTlJYLUNtAs=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkoMuiG5dV7AOaECbTSTt0khlmJmIJFTf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z2hYFRpx/m2SkvLK6tr5fXKxubW9o69u9dWPJWYtDBnXHZDpAijCWlpqhnpCklQHDLSCUeXud+5I1JRntzqsSB+jAYJjShG2kiBfQBvAgU9JITk97AOHzJPxnAk8KQS2FWn5kwBF4lbkCoo0AzsL6/PcRqTRGOGlOq5jtB+hqSmmJFJxUsVEQiP0ID0DE1QTJSfTX+YwGOj9GHEpalEw6n6eyJDsVLjODSdMdJDNe/l4n9eL9XRuZ/RRKSaJHi2KEoZ1BzmgcA+lQRrNjYEYUnNrRAPkURYm9jyENz5lxdJ+7TmOjX3ul5tXBRxlMEhOAInwAVnoAGuQBO0AAaP4Bm8gjfryXqx3q2PWWvJKmb2wR9Ynz8zApaW</latexit><latexit sha1_base64="9PMmVhcqQkYmnpBqkTlJYLUNtAs=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkoMuiG5dV7AOaECbTSTt0khlmJmIJFTf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z2hYFRpx/m2SkvLK6tr5fXKxubW9o69u9dWPJWYtDBnXHZDpAijCWlpqhnpCklQHDLSCUeXud+5I1JRntzqsSB+jAYJjShG2kiBfQBvAgU9JITk97AOHzJPxnAk8KQS2FWn5kwBF4lbkCoo0AzsL6/PcRqTRGOGlOq5jtB+hqSmmJFJxUsVEQiP0ID0DE1QTJSfTX+YwGOj9GHEpalEw6n6eyJDsVLjODSdMdJDNe/l4n9eL9XRuZ/RRKSaJHi2KEoZ1BzmgcA+lQRrNjYEYUnNrRAPkURYm9jyENz5lxdJ+7TmOjX3ul5tXBRxlMEhOAInwAVnoAGuQBO0AAaP4Bm8gjfryXqx3q2PWWvJKmb2wR9Ynz8zApaW</latexit><latexit sha1_base64="9PMmVhcqQkYmnpBqkTlJYLUNtAs=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkoMuiG5dV7AOaECbTSTt0khlmJmIJFTf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z2hYFRpx/m2SkvLK6tr5fXKxubW9o69u9dWPJWYtDBnXHZDpAijCWlpqhnpCklQHDLSCUeXud+5I1JRntzqsSB+jAYJjShG2kiBfQBvAgU9JITk97AOHzJPxnAk8KQS2FWn5kwBF4lbkCoo0AzsL6/PcRqTRGOGlOq5jtB+hqSmmJFJxUsVEQiP0ID0DE1QTJSfTX+YwGOj9GHEpalEw6n6eyJDsVLjODSdMdJDNe/l4n9eL9XRuZ/RRKSaJHi2KEoZ1BzmgcA+lQRrNjYEYUnNrRAPkURYm9jyENz5lxdJ+7TmOjX3ul5tXBRxlMEhOAInwAVnoAGuQBO0AAaP4Bm8gjfryXqx3q2PWWvJKmb2wR9Ynz8zApaW</latexit><latexit sha1_base64="9PMmVhcqQkYmnpBqkTlJYLUNtAs=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkoMuiG5dV7AOaECbTSTt0khlmJmIJFTf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z2hYFRpx/m2SkvLK6tr5fXKxubW9o69u9dWPJWYtDBnXHZDpAijCWlpqhnpCklQHDLSCUeXud+5I1JRntzqsSB+jAYJjShG2kiBfQBvAgU9JITk97AOHzJPxnAk8KQS2FWn5kwBF4lbkCoo0AzsL6/PcRqTRGOGlOq5jtB+hqSmmJFJxUsVEQiP0ID0DE1QTJSfTX+YwGOj9GHEpalEw6n6eyJDsVLjODSdMdJDNe/l4n9eL9XRuZ/RRKSaJHi2KEoZ1BzmgcA+lQRrNjYEYUnNrRAPkURYm9jyENz5lxdJ+7TmOjX3ul5tXBRxlMEhOAInwAVnoAGuQBO0AAaP4Bm8gjfryXqx3q2PWWvJKmb2wR9Ynz8zApaW</latexit>

Rs ⇡ 6 kpc
<latexit sha1_base64="MwrKWpk28ZO4yg5CG0KwHMQ+MWU=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE1GXRjcsq9gFNCJPppB06mRlmJmIJFTf+ihsXirj1J9z5NyZtFtp64MLhnHu5955QMqqN43xbpYXFpeWV8mplbX1jc8ve3mlpkShMmlgwoToh0oRRTpqGGkY6UhEUh4y0w+Fl7rfviNJU8FszksSPUZ/TiGJkMimw9+BNoKGHpFTiHp7Ch9RTMRxKPK4EdtWpORPAeeIWpAoKNAL7y+sJnMSEG8yQ1l3XkcZPkTIUMzKueIkmEuEh6pNuRjmKifbTyQ9jeJgpPRgJlRU3cKL+nkhRrPUoDrPOGJmBnvVy8T+vm5jo3E8pl4khHE8XRQmDRsA8ENijimDDRhlBWNHsVogHSCFsstjyENzZl+dJ67jmOjX3+qRavyjiKIN9cACOgAvOQB1cgQZoAgwewTN4BW/Wk/VivVsf09aSVczsgj+wPn8ANiKWmA==</latexit><latexit sha1_base64="MwrKWpk28ZO4yg5CG0KwHMQ+MWU=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE1GXRjcsq9gFNCJPppB06mRlmJmIJFTf+ihsXirj1J9z5NyZtFtp64MLhnHu5955QMqqN43xbpYXFpeWV8mplbX1jc8ve3mlpkShMmlgwoToh0oRRTpqGGkY6UhEUh4y0w+Fl7rfviNJU8FszksSPUZ/TiGJkMimw9+BNoKGHpFTiHp7Ch9RTMRxKPK4EdtWpORPAeeIWpAoKNAL7y+sJnMSEG8yQ1l3XkcZPkTIUMzKueIkmEuEh6pNuRjmKifbTyQ9jeJgpPRgJlRU3cKL+nkhRrPUoDrPOGJmBnvVy8T+vm5jo3E8pl4khHE8XRQmDRsA8ENijimDDRhlBWNHsVogHSCFsstjyENzZl+dJ67jmOjX3+qRavyjiKIN9cACOgAvOQB1cgQZoAgwewTN4BW/Wk/VivVsf09aSVczsgj+wPn8ANiKWmA==</latexit><latexit sha1_base64="MwrKWpk28ZO4yg5CG0KwHMQ+MWU=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE1GXRjcsq9gFNCJPppB06mRlmJmIJFTf+ihsXirj1J9z5NyZtFtp64MLhnHu5955QMqqN43xbpYXFpeWV8mplbX1jc8ve3mlpkShMmlgwoToh0oRRTpqGGkY6UhEUh4y0w+Fl7rfviNJU8FszksSPUZ/TiGJkMimw9+BNoKGHpFTiHp7Ch9RTMRxKPK4EdtWpORPAeeIWpAoKNAL7y+sJnMSEG8yQ1l3XkcZPkTIUMzKueIkmEuEh6pNuRjmKifbTyQ9jeJgpPRgJlRU3cKL+nkhRrPUoDrPOGJmBnvVy8T+vm5jo3E8pl4khHE8XRQmDRsA8ENijimDDRhlBWNHsVogHSCFsstjyENzZl+dJ67jmOjX3+qRavyjiKIN9cACOgAvOQB1cgQZoAgwewTN4BW/Wk/VivVsf09aSVczsgj+wPn8ANiKWmA==</latexit><latexit sha1_base64="MwrKWpk28ZO4yg5CG0KwHMQ+MWU=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE1GXRjcsq9gFNCJPppB06mRlmJmIJFTf+ihsXirj1J9z5NyZtFtp64MLhnHu5955QMqqN43xbpYXFpeWV8mplbX1jc8ve3mlpkShMmlgwoToh0oRRTpqGGkY6UhEUh4y0w+Fl7rfviNJU8FszksSPUZ/TiGJkMimw9+BNoKGHpFTiHp7Ch9RTMRxKPK4EdtWpORPAeeIWpAoKNAL7y+sJnMSEG8yQ1l3XkcZPkTIUMzKueIkmEuEh6pNuRjmKifbTyQ9jeJgpPRgJlRU3cKL+nkhRrPUoDrPOGJmBnvVy8T+vm5jo3E8pl4khHE8XRQmDRsA8ENijimDDRhlBWNHsVogHSCFsstjyENzZl+dJ67jmOjX3+qRavyjiKIN9cACOgAvOQB1cgQZoAgwewTN4BW/Wk/VivVsf09aSVczsgj+wPn8ANiKWmA==</latexit>

M(R) torna-se constante 
a partir de um certo R.

v / 1p
R

<latexit sha1_base64="IHhbsZwiWCUYnesG4gfccEPIkpY=">AAACBXicbVDLSsNAFJ34rPEVdamLwSK4KokIuiy6cVnFPqAJZTKdtEMnmThzUyihGzf+ihsXirj1H9z5N07bLLT1wMDhnHO5c0+YCq7Bdb+tpeWV1bX10oa9ubW9s+vs7Te0zBRldSqFVK2QaCZ4wurAQbBWqhiJQ8Ga4eB64jeHTGkuk3sYpSyISS/hEacEjNRxjobYT5VMQdq5h31pstjXDwryu/G445TdijsFXiReQcqoQK3jfPldSbOYJUAF0brtuSkEOVHAqWBj2880SwkdkB5rG5qQmOkgn14xxidG6eJIKvMSwFP190ROYq1HcWiSMYG+nvcm4n9eO4PoMsh5kmbAEjpbFGUCg8STSnCXK0ZBjAwhVHHzV0z7RBEKpjjblODNn7xIGmcVz614t+fl6lVRRwkdomN0ijx0garoBtVQHVH0iJ7RK3qznqwX6936mEWXrGLmAP2B9fkDHhGYVA==</latexit><latexit sha1_base64="IHhbsZwiWCUYnesG4gfccEPIkpY=">AAACBXicbVDLSsNAFJ34rPEVdamLwSK4KokIuiy6cVnFPqAJZTKdtEMnmThzUyihGzf+ihsXirj1H9z5N07bLLT1wMDhnHO5c0+YCq7Bdb+tpeWV1bX10oa9ubW9s+vs7Te0zBRldSqFVK2QaCZ4wurAQbBWqhiJQ8Ga4eB64jeHTGkuk3sYpSyISS/hEacEjNRxjobYT5VMQdq5h31pstjXDwryu/G445TdijsFXiReQcqoQK3jfPldSbOYJUAF0brtuSkEOVHAqWBj2880SwkdkB5rG5qQmOkgn14xxidG6eJIKvMSwFP190ROYq1HcWiSMYG+nvcm4n9eO4PoMsh5kmbAEjpbFGUCg8STSnCXK0ZBjAwhVHHzV0z7RBEKpjjblODNn7xIGmcVz614t+fl6lVRRwkdomN0ijx0garoBtVQHVH0iJ7RK3qznqwX6936mEWXrGLmAP2B9fkDHhGYVA==</latexit><latexit sha1_base64="IHhbsZwiWCUYnesG4gfccEPIkpY=">AAACBXicbVDLSsNAFJ34rPEVdamLwSK4KokIuiy6cVnFPqAJZTKdtEMnmThzUyihGzf+ihsXirj1H9z5N07bLLT1wMDhnHO5c0+YCq7Bdb+tpeWV1bX10oa9ubW9s+vs7Te0zBRldSqFVK2QaCZ4wurAQbBWqhiJQ8Ga4eB64jeHTGkuk3sYpSyISS/hEacEjNRxjobYT5VMQdq5h31pstjXDwryu/G445TdijsFXiReQcqoQK3jfPldSbOYJUAF0brtuSkEOVHAqWBj2880SwkdkB5rG5qQmOkgn14xxidG6eJIKvMSwFP190ROYq1HcWiSMYG+nvcm4n9eO4PoMsh5kmbAEjpbFGUCg8STSnCXK0ZBjAwhVHHzV0z7RBEKpjjblODNn7xIGmcVz614t+fl6lVRRwkdomN0ijx0garoBtVQHVH0iJ7RK3qznqwX6936mEWXrGLmAP2B9fkDHhGYVA==</latexit><latexit sha1_base64="IHhbsZwiWCUYnesG4gfccEPIkpY=">AAACBXicbVDLSsNAFJ34rPEVdamLwSK4KokIuiy6cVnFPqAJZTKdtEMnmThzUyihGzf+ihsXirj1H9z5N07bLLT1wMDhnHO5c0+YCq7Bdb+tpeWV1bX10oa9ubW9s+vs7Te0zBRldSqFVK2QaCZ4wurAQbBWqhiJQ8Ga4eB64jeHTGkuk3sYpSyISS/hEacEjNRxjobYT5VMQdq5h31pstjXDwryu/G445TdijsFXiReQcqoQK3jfPldSbOYJUAF0brtuSkEOVHAqWBj2880SwkdkB5rG5qQmOkgn14xxidG6eJIKvMSwFP190ROYq1HcWiSMYG+nvcm4n9eO4PoMsh5kmbAEjpbFGUCg8STSnCXK0ZBjAwhVHHzV0z7RBEKpjjblODNn7xIGmcVz614t+fl6lVRRwkdomN0ijx0garoBtVQHVH0iJ7RK3qznqwX6936mEWXrGLmAP2B9fkDHhGYVA==</latexit>

Rotação Kepleriana
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ApJ, 159, 379 (1970)

M31
7.2 A Matéria Escura em Galáxias

Linhas de emissão em 
regiões de gás quente 
ionizado: observações  

do deslocamento 
Doppler para 
obtenção da 

velocidade orbital.

Velocidade orbital até 
R = 24 kpc = 4Rs

(gás quente).

Para R até ~ 6Rs, linha 
de 21 cm do H

Curva não-Kepleriana: indicação da 
presença de um halo escuro (também em 

outras galáxias espirais).
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7.2 A Matéria Escura em Galáxias

Aplicação para a Via-Láctea (MW):

M(R) =
v2R

G
= 1.05⇥ 1011 M�

✓
v

235 km s�1

◆2 ✓ R

8.2 kpc

◆

<latexit sha1_base64="N/Hh+/oR6X0A/MbGsFF6MyoPDrg="></latexit><latexit sha1_base64="N/Hh+/oR6X0A/MbGsFF6MyoPDrg="></latexit><latexit sha1_base64="N/Hh+/oR6X0A/MbGsFF6MyoPDrg="></latexit><latexit sha1_base64="N/Hh+/oR6X0A/MbGsFF6MyoPDrg="></latexit>

hM/LV iMW

⇡ 64M�/L�,V

✓
R

halo

100 kpc

◆

<latexit sha1_base64="GmSOwX+ed3OZ5wI4xI6naUqbaY8="></latexit><latexit sha1_base64="GmSOwX+ed3OZ5wI4xI6naUqbaY8="></latexit><latexit sha1_base64="GmSOwX+ed3OZ5wI4xI6naUqbaY8="></latexit><latexit sha1_base64="GmSOwX+ed3OZ5wI4xI6naUqbaY8="></latexit>

v = 235 kpc
<latexit sha1_base64="ux3lxqK+tnQFDH5tKtzBNjBirR8=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVJKq6EUoevFYwX5AG8pmu22XbjZhd1MIof0rXjwo4tUf4s1/46bNQVsfDDzem2Fmnh9xprTjfFtr6xubW9uFneLu3v7BoX103FRhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP77P/NaESsVC8aSTiHoBHgo2YARrI/Xs0gTdourFFZqlXRmgcUSmxZ5ddirOHGiVuDkpQ456z/7q9kMSB1RowrFSHdeJtJdiqRnhdFrsxopGmIzxkHYMFTigykvnx0/RmVH6aBBKU0Kjufp7IsWBUkngm84A65Fa9jLxP68T68GNlzIRxZoKslg0iDnSIcqSQH0mKdE8MQQTycytiIywxESbvLIQ3OWXV0mzWnGdivt4Wa7d5XEU4ARO4RxcuIYaPEAdGkAggWd4hTdrZr1Y79bHonXNymdK8AfW5w8yhZMv</latexit><latexit sha1_base64="ux3lxqK+tnQFDH5tKtzBNjBirR8=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVJKq6EUoevFYwX5AG8pmu22XbjZhd1MIof0rXjwo4tUf4s1/46bNQVsfDDzem2Fmnh9xprTjfFtr6xubW9uFneLu3v7BoX103FRhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP77P/NaESsVC8aSTiHoBHgo2YARrI/Xs0gTdourFFZqlXRmgcUSmxZ5ddirOHGiVuDkpQ456z/7q9kMSB1RowrFSHdeJtJdiqRnhdFrsxopGmIzxkHYMFTigykvnx0/RmVH6aBBKU0Kjufp7IsWBUkngm84A65Fa9jLxP68T68GNlzIRxZoKslg0iDnSIcqSQH0mKdE8MQQTycytiIywxESbvLIQ3OWXV0mzWnGdivt4Wa7d5XEU4ARO4RxcuIYaPEAdGkAggWd4hTdrZr1Y79bHonXNymdK8AfW5w8yhZMv</latexit><latexit sha1_base64="ux3lxqK+tnQFDH5tKtzBNjBirR8=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVJKq6EUoevFYwX5AG8pmu22XbjZhd1MIof0rXjwo4tUf4s1/46bNQVsfDDzem2Fmnh9xprTjfFtr6xubW9uFneLu3v7BoX103FRhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP77P/NaESsVC8aSTiHoBHgo2YARrI/Xs0gTdourFFZqlXRmgcUSmxZ5ddirOHGiVuDkpQ456z/7q9kMSB1RowrFSHdeJtJdiqRnhdFrsxopGmIzxkHYMFTigykvnx0/RmVH6aBBKU0Kjufp7IsWBUkngm84A65Fa9jLxP68T68GNlzIRxZoKslg0iDnSIcqSQH0mKdE8MQQTycytiIywxESbvLIQ3OWXV0mzWnGdivt4Wa7d5XEU4ARO4RxcuIYaPEAdGkAggWd4hTdrZr1Y79bHonXNymdK8AfW5w8yhZMv</latexit><latexit sha1_base64="ux3lxqK+tnQFDH5tKtzBNjBirR8=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVJKq6EUoevFYwX5AG8pmu22XbjZhd1MIof0rXjwo4tUf4s1/46bNQVsfDDzem2Fmnh9xprTjfFtr6xubW9uFneLu3v7BoX103FRhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP77P/NaESsVC8aSTiHoBHgo2YARrI/Xs0gTdourFFZqlXRmgcUSmxZ5ddirOHGiVuDkpQ456z/7q9kMSB1RowrFSHdeJtJdiqRnhdFrsxopGmIzxkHYMFTigykvnx0/RmVH6aBBKU0Kjufp7IsWBUkngm84A65Fa9jLxP68T68GNlzIRxZoKslg0iDnSIcqSQH0mKdE8MQQTycytiIywxESbvLIQ3OWXV0mzWnGdivt4Wa7d5XEU4ARO4RxcuIYaPEAdGkAggWd4hTdrZr1Y79bHonXNymdK8AfW5w8yhZMv</latexit>

LMW,V ⇡ 2.0⇥ 1010L�,V
<latexit sha1_base64="mX9Rqj1PeUrJ7SyWjnBu1nt5vJ4=">AAACH3icbVDLSgMxFM34rPVVdekmWAQXpWSKqMuiGxcKFewDOrVk0rQNzUyG5I5YhvkTN/6KGxeKiLv+jeljoa0HAodz7uXkHj+SwgAhI2dpeWV1bT2zkd3c2t7Zze3t14yKNeNVpqTSDZ8aLkXIqyBA8kakOQ18yev+4Grs1x+5NkKF9zCMeCugvVB0BaNgpXbu7KadJJ4O8G09LeBamvVoFGn1hEtFgj0QATfYJQ+JS1JsRz3VUVCope1cnhTJBHiRuDOSRzNU2rlvr6NYHPAQmKTGNF0SQSuhGgST3MbGhkeUDWiPNy0NqQ1uJZP7UnxslQ7uKm1fCHii/t5IaGDMMPDtZEChb+a9sfif14yhe9FKRBjFwEM2DerGEoPC47JwR2jOQA4toUwL+1fM+lRTBrbSrC3BnT95kdRKRZcU3bvTfPlyVkcGHaIjdIJcdI7K6BpVUBUx9Ixe0Tv6cF6cN+fT+ZqOLjmznQP0B87oB6lBoOA=</latexit><latexit sha1_base64="mX9Rqj1PeUrJ7SyWjnBu1nt5vJ4=">AAACH3icbVDLSgMxFM34rPVVdekmWAQXpWSKqMuiGxcKFewDOrVk0rQNzUyG5I5YhvkTN/6KGxeKiLv+jeljoa0HAodz7uXkHj+SwgAhI2dpeWV1bT2zkd3c2t7Zze3t14yKNeNVpqTSDZ8aLkXIqyBA8kakOQ18yev+4Grs1x+5NkKF9zCMeCugvVB0BaNgpXbu7KadJJ4O8G09LeBamvVoFGn1hEtFgj0QATfYJQ+JS1JsRz3VUVCope1cnhTJBHiRuDOSRzNU2rlvr6NYHPAQmKTGNF0SQSuhGgST3MbGhkeUDWiPNy0NqQ1uJZP7UnxslQ7uKm1fCHii/t5IaGDMMPDtZEChb+a9sfif14yhe9FKRBjFwEM2DerGEoPC47JwR2jOQA4toUwL+1fM+lRTBrbSrC3BnT95kdRKRZcU3bvTfPlyVkcGHaIjdIJcdI7K6BpVUBUx9Ixe0Tv6cF6cN+fT+ZqOLjmznQP0B87oB6lBoOA=</latexit><latexit sha1_base64="mX9Rqj1PeUrJ7SyWjnBu1nt5vJ4=">AAACH3icbVDLSgMxFM34rPVVdekmWAQXpWSKqMuiGxcKFewDOrVk0rQNzUyG5I5YhvkTN/6KGxeKiLv+jeljoa0HAodz7uXkHj+SwgAhI2dpeWV1bT2zkd3c2t7Zze3t14yKNeNVpqTSDZ8aLkXIqyBA8kakOQ18yev+4Grs1x+5NkKF9zCMeCugvVB0BaNgpXbu7KadJJ4O8G09LeBamvVoFGn1hEtFgj0QATfYJQ+JS1JsRz3VUVCope1cnhTJBHiRuDOSRzNU2rlvr6NYHPAQmKTGNF0SQSuhGgST3MbGhkeUDWiPNy0NqQ1uJZP7UnxslQ7uKm1fCHii/t5IaGDMMPDtZEChb+a9sfif14yhe9FKRBjFwEM2DerGEoPC47JwR2jOQA4toUwL+1fM+lRTBrbSrC3BnT95kdRKRZcU3bvTfPlyVkcGHaIjdIJcdI7K6BpVUBUx9Ixe0Tv6cF6cN+fT+ZqOLjmznQP0B87oB6lBoOA=</latexit><latexit sha1_base64="mX9Rqj1PeUrJ7SyWjnBu1nt5vJ4=">AAACH3icbVDLSgMxFM34rPVVdekmWAQXpWSKqMuiGxcKFewDOrVk0rQNzUyG5I5YhvkTN/6KGxeKiLv+jeljoa0HAodz7uXkHj+SwgAhI2dpeWV1bT2zkd3c2t7Zze3t14yKNeNVpqTSDZ8aLkXIqyBA8kakOQ18yev+4Grs1x+5NkKF9zCMeCugvVB0BaNgpXbu7KadJJ4O8G09LeBamvVoFGn1hEtFgj0QATfYJQ+JS1JsRz3VUVCope1cnhTJBHiRuDOSRzNU2rlvr6NYHPAQmKTGNF0SQSuhGgST3MbGhkeUDWiPNy0NqQ1uJZP7UnxslQ7uKm1fCHii/t5IaGDMMPDtZEChb+a9sfif14yhe9FKRBjFwEM2DerGEoPC47JwR2jOQA4toUwL+1fM+lRTBrbSrC3BnT95kdRKRZcU3bvTfPlyVkcGHaIjdIJcdI7K6BpVUBUx9Ixe0Tv6cF6cN+fT+ZqOLjmznQP0B87oB6lBoOA=</latexit>

Estimativa via aglomerados globulares e galáxias satélites: R
halo

⇡ 75 kpc
<latexit sha1_base64="QJt4niP25EmR6l6y8Z5bGI6NBmo=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhIEKmMFC2NB9CE1UeW4TmvViS3bQVRR2Fn4FRYGEGLlA9j4G5w0A7QcydLROefq+h5fMKq0bX9bpaXlldW18nplY3Nre6e6u9dRPJaYtDFnXPZ8pAijEWlrqhnpCUlQ6DPS9SeXmd+9I1JRHt3qqSBeiEYRDShG2kiDau1mkLgyhGPEeApdJITk97BxBh9yeSJwWjEpu27ngIvEKUgNFGgNql/ukOM4JJHGDCnVd2yhvQRJTTEjacWNFREIT9CI9A2NUEiUl+THpPDIKEMYcGlepGGu/p5IUKjUNPRNMkR6rOa9TPzP68c6OPcSGolYkwjPFgUxg5rDrBk4pJJgzaaGICyp+SvEYyQR1qa/rARn/uRF0jmpO3bduT6tNS+KOsrgAByCY+CABmiCK9ACbYDBI3gGr+DNerJerHfrYxYtWcXMPvgD6/MHZ6+ajA==</latexit><latexit sha1_base64="QJt4niP25EmR6l6y8Z5bGI6NBmo=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhIEKmMFC2NB9CE1UeW4TmvViS3bQVRR2Fn4FRYGEGLlA9j4G5w0A7QcydLROefq+h5fMKq0bX9bpaXlldW18nplY3Nre6e6u9dRPJaYtDFnXPZ8pAijEWlrqhnpCUlQ6DPS9SeXmd+9I1JRHt3qqSBeiEYRDShG2kiDau1mkLgyhGPEeApdJITk97BxBh9yeSJwWjEpu27ngIvEKUgNFGgNql/ukOM4JJHGDCnVd2yhvQRJTTEjacWNFREIT9CI9A2NUEiUl+THpPDIKEMYcGlepGGu/p5IUKjUNPRNMkR6rOa9TPzP68c6OPcSGolYkwjPFgUxg5rDrBk4pJJgzaaGICyp+SvEYyQR1qa/rARn/uRF0jmpO3bduT6tNS+KOsrgAByCY+CABmiCK9ACbYDBI3gGr+DNerJerHfrYxYtWcXMPvgD6/MHZ6+ajA==</latexit><latexit sha1_base64="QJt4niP25EmR6l6y8Z5bGI6NBmo=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhIEKmMFC2NB9CE1UeW4TmvViS3bQVRR2Fn4FRYGEGLlA9j4G5w0A7QcydLROefq+h5fMKq0bX9bpaXlldW18nplY3Nre6e6u9dRPJaYtDFnXPZ8pAijEWlrqhnpCUlQ6DPS9SeXmd+9I1JRHt3qqSBeiEYRDShG2kiDau1mkLgyhGPEeApdJITk97BxBh9yeSJwWjEpu27ngIvEKUgNFGgNql/ukOM4JJHGDCnVd2yhvQRJTTEjacWNFREIT9CI9A2NUEiUl+THpPDIKEMYcGlepGGu/p5IUKjUNPRNMkR6rOa9TPzP68c6OPcSGolYkwjPFgUxg5rDrBk4pJJgzaaGICyp+SvEYyQR1qa/rARn/uRF0jmpO3bduT6tNS+KOsrgAByCY+CABmiCK9ACbYDBI3gGr+DNerJerHfrYxYtWcXMPvgD6/MHZ6+ajA==</latexit><latexit sha1_base64="QJt4niP25EmR6l6y8Z5bGI6NBmo=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhIEKmMFC2NB9CE1UeW4TmvViS3bQVRR2Fn4FRYGEGLlA9j4G5w0A7QcydLROefq+h5fMKq0bX9bpaXlldW18nplY3Nre6e6u9dRPJaYtDFnXPZ8pAijEWlrqhnpCUlQ6DPS9SeXmd+9I1JRHt3qqSBeiEYRDShG2kiDau1mkLgyhGPEeApdJITk97BxBh9yeSJwWjEpu27ngIvEKUgNFGgNql/ukOM4JJHGDCnVd2yhvQRJTTEjacWNFREIT9CI9A2NUEiUl+THpPDIKEMYcGlepGGu/p5IUKjUNPRNMkR6rOa9TPzP68c6OPcSGolYkwjPFgUxg5rDrBk4pJJgzaaGICyp+SvEYyQR1qa/rARn/uRF0jmpO3bduT6tNS+KOsrgAByCY+CABmiCK9ACbYDBI3gGr+DNerJerHfrYxYtWcXMPvgD6/MHZ6+ajA==</latexit>

MMW ⇡ 9.6⇥ 1011M�
<latexit sha1_base64="17RahwrlGHJ5sUuAkNKKrVyUemQ=">AAACGnicbVDLSgMxFM34rPU16tJNsAiuykTEx67oxk2hgn1Ap5ZMmrahmcmQ3BHLMN/hxl9x40IRd+LGvzF9LLT1QOBwzr2c3BPEUhjwvG9nYXFpeWU1t5Zf39jc2nZ3dmtGJZrxKlNS6UZADZci4lUQIHkj1pyGgeT1YHA18uv3XBuholsYxrwV0l4kuoJRsFLbJeV2mvo6xOV6luV9GsdaPeCL4in2QYTcYOLdpYRk2M75qqMga7sFr+iNgecJmZICmqLSdj/9jmJJyCNgkhrTJF4MrZRqEExyG5oYHlM2oD3etDSiNraVjk/L8KFVOrirtH0R4LH6eyOloTHDMLCTIYW+mfVG4n9eM4HueSsVUZwAj9gkqJtIDAqPesIdoTkDObSEMi3sXzHrU00Z2DbztgQye/I8qR0XiVckNyeF0uW0jhzaRwfoCBF0hkroGlVQFTH0iJ7RK3pznpwX5935mIwuONOdPfQHztcPBamfmg==</latexit><latexit sha1_base64="17RahwrlGHJ5sUuAkNKKrVyUemQ=">AAACGnicbVDLSgMxFM34rPU16tJNsAiuykTEx67oxk2hgn1Ap5ZMmrahmcmQ3BHLMN/hxl9x40IRd+LGvzF9LLT1QOBwzr2c3BPEUhjwvG9nYXFpeWU1t5Zf39jc2nZ3dmtGJZrxKlNS6UZADZci4lUQIHkj1pyGgeT1YHA18uv3XBuholsYxrwV0l4kuoJRsFLbJeV2mvo6xOV6luV9GsdaPeCL4in2QYTcYOLdpYRk2M75qqMga7sFr+iNgecJmZICmqLSdj/9jmJJyCNgkhrTJF4MrZRqEExyG5oYHlM2oD3etDSiNraVjk/L8KFVOrirtH0R4LH6eyOloTHDMLCTIYW+mfVG4n9eM4HueSsVUZwAj9gkqJtIDAqPesIdoTkDObSEMi3sXzHrU00Z2DbztgQye/I8qR0XiVckNyeF0uW0jhzaRwfoCBF0hkroGlVQFTH0iJ7RK3pznpwX5935mIwuONOdPfQHztcPBamfmg==</latexit><latexit sha1_base64="17RahwrlGHJ5sUuAkNKKrVyUemQ=">AAACGnicbVDLSgMxFM34rPU16tJNsAiuykTEx67oxk2hgn1Ap5ZMmrahmcmQ3BHLMN/hxl9x40IRd+LGvzF9LLT1QOBwzr2c3BPEUhjwvG9nYXFpeWU1t5Zf39jc2nZ3dmtGJZrxKlNS6UZADZci4lUQIHkj1pyGgeT1YHA18uv3XBuholsYxrwV0l4kuoJRsFLbJeV2mvo6xOV6luV9GsdaPeCL4in2QYTcYOLdpYRk2M75qqMga7sFr+iNgecJmZICmqLSdj/9jmJJyCNgkhrTJF4MrZRqEExyG5oYHlM2oD3etDSiNraVjk/L8KFVOrirtH0R4LH6eyOloTHDMLCTIYW+mfVG4n9eM4HueSsVUZwAj9gkqJtIDAqPesIdoTkDObSEMi3sXzHrU00Z2DbztgQye/I8qR0XiVckNyeF0uW0jhzaRwfoCBF0hkroGlVQFTH0iJ7RK3pznpwX5935mIwuONOdPfQHztcPBamfmg==</latexit><latexit sha1_base64="17RahwrlGHJ5sUuAkNKKrVyUemQ=">AAACGnicbVDLSgMxFM34rPU16tJNsAiuykTEx67oxk2hgn1Ap5ZMmrahmcmQ3BHLMN/hxl9x40IRd+LGvzF9LLT1QOBwzr2c3BPEUhjwvG9nYXFpeWU1t5Zf39jc2nZ3dmtGJZrxKlNS6UZADZci4lUQIHkj1pyGgeT1YHA18uv3XBuholsYxrwV0l4kuoJRsFLbJeV2mvo6xOV6luV9GsdaPeCL4in2QYTcYOLdpYRk2M75qqMga7sFr+iNgecJmZICmqLSdj/9jmJJyCNgkhrTJF4MrZRqEExyG5oYHlM2oD3etDSiNraVjk/L8KFVOrirtH0R4LH6eyOloTHDMLCTIYW+mfVG4n9eM4HueSsVUZwAj9gkqJtIDAqPesIdoTkDObSEMi3sXzHrU00Z2DbztgQye/I8qR0XiVckNyeF0uW0jhzaRwfoCBF0hkroGlVQFTH0iJ7RK3pznpwX5935mIwuONOdPfQHztcPBamfmg==</latexit>

hM/LV iMW ⇡ 48M�/L�,V
<latexit sha1_base64="pNr8vTjPQ63L1i/cPJJJJDcoruY="></latexit><latexit sha1_base64="pNr8vTjPQ63L1i/cPJJJJDcoruY="></latexit><latexit sha1_base64="pNr8vTjPQ63L1i/cPJJJJDcoruY="></latexit><latexit sha1_base64="pNr8vTjPQ63L1i/cPJJJJDcoruY="></latexit>

~ 10 vezes maior do que a M/L em estrelas no disco 
da MW: halo muito mais massivo.

Talvez Rhalo seja ainda maior (~ 300 kpc), 
elevando esses valores significativamente.
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7.2 A Matéria Escura em Galáxias

Algumas sugestões de reviews:

https://www.annualreviews.org/doi/abs/10.1146/
annurev.astro.39.1.137

https://academic.oup.com/pasj/article/69/1/
R1/2632658

https://www.mdpi.com/2075-4434/8/2/47

https://www.annualreviews.org/doi/abs/10.1146/annurev.astro.39.1.137
https://www.annualreviews.org/doi/abs/10.1146/annurev.astro.39.1.137
https://www.annualreviews.org/doi/abs/10.1146/annurev.astro.39.1.137
https://www.annualreviews.org/doi/abs/10.1146/annurev.astro.39.1.137
https://arxiv.org/abs/1608.08350
https://arxiv.org/abs/1608.08350
https://arxiv.org/abs/1608.08350
https://arxiv.org/abs/1608.08350
https://www.mdpi.com/2075-4434/8/2/47
https://www.mdpi.com/2075-4434/8/2/47
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Fritz Zwicky
(1898-1974)

https://upload.wikimedia.org/wikipedia/en/e/ef/Fritz_Zwicky.png

Proposta teórica (aplicação do 
teorema do virial) para 
evidências da matéria escura: 
observações do Aglomerado de 
Coma em 1933.

�r ⇠ 1000 km s�1
<latexit sha1_base64="cHpUfX2IfMsJmmOE7dCdzqTXurQ=">AAACDnicbZC7TsMwFIadcivlFmBksagqsVA5CAnGChbGItGL1ITIcZ3Wqp1EtoNURekLsPAqLAwgxMrMxtvgthmg5ZcsffrPOTo+f5BwpjRC31ZpZXVtfaO8Wdna3tnds/cP2ipOJaEtEvNYdgOsKGcRbWmmOe0mkmIRcNoJRtfTeueBSsXi6E6PE+oJPIhYyAjWxvLtmqvYQGBfQgMCOgghOMlcKeBIwAlU+X126uS+XUV1NBNcBqeAKijU9O0vtx+TVNBIE46V6jko0V6GpWaE07zipoommIzwgPYMRlhQ5WWzc3JYM04fhrE0L9Jw5v6eyLBQaiwC0ymwHqrF2tT8r9ZLdXjpZSxKUk0jMl8UphzqGE6zgX0mKdF8bAATycxfIRliiYk2CVZMCM7iycvQPqs7qO7cnlcbV0UcZXAEjsEJcMAFaIAb0AQtQMAjeAav4M16sl6sd+tj3lqyiplD8EfW5w/Typqv</latexit><latexit sha1_base64="cHpUfX2IfMsJmmOE7dCdzqTXurQ=">AAACDnicbZC7TsMwFIadcivlFmBksagqsVA5CAnGChbGItGL1ITIcZ3Wqp1EtoNURekLsPAqLAwgxMrMxtvgthmg5ZcsffrPOTo+f5BwpjRC31ZpZXVtfaO8Wdna3tnds/cP2ipOJaEtEvNYdgOsKGcRbWmmOe0mkmIRcNoJRtfTeueBSsXi6E6PE+oJPIhYyAjWxvLtmqvYQGBfQgMCOgghOMlcKeBIwAlU+X126uS+XUV1NBNcBqeAKijU9O0vtx+TVNBIE46V6jko0V6GpWaE07zipoommIzwgPYMRlhQ5WWzc3JYM04fhrE0L9Jw5v6eyLBQaiwC0ymwHqrF2tT8r9ZLdXjpZSxKUk0jMl8UphzqGE6zgX0mKdF8bAATycxfIRliiYk2CVZMCM7iycvQPqs7qO7cnlcbV0UcZXAEjsEJcMAFaIAb0AQtQMAjeAav4M16sl6sd+tj3lqyiplD8EfW5w/Typqv</latexit><latexit sha1_base64="cHpUfX2IfMsJmmOE7dCdzqTXurQ=">AAACDnicbZC7TsMwFIadcivlFmBksagqsVA5CAnGChbGItGL1ITIcZ3Wqp1EtoNURekLsPAqLAwgxMrMxtvgthmg5ZcsffrPOTo+f5BwpjRC31ZpZXVtfaO8Wdna3tnds/cP2ipOJaEtEvNYdgOsKGcRbWmmOe0mkmIRcNoJRtfTeueBSsXi6E6PE+oJPIhYyAjWxvLtmqvYQGBfQgMCOgghOMlcKeBIwAlU+X126uS+XUV1NBNcBqeAKijU9O0vtx+TVNBIE46V6jko0V6GpWaE07zipoommIzwgPYMRlhQ5WWzc3JYM04fhrE0L9Jw5v6eyLBQaiwC0ymwHqrF2tT8r9ZLdXjpZSxKUk0jMl8UphzqGE6zgX0mKdF8bAATycxfIRliiYk2CVZMCM7iycvQPqs7qO7cnlcbV0UcZXAEjsEJcMAFaIAb0AQtQMAjeAav4M16sl6sd+tj3lqyiplD8EfW5w/Typqv</latexit><latexit sha1_base64="cHpUfX2IfMsJmmOE7dCdzqTXurQ=">AAACDnicbZC7TsMwFIadcivlFmBksagqsVA5CAnGChbGItGL1ITIcZ3Wqp1EtoNURekLsPAqLAwgxMrMxtvgthmg5ZcsffrPOTo+f5BwpjRC31ZpZXVtfaO8Wdna3tnds/cP2ipOJaEtEvNYdgOsKGcRbWmmOe0mkmIRcNoJRtfTeueBSsXi6E6PE+oJPIhYyAjWxvLtmqvYQGBfQgMCOgghOMlcKeBIwAlU+X126uS+XUV1NBNcBqeAKijU9O0vtx+TVNBIE46V6jko0V6GpWaE07zipoommIzwgPYMRlhQ5WWzc3JYM04fhrE0L9Jw5v6eyLBQaiwC0ymwHqrF2tT8r9ZLdXjpZSxKUk0jMl8UphzqGE6zgX0mKdF8bAATycxfIRliiYk2CVZMCM7iycvQPqs7qO7cnlcbV0UcZXAEjsEJcMAFaIAb0AQtQMAjeAav4M16sl6sd+tj3lqyiplD8EfW5w/Typqv</latexit>

https://en.wikipedia.org/wiki/Coma_Cluster#/media/File:Ssc2007-10a1.jpg

Estrelas e gás não são suficientes 
para fornecer atração 
gravitacional que mantenha o 
aglomerado coeso.

https://www.pnas.org/content/114/9/2099
https://www.pnas.org/content/114/9/2099
https://www.pnas.org/content/114/9/2099
https://www.pnas.org/content/114/9/2099
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~̈x = G

X

i 6=j

mj
~xj � ~xi

|~xj � ~xi|3
<latexit sha1_base64="C9dqwzXhMcPmLmdpmodVyZ6JZ4Y="></latexit><latexit sha1_base64="C9dqwzXhMcPmLmdpmodVyZ6JZ4Y="></latexit><latexit sha1_base64="C9dqwzXhMcPmLmdpmodVyZ6JZ4Y="></latexit><latexit sha1_base64="C9dqwzXhMcPmLmdpmodVyZ6JZ4Y="></latexit>

7.3 A Matéria Escura em Aglomerados de Galáxias

(aproximação Newtoniana; 
aglomerado isolado; sistema de 
N galáxias “pontuais”)

aceleração a i-
ésima galáxia

W = �G

2

X

i,j;i 6=j

mimj

|~xj � ~xi|
<latexit sha1_base64="OQkE5+ckxsc/9H2Rq6TBfebJjLc="></latexit><latexit sha1_base64="OQkE5+ckxsc/9H2Rq6TBfebJjLc="></latexit><latexit sha1_base64="OQkE5+ckxsc/9H2Rq6TBfebJjLc="></latexit><latexit sha1_base64="OQkE5+ckxsc/9H2Rq6TBfebJjLc="></latexit>

energia potencial 
gravitacional do 
sistema

W = �↵
GM2

rh
<latexit sha1_base64="/sWhRiuqDH19vxS64MxpuezDECs=">AAACCXicbVDLSsNAFJ34rPEVdenmYhHcWJIi6EYoutCNUME+oIlhMp20QycPZiZCCd268VfcuFDErX/gzr9x2mahrQcGDufcw517gpQzqWz721hYXFpeWS2tmesbm1vb1s5uUyaZILRBEp6IdoAl5SymDcUUp+1UUBwFnLaCweXYbz1QIVkS36lhSr0I92IWMoKVlnwLWnAO5jG4mKd9DPkV3NxXwU10BoTfH4Fvle2KPQHME6cgZVSg7ltfbjchWURjRTiWsuPYqfJyLBQjnI5MN5M0xWSAe7SjaYwjKr18cskIDrXShTAR+sUKJurvRI4jKYdRoCcjrPpy1huL/3mdTIVnXs7iNFM0JtNFYcZBJTCuBbpMUKL4UBNMBNN/BdLHAhOlyzN1Cc7syfOkWa04dsW5PSnXLoo6SmgfHaAj5KBTVEPXqI4aiKBH9Ixe0ZvxZLwY78bHdHTBKDJ76A+Mzx87YpeF</latexit><latexit sha1_base64="/sWhRiuqDH19vxS64MxpuezDECs=">AAACCXicbVDLSsNAFJ34rPEVdenmYhHcWJIi6EYoutCNUME+oIlhMp20QycPZiZCCd268VfcuFDErX/gzr9x2mahrQcGDufcw517gpQzqWz721hYXFpeWS2tmesbm1vb1s5uUyaZILRBEp6IdoAl5SymDcUUp+1UUBwFnLaCweXYbz1QIVkS36lhSr0I92IWMoKVlnwLWnAO5jG4mKd9DPkV3NxXwU10BoTfH4Fvle2KPQHME6cgZVSg7ltfbjchWURjRTiWsuPYqfJyLBQjnI5MN5M0xWSAe7SjaYwjKr18cskIDrXShTAR+sUKJurvRI4jKYdRoCcjrPpy1huL/3mdTIVnXs7iNFM0JtNFYcZBJTCuBbpMUKL4UBNMBNN/BdLHAhOlyzN1Cc7syfOkWa04dsW5PSnXLoo6SmgfHaAj5KBTVEPXqI4aiKBH9Ixe0ZvxZLwY78bHdHTBKDJ76A+Mzx87YpeF</latexit><latexit sha1_base64="/sWhRiuqDH19vxS64MxpuezDECs=">AAACCXicbVDLSsNAFJ34rPEVdenmYhHcWJIi6EYoutCNUME+oIlhMp20QycPZiZCCd268VfcuFDErX/gzr9x2mahrQcGDufcw517gpQzqWz721hYXFpeWS2tmesbm1vb1s5uUyaZILRBEp6IdoAl5SymDcUUp+1UUBwFnLaCweXYbz1QIVkS36lhSr0I92IWMoKVlnwLWnAO5jG4mKd9DPkV3NxXwU10BoTfH4Fvle2KPQHME6cgZVSg7ltfbjchWURjRTiWsuPYqfJyLBQjnI5MN5M0xWSAe7SjaYwjKr18cskIDrXShTAR+sUKJurvRI4jKYdRoCcjrPpy1huL/3mdTIVnXs7iNFM0JtNFYcZBJTCuBbpMUKL4UBNMBNN/BdLHAhOlyzN1Cc7syfOkWa04dsW5PSnXLoo6SmgfHaAj5KBTVEPXqI4aiKBH9Ixe0ZvxZLwY78bHdHTBKDJ76A+Mzx87YpeF</latexit><latexit sha1_base64="/sWhRiuqDH19vxS64MxpuezDECs=">AAACCXicbVDLSsNAFJ34rPEVdenmYhHcWJIi6EYoutCNUME+oIlhMp20QycPZiZCCd268VfcuFDErX/gzr9x2mahrQcGDufcw517gpQzqWz721hYXFpeWS2tmesbm1vb1s5uUyaZILRBEp6IdoAl5SymDcUUp+1UUBwFnLaCweXYbz1QIVkS36lhSr0I92IWMoKVlnwLWnAO5jG4mKd9DPkV3NxXwU10BoTfH4Fvle2KPQHME6cgZVSg7ltfbjchWURjRTiWsuPYqfJyLBQjnI5MN5M0xWSAe7SjaYwjKr18cskIDrXShTAR+sUKJurvRI4jKYdRoCcjrPpy1huL/3mdTIVnXs7iNFM0JtNFYcZBJTCuBbpMUKL4UBNMBNN/BdLHAhOlyzN1Cc7syfOkWa04dsW5PSnXLoo6SmgfHaAj5KBTVEPXqI4aiKBH9Ixe0ZvxZLwY78bHdHTBKDJ76A+Mzx87YpeF</latexit>

↵ ⇡ 0.45
<latexit sha1_base64="YPw9ZkewCGTB76SgjbJm/IjYb/E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5BIRY9FLx4r2A9oQ5lsN+3STbLsbsQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzAsGZ0q77bZXW1jc2t8rblZ3dvf0D+/CorZJUEtoiCU9kNwBFOYtpSzPNaVdIClHAaSeY3Mz8zgOViiXxvc4E9SMYxSxkBLSRBna1D1yMAfdBCJk8YtepXwzsmuu4c+BV4hWkhgo0B/ZXf5iQNKKxJhyU6nmu0H4OUjPC6bTSTxUVQCYwoj1DY4io8vP58VN8apQhDhNpKtZ4rv6eyCFSKosC0xmBHqtlbyb+5/VSHV75OYtFqmlMFovClGOd4FkSeMgkJZpnhgCRzNyKyRgkEG3yqpgQvOWXV0n73PFcx7ur1xrXRRxldIxO0Bny0CVqoFvURC1EUIae0St6s56sF+vd+li0lqxipor+wPr8ASm3k8g=</latexit><latexit sha1_base64="YPw9ZkewCGTB76SgjbJm/IjYb/E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5BIRY9FLx4r2A9oQ5lsN+3STbLsbsQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzAsGZ0q77bZXW1jc2t8rblZ3dvf0D+/CorZJUEtoiCU9kNwBFOYtpSzPNaVdIClHAaSeY3Mz8zgOViiXxvc4E9SMYxSxkBLSRBna1D1yMAfdBCJk8YtepXwzsmuu4c+BV4hWkhgo0B/ZXf5iQNKKxJhyU6nmu0H4OUjPC6bTSTxUVQCYwoj1DY4io8vP58VN8apQhDhNpKtZ4rv6eyCFSKosC0xmBHqtlbyb+5/VSHV75OYtFqmlMFovClGOd4FkSeMgkJZpnhgCRzNyKyRgkEG3yqpgQvOWXV0n73PFcx7ur1xrXRRxldIxO0Bny0CVqoFvURC1EUIae0St6s56sF+vd+li0lqxipor+wPr8ASm3k8g=</latexit><latexit sha1_base64="YPw9ZkewCGTB76SgjbJm/IjYb/E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5BIRY9FLx4r2A9oQ5lsN+3STbLsbsQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzAsGZ0q77bZXW1jc2t8rblZ3dvf0D+/CorZJUEtoiCU9kNwBFOYtpSzPNaVdIClHAaSeY3Mz8zgOViiXxvc4E9SMYxSxkBLSRBna1D1yMAfdBCJk8YtepXwzsmuu4c+BV4hWkhgo0B/ZXf5iQNKKxJhyU6nmu0H4OUjPC6bTSTxUVQCYwoj1DY4io8vP58VN8apQhDhNpKtZ4rv6eyCFSKosC0xmBHqtlbyb+5/VSHV75OYtFqmlMFovClGOd4FkSeMgkJZpnhgCRzNyKyRgkEG3yqpgQvOWXV0n73PFcx7ur1xrXRRxldIxO0Bny0CVqoFvURC1EUIae0St6s56sF+vd+li0lqxipor+wPr8ASm3k8g=</latexit><latexit sha1_base64="YPw9ZkewCGTB76SgjbJm/IjYb/E=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5BIRY9FLx4r2A9oQ5lsN+3STbLsbsQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzAsGZ0q77bZXW1jc2t8rblZ3dvf0D+/CorZJUEtoiCU9kNwBFOYtpSzPNaVdIClHAaSeY3Mz8zgOViiXxvc4E9SMYxSxkBLSRBna1D1yMAfdBCJk8YtepXwzsmuu4c+BV4hWkhgo0B/ZXf5iQNKKxJhyU6nmu0H4OUjPC6bTSTxUVQCYwoj1DY4io8vP58VN8apQhDhNpKtZ4rv6eyCFSKosC0xmBHqtlbyb+5/VSHV75OYtFqmlMFovClGOd4FkSeMgkJZpnhgCRzNyKyRgkEG3yqpgQvOWXV0n73PFcx7ur1xrXRRxldIxO0Bny0CVqoFvURC1EUIae0St6s56sF+vd+li0lqxipor+wPr8ASm3k8g=</latexit>

(ajuste)
r_h = raio à meia-
massa

K =
1

2

X

i

mi|~̇xi|2
<latexit sha1_base64="2i/wStLzTPQYzU9Mfczhi2zPaTY=">AAACIXicbVDNS8MwHE39nPWr6tFLcAieRjsEdxGGXgQvE9wHrLWkWbaFJW1J0uGo/Ve8+K948aDIbuI/Y7r1oJsPAo/33i/J7wUxo1LZ9pexsrq2vrFZ2jK3d3b39q2Dw5aMEoFJE0csEp0AScJoSJqKKkY6sSCIB4y0g9F17rfHREgahfdqEhOPo0FI+xQjpSXfqt3CS2imDnQjHYPVDLoy4X5KM61C7lPzyXR7kUrdMcHpY5blykPVzHyrbFfsGeAycQpSBgUavjXV9+CEk1BhhqTsOnasvBQJRTEjmekmksQIj9CAdDUNESfSS2cbZvBUKz3Yj4Q+oYIz9fdEiriUEx7oJEdqKBe9XPzP6yaqX/NSGsaJIiGeP9RPGFQRzOuCPSoIVmyiCcKC6r9CPEQCYaVLNXUJzuLKy6RVrTh2xbk7L9evijpK4BicgDPggAtQBzegAZoAg2fwCt7Bh/FivBmfxnQeXTGKmSPwB8b3D9WvoYU=</latexit><latexit sha1_base64="2i/wStLzTPQYzU9Mfczhi2zPaTY=">AAACIXicbVDNS8MwHE39nPWr6tFLcAieRjsEdxGGXgQvE9wHrLWkWbaFJW1J0uGo/Ve8+K948aDIbuI/Y7r1oJsPAo/33i/J7wUxo1LZ9pexsrq2vrFZ2jK3d3b39q2Dw5aMEoFJE0csEp0AScJoSJqKKkY6sSCIB4y0g9F17rfHREgahfdqEhOPo0FI+xQjpSXfqt3CS2imDnQjHYPVDLoy4X5KM61C7lPzyXR7kUrdMcHpY5blykPVzHyrbFfsGeAycQpSBgUavjXV9+CEk1BhhqTsOnasvBQJRTEjmekmksQIj9CAdDUNESfSS2cbZvBUKz3Yj4Q+oYIz9fdEiriUEx7oJEdqKBe9XPzP6yaqX/NSGsaJIiGeP9RPGFQRzOuCPSoIVmyiCcKC6r9CPEQCYaVLNXUJzuLKy6RVrTh2xbk7L9evijpK4BicgDPggAtQBzegAZoAg2fwCt7Bh/FivBmfxnQeXTGKmSPwB8b3D9WvoYU=</latexit><latexit sha1_base64="2i/wStLzTPQYzU9Mfczhi2zPaTY=">AAACIXicbVDNS8MwHE39nPWr6tFLcAieRjsEdxGGXgQvE9wHrLWkWbaFJW1J0uGo/Ve8+K948aDIbuI/Y7r1oJsPAo/33i/J7wUxo1LZ9pexsrq2vrFZ2jK3d3b39q2Dw5aMEoFJE0csEp0AScJoSJqKKkY6sSCIB4y0g9F17rfHREgahfdqEhOPo0FI+xQjpSXfqt3CS2imDnQjHYPVDLoy4X5KM61C7lPzyXR7kUrdMcHpY5blykPVzHyrbFfsGeAycQpSBgUavjXV9+CEk1BhhqTsOnasvBQJRTEjmekmksQIj9CAdDUNESfSS2cbZvBUKz3Yj4Q+oYIz9fdEiriUEx7oJEdqKBe9XPzP6yaqX/NSGsaJIiGeP9RPGFQRzOuCPSoIVmyiCcKC6r9CPEQCYaVLNXUJzuLKy6RVrTh2xbk7L9evijpK4BicgDPggAtQBzegAZoAg2fwCt7Bh/FivBmfxnQeXTGKmSPwB8b3D9WvoYU=</latexit><latexit sha1_base64="2i/wStLzTPQYzU9Mfczhi2zPaTY=">AAACIXicbVDNS8MwHE39nPWr6tFLcAieRjsEdxGGXgQvE9wHrLWkWbaFJW1J0uGo/Ve8+K948aDIbuI/Y7r1oJsPAo/33i/J7wUxo1LZ9pexsrq2vrFZ2jK3d3b39q2Dw5aMEoFJE0csEp0AScJoSJqKKkY6sSCIB4y0g9F17rfHREgahfdqEhOPo0FI+xQjpSXfqt3CS2imDnQjHYPVDLoy4X5KM61C7lPzyXR7kUrdMcHpY5blykPVzHyrbFfsGeAycQpSBgUavjXV9+CEk1BhhqTsOnasvBQJRTEjmekmksQIj9CAdDUNESfSS2cbZvBUKz3Yj4Q+oYIz9fdEiriUEx7oJEdqKBe9XPzP6yaqX/NSGsaJIiGeP9RPGFQRzOuCPSoIVmyiCcKC6r9CPEQCYaVLNXUJzuLKy6RVrTh2xbk7L9evijpK4BicgDPggAtQBzegAZoAg2fwCt7Bh/FivBmfxnQeXTGKmSPwB8b3D9WvoYU=</latexit>

energia cinética 
do sistema

K =
1

2
Mhv2i

<latexit sha1_base64="QNZ5qPY+LdhFyyjomdswF5KAtpk=">AAACD3icbVDLSgMxFM3UVx1foy7dBIviqswUQTdC0Y0gQgX7gM5YMmnahmaSIckUytA/cOOvuHGhiFu37vwb0+kstPVA4HDOudzcE8aMKu2631ZhaXllda24bm9sbm3vOLt7DSUSiUkdCyZkK0SKMMpJXVPNSCuWBEUhI81weDX1myMiFRX8Xo9jEkSoz2mPYqSN1HGOb+AFtFMP+sLEYGUCb22fId5nxB49VGxfZrzjlNyymwEuEi8nJZCj1nG+/K7ASUS4xgwp1fbcWAcpkppiRia2nygSIzxEfdI2lKOIqCDN7pnAI6N0YU9I87iGmfp7IkWRUuMoNMkI6YGa96bif1470b3zIKU8TjTheLaolzCoBZyWA7tUEqzZ2BCEJTV/hXiAJMLaVGibErz5kxdJo1L23LJ3d1qqXuZ1FMEBOAQnwANnoAquQQ3UAQaP4Bm8gjfryXqx3q2PWbRg5TP74A+szx+TMpnh</latexit><latexit sha1_base64="QNZ5qPY+LdhFyyjomdswF5KAtpk=">AAACD3icbVDLSgMxFM3UVx1foy7dBIviqswUQTdC0Y0gQgX7gM5YMmnahmaSIckUytA/cOOvuHGhiFu37vwb0+kstPVA4HDOudzcE8aMKu2631ZhaXllda24bm9sbm3vOLt7DSUSiUkdCyZkK0SKMMpJXVPNSCuWBEUhI81weDX1myMiFRX8Xo9jEkSoz2mPYqSN1HGOb+AFtFMP+sLEYGUCb22fId5nxB49VGxfZrzjlNyymwEuEi8nJZCj1nG+/K7ASUS4xgwp1fbcWAcpkppiRia2nygSIzxEfdI2lKOIqCDN7pnAI6N0YU9I87iGmfp7IkWRUuMoNMkI6YGa96bif1470b3zIKU8TjTheLaolzCoBZyWA7tUEqzZ2BCEJTV/hXiAJMLaVGibErz5kxdJo1L23LJ3d1qqXuZ1FMEBOAQnwANnoAquQQ3UAQaP4Bm8gjfryXqx3q2PWbRg5TP74A+szx+TMpnh</latexit><latexit sha1_base64="QNZ5qPY+LdhFyyjomdswF5KAtpk=">AAACD3icbVDLSgMxFM3UVx1foy7dBIviqswUQTdC0Y0gQgX7gM5YMmnahmaSIckUytA/cOOvuHGhiFu37vwb0+kstPVA4HDOudzcE8aMKu2631ZhaXllda24bm9sbm3vOLt7DSUSiUkdCyZkK0SKMMpJXVPNSCuWBEUhI81weDX1myMiFRX8Xo9jEkSoz2mPYqSN1HGOb+AFtFMP+sLEYGUCb22fId5nxB49VGxfZrzjlNyymwEuEi8nJZCj1nG+/K7ASUS4xgwp1fbcWAcpkppiRia2nygSIzxEfdI2lKOIqCDN7pnAI6N0YU9I87iGmfp7IkWRUuMoNMkI6YGa96bif1470b3zIKU8TjTheLaolzCoBZyWA7tUEqzZ2BCEJTV/hXiAJMLaVGibErz5kxdJo1L23LJ3d1qqXuZ1FMEBOAQnwANnoAquQQ3UAQaP4Bm8gjfryXqx3q2PWbRg5TP74A+szx+TMpnh</latexit><latexit sha1_base64="QNZ5qPY+LdhFyyjomdswF5KAtpk=">AAACD3icbVDLSgMxFM3UVx1foy7dBIviqswUQTdC0Y0gQgX7gM5YMmnahmaSIckUytA/cOOvuHGhiFu37vwb0+kstPVA4HDOudzcE8aMKu2631ZhaXllda24bm9sbm3vOLt7DSUSiUkdCyZkK0SKMMpJXVPNSCuWBEUhI81weDX1myMiFRX8Xo9jEkSoz2mPYqSN1HGOb+AFtFMP+sLEYGUCb22fId5nxB49VGxfZrzjlNyymwEuEi8nJZCj1nG+/K7ASUS4xgwp1fbcWAcpkppiRia2nygSIzxEfdI2lKOIqCDN7pnAI6N0YU9I87iGmfp7IkWRUuMoNMkI6YGa96bif1470b3zIKU8TjTheLaolzCoBZyWA7tUEqzZ2BCEJTV/hXiAJMLaVGibErz5kxdJo1L23LJ3d1qqXuZ1FMEBOAQnwANnoAquQQ3UAQaP4Bm8gjfryXqx3q2PWbRg5TP74A+szx+TMpnh</latexit>

hv2i ⌘ 1

M

X

i

mi|~̇xi|2
<latexit sha1_base64="MftQl+pjBXILwzNhvcxp97iTaLA="></latexit><latexit sha1_base64="MftQl+pjBXILwzNhvcxp97iTaLA="></latexit><latexit sha1_base64="MftQl+pjBXILwzNhvcxp97iTaLA="></latexit><latexit sha1_base64="MftQl+pjBXILwzNhvcxp97iTaLA="></latexit>

velocidade média quadrática

momento de 
inércia do sistema I ⌘

X

i

mi|~xi|2
<latexit sha1_base64="wKNMUUtNdmx985NH/iK10Udgnlw=">AAACFXicbVDLSgMxFM34rOOr6tJNsAgupMwUQZdFN7qrYB/QqUMmvW1Dk5kxyRTLOD/hxl9x40IRt4I7/8b0sdDWAxdOzrmX3HuCmDOlHefbWlhcWl5Zza3Z6xubW9v5nd2aihJJoUojHslGQBRwFkJVM82hEUsgIuBQD/oXI78+AKlYFN7oYQwtQboh6zBKtJH8/PEV9uAuYQPbU4nwU5ZhO8XCZ/aDnXoDoOl9lo1etyU78/MFp+iMgeeJOyUFNEXFz3957YgmAkJNOVGq6TqxbqVEakY5ZLaXKIgJ7ZMuNA0NiQDVSsdXZfjQKG3ciaSpUOOx+nsiJUKpoQhMpyC6p2a9kfif10x056yVsjBONIR08lEn4VhHeBQRbjMJVPOhIYRKZnbFtEckodoEaZsQ3NmT50mtVHSdont9UiifT+PIoX10gI6Qi05RGV2iCqoiih7RM3pFb9aT9WK9Wx+T1gVrOrOH/sD6/AF3bJ2+</latexit><latexit sha1_base64="wKNMUUtNdmx985NH/iK10Udgnlw=">AAACFXicbVDLSgMxFM34rOOr6tJNsAgupMwUQZdFN7qrYB/QqUMmvW1Dk5kxyRTLOD/hxl9x40IRt4I7/8b0sdDWAxdOzrmX3HuCmDOlHefbWlhcWl5Zza3Z6xubW9v5nd2aihJJoUojHslGQBRwFkJVM82hEUsgIuBQD/oXI78+AKlYFN7oYQwtQboh6zBKtJH8/PEV9uAuYQPbU4nwU5ZhO8XCZ/aDnXoDoOl9lo1etyU78/MFp+iMgeeJOyUFNEXFz3957YgmAkJNOVGq6TqxbqVEakY5ZLaXKIgJ7ZMuNA0NiQDVSsdXZfjQKG3ciaSpUOOx+nsiJUKpoQhMpyC6p2a9kfif10x056yVsjBONIR08lEn4VhHeBQRbjMJVPOhIYRKZnbFtEckodoEaZsQ3NmT50mtVHSdont9UiifT+PIoX10gI6Qi05RGV2iCqoiih7RM3pFb9aT9WK9Wx+T1gVrOrOH/sD6/AF3bJ2+</latexit><latexit sha1_base64="wKNMUUtNdmx985NH/iK10Udgnlw=">AAACFXicbVDLSgMxFM34rOOr6tJNsAgupMwUQZdFN7qrYB/QqUMmvW1Dk5kxyRTLOD/hxl9x40IRt4I7/8b0sdDWAxdOzrmX3HuCmDOlHefbWlhcWl5Zza3Z6xubW9v5nd2aihJJoUojHslGQBRwFkJVM82hEUsgIuBQD/oXI78+AKlYFN7oYQwtQboh6zBKtJH8/PEV9uAuYQPbU4nwU5ZhO8XCZ/aDnXoDoOl9lo1etyU78/MFp+iMgeeJOyUFNEXFz3957YgmAkJNOVGq6TqxbqVEakY5ZLaXKIgJ7ZMuNA0NiQDVSsdXZfjQKG3ciaSpUOOx+nsiJUKpoQhMpyC6p2a9kfif10x056yVsjBONIR08lEn4VhHeBQRbjMJVPOhIYRKZnbFtEckodoEaZsQ3NmT50mtVHSdont9UiifT+PIoX10gI6Qi05RGV2iCqoiih7RM3pFb9aT9WK9Wx+T1gVrOrOH/sD6/AF3bJ2+</latexit><latexit sha1_base64="wKNMUUtNdmx985NH/iK10Udgnlw=">AAACFXicbVDLSgMxFM34rOOr6tJNsAgupMwUQZdFN7qrYB/QqUMmvW1Dk5kxyRTLOD/hxl9x40IRt4I7/8b0sdDWAxdOzrmX3HuCmDOlHefbWlhcWl5Zza3Z6xubW9v5nd2aihJJoUojHslGQBRwFkJVM82hEUsgIuBQD/oXI78+AKlYFN7oYQwtQboh6zBKtJH8/PEV9uAuYQPbU4nwU5ZhO8XCZ/aDnXoDoOl9lo1etyU78/MFp+iMgeeJOyUFNEXFz3957YgmAkJNOVGq6TqxbqVEakY5ZLaXKIgJ7ZMuNA0NiQDVSsdXZfjQKG3ciaSpUOOx+nsiJUKpoQhMpyC6p2a9kfif10x056yVsjBONIR08lEn4VhHeBQRbjMJVPOhIYRKZnbFtEckodoEaZsQ3NmT50mtVHSdont9UiifT+PIoX10gI6Qi05RGV2iCqoiih7RM3pFb9aT9WK9Wx+T1gVrOrOH/sD6/AF3bJ2+</latexit>
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7.3 A Matéria Escura em Aglomerados de Galáxias

momento de 
inércia do sistema

Escrever I em termos de W e K
(pág. 132 de Ryden)

Ï = 2W + 4K
<latexit sha1_base64="faucWFzG/Y8+GC2W9hgwD4Y6Wps=">AAAB+3icbVDLSsNAFJ34rPEV69LNYBEEoSSloBuh6EZxU8E+oA1lMpm0QyczYWYilpBfceNCEbf+iDv/xmmbhbYeuHA4517uvSdIGFXadb+tldW19Y3N0pa9vbO7t+8clNtKpBKTFhZMyG6AFGGUk5ammpFuIgmKA0Y6wfh66nceiVRU8Ac9SYgfoyGnEcVIG2nglPthKHR2m8NLu9aBZ7B+N3AqbtWdAS4TryAVUKA5cL76ocBpTLjGDCnV89xE+xmSmmJGcrufKpIgPEZD0jOUo5goP5vdnsMTo4QwEtIU13Cm/p7IUKzUJA5MZ4z0SC16U/E/r5fq6MLPKE9STTieL4pSBrWA0yBgSCXBmk0MQVhScyvEIyQR1iYu24TgLb68TNq1qudWvft6pXFVxFECR+AYnAIPnIMGuAFN0AIYPIFn8ArerNx6sd6tj3nrilXMHII/sD5/ABhlkoE=</latexit><latexit sha1_base64="faucWFzG/Y8+GC2W9hgwD4Y6Wps=">AAAB+3icbVDLSsNAFJ34rPEV69LNYBEEoSSloBuh6EZxU8E+oA1lMpm0QyczYWYilpBfceNCEbf+iDv/xmmbhbYeuHA4517uvSdIGFXadb+tldW19Y3N0pa9vbO7t+8clNtKpBKTFhZMyG6AFGGUk5ammpFuIgmKA0Y6wfh66nceiVRU8Ac9SYgfoyGnEcVIG2nglPthKHR2m8NLu9aBZ7B+N3AqbtWdAS4TryAVUKA5cL76ocBpTLjGDCnV89xE+xmSmmJGcrufKpIgPEZD0jOUo5goP5vdnsMTo4QwEtIU13Cm/p7IUKzUJA5MZ4z0SC16U/E/r5fq6MLPKE9STTieL4pSBrWA0yBgSCXBmk0MQVhScyvEIyQR1iYu24TgLb68TNq1qudWvft6pXFVxFECR+AYnAIPnIMGuAFN0AIYPIFn8ArerNx6sd6tj3nrilXMHII/sD5/ABhlkoE=</latexit><latexit sha1_base64="faucWFzG/Y8+GC2W9hgwD4Y6Wps=">AAAB+3icbVDLSsNAFJ34rPEV69LNYBEEoSSloBuh6EZxU8E+oA1lMpm0QyczYWYilpBfceNCEbf+iDv/xmmbhbYeuHA4517uvSdIGFXadb+tldW19Y3N0pa9vbO7t+8clNtKpBKTFhZMyG6AFGGUk5ammpFuIgmKA0Y6wfh66nceiVRU8Ac9SYgfoyGnEcVIG2nglPthKHR2m8NLu9aBZ7B+N3AqbtWdAS4TryAVUKA5cL76ocBpTLjGDCnV89xE+xmSmmJGcrufKpIgPEZD0jOUo5goP5vdnsMTo4QwEtIU13Cm/p7IUKzUJA5MZ4z0SC16U/E/r5fq6MLPKE9STTieL4pSBrWA0yBgSCXBmk0MQVhScyvEIyQR1iYu24TgLb68TNq1qudWvft6pXFVxFECR+AYnAIPnIMGuAFN0AIYPIFn8ArerNx6sd6tj3nrilXMHII/sD5/ABhlkoE=</latexit><latexit sha1_base64="faucWFzG/Y8+GC2W9hgwD4Y6Wps=">AAAB+3icbVDLSsNAFJ34rPEV69LNYBEEoSSloBuh6EZxU8E+oA1lMpm0QyczYWYilpBfceNCEbf+iDv/xmmbhbYeuHA4517uvSdIGFXadb+tldW19Y3N0pa9vbO7t+8clNtKpBKTFhZMyG6AFGGUk5ammpFuIgmKA0Y6wfh66nceiVRU8Ac9SYgfoyGnEcVIG2nglPthKHR2m8NLu9aBZ7B+N3AqbtWdAS4TryAVUKA5cL76ocBpTLjGDCnV89xE+xmSmmJGcrufKpIgPEZD0jOUo5goP5vdnsMTo4QwEtIU13Cm/p7IUKzUJA5MZ4z0SC16U/E/r5fq6MLPKE9STTieL4pSBrWA0yBgSCXBmk0MQVhScyvEIyQR1iYu24TgLb68TNq1qudWvft6pXFVxFECR+AYnAIPnIMGuAFN0AIYPIFn8ArerNx6sd6tj3nrilXMHII/sD5/ABhlkoE=</latexit>

Teorema do Virial

Sistema em estado estacionário:
I = constante.
Sistema de coordenadas no qual o centro de massa 
do sistema está em repouso.

W + 2K = 0
<latexit sha1_base64="ivpP0zMkfoY79xnX1VM7MrLyrdM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CHoRgl4ELxHMA5MlzE46yZDZ2WVmVghL/sKLB0W8+jfe/BsnyR40saChqOqmuyuIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoFVKPgEuuGG4GtWCENA4HNYHQz9ZtPqDSP5IMZx+iHdCB5nzNqrPTYJGekckeuiNstltyyOwNZJl5GSpCh1i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dXTwhJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+imXcWJQsvmifiKIicj0fdLjCpkRY0soU9zeStiQKsqMDalgQ/AWX14mjUrZc8ve/Xmpep3FkYcjOIZT8OACqnALNagDAwnP8ApvjnZenHfnY96ac7KZQ/gD5/MHb62Oyg==</latexit><latexit sha1_base64="ivpP0zMkfoY79xnX1VM7MrLyrdM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CHoRgl4ELxHMA5MlzE46yZDZ2WVmVghL/sKLB0W8+jfe/BsnyR40saChqOqmuyuIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoFVKPgEuuGG4GtWCENA4HNYHQz9ZtPqDSP5IMZx+iHdCB5nzNqrPTYJGekckeuiNstltyyOwNZJl5GSpCh1i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dXTwhJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+imXcWJQsvmifiKIicj0fdLjCpkRY0soU9zeStiQKsqMDalgQ/AWX14mjUrZc8ve/Xmpep3FkYcjOIZT8OACqnALNagDAwnP8ApvjnZenHfnY96ac7KZQ/gD5/MHb62Oyg==</latexit><latexit sha1_base64="ivpP0zMkfoY79xnX1VM7MrLyrdM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CHoRgl4ELxHMA5MlzE46yZDZ2WVmVghL/sKLB0W8+jfe/BsnyR40saChqOqmuyuIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoFVKPgEuuGG4GtWCENA4HNYHQz9ZtPqDSP5IMZx+iHdCB5nzNqrPTYJGekckeuiNstltyyOwNZJl5GSpCh1i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dXTwhJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+imXcWJQsvmifiKIicj0fdLjCpkRY0soU9zeStiQKsqMDalgQ/AWX14mjUrZc8ve/Xmpep3FkYcjOIZT8OACqnALNagDAwnP8ApvjnZenHfnY96ac7KZQ/gD5/MHb62Oyg==</latexit><latexit sha1_base64="ivpP0zMkfoY79xnX1VM7MrLyrdM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMgCGE3CHoRgl4ELxHMA5MlzE46yZDZ2WVmVghL/sKLB0W8+jfe/BsnyR40saChqOqmuyuIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoFVKPgEuuGG4GtWCENA4HNYHQz9ZtPqDSP5IMZx+iHdCB5nzNqrPTYJGekckeuiNstltyyOwNZJl5GSpCh1i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dXTwhJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+imXcWJQsvmifiKIicj0fdLjCpkRY0soU9zeStiQKsqMDalgQ/AWX14mjUrZc8ve/Xmpep3FkYcjOIZT8OACqnALNagDAwnP8ApvjnZenHfnY96ac7KZQ/gD5/MHb62Oyg==</latexit>

Teorema do Virial do 
estado estacionárioK = �W

2<latexit sha1_base64="PLrxzloOmjvh7SJeENRzChl4Ej0=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBjWWmCLoRim4ENxXsA9qhZNJMG5pJhiRTKEP/xI0LRdz6J+78G9N2Ftp6IHA451zuzQkTzrTxvG+nsLa+sblV3C7t7O7tH7iHR00tU0Vog0guVTvEmnImaMMww2k7URTHIaetcHQ381tjqjST4slMEhrEeCBYxAg2Vuq57gO6QRdZC3WljaHqtOeWvYo3B1olfk7KkKPec7+6fUnSmApDONa643uJCTKsDCOcTkvdVNMEkxEe0I6lAsdUB9n88ik6s0ofRVLZJwyaq78nMhxrPYlDm4yxGeplbyb+53VSE10HGRNJaqggi0VRypGRaFYD6jNFieETSzBRzN6KyBArTIwtq2RL8Je/vEqa1YrvVfzHy3LtNq+jCCdwCufgwxXU4B7q0AACY3iGV3hzMufFeXc+FtGCk88cwx84nz87e5IZ</latexit><latexit sha1_base64="PLrxzloOmjvh7SJeENRzChl4Ej0=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBjWWmCLoRim4ENxXsA9qhZNJMG5pJhiRTKEP/xI0LRdz6J+78G9N2Ftp6IHA451zuzQkTzrTxvG+nsLa+sblV3C7t7O7tH7iHR00tU0Vog0guVTvEmnImaMMww2k7URTHIaetcHQ381tjqjST4slMEhrEeCBYxAg2Vuq57gO6QRdZC3WljaHqtOeWvYo3B1olfk7KkKPec7+6fUnSmApDONa643uJCTKsDCOcTkvdVNMEkxEe0I6lAsdUB9n88ik6s0ofRVLZJwyaq78nMhxrPYlDm4yxGeplbyb+53VSE10HGRNJaqggi0VRypGRaFYD6jNFieETSzBRzN6KyBArTIwtq2RL8Je/vEqa1YrvVfzHy3LtNq+jCCdwCufgwxXU4B7q0AACY3iGV3hzMufFeXc+FtGCk88cwx84nz87e5IZ</latexit><latexit sha1_base64="PLrxzloOmjvh7SJeENRzChl4Ej0=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBjWWmCLoRim4ENxXsA9qhZNJMG5pJhiRTKEP/xI0LRdz6J+78G9N2Ftp6IHA451zuzQkTzrTxvG+nsLa+sblV3C7t7O7tH7iHR00tU0Vog0guVTvEmnImaMMww2k7URTHIaetcHQ381tjqjST4slMEhrEeCBYxAg2Vuq57gO6QRdZC3WljaHqtOeWvYo3B1olfk7KkKPec7+6fUnSmApDONa643uJCTKsDCOcTkvdVNMEkxEe0I6lAsdUB9n88ik6s0ofRVLZJwyaq78nMhxrPYlDm4yxGeplbyb+53VSE10HGRNJaqggi0VRypGRaFYD6jNFieETSzBRzN6KyBArTIwtq2RL8Je/vEqa1YrvVfzHy3LtNq+jCCdwCufgwxXU4B7q0AACY3iGV3hzMufFeXc+FtGCk88cwx84nz87e5IZ</latexit><latexit sha1_base64="PLrxzloOmjvh7SJeENRzChl4Ej0=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBjWWmCLoRim4ENxXsA9qhZNJMG5pJhiRTKEP/xI0LRdz6J+78G9N2Ftp6IHA451zuzQkTzrTxvG+nsLa+sblV3C7t7O7tH7iHR00tU0Vog0guVTvEmnImaMMww2k7URTHIaetcHQ381tjqjST4slMEhrEeCBYxAg2Vuq57gO6QRdZC3WljaHqtOeWvYo3B1olfk7KkKPec7+6fUnSmApDONa643uJCTKsDCOcTkvdVNMEkxEe0I6lAsdUB9n88ik6s0ofRVLZJwyaq78nMhxrPYlDm4yxGeplbyb+53VSE10HGRNJaqggi0VRypGRaFYD6jNFieETSzBRzN6KyBArTIwtq2RL8Je/vEqa1YrvVfzHy3LtNq+jCCdwCufgwxXU4B7q0AACY3iGV3hzMufFeXc+FtGCk88cwx84nz87e5IZ</latexit>

I ⌘
X

i

mi|~xi|2
<latexit sha1_base64="wKNMUUtNdmx985NH/iK10Udgnlw=">AAACFXicbVDLSgMxFM34rOOr6tJNsAgupMwUQZdFN7qrYB/QqUMmvW1Dk5kxyRTLOD/hxl9x40IRt4I7/8b0sdDWAxdOzrmX3HuCmDOlHefbWlhcWl5Zza3Z6xubW9v5nd2aihJJoUojHslGQBRwFkJVM82hEUsgIuBQD/oXI78+AKlYFN7oYQwtQboh6zBKtJH8/PEV9uAuYQPbU4nwU5ZhO8XCZ/aDnXoDoOl9lo1etyU78/MFp+iMgeeJOyUFNEXFz3957YgmAkJNOVGq6TqxbqVEakY5ZLaXKIgJ7ZMuNA0NiQDVSsdXZfjQKG3ciaSpUOOx+nsiJUKpoQhMpyC6p2a9kfif10x056yVsjBONIR08lEn4VhHeBQRbjMJVPOhIYRKZnbFtEckodoEaZsQ3NmT50mtVHSdont9UiifT+PIoX10gI6Qi05RGV2iCqoiih7RM3pFb9aT9WK9Wx+T1gVrOrOH/sD6/AF3bJ2+</latexit><latexit sha1_base64="wKNMUUtNdmx985NH/iK10Udgnlw=">AAACFXicbVDLSgMxFM34rOOr6tJNsAgupMwUQZdFN7qrYB/QqUMmvW1Dk5kxyRTLOD/hxl9x40IRt4I7/8b0sdDWAxdOzrmX3HuCmDOlHefbWlhcWl5Zza3Z6xubW9v5nd2aihJJoUojHslGQBRwFkJVM82hEUsgIuBQD/oXI78+AKlYFN7oYQwtQboh6zBKtJH8/PEV9uAuYQPbU4nwU5ZhO8XCZ/aDnXoDoOl9lo1etyU78/MFp+iMgeeJOyUFNEXFz3957YgmAkJNOVGq6TqxbqVEakY5ZLaXKIgJ7ZMuNA0NiQDVSsdXZfjQKG3ciaSpUOOx+nsiJUKpoQhMpyC6p2a9kfif10x056yVsjBONIR08lEn4VhHeBQRbjMJVPOhIYRKZnbFtEckodoEaZsQ3NmT50mtVHSdont9UiifT+PIoX10gI6Qi05RGV2iCqoiih7RM3pFb9aT9WK9Wx+T1gVrOrOH/sD6/AF3bJ2+</latexit><latexit sha1_base64="wKNMUUtNdmx985NH/iK10Udgnlw=">AAACFXicbVDLSgMxFM34rOOr6tJNsAgupMwUQZdFN7qrYB/QqUMmvW1Dk5kxyRTLOD/hxl9x40IRt4I7/8b0sdDWAxdOzrmX3HuCmDOlHefbWlhcWl5Zza3Z6xubW9v5nd2aihJJoUojHslGQBRwFkJVM82hEUsgIuBQD/oXI78+AKlYFN7oYQwtQboh6zBKtJH8/PEV9uAuYQPbU4nwU5ZhO8XCZ/aDnXoDoOl9lo1etyU78/MFp+iMgeeJOyUFNEXFz3957YgmAkJNOVGq6TqxbqVEakY5ZLaXKIgJ7ZMuNA0NiQDVSsdXZfjQKG3ciaSpUOOx+nsiJUKpoQhMpyC6p2a9kfif10x056yVsjBONIR08lEn4VhHeBQRbjMJVPOhIYRKZnbFtEckodoEaZsQ3NmT50mtVHSdont9UiifT+PIoX10gI6Qi05RGV2iCqoiih7RM3pFb9aT9WK9Wx+T1gVrOrOH/sD6/AF3bJ2+</latexit><latexit sha1_base64="wKNMUUtNdmx985NH/iK10Udgnlw=">AAACFXicbVDLSgMxFM34rOOr6tJNsAgupMwUQZdFN7qrYB/QqUMmvW1Dk5kxyRTLOD/hxl9x40IRt4I7/8b0sdDWAxdOzrmX3HuCmDOlHefbWlhcWl5Zza3Z6xubW9v5nd2aihJJoUojHslGQBRwFkJVM82hEUsgIuBQD/oXI78+AKlYFN7oYQwtQboh6zBKtJH8/PEV9uAuYQPbU4nwU5ZhO8XCZ/aDnXoDoOl9lo1etyU78/MFp+iMgeeJOyUFNEXFz3957YgmAkJNOVGq6TqxbqVEakY5ZLaXKIgJ7ZMuNA0NiQDVSsdXZfjQKG3ciaSpUOOx+nsiJUKpoQhMpyC6p2a9kfif10x056yVsjBONIR08lEn4VhHeBQRbjMJVPOhIYRKZnbFtEckodoEaZsQ3NmT50mtVHSdont9UiifT+PIoX10gI6Qi05RGV2iCqoiih7RM3pFb9aT9WK9Wx+T1gVrOrOH/sD6/AF3bJ2+</latexit>
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7.3 A Matéria Escura em Aglomerados de Galáxias

Podemos estimar a massa de um sistema 
gravitacional, assumindo que esteja em estado 
estacionário.

W = �↵
GM2

rh
<latexit sha1_base64="/sWhRiuqDH19vxS64MxpuezDECs=">AAACCXicbVDLSsNAFJ34rPEVdenmYhHcWJIi6EYoutCNUME+oIlhMp20QycPZiZCCd268VfcuFDErX/gzr9x2mahrQcGDufcw517gpQzqWz721hYXFpeWS2tmesbm1vb1s5uUyaZILRBEp6IdoAl5SymDcUUp+1UUBwFnLaCweXYbz1QIVkS36lhSr0I92IWMoKVlnwLWnAO5jG4mKd9DPkV3NxXwU10BoTfH4Fvle2KPQHME6cgZVSg7ltfbjchWURjRTiWsuPYqfJyLBQjnI5MN5M0xWSAe7SjaYwjKr18cskIDrXShTAR+sUKJurvRI4jKYdRoCcjrPpy1huL/3mdTIVnXs7iNFM0JtNFYcZBJTCuBbpMUKL4UBNMBNN/BdLHAhOlyzN1Cc7syfOkWa04dsW5PSnXLoo6SmgfHaAj5KBTVEPXqI4aiKBH9Ixe0ZvxZLwY78bHdHTBKDJ76A+Mzx87YpeF</latexit><latexit sha1_base64="/sWhRiuqDH19vxS64MxpuezDECs=">AAACCXicbVDLSsNAFJ34rPEVdenmYhHcWJIi6EYoutCNUME+oIlhMp20QycPZiZCCd268VfcuFDErX/gzr9x2mahrQcGDufcw517gpQzqWz721hYXFpeWS2tmesbm1vb1s5uUyaZILRBEp6IdoAl5SymDcUUp+1UUBwFnLaCweXYbz1QIVkS36lhSr0I92IWMoKVlnwLWnAO5jG4mKd9DPkV3NxXwU10BoTfH4Fvle2KPQHME6cgZVSg7ltfbjchWURjRTiWsuPYqfJyLBQjnI5MN5M0xWSAe7SjaYwjKr18cskIDrXShTAR+sUKJurvRI4jKYdRoCcjrPpy1huL/3mdTIVnXs7iNFM0JtNFYcZBJTCuBbpMUKL4UBNMBNN/BdLHAhOlyzN1Cc7syfOkWa04dsW5PSnXLoo6SmgfHaAj5KBTVEPXqI4aiKBH9Ixe0ZvxZLwY78bHdHTBKDJ76A+Mzx87YpeF</latexit><latexit sha1_base64="/sWhRiuqDH19vxS64MxpuezDECs=">AAACCXicbVDLSsNAFJ34rPEVdenmYhHcWJIi6EYoutCNUME+oIlhMp20QycPZiZCCd268VfcuFDErX/gzr9x2mahrQcGDufcw517gpQzqWz721hYXFpeWS2tmesbm1vb1s5uUyaZILRBEp6IdoAl5SymDcUUp+1UUBwFnLaCweXYbz1QIVkS36lhSr0I92IWMoKVlnwLWnAO5jG4mKd9DPkV3NxXwU10BoTfH4Fvle2KPQHME6cgZVSg7ltfbjchWURjRTiWsuPYqfJyLBQjnI5MN5M0xWSAe7SjaYwjKr18cskIDrXShTAR+sUKJurvRI4jKYdRoCcjrPpy1huL/3mdTIVnXs7iNFM0JtNFYcZBJTCuBbpMUKL4UBNMBNN/BdLHAhOlyzN1Cc7syfOkWa04dsW5PSnXLoo6SmgfHaAj5KBTVEPXqI4aiKBH9Ixe0ZvxZLwY78bHdHTBKDJ76A+Mzx87YpeF</latexit><latexit sha1_base64="/sWhRiuqDH19vxS64MxpuezDECs=">AAACCXicbVDLSsNAFJ34rPEVdenmYhHcWJIi6EYoutCNUME+oIlhMp20QycPZiZCCd268VfcuFDErX/gzr9x2mahrQcGDufcw517gpQzqWz721hYXFpeWS2tmesbm1vb1s5uUyaZILRBEp6IdoAl5SymDcUUp+1UUBwFnLaCweXYbz1QIVkS36lhSr0I92IWMoKVlnwLWnAO5jG4mKd9DPkV3NxXwU10BoTfH4Fvle2KPQHME6cgZVSg7ltfbjchWURjRTiWsuPYqfJyLBQjnI5MN5M0xWSAe7SjaYwjKr18cskIDrXShTAR+sUKJurvRI4jKYdRoCcjrPpy1huL/3mdTIVnXs7iNFM0JtNFYcZBJTCuBbpMUKL4UBNMBNN/BdLHAhOlyzN1Cc7syfOkWa04dsW5PSnXLoo6SmgfHaAj5KBTVEPXqI4aiKBH9Ixe0ZvxZLwY78bHdHTBKDJ76A+Mzx87YpeF</latexit>

K =
1

2
Mhv2i

<latexit sha1_base64="QNZ5qPY+LdhFyyjomdswF5KAtpk=">AAACD3icbVDLSgMxFM3UVx1foy7dBIviqswUQTdC0Y0gQgX7gM5YMmnahmaSIckUytA/cOOvuHGhiFu37vwb0+kstPVA4HDOudzcE8aMKu2631ZhaXllda24bm9sbm3vOLt7DSUSiUkdCyZkK0SKMMpJXVPNSCuWBEUhI81weDX1myMiFRX8Xo9jEkSoz2mPYqSN1HGOb+AFtFMP+sLEYGUCb22fId5nxB49VGxfZrzjlNyymwEuEi8nJZCj1nG+/K7ASUS4xgwp1fbcWAcpkppiRia2nygSIzxEfdI2lKOIqCDN7pnAI6N0YU9I87iGmfp7IkWRUuMoNMkI6YGa96bif1470b3zIKU8TjTheLaolzCoBZyWA7tUEqzZ2BCEJTV/hXiAJMLaVGibErz5kxdJo1L23LJ3d1qqXuZ1FMEBOAQnwANnoAquQQ3UAQaP4Bm8gjfryXqx3q2PWbRg5TP74A+szx+TMpnh</latexit><latexit sha1_base64="QNZ5qPY+LdhFyyjomdswF5KAtpk=">AAACD3icbVDLSgMxFM3UVx1foy7dBIviqswUQTdC0Y0gQgX7gM5YMmnahmaSIckUytA/cOOvuHGhiFu37vwb0+kstPVA4HDOudzcE8aMKu2631ZhaXllda24bm9sbm3vOLt7DSUSiUkdCyZkK0SKMMpJXVPNSCuWBEUhI81weDX1myMiFRX8Xo9jEkSoz2mPYqSN1HGOb+AFtFMP+sLEYGUCb22fId5nxB49VGxfZrzjlNyymwEuEi8nJZCj1nG+/K7ASUS4xgwp1fbcWAcpkppiRia2nygSIzxEfdI2lKOIqCDN7pnAI6N0YU9I87iGmfp7IkWRUuMoNMkI6YGa96bif1470b3zIKU8TjTheLaolzCoBZyWA7tUEqzZ2BCEJTV/hXiAJMLaVGibErz5kxdJo1L23LJ3d1qqXuZ1FMEBOAQnwANnoAquQQ3UAQaP4Bm8gjfryXqx3q2PWbRg5TP74A+szx+TMpnh</latexit><latexit sha1_base64="QNZ5qPY+LdhFyyjomdswF5KAtpk=">AAACD3icbVDLSgMxFM3UVx1foy7dBIviqswUQTdC0Y0gQgX7gM5YMmnahmaSIckUytA/cOOvuHGhiFu37vwb0+kstPVA4HDOudzcE8aMKu2631ZhaXllda24bm9sbm3vOLt7DSUSiUkdCyZkK0SKMMpJXVPNSCuWBEUhI81weDX1myMiFRX8Xo9jEkSoz2mPYqSN1HGOb+AFtFMP+sLEYGUCb22fId5nxB49VGxfZrzjlNyymwEuEi8nJZCj1nG+/K7ASUS4xgwp1fbcWAcpkppiRia2nygSIzxEfdI2lKOIqCDN7pnAI6N0YU9I87iGmfp7IkWRUuMoNMkI6YGa96bif1470b3zIKU8TjTheLaolzCoBZyWA7tUEqzZ2BCEJTV/hXiAJMLaVGibErz5kxdJo1L23LJ3d1qqXuZ1FMEBOAQnwANnoAquQQ3UAQaP4Bm8gjfryXqx3q2PWbRg5TP74A+szx+TMpnh</latexit><latexit sha1_base64="QNZ5qPY+LdhFyyjomdswF5KAtpk=">AAACD3icbVDLSgMxFM3UVx1foy7dBIviqswUQTdC0Y0gQgX7gM5YMmnahmaSIckUytA/cOOvuHGhiFu37vwb0+kstPVA4HDOudzcE8aMKu2631ZhaXllda24bm9sbm3vOLt7DSUSiUkdCyZkK0SKMMpJXVPNSCuWBEUhI81weDX1myMiFRX8Xo9jEkSoz2mPYqSN1HGOb+AFtFMP+sLEYGUCb22fId5nxB49VGxfZrzjlNyymwEuEi8nJZCj1nG+/K7ASUS4xgwp1fbcWAcpkppiRia2nygSIzxEfdI2lKOIqCDN7pnAI6N0YU9I87iGmfp7IkWRUuMoNMkI6YGa96bif1470b3zIKU8TjTheLaolzCoBZyWA7tUEqzZ2BCEJTV/hXiAJMLaVGibErz5kxdJo1L23LJ3d1qqXuZ1FMEBOAQnwANnoAquQQ3UAQaP4Bm8gjfryXqx3q2PWbRg5TP74A+szx+TMpnh</latexit>

K = �W

2<latexit sha1_base64="PLrxzloOmjvh7SJeENRzChl4Ej0=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBjWWmCLoRim4ENxXsA9qhZNJMG5pJhiRTKEP/xI0LRdz6J+78G9N2Ftp6IHA451zuzQkTzrTxvG+nsLa+sblV3C7t7O7tH7iHR00tU0Vog0guVTvEmnImaMMww2k7URTHIaetcHQ381tjqjST4slMEhrEeCBYxAg2Vuq57gO6QRdZC3WljaHqtOeWvYo3B1olfk7KkKPec7+6fUnSmApDONa643uJCTKsDCOcTkvdVNMEkxEe0I6lAsdUB9n88ik6s0ofRVLZJwyaq78nMhxrPYlDm4yxGeplbyb+53VSE10HGRNJaqggi0VRypGRaFYD6jNFieETSzBRzN6KyBArTIwtq2RL8Je/vEqa1YrvVfzHy3LtNq+jCCdwCufgwxXU4B7q0AACY3iGV3hzMufFeXc+FtGCk88cwx84nz87e5IZ</latexit><latexit sha1_base64="PLrxzloOmjvh7SJeENRzChl4Ej0=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBjWWmCLoRim4ENxXsA9qhZNJMG5pJhiRTKEP/xI0LRdz6J+78G9N2Ftp6IHA451zuzQkTzrTxvG+nsLa+sblV3C7t7O7tH7iHR00tU0Vog0guVTvEmnImaMMww2k7URTHIaetcHQ381tjqjST4slMEhrEeCBYxAg2Vuq57gO6QRdZC3WljaHqtOeWvYo3B1olfk7KkKPec7+6fUnSmApDONa643uJCTKsDCOcTkvdVNMEkxEe0I6lAsdUB9n88ik6s0ofRVLZJwyaq78nMhxrPYlDm4yxGeplbyb+53VSE10HGRNJaqggi0VRypGRaFYD6jNFieETSzBRzN6KyBArTIwtq2RL8Je/vEqa1YrvVfzHy3LtNq+jCCdwCufgwxXU4B7q0AACY3iGV3hzMufFeXc+FtGCk88cwx84nz87e5IZ</latexit><latexit sha1_base64="PLrxzloOmjvh7SJeENRzChl4Ej0=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBjWWmCLoRim4ENxXsA9qhZNJMG5pJhiRTKEP/xI0LRdz6J+78G9N2Ftp6IHA451zuzQkTzrTxvG+nsLa+sblV3C7t7O7tH7iHR00tU0Vog0guVTvEmnImaMMww2k7URTHIaetcHQ381tjqjST4slMEhrEeCBYxAg2Vuq57gO6QRdZC3WljaHqtOeWvYo3B1olfk7KkKPec7+6fUnSmApDONa643uJCTKsDCOcTkvdVNMEkxEe0I6lAsdUB9n88ik6s0ofRVLZJwyaq78nMhxrPYlDm4yxGeplbyb+53VSE10HGRNJaqggi0VRypGRaFYD6jNFieETSzBRzN6KyBArTIwtq2RL8Je/vEqa1YrvVfzHy3LtNq+jCCdwCufgwxXU4B7q0AACY3iGV3hzMufFeXc+FtGCk88cwx84nz87e5IZ</latexit><latexit sha1_base64="PLrxzloOmjvh7SJeENRzChl4Ej0=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBjWWmCLoRim4ENxXsA9qhZNJMG5pJhiRTKEP/xI0LRdz6J+78G9N2Ftp6IHA451zuzQkTzrTxvG+nsLa+sblV3C7t7O7tH7iHR00tU0Vog0guVTvEmnImaMMww2k7URTHIaetcHQ381tjqjST4slMEhrEeCBYxAg2Vuq57gO6QRdZC3WljaHqtOeWvYo3B1olfk7KkKPec7+6fUnSmApDONa643uJCTKsDCOcTkvdVNMEkxEe0I6lAsdUB9n88ik6s0ofRVLZJwyaq78nMhxrPYlDm4yxGeplbyb+53VSE10HGRNJaqggi0VRypGRaFYD6jNFieETSzBRzN6KyBArTIwtq2RL8Je/vEqa1YrvVfzHy3LtNq+jCCdwCufgwxXU4B7q0AACY3iGV3hzMufFeXc+FtGCk88cwx84nz87e5IZ</latexit>

M =
hv2irh
↵G

<latexit sha1_base64="Vu7TQEgNJKBN6I2I7UtCxr8kM5E=">AAACF3icbVDLSsNAFJ34rPEVdelmsAiuSlIE3QhFF7oRKtgHNLHcTKft0MkkzEwKJfQv3Pgrblwo4lZ3/o3TNgttPTBwOOce7twTJpwp7brf1tLyyuraemHD3tza3tl19vbrKk4loTUS81g2Q1CUM0FrmmlOm4mkEIWcNsLB1cRvDKlULBb3epTQIIKeYF1GQBup7ZRu8QW2M9vnIHqc2sOHsu3LGZftPvZjk7Z94Ekf8PW47RTdkjsFXiReToooR7XtfPmdmKQRFZpwUKrluYkOMpCaEU7Htp8qmgAZQI+2DBUQURVk07vG+NgoHdyNpXlC46n6O5FBpNQoCs1kBLqv5r2J+J/XSnX3PMiYSFJNBZkt6qYc6xhPSsIdJinRfGQIEMnMXzHpgwSiTZW2KcGbP3mR1Mslzy15d6fFymVeRwEdoiN0gjx0hiroBlVRDRH0iJ7RK3qznqwX6936mI0uWXnmAP2B9fkD+oudWQ==</latexit><latexit sha1_base64="Vu7TQEgNJKBN6I2I7UtCxr8kM5E=">AAACF3icbVDLSsNAFJ34rPEVdelmsAiuSlIE3QhFF7oRKtgHNLHcTKft0MkkzEwKJfQv3Pgrblwo4lZ3/o3TNgttPTBwOOce7twTJpwp7brf1tLyyuraemHD3tza3tl19vbrKk4loTUS81g2Q1CUM0FrmmlOm4mkEIWcNsLB1cRvDKlULBb3epTQIIKeYF1GQBup7ZRu8QW2M9vnIHqc2sOHsu3LGZftPvZjk7Z94Ekf8PW47RTdkjsFXiReToooR7XtfPmdmKQRFZpwUKrluYkOMpCaEU7Htp8qmgAZQI+2DBUQURVk07vG+NgoHdyNpXlC46n6O5FBpNQoCs1kBLqv5r2J+J/XSnX3PMiYSFJNBZkt6qYc6xhPSsIdJinRfGQIEMnMXzHpgwSiTZW2KcGbP3mR1Mslzy15d6fFymVeRwEdoiN0gjx0hiroBlVRDRH0iJ7RK3qznqwX6936mI0uWXnmAP2B9fkD+oudWQ==</latexit><latexit sha1_base64="Vu7TQEgNJKBN6I2I7UtCxr8kM5E=">AAACF3icbVDLSsNAFJ34rPEVdelmsAiuSlIE3QhFF7oRKtgHNLHcTKft0MkkzEwKJfQv3Pgrblwo4lZ3/o3TNgttPTBwOOce7twTJpwp7brf1tLyyuraemHD3tza3tl19vbrKk4loTUS81g2Q1CUM0FrmmlOm4mkEIWcNsLB1cRvDKlULBb3epTQIIKeYF1GQBup7ZRu8QW2M9vnIHqc2sOHsu3LGZftPvZjk7Z94Ekf8PW47RTdkjsFXiReToooR7XtfPmdmKQRFZpwUKrluYkOMpCaEU7Htp8qmgAZQI+2DBUQURVk07vG+NgoHdyNpXlC46n6O5FBpNQoCs1kBLqv5r2J+J/XSnX3PMiYSFJNBZkt6qYc6xhPSsIdJinRfGQIEMnMXzHpgwSiTZW2KcGbP3mR1Mslzy15d6fFymVeRwEdoiN0gjx0hiroBlVRDRH0iJ7RK3qznqwX6936mI0uWXnmAP2B9fkD+oudWQ==</latexit><latexit sha1_base64="Vu7TQEgNJKBN6I2I7UtCxr8kM5E=">AAACF3icbVDLSsNAFJ34rPEVdelmsAiuSlIE3QhFF7oRKtgHNLHcTKft0MkkzEwKJfQv3Pgrblwo4lZ3/o3TNgttPTBwOOce7twTJpwp7brf1tLyyuraemHD3tza3tl19vbrKk4loTUS81g2Q1CUM0FrmmlOm4mkEIWcNsLB1cRvDKlULBb3epTQIIKeYF1GQBup7ZRu8QW2M9vnIHqc2sOHsu3LGZftPvZjk7Z94Ekf8PW47RTdkjsFXiReToooR7XtfPmdmKQRFZpwUKrluYkOMpCaEU7Htp8qmgAZQI+2DBUQURVk07vG+NgoHdyNpXlC46n6O5FBpNQoCs1kBLqv5r2J+J/XSnX3PMiYSFJNBZkt6qYc6xhPSsIdJinRfGQIEMnMXzHpgwSiTZW2KcGbP3mR1Mslzy15d6fFymVeRwEdoiN0gjx0hiroBlVRDRH0iJ7RK3qznqwX6936mI0uWXnmAP2B9fkD+oudWQ==</latexit>

Similar à eq. da seção anterior:

M(R) =
v2R

G
= 1.05⇥ 1011 M�

✓
v

235 km s�1

◆2 ✓ R

8.2 kpc

◆

<latexit sha1_base64="N/Hh+/oR6X0A/MbGsFF6MyoPDrg="></latexit><latexit sha1_base64="N/Hh+/oR6X0A/MbGsFF6MyoPDrg="></latexit><latexit sha1_base64="N/Hh+/oR6X0A/MbGsFF6MyoPDrg="></latexit><latexit sha1_base64="N/Hh+/oR6X0A/MbGsFF6MyoPDrg="></latexit>

Complicações: não sabemos <v2> e rh, pois temos apenas o redshift 
de cada galáxia (podemos estimar a velocidade na linha de visada), 
e rh é ainda mais difícil de ser estimado.
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7.3 A Matéria Escura em Aglomerados de Galáxias

Ex.: aglomerado de Coma.

hzi = 0.0232
<latexit sha1_base64="A4Il1sOsWtfRq74qHjYkseeT9YQ=">AAACAnicbZDLSsNAFIYn9VbjLepK3AwWwVVJqqAboejGZQV7gSaUyfS0HTqZhJmJUENx46u4caGIW5/CnW/jtM1CW38Y+PjPOZw5f5hwprTrfluFpeWV1bXiur2xubW94+zuNVScSgp1GvNYtkKigDMBdc00h1YigUQhh2Y4vJ7Um/cgFYvFnR4lEESkL1iPUaKN1XEOfE5En4P94MsZXGK37FZOKx2nZGAqvAheDiWUq9ZxvvxuTNMIhKacKNX23EQHGZGaUQ5j208VJIQOSR/aBgWJQAXZ9IQxPjZOF/diaZ7QeOr+nshIpNQoCk1nRPRAzdcm5n+1dqp7F0HGRJJqEHS2qJdyrGM8yQN3mQSq+cgAoZKZv2I6IJJQbVKzTQje/MmL0KiUPbfs3Z6Vqld5HEV0iI7QCfLQOaqiG1RDdUTRI3pGr+jNerJerHfrY9ZasPKZffRH1ucPOSGVWQ==</latexit><latexit sha1_base64="A4Il1sOsWtfRq74qHjYkseeT9YQ=">AAACAnicbZDLSsNAFIYn9VbjLepK3AwWwVVJqqAboejGZQV7gSaUyfS0HTqZhJmJUENx46u4caGIW5/CnW/jtM1CW38Y+PjPOZw5f5hwprTrfluFpeWV1bXiur2xubW94+zuNVScSgp1GvNYtkKigDMBdc00h1YigUQhh2Y4vJ7Um/cgFYvFnR4lEESkL1iPUaKN1XEOfE5En4P94MsZXGK37FZOKx2nZGAqvAheDiWUq9ZxvvxuTNMIhKacKNX23EQHGZGaUQ5j208VJIQOSR/aBgWJQAXZ9IQxPjZOF/diaZ7QeOr+nshIpNQoCk1nRPRAzdcm5n+1dqp7F0HGRJJqEHS2qJdyrGM8yQN3mQSq+cgAoZKZv2I6IJJQbVKzTQje/MmL0KiUPbfs3Z6Vqld5HEV0iI7QCfLQOaqiG1RDdUTRI3pGr+jNerJerHfrY9ZasPKZffRH1ucPOSGVWQ==</latexit><latexit sha1_base64="A4Il1sOsWtfRq74qHjYkseeT9YQ=">AAACAnicbZDLSsNAFIYn9VbjLepK3AwWwVVJqqAboejGZQV7gSaUyfS0HTqZhJmJUENx46u4caGIW5/CnW/jtM1CW38Y+PjPOZw5f5hwprTrfluFpeWV1bXiur2xubW94+zuNVScSgp1GvNYtkKigDMBdc00h1YigUQhh2Y4vJ7Um/cgFYvFnR4lEESkL1iPUaKN1XEOfE5En4P94MsZXGK37FZOKx2nZGAqvAheDiWUq9ZxvvxuTNMIhKacKNX23EQHGZGaUQ5j208VJIQOSR/aBgWJQAXZ9IQxPjZOF/diaZ7QeOr+nshIpNQoCk1nRPRAzdcm5n+1dqp7F0HGRJJqEHS2qJdyrGM8yQN3mQSq+cgAoZKZv2I6IJJQbVKzTQje/MmL0KiUPbfs3Z6Vqld5HEV0iI7QCfLQOaqiG1RDdUTRI3pGr+jNerJerHfrY9ZasPKZffRH1ucPOSGVWQ==</latexit><latexit sha1_base64="A4Il1sOsWtfRq74qHjYkseeT9YQ=">AAACAnicbZDLSsNAFIYn9VbjLepK3AwWwVVJqqAboejGZQV7gSaUyfS0HTqZhJmJUENx46u4caGIW5/CnW/jtM1CW38Y+PjPOZw5f5hwprTrfluFpeWV1bXiur2xubW94+zuNVScSgp1GvNYtkKigDMBdc00h1YigUQhh2Y4vJ7Um/cgFYvFnR4lEESkL1iPUaKN1XEOfE5En4P94MsZXGK37FZOKx2nZGAqvAheDiWUq9ZxvvxuTNMIhKacKNX23EQHGZGaUQ5j208VJIQOSR/aBgWJQAXZ9IQxPjZOF/diaZ7QeOr+nshIpNQoCk1nRPRAzdcm5n+1dqp7F0HGRJJqEHS2qJdyrGM8yQN3mQSq+cgAoZKZv2I6IJJQbVKzTQje/MmL0KiUPbfs3Z6Vqld5HEV0iI7QCfLQOaqiG1RDdUTRI3pGr+jNerJerHfrY9ZasPKZffRH1ucPOSGVWQ==</latexit>

d
Coma

=
c

H
0

hzi = 102 Mpc
<latexit sha1_base64="+uoem0hHAXoIHnq/KI+3btXBXmI="></latexit><latexit sha1_base64="+uoem0hHAXoIHnq/KI+3btXBXmI="></latexit><latexit sha1_base64="+uoem0hHAXoIHnq/KI+3btXBXmI="></latexit><latexit sha1_base64="+uoem0hHAXoIHnq/KI+3btXBXmI="></latexit>

�r = h[vr � hvri]2i1/2 = 880 kms�1
<latexit sha1_base64="9lLTqOTMxoep7Hbs33yLQ+w6hjU="></latexit><latexit sha1_base64="9lLTqOTMxoep7Hbs33yLQ+w6hjU="></latexit><latexit sha1_base64="9lLTqOTMxoep7Hbs33yLQ+w6hjU="></latexit><latexit sha1_base64="9lLTqOTMxoep7Hbs33yLQ+w6hjU="></latexit>

hv2i = 3�r = 2.32⇥ 1012 m2s�2
<latexit sha1_base64="0QnboE+uO/gfHTW2SywRO+ssF/A="></latexit><latexit sha1_base64="0QnboE+uO/gfHTW2SywRO+ssF/A="></latexit><latexit sha1_base64="0QnboE+uO/gfHTW2SywRO+ssF/A="></latexit><latexit sha1_base64="0QnboE+uO/gfHTW2SywRO+ssF/A="></latexit>

(assumindo isotropia)

(assumindo M/L constante ao 
longo do raio; distribuição 
esférica de massa total)

rh ⇡ 1.5 Mpc ⇡ 4.6⇥ 1022 m
<latexit sha1_base64="MeqG1/rLdAPu1192vuZVcZ+h2wM=">AAACJ3icbVDLSgMxFM34rPU16tJNsAiuhplSHyspunEjVLAPaGvJpJk2NJkJSUYsw/g1bvwVN4KK6NI/MW1H0NYDgcM593Jyjy8YVdp1P625+YXFpeXcSn51bX1j097arqkolphUccQi2fCRIoyGpKqpZqQhJEHcZ6TuD85Hfv2WSEWj8FoPBWlz1AtpQDHSRurYp7LThy0khIzuoOccwvukJTm8FDjN/8gl5wi2NOVEQc+9SYrFNJviaccuuI47BpwlXkYKIEOlY7+0uhGOOQk1ZkippucK3U6Q1BQzYjJjRQTCA9QjTUNDZFLbyfjOFO4bpQuDSJoXajhWf28kiCs15L6Z5Ej31bQ3Ev/zmrEOTtoJDUWsSYgnQUHMoI7gqDTYpZJgzYaGICyp+SvEfSQR1qbavCnBmz55ltSKjuc63lWpUD7L6siBXbAHDoAHjkEZXIAKqAIMHsATeAVv1qP1bL1bH5PROSvb2QF/YH19A+MNpBo=</latexit><latexit sha1_base64="MeqG1/rLdAPu1192vuZVcZ+h2wM=">AAACJ3icbVDLSgMxFM34rPU16tJNsAiuhplSHyspunEjVLAPaGvJpJk2NJkJSUYsw/g1bvwVN4KK6NI/MW1H0NYDgcM593Jyjy8YVdp1P625+YXFpeXcSn51bX1j097arqkolphUccQi2fCRIoyGpKqpZqQhJEHcZ6TuD85Hfv2WSEWj8FoPBWlz1AtpQDHSRurYp7LThy0khIzuoOccwvukJTm8FDjN/8gl5wi2NOVEQc+9SYrFNJviaccuuI47BpwlXkYKIEOlY7+0uhGOOQk1ZkippucK3U6Q1BQzYjJjRQTCA9QjTUNDZFLbyfjOFO4bpQuDSJoXajhWf28kiCs15L6Z5Ej31bQ3Ev/zmrEOTtoJDUWsSYgnQUHMoI7gqDTYpZJgzYaGICyp+SvEfSQR1qbavCnBmz55ltSKjuc63lWpUD7L6siBXbAHDoAHjkEZXIAKqAIMHsATeAVv1qP1bL1bH5PROSvb2QF/YH19A+MNpBo=</latexit><latexit sha1_base64="MeqG1/rLdAPu1192vuZVcZ+h2wM=">AAACJ3icbVDLSgMxFM34rPU16tJNsAiuhplSHyspunEjVLAPaGvJpJk2NJkJSUYsw/g1bvwVN4KK6NI/MW1H0NYDgcM593Jyjy8YVdp1P625+YXFpeXcSn51bX1j097arqkolphUccQi2fCRIoyGpKqpZqQhJEHcZ6TuD85Hfv2WSEWj8FoPBWlz1AtpQDHSRurYp7LThy0khIzuoOccwvukJTm8FDjN/8gl5wi2NOVEQc+9SYrFNJviaccuuI47BpwlXkYKIEOlY7+0uhGOOQk1ZkippucK3U6Q1BQzYjJjRQTCA9QjTUNDZFLbyfjOFO4bpQuDSJoXajhWf28kiCs15L6Z5Ej31bQ3Ev/zmrEOTtoJDUWsSYgnQUHMoI7gqDTYpZJgzYaGICyp+SvEfSQR1qbavCnBmz55ltSKjuc63lWpUD7L6siBXbAHDoAHjkEZXIAKqAIMHsATeAVv1qP1bL1bH5PROSvb2QF/YH19A+MNpBo=</latexit><latexit sha1_base64="MeqG1/rLdAPu1192vuZVcZ+h2wM=">AAACJ3icbVDLSgMxFM34rPU16tJNsAiuhplSHyspunEjVLAPaGvJpJk2NJkJSUYsw/g1bvwVN4KK6NI/MW1H0NYDgcM593Jyjy8YVdp1P625+YXFpeXcSn51bX1j097arqkolphUccQi2fCRIoyGpKqpZqQhJEHcZ6TuD85Hfv2WSEWj8FoPBWlz1AtpQDHSRurYp7LThy0khIzuoOccwvukJTm8FDjN/8gl5wi2NOVEQc+9SYrFNJviaccuuI47BpwlXkYKIEOlY7+0uhGOOQk1ZkippucK3U6Q1BQzYjJjRQTCA9QjTUNDZFLbyfjOFO4bpQuDSJoXajhWf28kiCs15L6Z5Ej31bQ3Ev/zmrEOTtoJDUWsSYgnQUHMoI7gqDTYpZJgzYaGICyp+SvEfSQR1qbavCnBmz55ltSKjuc63lWpUD7L6siBXbAHDoAHjkEZXIAKqAIMHsATeAVv1qP1bL1bH5PROSvb2QF/YH19A+MNpBo=</latexit>

M
Coma

⇡ 2⇥ 1015 M�
<latexit sha1_base64="QVSEstmY1GETygDdjrBtR80d2ok=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KjNFqctiN24KFewDOrVk0tSGJpMhuSOWYfwTN/6KGxeK6E6/xvSxUOuBwOGcc7m5J4gEN+C6n05maXlldS27ntvY3Nreye/uNY2KNWUNqoTS7YAYJnjIGsBBsHakGZGBYK1gVJ34rVumDVfhFYwj1pXkJuQDTglYqZcv13qJryWuKklS7JMo0uouV8I+cMkM9tzrxDtN8f00VEttWPUVpLlevuAW3SnwIvHmpIDmqPfyH35f0ViyEKggxnQ8N4JuQjRwKlia82PDIkJH5IZ1LA2JXd9Npgem+MgqfTxQ2r4Q8FT9OZEQacxYBjYpCQzNX28i/ud1YhicdRMeRjGwkM4WDWKBQeFJW7jPNaMgxpYQqrn9K6ZDogkF2+mkBO/vyYukWSp6btG7PClUzud1ZNEBOkTHyENlVEEXqI4aiKIH9IRe0Kvz6Dw7b877LJpx5jP76Becr2/kZKIu</latexit><latexit sha1_base64="QVSEstmY1GETygDdjrBtR80d2ok=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KjNFqctiN24KFewDOrVk0tSGJpMhuSOWYfwTN/6KGxeK6E6/xvSxUOuBwOGcc7m5J4gEN+C6n05maXlldS27ntvY3Nreye/uNY2KNWUNqoTS7YAYJnjIGsBBsHakGZGBYK1gVJ34rVumDVfhFYwj1pXkJuQDTglYqZcv13qJryWuKklS7JMo0uouV8I+cMkM9tzrxDtN8f00VEttWPUVpLlevuAW3SnwIvHmpIDmqPfyH35f0ViyEKggxnQ8N4JuQjRwKlia82PDIkJH5IZ1LA2JXd9Npgem+MgqfTxQ2r4Q8FT9OZEQacxYBjYpCQzNX28i/ud1YhicdRMeRjGwkM4WDWKBQeFJW7jPNaMgxpYQqrn9K6ZDogkF2+mkBO/vyYukWSp6btG7PClUzud1ZNEBOkTHyENlVEEXqI4aiKIH9IRe0Kvz6Dw7b877LJpx5jP76Becr2/kZKIu</latexit><latexit sha1_base64="QVSEstmY1GETygDdjrBtR80d2ok=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KjNFqctiN24KFewDOrVk0tSGJpMhuSOWYfwTN/6KGxeK6E6/xvSxUOuBwOGcc7m5J4gEN+C6n05maXlldS27ntvY3Nreye/uNY2KNWUNqoTS7YAYJnjIGsBBsHakGZGBYK1gVJ34rVumDVfhFYwj1pXkJuQDTglYqZcv13qJryWuKklS7JMo0uouV8I+cMkM9tzrxDtN8f00VEttWPUVpLlevuAW3SnwIvHmpIDmqPfyH35f0ViyEKggxnQ8N4JuQjRwKlia82PDIkJH5IZ1LA2JXd9Npgem+MgqfTxQ2r4Q8FT9OZEQacxYBjYpCQzNX28i/ud1YhicdRMeRjGwkM4WDWKBQeFJW7jPNaMgxpYQqrn9K6ZDogkF2+mkBO/vyYukWSp6btG7PClUzud1ZNEBOkTHyENlVEEXqI4aiKIH9IRe0Kvz6Dw7b877LJpx5jP76Becr2/kZKIu</latexit><latexit sha1_base64="QVSEstmY1GETygDdjrBtR80d2ok=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KjNFqctiN24KFewDOrVk0tSGJpMhuSOWYfwTN/6KGxeK6E6/xvSxUOuBwOGcc7m5J4gEN+C6n05maXlldS27ntvY3Nreye/uNY2KNWUNqoTS7YAYJnjIGsBBsHakGZGBYK1gVJ34rVumDVfhFYwj1pXkJuQDTglYqZcv13qJryWuKklS7JMo0uouV8I+cMkM9tzrxDtN8f00VEttWPUVpLlevuAW3SnwIvHmpIDmqPfyH35f0ViyEKggxnQ8N4JuQjRwKlia82PDIkJH5IZ1LA2JXd9Npgem+MgqfTxQ2r4Q8FT9OZEQacxYBjYpCQzNX28i/ud1YhicdRMeRjGwkM4WDWKBQeFJW7jPNaMgxpYQqrn9K6ZDogkF2+mkBO/vyYukWSp6btG7PClUzud1ZNEBOkTHyENlVEEXqI4aiKIH9IRe0Kvz6Dw7b877LJpx5jP76Becr2/kZKIu</latexit>
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7.3 A Matéria Escura em Aglomerados de Galáxias

Ex.: aglomerado de Coma (cont.).

comparar com:

M
Coma

⇡ 2⇥ 1015 M�
<latexit sha1_base64="QVSEstmY1GETygDdjrBtR80d2ok=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KjNFqctiN24KFewDOrVk0tSGJpMhuSOWYfwTN/6KGxeK6E6/xvSxUOuBwOGcc7m5J4gEN+C6n05maXlldS27ntvY3Nreye/uNY2KNWUNqoTS7YAYJnjIGsBBsHakGZGBYK1gVJ34rVumDVfhFYwj1pXkJuQDTglYqZcv13qJryWuKklS7JMo0uouV8I+cMkM9tzrxDtN8f00VEttWPUVpLlevuAW3SnwIvHmpIDmqPfyH35f0ViyEKggxnQ8N4JuQjRwKlia82PDIkJH5IZ1LA2JXd9Npgem+MgqfTxQ2r4Q8FT9OZEQacxYBjYpCQzNX28i/ud1YhicdRMeRjGwkM4WDWKBQeFJW7jPNaMgxpYQqrn9K6ZDogkF2+mkBO/vyYukWSp6btG7PClUzud1ZNEBOkTHyENlVEEXqI4aiKIH9IRe0Kvz6Dw7b877LJpx5jP76Becr2/kZKIu</latexit><latexit sha1_base64="QVSEstmY1GETygDdjrBtR80d2ok=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KjNFqctiN24KFewDOrVk0tSGJpMhuSOWYfwTN/6KGxeK6E6/xvSxUOuBwOGcc7m5J4gEN+C6n05maXlldS27ntvY3Nreye/uNY2KNWUNqoTS7YAYJnjIGsBBsHakGZGBYK1gVJ34rVumDVfhFYwj1pXkJuQDTglYqZcv13qJryWuKklS7JMo0uouV8I+cMkM9tzrxDtN8f00VEttWPUVpLlevuAW3SnwIvHmpIDmqPfyH35f0ViyEKggxnQ8N4JuQjRwKlia82PDIkJH5IZ1LA2JXd9Npgem+MgqfTxQ2r4Q8FT9OZEQacxYBjYpCQzNX28i/ud1YhicdRMeRjGwkM4WDWKBQeFJW7jPNaMgxpYQqrn9K6ZDogkF2+mkBO/vyYukWSp6btG7PClUzud1ZNEBOkTHyENlVEEXqI4aiKIH9IRe0Kvz6Dw7b877LJpx5jP76Becr2/kZKIu</latexit><latexit sha1_base64="QVSEstmY1GETygDdjrBtR80d2ok=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KjNFqctiN24KFewDOrVk0tSGJpMhuSOWYfwTN/6KGxeK6E6/xvSxUOuBwOGcc7m5J4gEN+C6n05maXlldS27ntvY3Nreye/uNY2KNWUNqoTS7YAYJnjIGsBBsHakGZGBYK1gVJ34rVumDVfhFYwj1pXkJuQDTglYqZcv13qJryWuKklS7JMo0uouV8I+cMkM9tzrxDtN8f00VEttWPUVpLlevuAW3SnwIvHmpIDmqPfyH35f0ViyEKggxnQ8N4JuQjRwKlia82PDIkJH5IZ1LA2JXd9Npgem+MgqfTxQ2r4Q8FT9OZEQacxYBjYpCQzNX28i/ud1YhicdRMeRjGwkM4WDWKBQeFJW7jPNaMgxpYQqrn9K6ZDogkF2+mkBO/vyYukWSp6btG7PClUzud1ZNEBOkTHyENlVEEXqI4aiKIH9IRe0Kvz6Dw7b877LJpx5jP76Becr2/kZKIu</latexit><latexit sha1_base64="QVSEstmY1GETygDdjrBtR80d2ok=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KjNFqctiN24KFewDOrVk0tSGJpMhuSOWYfwTN/6KGxeK6E6/xvSxUOuBwOGcc7m5J4gEN+C6n05maXlldS27ntvY3Nreye/uNY2KNWUNqoTS7YAYJnjIGsBBsHakGZGBYK1gVJ34rVumDVfhFYwj1pXkJuQDTglYqZcv13qJryWuKklS7JMo0uouV8I+cMkM9tzrxDtN8f00VEttWPUVpLlevuAW3SnwIvHmpIDmqPfyH35f0ViyEKggxnQ8N4JuQjRwKlia82PDIkJH5IZ1LA2JXd9Npgem+MgqfTxQ2r4Q8FT9OZEQacxYBjYpCQzNX28i/ud1YhicdRMeRjGwkM4WDWKBQeFJW7jPNaMgxpYQqrn9K6ZDogkF2+mkBO/vyYukWSp6btG7PClUzud1ZNEBOkTHyENlVEEXqI4aiKIH9IRe0Kvz6Dw7b877LJpx5jP76Becr2/kZKIu</latexit>

M
Coma,⇤ ⇡ 2⇥ 1013 M�

<latexit sha1_base64="2Jxi4Sdx0aIeG7KsZmHJXPArJWI="></latexit><latexit sha1_base64="2Jxi4Sdx0aIeG7KsZmHJXPArJWI="></latexit><latexit sha1_base64="2Jxi4Sdx0aIeG7KsZmHJXPArJWI="></latexit><latexit sha1_base64="2Jxi4Sdx0aIeG7KsZmHJXPArJWI="></latexit>

(massa total, virial)

M
Coma,gas ⇡ 2⇥ 1014 M�

<latexit sha1_base64="GOhiWDmVhcMrBmH17votp9aDIj0="></latexit><latexit sha1_base64="GOhiWDmVhcMrBmH17votp9aDIj0="></latexit><latexit sha1_base64="GOhiWDmVhcMrBmH17votp9aDIj0="></latexit><latexit sha1_base64="GOhiWDmVhcMrBmH17votp9aDIj0="></latexit>

L
Coma,V ⇡ 5⇥ 1012 L�,V

<latexit sha1_base64="FL8Ne7ubJ3xUU4JwwkR6ZQblP7g="></latexit><latexit sha1_base64="FL8Ne7ubJ3xUU4JwwkR6ZQblP7g="></latexit><latexit sha1_base64="FL8Ne7ubJ3xUU4JwwkR6ZQblP7g="></latexit><latexit sha1_base64="FL8Ne7ubJ3xUU4JwwkR6ZQblP7g="></latexit>

hM/LV iComa

⇡ 400M�/L�,V
<latexit sha1_base64="nnyYaNiBzMfBocGHdjtq1xCcKwg="></latexit><latexit sha1_base64="nnyYaNiBzMfBocGHdjtq1xCcKwg="></latexit><latexit sha1_base64="nnyYaNiBzMfBocGHdjtq1xCcKwg="></latexit><latexit sha1_base64="nnyYaNiBzMfBocGHdjtq1xCcKwg="></latexit>

hM/LV iMW ⇡ 48M�/L�,V
<latexit sha1_base64="pNr8vTjPQ63L1i/cPJJJJDcoruY="></latexit><latexit sha1_base64="pNr8vTjPQ63L1i/cPJJJJDcoruY="></latexit><latexit sha1_base64="pNr8vTjPQ63L1i/cPJJJJDcoruY="></latexit><latexit sha1_base64="pNr8vTjPQ63L1i/cPJJJJDcoruY="></latexit>



38

7.3 A Matéria Escura em Aglomerados de Galáxias

Gás quente (emissor em raios X) no interior de  
aglomerados de galáxias

https://chandra.harvard.edu/photo/2019/coma/

Temperatura e densidade do gás podem ser 
também usados para estimarmos a massa total do 
aglomerado.

Usamos a equação de equilíbrio 
hidrostático, considerando que a pressão 
do gás contrabalança a gravidade:

dPgas

dr
= �GM(r)⇢gas(r)

r2
<latexit sha1_base64="hZsZmjyIcmcwT4DzdieiZ7LP1gQ=">AAACHnicbVDNS8MwHE3n16xfVY9egkOYB0c7FL0IQw96ESa4D1jnSNNsC0ubkqTCKP1LvPivePGgiOBJ/xvTbgfdfBB4ee/9SH7PixiVyra/jcLC4tLySnHVXFvf2NyytneakscCkwbmjIu2hyRhNCQNRRUj7UgQFHiMtLzRZea3HoiQlId3ahyRboAGIe1TjJSWetZJ4td7yQDJ1OU6B32RmufmkZlc3ZTFoSuGfOJmlzwg7qup2bNKdsXOAeeJMyUlMEW9Z326PsdxQEKFGZKy49iR6iZIKIoZSU03liRCeIQGpKNpiAIiu0m+XgoPtOLDPhf6hArm6u+JBAVSjgNPJwOkhnLWy8T/vE6s+mfdhIZRrEiIJw/1YwYVh1lX0KeCYMXGmiAsqP4rxEMkEFa60awEZ3bledKsVhy74twel2oX0zqKYA/sgzJwwCmogWtQBw2AwSN4Bq/gzXgyXox342MSLRjTmV3wB8bXD/3eoR4=</latexit><latexit sha1_base64="hZsZmjyIcmcwT4DzdieiZ7LP1gQ=">AAACHnicbVDNS8MwHE3n16xfVY9egkOYB0c7FL0IQw96ESa4D1jnSNNsC0ubkqTCKP1LvPivePGgiOBJ/xvTbgfdfBB4ee/9SH7PixiVyra/jcLC4tLySnHVXFvf2NyytneakscCkwbmjIu2hyRhNCQNRRUj7UgQFHiMtLzRZea3HoiQlId3ahyRboAGIe1TjJSWetZJ4td7yQDJ1OU6B32RmufmkZlc3ZTFoSuGfOJmlzwg7qup2bNKdsXOAeeJMyUlMEW9Z326PsdxQEKFGZKy49iR6iZIKIoZSU03liRCeIQGpKNpiAIiu0m+XgoPtOLDPhf6hArm6u+JBAVSjgNPJwOkhnLWy8T/vE6s+mfdhIZRrEiIJw/1YwYVh1lX0KeCYMXGmiAsqP4rxEMkEFa60awEZ3bledKsVhy74twel2oX0zqKYA/sgzJwwCmogWtQBw2AwSN4Bq/gzXgyXox342MSLRjTmV3wB8bXD/3eoR4=</latexit><latexit sha1_base64="hZsZmjyIcmcwT4DzdieiZ7LP1gQ=">AAACHnicbVDNS8MwHE3n16xfVY9egkOYB0c7FL0IQw96ESa4D1jnSNNsC0ubkqTCKP1LvPivePGgiOBJ/xvTbgfdfBB4ee/9SH7PixiVyra/jcLC4tLySnHVXFvf2NyytneakscCkwbmjIu2hyRhNCQNRRUj7UgQFHiMtLzRZea3HoiQlId3ahyRboAGIe1TjJSWetZJ4td7yQDJ1OU6B32RmufmkZlc3ZTFoSuGfOJmlzwg7qup2bNKdsXOAeeJMyUlMEW9Z326PsdxQEKFGZKy49iR6iZIKIoZSU03liRCeIQGpKNpiAIiu0m+XgoPtOLDPhf6hArm6u+JBAVSjgNPJwOkhnLWy8T/vE6s+mfdhIZRrEiIJw/1YwYVh1lX0KeCYMXGmiAsqP4rxEMkEFa60awEZ3bledKsVhy74twel2oX0zqKYA/sgzJwwCmogWtQBw2AwSN4Bq/gzXgyXox342MSLRjTmV3wB8bXD/3eoR4=</latexit><latexit sha1_base64="hZsZmjyIcmcwT4DzdieiZ7LP1gQ=">AAACHnicbVDNS8MwHE3n16xfVY9egkOYB0c7FL0IQw96ESa4D1jnSNNsC0ubkqTCKP1LvPivePGgiOBJ/xvTbgfdfBB4ee/9SH7PixiVyra/jcLC4tLySnHVXFvf2NyytneakscCkwbmjIu2hyRhNCQNRRUj7UgQFHiMtLzRZea3HoiQlId3ahyRboAGIe1TjJSWetZJ4td7yQDJ1OU6B32RmufmkZlc3ZTFoSuGfOJmlzwg7qup2bNKdsXOAeeJMyUlMEW9Z326PsdxQEKFGZKy49iR6iZIKIoZSU03liRCeIQGpKNpiAIiu0m+XgoPtOLDPhf6hArm6u+JBAVSjgNPJwOkhnLWy8T/vE6s+mfdhIZRrEiIJw/1YwYVh1lX0KeCYMXGmiAsqP4rxEMkEFa60awEZ3bledKsVhy74twel2oX0zqKYA/sgzJwwCmogWtQBw2AwSN4Bq/gzXgyXox342MSLRjTmV3wB8bXD/3eoR4=</latexit>

Pgas =
⇢gaskTgas

µ
<latexit sha1_base64="wcWNAFy+Q1qzsnzrHG3TiILwEEA=">AAACEnicbVDLSgMxFM3UVx1foy7dBIugmzIjgm6EohuXFfqCzjBk0rQNzWNIMkIZ+g1u/BU3LhRx68qdf2PazkJbLwROzrnnJvckKaPa+P63U1pZXVvfKG+6W9s7u3ve/kFLy0xh0sSSSdVJkCaMCtI01DDSSRVBPGGknYxup3r7gShNpWiYcUoijgaC9ilGxlKxd1aP8wHSE/fazd1QDeX8OmoUdCit2w15Nom9il/1ZwWXQVCACiiqHntfYU/ijBNhMENadwM/NVGOlKGYETs60yRFeIQGpGuhQJzoKJ+tNIEnlunBvlT2CANn7G9HjrjWY57YTo7MUC9qU/I/rZuZ/lWUU5Fmhgg8f6ifMWgknOYDe1QRbNjYAoQVtX+FeIgUwsam6NoQgsWVl0HrvBr41eD+olK7KeIogyNwDE5BAC5BDdyBOmgCDB7BM3gFb86T8+K8Ox/z1pJTeA7Bn3I+fwCVFZ1s</latexit><latexit sha1_base64="wcWNAFy+Q1qzsnzrHG3TiILwEEA=">AAACEnicbVDLSgMxFM3UVx1foy7dBIugmzIjgm6EohuXFfqCzjBk0rQNzWNIMkIZ+g1u/BU3LhRx68qdf2PazkJbLwROzrnnJvckKaPa+P63U1pZXVvfKG+6W9s7u3ve/kFLy0xh0sSSSdVJkCaMCtI01DDSSRVBPGGknYxup3r7gShNpWiYcUoijgaC9ilGxlKxd1aP8wHSE/fazd1QDeX8OmoUdCit2w15Nom9il/1ZwWXQVCACiiqHntfYU/ijBNhMENadwM/NVGOlKGYETs60yRFeIQGpGuhQJzoKJ+tNIEnlunBvlT2CANn7G9HjrjWY57YTo7MUC9qU/I/rZuZ/lWUU5Fmhgg8f6ifMWgknOYDe1QRbNjYAoQVtX+FeIgUwsam6NoQgsWVl0HrvBr41eD+olK7KeIogyNwDE5BAC5BDdyBOmgCDB7BM3gFb86T8+K8Ox/z1pJTeA7Bn3I+fwCVFZ1s</latexit><latexit sha1_base64="wcWNAFy+Q1qzsnzrHG3TiILwEEA=">AAACEnicbVDLSgMxFM3UVx1foy7dBIugmzIjgm6EohuXFfqCzjBk0rQNzWNIMkIZ+g1u/BU3LhRx68qdf2PazkJbLwROzrnnJvckKaPa+P63U1pZXVvfKG+6W9s7u3ve/kFLy0xh0sSSSdVJkCaMCtI01DDSSRVBPGGknYxup3r7gShNpWiYcUoijgaC9ilGxlKxd1aP8wHSE/fazd1QDeX8OmoUdCit2w15Nom9il/1ZwWXQVCACiiqHntfYU/ijBNhMENadwM/NVGOlKGYETs60yRFeIQGpGuhQJzoKJ+tNIEnlunBvlT2CANn7G9HjrjWY57YTo7MUC9qU/I/rZuZ/lWUU5Fmhgg8f6ifMWgknOYDe1QRbNjYAoQVtX+FeIgUwsam6NoQgsWVl0HrvBr41eD+olK7KeIogyNwDE5BAC5BDdyBOmgCDB7BM3gFb86T8+K8Ox/z1pJTeA7Bn3I+fwCVFZ1s</latexit><latexit sha1_base64="wcWNAFy+Q1qzsnzrHG3TiILwEEA=">AAACEnicbVDLSgMxFM3UVx1foy7dBIugmzIjgm6EohuXFfqCzjBk0rQNzWNIMkIZ+g1u/BU3LhRx68qdf2PazkJbLwROzrnnJvckKaPa+P63U1pZXVvfKG+6W9s7u3ve/kFLy0xh0sSSSdVJkCaMCtI01DDSSRVBPGGknYxup3r7gShNpWiYcUoijgaC9ilGxlKxd1aP8wHSE/fazd1QDeX8OmoUdCit2w15Nom9il/1ZwWXQVCACiiqHntfYU/ijBNhMENadwM/NVGOlKGYETs60yRFeIQGpGuhQJzoKJ+tNIEnlunBvlT2CANn7G9HjrjWY57YTo7MUC9qU/I/rZuZ/lWUU5Fmhgg8f6ifMWgknOYDe1QRbNjYAoQVtX+FeIgUwsam6NoQgsWVl0HrvBr41eD+olK7KeIogyNwDE5BAC5BDdyBOmgCDB7BM3gFb86T8+K8Ox/z1pJTeA7Bn3I+fwCVFZ1s</latexit>

Gás ideal:

M(r) =
kTgas(r)r

Gµ

✓
�d ln ⇢gas

d ln r
� d lnTgas

d ln r

◆

<latexit sha1_base64="abmZcVciz0eVScgQr2h/fGOZxhg="></latexit><latexit sha1_base64="abmZcVciz0eVScgQr2h/fGOZxhg="></latexit><latexit sha1_base64="abmZcVciz0eVScgQr2h/fGOZxhg="></latexit><latexit sha1_base64="abmZcVciz0eVScgQr2h/fGOZxhg="></latexit>

massa média por partícula de 
gás, assumimos constante

https://www.pnas.org/content/114/9/2099
https://www.pnas.org/content/114/9/2099
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7.3 A Matéria Escura em Aglomerados de Galáxias

Gás quente (emissor em raios X) no interior de  
aglomerados de galáxias (cont.)

https://chandra.harvard.edu/photo/2019/coma/

M(r) =
kTgas(r)r

Gµ

✓
�d ln ⇢gas

d ln r
� d lnTgas

d ln r

◆

<latexit sha1_base64="abmZcVciz0eVScgQr2h/fGOZxhg="></latexit><latexit sha1_base64="abmZcVciz0eVScgQr2h/fGOZxhg="></latexit><latexit sha1_base64="abmZcVciz0eVScgQr2h/fGOZxhg="></latexit><latexit sha1_base64="abmZcVciz0eVScgQr2h/fGOZxhg="></latexit>

Raios X: emissão bremsstrahlung (aceleração de elétrons livres por 
prótons e núcleos de He), e emissão de linha do Fe  (e outros elementos 
pesados) altamente ionizados.

São feitos ajustes de modelos para o espectro em raios X, para obtemos a 
temperatura, densidade e composição química do gás.

M
Coma

⇡ 1.3⇥ 1015 M� (r . 4 Mpc)
<latexit sha1_base64="yFMDYqx3JwSFan8ZUY0fMHfOqZ0="></latexit><latexit sha1_base64="yFMDYqx3JwSFan8ZUY0fMHfOqZ0="></latexit><latexit sha1_base64="yFMDYqx3JwSFan8ZUY0fMHfOqZ0="></latexit><latexit sha1_base64="yFMDYqx3JwSFan8ZUY0fMHfOqZ0="></latexit>

Estimativas similares para outros aglomerados, gerando o limite inferior para 
o parâmetro de densidade de massa total do Universo:

⌦
aglom,0 ⇡ 0.2

<latexit sha1_base64="UFctaqHdHTBMx3sQ43qmHPhk8e4=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgWEnaDoGXQxs4I5gHZZbk7mSRDZnaWmVkxLGlt/BUbC0Vs/QM7/8bJo9DEAxcO59zLvffEKWfaeN63s7S8srq2Xtgobm5t7+y6e/sNLTNFaJ1ILlUrBk05S2jdMMNpK1UURMxpMx5cjf3mPVWayeTODFMaCuglrMsIGCtFLg5uBO1BlAdKYOhxKU69EQ4gTZV8wF65Erklr+xNgBeJPyMlNEMtcr+CjiSZoIkhHLRu+15qwhyUYYTTUTHINE2BDKBH25YmIKgO88knI3xslQ7uSmUrMXii/p7IQWg9FLHtFGD6et4bi/957cx0L8KcJWlmaEKmi7oZx0bicSy4wxQlhg8tAaKYvRWTPiggxoZXtCH48y8vkkal7Htl//asVL2cxVFAh+gInSAfnaMqukY1VEcEPaJn9IrenCfnxXl3PqatS85s5gD9gfP5A8fVmRQ=</latexit><latexit sha1_base64="UFctaqHdHTBMx3sQ43qmHPhk8e4=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgWEnaDoGXQxs4I5gHZZbk7mSRDZnaWmVkxLGlt/BUbC0Vs/QM7/8bJo9DEAxcO59zLvffEKWfaeN63s7S8srq2Xtgobm5t7+y6e/sNLTNFaJ1ILlUrBk05S2jdMMNpK1UURMxpMx5cjf3mPVWayeTODFMaCuglrMsIGCtFLg5uBO1BlAdKYOhxKU69EQ4gTZV8wF65Erklr+xNgBeJPyMlNEMtcr+CjiSZoIkhHLRu+15qwhyUYYTTUTHINE2BDKBH25YmIKgO88knI3xslQ7uSmUrMXii/p7IQWg9FLHtFGD6et4bi/957cx0L8KcJWlmaEKmi7oZx0bicSy4wxQlhg8tAaKYvRWTPiggxoZXtCH48y8vkkal7Htl//asVL2cxVFAh+gInSAfnaMqukY1VEcEPaJn9IrenCfnxXl3PqatS85s5gD9gfP5A8fVmRQ=</latexit><latexit sha1_base64="UFctaqHdHTBMx3sQ43qmHPhk8e4=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgWEnaDoGXQxs4I5gHZZbk7mSRDZnaWmVkxLGlt/BUbC0Vs/QM7/8bJo9DEAxcO59zLvffEKWfaeN63s7S8srq2Xtgobm5t7+y6e/sNLTNFaJ1ILlUrBk05S2jdMMNpK1UURMxpMx5cjf3mPVWayeTODFMaCuglrMsIGCtFLg5uBO1BlAdKYOhxKU69EQ4gTZV8wF65Erklr+xNgBeJPyMlNEMtcr+CjiSZoIkhHLRu+15qwhyUYYTTUTHINE2BDKBH25YmIKgO88knI3xslQ7uSmUrMXii/p7IQWg9FLHtFGD6et4bi/957cx0L8KcJWlmaEKmi7oZx0bicSy4wxQlhg8tAaKYvRWTPiggxoZXtCH48y8vkkal7Htl//asVL2cxVFAh+gInSAfnaMqukY1VEcEPaJn9IrenCfnxXl3PqatS85s5gD9gfP5A8fVmRQ=</latexit><latexit sha1_base64="UFctaqHdHTBMx3sQ43qmHPhk8e4=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgWEnaDoGXQxs4I5gHZZbk7mSRDZnaWmVkxLGlt/BUbC0Vs/QM7/8bJo9DEAxcO59zLvffEKWfaeN63s7S8srq2Xtgobm5t7+y6e/sNLTNFaJ1ILlUrBk05S2jdMMNpK1UURMxpMx5cjf3mPVWayeTODFMaCuglrMsIGCtFLg5uBO1BlAdKYOhxKU69EQ4gTZV8wF65Erklr+xNgBeJPyMlNEMtcr+CjiSZoIkhHLRu+15qwhyUYYTTUTHINE2BDKBH25YmIKgO88knI3xslQ7uSmUrMXii/p7IQWg9FLHtFGD6et4bi/957cx0L8KcJWlmaEKmi7oZx0bicSy4wxQlhg8tAaKYvRWTPiggxoZXtCH48y8vkkal7Htl//asVL2cxVFAh+gInSAfnaMqukY1VEcEPaJn9IrenCfnxXl3PqatS85s5gD9gfP5A8fVmRQ=</latexit>

compatível com estimativa pelo 
teorema do virial

https://www.pnas.org/content/114/9/2099
https://www.pnas.org/content/114/9/2099
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7.4 Lentes Gravitacionais

• Algumas referências:

How Rare is the Bullet Cluster?
https://arxiv.org/abs/astro-ph/0604443

The non-gravitational interactions of dark matter in 
colliding galaxy clusters

https://arxiv.org/abs/1503.07675

https://arxiv.org/abs/1010.3829
https://arxiv.org/abs/1010.3829
https://arxiv.org/abs/1010.3829
https://arxiv.org/abs/1010.3829
https://en.wikipedia.org/wiki/Supersymmetry#Current_status
https://en.wikipedia.org/wiki/Supersymmetry#Current_status
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Até o momento, estudamos os métodos clássicos para 
a detecção da matéria escura através de seus efeitos 
gravitacionais sobre a matéria luminosa.

De acordo com a RG, a matéria escura também 
afetará a trajetória dos fótons: a luz poderá ser 
“curvada” e “focalizada”.

“Lentes gravitacionais”
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7.4 Lentes Gravitacionais

“MACHO”: MAssive Compact Halo Objects
Matéria (escura) bariônica: estrelas anãs brancas frias, buracos negros, 

anãs marrons, ou qualquer objeto compacto com baixíssima 
luminosidade no halo da nossa (ou de outras) galáxia(s).

Ryden (Introduction to Cosmology)

↵ =
4GM

c2b
<latexit sha1_base64="r7x2mdUvSJxBTqJ+2CzDbflX1QI=">AAACBXicbVDLSgMxFM3UVx1foy51ESyCqzJTCroRii50I1SwD+iMJZNm2tBMMiQZoQzduPFX3LhQxK3/4M6/MW1noa0HAodzzuXmnjBhVGnX/bYKS8srq2vFdXtjc2t7x9ndayqRSkwaWDAh2yFShFFOGppqRtqJJCgOGWmFw8uJ33ogUlHB7/QoIUGM+pxGFCNtpK5z6COWDBA8z+wqvLqxfWHSNr6vwNAed52SW3angIvEy0kJ5Kh3nS+/J3AaE64xQ0p1PDfRQYakppiRse2niiQID1GfdAzlKCYqyKZXjOGxUXowEtI8ruFU/T2RoVipURyaZIz0QM17E/E/r5Pq6CzIKE9STTieLYpSBrWAk0pgj0qCNRsZgrCk5q8QD5BEWJvibFOCN3/yImlWyp5b9m6rpdpFXkcRHIAjcAI8cApq4BrUQQNg8AiewSt4s56sF+vd+phFC1Y+sw/+wPr8AaXClhc=</latexit><latexit sha1_base64="r7x2mdUvSJxBTqJ+2CzDbflX1QI=">AAACBXicbVDLSgMxFM3UVx1foy51ESyCqzJTCroRii50I1SwD+iMJZNm2tBMMiQZoQzduPFX3LhQxK3/4M6/MW1noa0HAodzzuXmnjBhVGnX/bYKS8srq2vFdXtjc2t7x9ndayqRSkwaWDAh2yFShFFOGppqRtqJJCgOGWmFw8uJ33ogUlHB7/QoIUGM+pxGFCNtpK5z6COWDBA8z+wqvLqxfWHSNr6vwNAed52SW3angIvEy0kJ5Kh3nS+/J3AaE64xQ0p1PDfRQYakppiRse2niiQID1GfdAzlKCYqyKZXjOGxUXowEtI8ruFU/T2RoVipURyaZIz0QM17E/E/r5Pq6CzIKE9STTieLYpSBrWAk0pgj0qCNRsZgrCk5q8QD5BEWJvibFOCN3/yImlWyp5b9m6rpdpFXkcRHIAjcAI8cApq4BrUQQNg8AiewSt4s56sF+vd+phFC1Y+sw/+wPr8AaXClhc=</latexit><latexit sha1_base64="r7x2mdUvSJxBTqJ+2CzDbflX1QI=">AAACBXicbVDLSgMxFM3UVx1foy51ESyCqzJTCroRii50I1SwD+iMJZNm2tBMMiQZoQzduPFX3LhQxK3/4M6/MW1noa0HAodzzuXmnjBhVGnX/bYKS8srq2vFdXtjc2t7x9ndayqRSkwaWDAh2yFShFFOGppqRtqJJCgOGWmFw8uJ33ogUlHB7/QoIUGM+pxGFCNtpK5z6COWDBA8z+wqvLqxfWHSNr6vwNAed52SW3angIvEy0kJ5Kh3nS+/J3AaE64xQ0p1PDfRQYakppiRse2niiQID1GfdAzlKCYqyKZXjOGxUXowEtI8ruFU/T2RoVipURyaZIz0QM17E/E/r5Pq6CzIKE9STTieLYpSBrWAk0pgj0qCNRsZgrCk5q8QD5BEWJvibFOCN3/yImlWyp5b9m6rpdpFXkcRHIAjcAI8cApq4BrUQQNg8AiewSt4s56sF+vd+phFC1Y+sw/+wPr8AaXClhc=</latexit><latexit sha1_base64="r7x2mdUvSJxBTqJ+2CzDbflX1QI=">AAACBXicbVDLSgMxFM3UVx1foy51ESyCqzJTCroRii50I1SwD+iMJZNm2tBMMiQZoQzduPFX3LhQxK3/4M6/MW1noa0HAodzzuXmnjBhVGnX/bYKS8srq2vFdXtjc2t7x9ndayqRSkwaWDAh2yFShFFOGppqRtqJJCgOGWmFw8uJ33ogUlHB7/QoIUGM+pxGFCNtpK5z6COWDBA8z+wqvLqxfWHSNr6vwNAed52SW3angIvEy0kJ5Kh3nS+/J3AaE64xQ0p1PDfRQYakppiRse2niiQID1GfdAzlKCYqyKZXjOGxUXowEtI8ruFU/T2RoVipURyaZIz0QM17E/E/r5Pq6CzIKE9STTieLYpSBrWAk0pgj0qCNRsZgrCk5q8QD5BEWJvibFOCN3/yImlWyp5b9m6rpdpFXkcRHIAjcAI8cApq4BrUQQNg8AiewSt4s56sF+vd+phFC1Y+sw/+wPr8AaXClhc=</latexit>

↵ =
4GM�
c2R�

= 1.7 arcsec
<latexit sha1_base64="Pc1s5xUMzEzT/NhEUfCUMekIRHM="></latexit><latexit sha1_base64="Pc1s5xUMzEzT/NhEUfCUMekIRHM="></latexit><latexit sha1_base64="Pc1s5xUMzEzT/NhEUfCUMekIRHM="></latexit><latexit sha1_base64="Pc1s5xUMzEzT/NhEUfCUMekIRHM="></latexit>

Ex: luz de uma estrela passando muito próxima da superfície do Sol.
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7.4 Lentes Gravitacionais

“MACHO”: MAssive Compact Halo Objects

Ryden (Introduction to Cosmology)

Alinhamento perfeito estrela-MACHO-
observador gerará um anel luminoso, com 

raio angular de (raio de Einstein}:

✓E =

✓
4GM

c

2
d

1� x

x

◆1/2

<latexit sha1_base64="n23tGqiF7Ma/ip1e9U4uWdNQXuA="></latexit><latexit sha1_base64="n23tGqiF7Ma/ip1e9U4uWdNQXuA="></latexit><latexit sha1_base64="n23tGqiF7Ma/ip1e9U4uWdNQXuA="></latexit><latexit sha1_base64="n23tGqiF7Ma/ip1e9U4uWdNQXuA="></latexit>

(0 < x < 1)
<latexit sha1_base64="vUsXD3D1vrQ5GbWQaOIRBHAsgTU=">AAAB8nicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0MIiaGMZwXxAcoS9zV6yZG/v2J0Tw5GfYWOhiK2/xs5/4ya5QhMfDDzem2FmXpBIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6nfuuRayNi9YDjhPsRHSgRCkbRSp2KS67Jky3vrFcqu1V3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns5Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8nfaE5Qzm2hDIt7K2EDammDG1KRRuCt/jyMmmeVz236t1flGs3eRwFOIYTqIAHl1CDO6hDAxjE8Ayv8Oag8+K8Ox/z1hUnnzmCP3A+fwDoAI8K</latexit><latexit sha1_base64="vUsXD3D1vrQ5GbWQaOIRBHAsgTU=">AAAB8nicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0MIiaGMZwXxAcoS9zV6yZG/v2J0Tw5GfYWOhiK2/xs5/4ya5QhMfDDzem2FmXpBIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6nfuuRayNi9YDjhPsRHSgRCkbRSp2KS67Jky3vrFcqu1V3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns5Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8nfaE5Qzm2hDIt7K2EDammDG1KRRuCt/jyMmmeVz236t1flGs3eRwFOIYTqIAHl1CDO6hDAxjE8Ayv8Oag8+K8Ox/z1hUnnzmCP3A+fwDoAI8K</latexit><latexit sha1_base64="vUsXD3D1vrQ5GbWQaOIRBHAsgTU=">AAAB8nicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0MIiaGMZwXxAcoS9zV6yZG/v2J0Tw5GfYWOhiK2/xs5/4ya5QhMfDDzem2FmXpBIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6nfuuRayNi9YDjhPsRHSgRCkbRSp2KS67Jky3vrFcqu1V3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns5Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8nfaE5Qzm2hDIt7K2EDammDG1KRRuCt/jyMmmeVz236t1flGs3eRwFOIYTqIAHl1CDO6hDAxjE8Ayv8Oag8+K8Ox/z1hUnnzmCP3A+fwDoAI8K</latexit><latexit sha1_base64="vUsXD3D1vrQ5GbWQaOIRBHAsgTU=">AAAB8nicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0MIiaGMZwXxAcoS9zV6yZG/v2J0Tw5GfYWOhiK2/xs5/4ya5QhMfDDzem2FmXpBIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6nfuuRayNi9YDjhPsRHSgRCkbRSp2KS67Jky3vrFcqu1V3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns5Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8nfaE5Qzm2hDIt7K2EDammDG1KRRuCt/jyMmmeVz236t1flGs3eRwFOIYTqIAHl1CDO6hDAxjE8Ayv8Oag8+K8Ox/z1hUnnzmCP3A+fwDoAI8K</latexit>

x.d

MACHOs mais massivos produzem raios 
de Einstein maiores, para uma dada 

distância fixa.
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7.4 Lentes Gravitacionais

“MACHO”: MAssive Compact Halo Objects

Ryden (Introduction to Cosmology)

x.d

x ⇡ 0.5
<latexit sha1_base64="tnY1neZSGTg1KTX6AOmU+HysKAg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbB07Irih6LXjxWsB/QLiWbZtvQbLIm2dKy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRQ8tUEVonkkvVCrGmnAlaN8xw2koUxXHIaTMc3s385ogqzaR4NJOEBjHuCxYxgo2VgjHq4CRRcow896pbrniuNwdaJX5OKpCj1i1/dXqSpDEVhnCsddv3EhNkWBlGOJ2WOqmmCSZD3KdtSwWOqQ6y+dFTdGaVHoqksiUMmqu/JzIcaz2JQ9sZYzPQy95M/M9rpya6CTImktRQQRaLopQjI9EsAdRjihLDJ5Zgopi9FZEBVpgYm1PJhuAvv7xKGheu77n+w2WlepvHUYQTOIVz8OEaqnAPNagDgSd4hld4c0bOi/PufCxaC04+cwx/4Hz+AHq/kT0=</latexit><latexit sha1_base64="tnY1neZSGTg1KTX6AOmU+HysKAg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbB07Irih6LXjxWsB/QLiWbZtvQbLIm2dKy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRQ8tUEVonkkvVCrGmnAlaN8xw2koUxXHIaTMc3s385ogqzaR4NJOEBjHuCxYxgo2VgjHq4CRRcow896pbrniuNwdaJX5OKpCj1i1/dXqSpDEVhnCsddv3EhNkWBlGOJ2WOqmmCSZD3KdtSwWOqQ6y+dFTdGaVHoqksiUMmqu/JzIcaz2JQ9sZYzPQy95M/M9rpya6CTImktRQQRaLopQjI9EsAdRjihLDJ5Zgopi9FZEBVpgYm1PJhuAvv7xKGheu77n+w2WlepvHUYQTOIVz8OEaqnAPNagDgSd4hld4c0bOi/PufCxaC04+cwx/4Hz+AHq/kT0=</latexit><latexit sha1_base64="tnY1neZSGTg1KTX6AOmU+HysKAg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbB07Irih6LXjxWsB/QLiWbZtvQbLIm2dKy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRQ8tUEVonkkvVCrGmnAlaN8xw2koUxXHIaTMc3s385ogqzaR4NJOEBjHuCxYxgo2VgjHq4CRRcow896pbrniuNwdaJX5OKpCj1i1/dXqSpDEVhnCsddv3EhNkWBlGOJ2WOqmmCSZD3KdtSwWOqQ6y+dFTdGaVHoqksiUMmqu/JzIcaz2JQ9sZYzPQy95M/M9rpya6CTImktRQQRaLopQjI9EsAdRjihLDJ5Zgopi9FZEBVpgYm1PJhuAvv7xKGheu77n+w2WlepvHUYQTOIVz8OEaqnAPNagDgSd4hld4c0bOi/PufCxaC04+cwx/4Hz+AHq/kT0=</latexit><latexit sha1_base64="tnY1neZSGTg1KTX6AOmU+HysKAg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbB07Irih6LXjxWsB/QLiWbZtvQbLIm2dKy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRQ8tUEVonkkvVCrGmnAlaN8xw2koUxXHIaTMc3s385ogqzaR4NJOEBjHuCxYxgo2VgjHq4CRRcow896pbrniuNwdaJX5OKpCj1i1/dXqSpDEVhnCsddv3EhNkWBlGOJ2WOqmmCSZD3KdtSwWOqQ6y+dFTdGaVHoqksiUMmqu/JzIcaz2JQ9sZYzPQy95M/M9rpya6CTImktRQQRaLopQjI9EsAdRjihLDJ5Zgopi9FZEBVpgYm1PJhuAvv7xKGheu77n+w2WlepvHUYQTOIVz8OEaqnAPNagDgSd4hld4c0bOi/PufCxaC04+cwx/4Hz+AHq/kT0=</latexit>

Para                  :

✓E ⇡ 4⇥ 10�4 arcsec

✓
M

1 M�

◆1/2 ✓ d

50 kpc

◆�1/2

<latexit sha1_base64="FO0L4ppox1cn11PZRGLyutFVOqY="></latexit><latexit sha1_base64="FO0L4ppox1cn11PZRGLyutFVOqY="></latexit><latexit sha1_base64="FO0L4ppox1cn11PZRGLyutFVOqY="></latexit><latexit sha1_base64="FO0L4ppox1cn11PZRGLyutFVOqY="></latexit>

Dado o pequeno tamanho do raio de Einstein, a 
probabilidade de uma estrela qualquer da LMC, 
num tempo qualquer, formar uma lente é de:

LMC

P ⇠ 5⇥ 10�7
<latexit sha1_base64="y0ohhoWecgEgG4BCA93JZrbnD8g=">AAACAHicbVBNS8NAEJ34WetX1IMHL4tF8GJJRKnHohePFewHNLFstpt26W4SdjdCCbn4V7x4UMSrP8Ob/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2lpZXVtfWSxvlza3tnV17b7+l4lQS2iQxj2UnwIpyFtGmZprTTiIpFgGn7WB0M/Hbj1QqFkf3epxQX+BBxEJGsDZSzz5sIE8xgS6Rp5mgCrnOQ3ZWy3t2xak6U6BF4hakAgUaPfvL68ckFTTShGOluq6TaD/DUjPCaV72UkUTTEZ4QLuGRtgs87PpAzk6MUofhbE0FWk0VX9PZFgoNRaB6RRYD9W8NxH/87qpDq/8jEVJqmlEZovClCMdo0kaqM8kJZqPDcFEMnMrIkMsMdEms7IJwZ1/eZG0zquuU3XvLir16yKOEhzBMZyCCzWowy00oAkEcniGV3iznqwX6936mLUuWcXMAfyB9fkDKAKU1A==</latexit><latexit sha1_base64="y0ohhoWecgEgG4BCA93JZrbnD8g=">AAACAHicbVBNS8NAEJ34WetX1IMHL4tF8GJJRKnHohePFewHNLFstpt26W4SdjdCCbn4V7x4UMSrP8Ob/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2lpZXVtfWSxvlza3tnV17b7+l4lQS2iQxj2UnwIpyFtGmZprTTiIpFgGn7WB0M/Hbj1QqFkf3epxQX+BBxEJGsDZSzz5sIE8xgS6Rp5mgCrnOQ3ZWy3t2xak6U6BF4hakAgUaPfvL68ckFTTShGOluq6TaD/DUjPCaV72UkUTTEZ4QLuGRtgs87PpAzk6MUofhbE0FWk0VX9PZFgoNRaB6RRYD9W8NxH/87qpDq/8jEVJqmlEZovClCMdo0kaqM8kJZqPDcFEMnMrIkMsMdEms7IJwZ1/eZG0zquuU3XvLir16yKOEhzBMZyCCzWowy00oAkEcniGV3iznqwX6936mLUuWcXMAfyB9fkDKAKU1A==</latexit><latexit sha1_base64="y0ohhoWecgEgG4BCA93JZrbnD8g=">AAACAHicbVBNS8NAEJ34WetX1IMHL4tF8GJJRKnHohePFewHNLFstpt26W4SdjdCCbn4V7x4UMSrP8Ob/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2lpZXVtfWSxvlza3tnV17b7+l4lQS2iQxj2UnwIpyFtGmZprTTiIpFgGn7WB0M/Hbj1QqFkf3epxQX+BBxEJGsDZSzz5sIE8xgS6Rp5mgCrnOQ3ZWy3t2xak6U6BF4hakAgUaPfvL68ckFTTShGOluq6TaD/DUjPCaV72UkUTTEZ4QLuGRtgs87PpAzk6MUofhbE0FWk0VX9PZFgoNRaB6RRYD9W8NxH/87qpDq/8jEVJqmlEZovClCMdo0kaqM8kJZqPDcFEMnMrIkMsMdEms7IJwZ1/eZG0zquuU3XvLir16yKOEhzBMZyCCzWowy00oAkEcniGV3iznqwX6936mLUuWcXMAfyB9fkDKAKU1A==</latexit><latexit sha1_base64="y0ohhoWecgEgG4BCA93JZrbnD8g=">AAACAHicbVBNS8NAEJ34WetX1IMHL4tF8GJJRKnHohePFewHNLFstpt26W4SdjdCCbn4V7x4UMSrP8Ob/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2lpZXVtfWSxvlza3tnV17b7+l4lQS2iQxj2UnwIpyFtGmZprTTiIpFgGn7WB0M/Hbj1QqFkf3epxQX+BBxEJGsDZSzz5sIE8xgS6Rp5mgCrnOQ3ZWy3t2xak6U6BF4hakAgUaPfvL68ckFTTShGOluq6TaD/DUjPCaV72UkUTTEZ4QLuGRtgs87PpAzk6MUofhbE0FWk0VX9PZFgoNRaB6RRYD9W8NxH/87qpDq/8jEVJqmlEZovClCMdo0kaqM8kJZqPDcFEMnMrIkMsMdEms7IJwZ1/eZG0zquuU3XvLir16yKOEhzBMZyCCzWowy00oAkEcniGV3iznqwX6936mLUuWcXMAfyB9fkDKAKU1A==</latexit>

A escala de tempo típica para um evento de lente gravitacional é o tempo necessário para um 
MACHO atravessar uma distância angular igual ao raio de Einstein, tal como visto pelo 
observador. No caso do observador na Terra e um MACHO a meia distância da LMC, temos:

�t =
d✓E
2v

⇡ 90 dias

✓
M

1 M�

◆1/2 ✓ v

200 km s�1

◆�1

<latexit sha1_base64="Wv3fjXIurHk0uKdbMH4S0Httm5g="></latexit><latexit sha1_base64="Wv3fjXIurHk0uKdbMH4S0Httm5g="></latexit><latexit sha1_base64="Wv3fjXIurHk0uKdbMH4S0Httm5g="></latexit><latexit sha1_base64="Wv3fjXIurHk0uKdbMH4S0Httm5g="></latexit>

v = velocidade relativa de trânsito MACHO - estrela

MACHOs mais massivos 
mantêm a lente por mais 

tempo, para um dado v fixo.
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7.4 Lentes Gravitacionais

“MACHO”: MAssive Compact Halo Objects
RESULTADOS OBSERVACIONAIS:

•Poucos eventos de curta duração, sugerindo que a 
população de anãs marrons ou planetas livres, com 
massa menor do que 0.08 Msol, é muito pequena no halo 
da nossa Galáxia.

•Número total de eventos de lentes sugerem que no 
máximo 8% da massa do halo está na forma de 
MACHOs, indicando presença de matéria escura não-
bariônica, distribuída de forma mais suavizada do que a 
de MACHOs.
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7.4 Lentes Gravitacionais

Aplicação em aglomerados de galáxias

✓E ⇡ 0.5 arcmin

✓
M

1014 M�

◆1/2 ✓ d

1000 Mpc

◆�1/2

<latexit sha1_base64="j8sUqKPrGObu7LOijFAhpHIymZk="></latexit><latexit sha1_base64="j8sUqKPrGObu7LOijFAhpHIymZk="></latexit><latexit sha1_base64="j8sUqKPrGObu7LOijFAhpHIymZk="></latexit><latexit sha1_base64="j8sUqKPrGObu7LOijFAhpHIymZk="></latexit>

https://apod.nasa.gov/apod/ap100620.html

Abel 2218
z = 0.176
d = 740 Mpc

https://www.pnas.org/content/114/9/2099
https://www.pnas.org/content/114/9/2099
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7.4 Lentes Gravitacionais

• Algumas referências:

Review:
https://arxiv.org/abs/1010.3829

Gravitational-lensing measurements push Hubble-constant discrepancy past 5σ
https://physicstoday.scitation.org/do/10.1063/PT.
6.1.20200210a/full/

https://arxiv.org/abs/1907.04869

https://arxiv.org/abs/1010.3829
https://arxiv.org/abs/1010.3829
https://en.wikipedia.org/wiki/Supersymmetry#Current_status
https://en.wikipedia.org/wiki/Supersymmetry#Current_status
https://arxiv.org/abs/1907.04869
https://arxiv.org/abs/1907.04869


7.5 A Natureza da Matéria Escura

48

O que é?

Algumas possibilidades:

•Axions
•Buracos negros primordiais
•Neutrinos massivos
•Partículas supersimétricas massivas
•WIMPs (weakly interacting massive particles)
etc....
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7.5 A Natureza da Matéria Escura

Axions m
ax

c2 ⇠ 10�5 eV $ m
ax

⇠ 2⇥ 10�41 kg
<latexit sha1_base64="I438UUhsYOk7CacTTVHgdsqJwSk="></latexit><latexit sha1_base64="I438UUhsYOk7CacTTVHgdsqJwSk="></latexit><latexit sha1_base64="I438UUhsYOk7CacTTVHgdsqJwSk="></latexit><latexit sha1_base64="I438UUhsYOk7CacTTVHgdsqJwSk="></latexit>

me� ⇠ 9⇥ 10�31 kg
<latexit sha1_base64="rmtFt9sPIQ60+wIHz0IqI+Ta4qU=">AAACGHicbVDLSgMxFM34rPVVdenmYhHctM6ooO6KblxWsA/otEMmzbShycyQZIQyjH/hxl9x40IRt935N6aPhbYeCBzOOZebe/yYM6Vt+9taWl5ZXVvPbeQ3t7Z3dgt7+3UVJZLQGol4JJs+VpSzkNY005w2Y0mx8Dlt+IPbsd94pFKxKHzQw5i2Be6FLGAEayN5hVMQXupKAbRTysBVTMA1uJoJqsCxoZOWzp0MniaRQS8Dr1C0y/YEsEicGSmiGapeYeR2I5IIGmrCsVItx451O8VSM8JplncTRWNMBrhHW4aG2Gxup5PDMjg2SheCSJoXapiovydSLJQaCt8kBdZ9Ne+Nxf+8VqKDq3bKwjjRNCTTRUHCQUcwbgm6TFKi+dAQTCQzfwXSxxITbbrMmxKc+ZMXSf2s7Nhl5/6iWLmZ1ZFDh+gInSAHXaIKukNVVEMEPaNX9I4+rBfrzfq0vqbRJWs2c4D+wBr9APdAndc=</latexit><latexit sha1_base64="rmtFt9sPIQ60+wIHz0IqI+Ta4qU=">AAACGHicbVDLSgMxFM34rPVVdenmYhHctM6ooO6KblxWsA/otEMmzbShycyQZIQyjH/hxl9x40IRt935N6aPhbYeCBzOOZebe/yYM6Vt+9taWl5ZXVvPbeQ3t7Z3dgt7+3UVJZLQGol4JJs+VpSzkNY005w2Y0mx8Dlt+IPbsd94pFKxKHzQw5i2Be6FLGAEayN5hVMQXupKAbRTysBVTMA1uJoJqsCxoZOWzp0MniaRQS8Dr1C0y/YEsEicGSmiGapeYeR2I5IIGmrCsVItx451O8VSM8JplncTRWNMBrhHW4aG2Gxup5PDMjg2SheCSJoXapiovydSLJQaCt8kBdZ9Ne+Nxf+8VqKDq3bKwjjRNCTTRUHCQUcwbgm6TFKi+dAQTCQzfwXSxxITbbrMmxKc+ZMXSf2s7Nhl5/6iWLmZ1ZFDh+gInSAHXaIKukNVVEMEPaNX9I4+rBfrzfq0vqbRJWs2c4D+wBr9APdAndc=</latexit><latexit sha1_base64="rmtFt9sPIQ60+wIHz0IqI+Ta4qU=">AAACGHicbVDLSgMxFM34rPVVdenmYhHctM6ooO6KblxWsA/otEMmzbShycyQZIQyjH/hxl9x40IRt935N6aPhbYeCBzOOZebe/yYM6Vt+9taWl5ZXVvPbeQ3t7Z3dgt7+3UVJZLQGol4JJs+VpSzkNY005w2Y0mx8Dlt+IPbsd94pFKxKHzQw5i2Be6FLGAEayN5hVMQXupKAbRTysBVTMA1uJoJqsCxoZOWzp0MniaRQS8Dr1C0y/YEsEicGSmiGapeYeR2I5IIGmrCsVItx451O8VSM8JplncTRWNMBrhHW4aG2Gxup5PDMjg2SheCSJoXapiovydSLJQaCt8kBdZ9Ne+Nxf+8VqKDq3bKwjjRNCTTRUHCQUcwbgm6TFKi+dAQTCQzfwXSxxITbbrMmxKc+ZMXSf2s7Nhl5/6iWLmZ1ZFDh+gInSAHXaIKukNVVEMEPaNX9I4+rBfrzfq0vqbRJWs2c4D+wBr9APdAndc=</latexit><latexit sha1_base64="rmtFt9sPIQ60+wIHz0IqI+Ta4qU=">AAACGHicbVDLSgMxFM34rPVVdenmYhHctM6ooO6KblxWsA/otEMmzbShycyQZIQyjH/hxl9x40IRt935N6aPhbYeCBzOOZebe/yYM6Vt+9taWl5ZXVvPbeQ3t7Z3dgt7+3UVJZLQGol4JJs+VpSzkNY005w2Y0mx8Dlt+IPbsd94pFKxKHzQw5i2Be6FLGAEayN5hVMQXupKAbRTysBVTMA1uJoJqsCxoZOWzp0MniaRQS8Dr1C0y/YEsEicGSmiGapeYeR2I5IIGmrCsVItx451O8VSM8JplncTRWNMBrhHW4aG2Gxup5PDMjg2SheCSJoXapiovydSLJQaCt8kBdZ9Ne+Nxf+8VqKDq3bKwjjRNCTTRUHCQUcwbgm6TFKi+dAQTCQzfwXSxxITbbrMmxKc+ZMXSf2s7Nhl5/6iWLmZ1ZFDh+gInSAHXaIKukNVVEMEPaNX9I4+rBfrzfq0vqbRJWs2c4D+wBr9APdAndc=</latexit>

BHs primordiais mBH ⇠ 105 M� $ mBH ⇠ 2⇥ 1035 kg
<latexit sha1_base64="aTT65HRYE0mOY7ASemlmPt8jyII="></latexit><latexit sha1_base64="aTT65HRYE0mOY7ASemlmPt8jyII="></latexit><latexit sha1_base64="aTT65HRYE0mOY7ASemlmPt8jyII="></latexit><latexit sha1_base64="aTT65HRYE0mOY7ASemlmPt8jyII="></latexit>

M� ⇠ 6⇥ 1024 kg
<latexit sha1_base64="pB7NFCDs+1PtRe/vmoVo8JQaQDs=">AAACGnicbVDLSsNAFJ34rPUVdenmYhFclaQUdVl040aoYB/Q1DKZTtuhM0mYmQglxN9w46+4caGIO3Hj3zhNs9DWAwOHc87lzj1+xJnSjvNtLS2vrK6tFzaKm1vbO7v23n5ThbEktEFCHsq2jxXlLKANzTSn7UhSLHxOW/74cuq37qlULAxu9SSiXYGHARswgrWRerYL173EkwK8MOKxSsFTTMApeJoJqsB14C6pVFN4yELjYQo9u+SUnQywSNyclFCOes/+9PohiQUNNOFYqY7rRLqbYKkZ4TQterGiESZjPKQdQwNsFneT7LQUjo3Sh0EozQs0ZOrviQQLpSbCN0mB9UjNe1PxP68T68F5N2FBFGsakNmiQcxBhzDtCfpMUqL5xBBMJDN/BTLCEhNt2iyaEtz5kxdJs1J2nbJ7Uy3VLvI6CugQHaET5KIzVENXqI4aiKBH9Ixe0Zv1ZL1Y79bHLLpk5TMH6A+srx9z/J88</latexit><latexit sha1_base64="pB7NFCDs+1PtRe/vmoVo8JQaQDs=">AAACGnicbVDLSsNAFJ34rPUVdenmYhFclaQUdVl040aoYB/Q1DKZTtuhM0mYmQglxN9w46+4caGIO3Hj3zhNs9DWAwOHc87lzj1+xJnSjvNtLS2vrK6tFzaKm1vbO7v23n5ThbEktEFCHsq2jxXlLKANzTSn7UhSLHxOW/74cuq37qlULAxu9SSiXYGHARswgrWRerYL173EkwK8MOKxSsFTTMApeJoJqsB14C6pVFN4yELjYQo9u+SUnQywSNyclFCOes/+9PohiQUNNOFYqY7rRLqbYKkZ4TQterGiESZjPKQdQwNsFneT7LQUjo3Sh0EozQs0ZOrviQQLpSbCN0mB9UjNe1PxP68T68F5N2FBFGsakNmiQcxBhzDtCfpMUqL5xBBMJDN/BTLCEhNt2iyaEtz5kxdJs1J2nbJ7Uy3VLvI6CugQHaET5KIzVENXqI4aiKBH9Ixe0Zv1ZL1Y79bHLLpk5TMH6A+srx9z/J88</latexit><latexit sha1_base64="pB7NFCDs+1PtRe/vmoVo8JQaQDs=">AAACGnicbVDLSsNAFJ34rPUVdenmYhFclaQUdVl040aoYB/Q1DKZTtuhM0mYmQglxN9w46+4caGIO3Hj3zhNs9DWAwOHc87lzj1+xJnSjvNtLS2vrK6tFzaKm1vbO7v23n5ThbEktEFCHsq2jxXlLKANzTSn7UhSLHxOW/74cuq37qlULAxu9SSiXYGHARswgrWRerYL173EkwK8MOKxSsFTTMApeJoJqsB14C6pVFN4yELjYQo9u+SUnQywSNyclFCOes/+9PohiQUNNOFYqY7rRLqbYKkZ4TQterGiESZjPKQdQwNsFneT7LQUjo3Sh0EozQs0ZOrviQQLpSbCN0mB9UjNe1PxP68T68F5N2FBFGsakNmiQcxBhzDtCfpMUqL5xBBMJDN/BTLCEhNt2iyaEtz5kxdJs1J2nbJ7Uy3VLvI6CugQHaET5KIzVENXqI4aiKBH9Ixe0Zv1ZL1Y79bHLLpk5TMH6A+srx9z/J88</latexit><latexit sha1_base64="pB7NFCDs+1PtRe/vmoVo8JQaQDs=">AAACGnicbVDLSsNAFJ34rPUVdenmYhFclaQUdVl040aoYB/Q1DKZTtuhM0mYmQglxN9w46+4caGIO3Hj3zhNs9DWAwOHc87lzj1+xJnSjvNtLS2vrK6tFzaKm1vbO7v23n5ThbEktEFCHsq2jxXlLKANzTSn7UhSLHxOW/74cuq37qlULAxu9SSiXYGHARswgrWRerYL173EkwK8MOKxSsFTTMApeJoJqsB14C6pVFN4yELjYQo9u+SUnQywSNyclFCOes/+9PohiQUNNOFYqY7rRLqbYKkZ4TQterGiESZjPKQdQwNsFneT7LQUjo3Sh0EozQs0ZOrviQQLpSbCN0mB9UjNe1PxP68T68F5N2FBFGsakNmiQcxBhzDtCfpMUqL5xBBMJDN/BTLCEhNt2iyaEtz5kxdJs1J2nbJ7Uy3VLvI6CugQHaET5KIzVENXqI4aiKBH9Ixe0Zv1ZL1Y79bHLLpk5TMH6A+srx9z/J88</latexit>

“É um sinal da vasta ignorância sobre a matéria 
escura não-bariônica que dois candidatos 

diferem em massa em 76 ordens de magnitude.”
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7.5 A Natureza da Matéria Escura

Neutrinos massivos (Sabemos que existem...)

Ex.: neutrinos cósmicos de fundo

n⌫ =
3

11
n� =

9

11
4.108⇥ 108 m�3 = 3.36⇥ 108 m�3

<latexit sha1_base64="CyLsljZSEzCay7rIwCNpj2o1l2o="></latexit><latexit sha1_base64="CyLsljZSEzCay7rIwCNpj2o1l2o="></latexit><latexit sha1_base64="CyLsljZSEzCay7rIwCNpj2o1l2o="></latexit><latexit sha1_base64="CyLsljZSEzCay7rIwCNpj2o1l2o="></latexit>
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7.5 A Natureza da Matéria Escura

Neutrinos massivos (Sabemos que existem...)

Ex.: neutrinos cósmicos de fundo

Para fornecerem toda a massa não-bariônica, 
a massa média do neutrino teria que ser: m⌫c

2 =
⌦DM,0✏c,0

n⌫
⇡ 3.8 eV

<latexit sha1_base64="qltQNQYEwj+6cBQsaIM6Ie7liqw="></latexit><latexit sha1_base64="qltQNQYEwj+6cBQsaIM6Ie7liqw="></latexit><latexit sha1_base64="qltQNQYEwj+6cBQsaIM6Ie7liqw="></latexit><latexit sha1_base64="qltQNQYEwj+6cBQsaIM6Ie7liqw="></latexit>

n⌫ =
3

11
n� =

9

11
4.108⇥ 108 m�3 = 3.36⇥ 108 m�3

<latexit sha1_base64="CyLsljZSEzCay7rIwCNpj2o1l2o="></latexit><latexit sha1_base64="CyLsljZSEzCay7rIwCNpj2o1l2o="></latexit><latexit sha1_base64="CyLsljZSEzCay7rIwCNpj2o1l2o="></latexit><latexit sha1_base64="CyLsljZSEzCay7rIwCNpj2o1l2o="></latexit>

⌦DM,0 ⇡ 0.262
<latexit sha1_base64="6XnYxuxdIArlkJPuyButDW3uJ9I=">AAACC3icbVDLSsNAFJ34rPEVdelmaBFcSEiKqMuiLtyIFewDmhAm02k7dCYJMxOxhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjUjnOt7GwuLS8slpaM9c3Nre2rZ3dpoxTgUkDxywW7RBJwmhEGooqRtqJIIiHjLTC4cXYb90TIWkc3alRQnyO+hHtUYyUlgKrbHo3nPRRkGWe4PDyOj9ycuihJBHxA3Ts6kk1sCqO7UwA54lbkAooUA+sL68b45STSGGGpOy4TqL8DAlFMSO56aWSJAgPUZ90NI0QJ9LPJr/k8EArXdiLha5IwYn6eyJDXMoRD3UnR2ogZ72x+J/XSVXvzM9olKSKRHi6qJcyqGI4DgZ2qSBYsZEmCAuqb4V4gATCSsdn6hDc2ZfnSbNqu47t3h5XaudFHCWwD8rgELjgFNTAFaiDBsDgETyDV/BmPBkvxrvxMW1dMIqZPfAHxucP+72ZEw==</latexit><latexit sha1_base64="6XnYxuxdIArlkJPuyButDW3uJ9I=">AAACC3icbVDLSsNAFJ34rPEVdelmaBFcSEiKqMuiLtyIFewDmhAm02k7dCYJMxOxhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjUjnOt7GwuLS8slpaM9c3Nre2rZ3dpoxTgUkDxywW7RBJwmhEGooqRtqJIIiHjLTC4cXYb90TIWkc3alRQnyO+hHtUYyUlgKrbHo3nPRRkGWe4PDyOj9ycuihJBHxA3Ts6kk1sCqO7UwA54lbkAooUA+sL68b45STSGGGpOy4TqL8DAlFMSO56aWSJAgPUZ90NI0QJ9LPJr/k8EArXdiLha5IwYn6eyJDXMoRD3UnR2ogZ72x+J/XSVXvzM9olKSKRHi6qJcyqGI4DgZ2qSBYsZEmCAuqb4V4gATCSsdn6hDc2ZfnSbNqu47t3h5XaudFHCWwD8rgELjgFNTAFaiDBsDgETyDV/BmPBkvxrvxMW1dMIqZPfAHxucP+72ZEw==</latexit><latexit sha1_base64="6XnYxuxdIArlkJPuyButDW3uJ9I=">AAACC3icbVDLSsNAFJ34rPEVdelmaBFcSEiKqMuiLtyIFewDmhAm02k7dCYJMxOxhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjUjnOt7GwuLS8slpaM9c3Nre2rZ3dpoxTgUkDxywW7RBJwmhEGooqRtqJIIiHjLTC4cXYb90TIWkc3alRQnyO+hHtUYyUlgKrbHo3nPRRkGWe4PDyOj9ycuihJBHxA3Ts6kk1sCqO7UwA54lbkAooUA+sL68b45STSGGGpOy4TqL8DAlFMSO56aWSJAgPUZ90NI0QJ9LPJr/k8EArXdiLha5IwYn6eyJDXMoRD3UnR2ogZ72x+J/XSVXvzM9olKSKRHi6qJcyqGI4DgZ2qSBYsZEmCAuqb4V4gATCSsdn6hDc2ZfnSbNqu47t3h5XaudFHCWwD8rgELjgFNTAFaiDBsDgETyDV/BmPBkvxrvxMW1dMIqZPfAHxucP+72ZEw==</latexit><latexit sha1_base64="6XnYxuxdIArlkJPuyButDW3uJ9I=">AAACC3icbVDLSsNAFJ34rPEVdelmaBFcSEiKqMuiLtyIFewDmhAm02k7dCYJMxOxhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjUjnOt7GwuLS8slpaM9c3Nre2rZ3dpoxTgUkDxywW7RBJwmhEGooqRtqJIIiHjLTC4cXYb90TIWkc3alRQnyO+hHtUYyUlgKrbHo3nPRRkGWe4PDyOj9ycuihJBHxA3Ts6kk1sCqO7UwA54lbkAooUA+sL68b45STSGGGpOy4TqL8DAlFMSO56aWSJAgPUZ90NI0QJ9LPJr/k8EArXdiLha5IwYn6eyJDXMoRD3UnR2ogZ72x+J/XSVXvzM9olKSKRHi6qJcyqGI4DgZ2qSBYsZEmCAuqb4V4gATCSsdn6hDc2ZfnSbNqu47t3h5XaudFHCWwD8rgELjgFNTAFaiDBsDgETyDV/BmPBkvxrvxMW1dMIqZPfAHxucP+72ZEw==</latexit>
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7.5 A Natureza da Matéria Escura

Neutrinos massivos (Sabemos que existem...)

Ex.: neutrinos cósmicos de fundo

Para fornecerem toda a massa não-bariônica, 
a massa média do neutrino teria que ser:

Estudos da oscilação de neutrinos (Eqs. 2.25 
e 2.26, Ryden) indicam:

0.019 eV < m⌫c
2 < 0.1 eV

<latexit sha1_base64="5nJruOhbLh9r9lQhtlKzw0OXaC4=">AAACGXicbVDNS8MwHE39nPOr6tFLcAieRjsEFTwMvXic4D5grSXN0i0sSUuSCqPMP8OL/4oXD4p41JP/jenWw9x8EHh57/dIfi9MGFXacX6speWV1bX10kZ5c2t7Z9fe22+pOJWYNHHMYtkJkSKMCtLUVDPSSSRBPGSkHQ6vc7/9QKSisbjTo4T4HPUFjShG2kiB7ThVx72AjzDzJIekNYaXkAeZJ9IxxPc1c3Oq7oxdDuyKiUwAF4lbkAoo0AjsL68X45QToTFDSnVdJ9F+hqSmmJFx2UsVSRAeoj7pGioQJ8rPJpuN4bFRejCKpTlCw4k6m8gQV2rEQzPJkR6oeS8X//O6qY7O/YyKJNVE4OlDUcqgjmFeE+xRSbBmI0MQltT8FeIBkghrU2Zegju/8iJp1aquae/2tFK/KuoogUNwBE6AC85AHdyABmgCDJ7AC3gD79az9Wp9WJ/T0SWryByAP7C+fwFQ6pzC</latexit><latexit sha1_base64="5nJruOhbLh9r9lQhtlKzw0OXaC4=">AAACGXicbVDNS8MwHE39nPOr6tFLcAieRjsEFTwMvXic4D5grSXN0i0sSUuSCqPMP8OL/4oXD4p41JP/jenWw9x8EHh57/dIfi9MGFXacX6speWV1bX10kZ5c2t7Z9fe22+pOJWYNHHMYtkJkSKMCtLUVDPSSSRBPGSkHQ6vc7/9QKSisbjTo4T4HPUFjShG2kiB7ThVx72AjzDzJIekNYaXkAeZJ9IxxPc1c3Oq7oxdDuyKiUwAF4lbkAoo0AjsL68X45QToTFDSnVdJ9F+hqSmmJFx2UsVSRAeoj7pGioQJ8rPJpuN4bFRejCKpTlCw4k6m8gQV2rEQzPJkR6oeS8X//O6qY7O/YyKJNVE4OlDUcqgjmFeE+xRSbBmI0MQltT8FeIBkghrU2Zegju/8iJp1aquae/2tFK/KuoogUNwBE6AC85AHdyABmgCDJ7AC3gD79az9Wp9WJ/T0SWryByAP7C+fwFQ6pzC</latexit><latexit sha1_base64="5nJruOhbLh9r9lQhtlKzw0OXaC4=">AAACGXicbVDNS8MwHE39nPOr6tFLcAieRjsEFTwMvXic4D5grSXN0i0sSUuSCqPMP8OL/4oXD4p41JP/jenWw9x8EHh57/dIfi9MGFXacX6speWV1bX10kZ5c2t7Z9fe22+pOJWYNHHMYtkJkSKMCtLUVDPSSSRBPGSkHQ6vc7/9QKSisbjTo4T4HPUFjShG2kiB7ThVx72AjzDzJIekNYaXkAeZJ9IxxPc1c3Oq7oxdDuyKiUwAF4lbkAoo0AjsL68X45QToTFDSnVdJ9F+hqSmmJFx2UsVSRAeoj7pGioQJ8rPJpuN4bFRejCKpTlCw4k6m8gQV2rEQzPJkR6oeS8X//O6qY7O/YyKJNVE4OlDUcqgjmFeE+xRSbBmI0MQltT8FeIBkghrU2Zegju/8iJp1aquae/2tFK/KuoogUNwBE6AC85AHdyABmgCDJ7AC3gD79az9Wp9WJ/T0SWryByAP7C+fwFQ6pzC</latexit><latexit sha1_base64="5nJruOhbLh9r9lQhtlKzw0OXaC4=">AAACGXicbVDNS8MwHE39nPOr6tFLcAieRjsEFTwMvXic4D5grSXN0i0sSUuSCqPMP8OL/4oXD4p41JP/jenWw9x8EHh57/dIfi9MGFXacX6speWV1bX10kZ5c2t7Z9fe22+pOJWYNHHMYtkJkSKMCtLUVDPSSSRBPGSkHQ6vc7/9QKSisbjTo4T4HPUFjShG2kiB7ThVx72AjzDzJIekNYaXkAeZJ9IxxPc1c3Oq7oxdDuyKiUwAF4lbkAoo0AjsL68X45QToTFDSnVdJ9F+hqSmmJFx2UsVSRAeoj7pGioQJ8rPJpuN4bFRejCKpTlCw4k6m8gQV2rEQzPJkR6oeS8X//O6qY7O/YyKJNVE4OlDUcqgjmFeE+xRSbBmI0MQltT8FeIBkghrU2Zegju/8iJp1aquae/2tFK/KuoogUNwBE6AC85AHdyABmgCDJ7AC3gD79az9Wp9WJ/T0SWryByAP7C+fwFQ6pzC</latexit>

m⌫c
2 =

⌦DM,0✏c,0
n⌫

⇡ 3.8 eV
<latexit sha1_base64="qltQNQYEwj+6cBQsaIM6Ie7liqw="></latexit><latexit sha1_base64="qltQNQYEwj+6cBQsaIM6Ie7liqw="></latexit><latexit sha1_base64="qltQNQYEwj+6cBQsaIM6Ie7liqw="></latexit><latexit sha1_base64="qltQNQYEwj+6cBQsaIM6Ie7liqw="></latexit>

n⌫ =
3

11
n� =

9

11
4.108⇥ 108 m�3 = 3.36⇥ 108 m�3

<latexit sha1_base64="CyLsljZSEzCay7rIwCNpj2o1l2o="></latexit><latexit sha1_base64="CyLsljZSEzCay7rIwCNpj2o1l2o="></latexit><latexit sha1_base64="CyLsljZSEzCay7rIwCNpj2o1l2o="></latexit><latexit sha1_base64="CyLsljZSEzCay7rIwCNpj2o1l2o="></latexit>

0.0013 < ⌦⌫,0 < 0.007
<latexit sha1_base64="UVeLvqXnhAcHRSU2ndZxvm0kmBM=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoMoBpDIwVLCwUST6kJooclynteo4ke0gVVFHFn6FhQGEWPkENv4Gp80ALUe6ukfn3Cv7niDhTGmEvq2FxaXlldXSWnl9Y3Nr297Zbak4lYQ2Scxj2QmwopwJ2tRMc9pJJMVRwGk7GF7nfvuBSsVica9HCfUi3BcsZARrI/n2Aaoi5JzBS+jeRrSP/cwV6QkaGyF3ar5dyXsOOE+cglRAgYZvf7m9mKQRFZpwrFTXQYn2Miw1I5yOy26qaILJEPdp11CBI6q8bHLIGB4ZpQfDWJoSGk7U3xsZjpQaRYGZjLAeqFkvF//zuqkOL7yMiSTVVJDpQ2HKoY5hngrsMUmJ5iNDMJHM/BWSAZaYaJNd2YTgzJ48T1qnVQdVnbvzSv2qiKME9sEhOAYOqIE6uAEN0AQEPIJn8ArerCfrxXq3PqajC1axswf+wPr8AQaJlic=</latexit><latexit sha1_base64="UVeLvqXnhAcHRSU2ndZxvm0kmBM=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoMoBpDIwVLCwUST6kJooclynteo4ke0gVVFHFn6FhQGEWPkENv4Gp80ALUe6ukfn3Cv7niDhTGmEvq2FxaXlldXSWnl9Y3Nr297Zbak4lYQ2Scxj2QmwopwJ2tRMc9pJJMVRwGk7GF7nfvuBSsVica9HCfUi3BcsZARrI/n2Aaoi5JzBS+jeRrSP/cwV6QkaGyF3ar5dyXsOOE+cglRAgYZvf7m9mKQRFZpwrFTXQYn2Miw1I5yOy26qaILJEPdp11CBI6q8bHLIGB4ZpQfDWJoSGk7U3xsZjpQaRYGZjLAeqFkvF//zuqkOL7yMiSTVVJDpQ2HKoY5hngrsMUmJ5iNDMJHM/BWSAZaYaJNd2YTgzJ48T1qnVQdVnbvzSv2qiKME9sEhOAYOqIE6uAEN0AQEPIJn8ArerCfrxXq3PqajC1axswf+wPr8AQaJlic=</latexit><latexit sha1_base64="UVeLvqXnhAcHRSU2ndZxvm0kmBM=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoMoBpDIwVLCwUST6kJooclynteo4ke0gVVFHFn6FhQGEWPkENv4Gp80ALUe6ukfn3Cv7niDhTGmEvq2FxaXlldXSWnl9Y3Nr297Zbak4lYQ2Scxj2QmwopwJ2tRMc9pJJMVRwGk7GF7nfvuBSsVica9HCfUi3BcsZARrI/n2Aaoi5JzBS+jeRrSP/cwV6QkaGyF3ar5dyXsOOE+cglRAgYZvf7m9mKQRFZpwrFTXQYn2Miw1I5yOy26qaILJEPdp11CBI6q8bHLIGB4ZpQfDWJoSGk7U3xsZjpQaRYGZjLAeqFkvF//zuqkOL7yMiSTVVJDpQ2HKoY5hngrsMUmJ5iNDMJHM/BWSAZaYaJNd2YTgzJ48T1qnVQdVnbvzSv2qiKME9sEhOAYOqIE6uAEN0AQEPIJn8ArerCfrxXq3PqajC1axswf+wPr8AQaJlic=</latexit><latexit sha1_base64="UVeLvqXnhAcHRSU2ndZxvm0kmBM=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoMoBpDIwVLCwUST6kJooclynteo4ke0gVVFHFn6FhQGEWPkENv4Gp80ALUe6ukfn3Cv7niDhTGmEvq2FxaXlldXSWnl9Y3Nr297Zbak4lYQ2Scxj2QmwopwJ2tRMc9pJJMVRwGk7GF7nfvuBSsVica9HCfUi3BcsZARrI/n2Aaoi5JzBS+jeRrSP/cwV6QkaGyF3ar5dyXsOOE+cglRAgYZvf7m9mKQRFZpwrFTXQYn2Miw1I5yOy26qaILJEPdp11CBI6q8bHLIGB4ZpQfDWJoSGk7U3xsZjpQaRYGZjLAeqFkvF//zuqkOL7yMiSTVVJDpQ2HKoY5hngrsMUmJ5iNDMJHM/BWSAZaYaJNd2YTgzJ48T1qnVQdVnbvzSv2qiKME9sEhOAYOqIE6uAEN0AQEPIJn8ArerCfrxXq3PqajC1axswf+wPr8AQaJlic=</latexit>

⌦DM,0 ⇡ 0.262
<latexit sha1_base64="6XnYxuxdIArlkJPuyButDW3uJ9I=">AAACC3icbVDLSsNAFJ34rPEVdelmaBFcSEiKqMuiLtyIFewDmhAm02k7dCYJMxOxhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjUjnOt7GwuLS8slpaM9c3Nre2rZ3dpoxTgUkDxywW7RBJwmhEGooqRtqJIIiHjLTC4cXYb90TIWkc3alRQnyO+hHtUYyUlgKrbHo3nPRRkGWe4PDyOj9ycuihJBHxA3Ts6kk1sCqO7UwA54lbkAooUA+sL68b45STSGGGpOy4TqL8DAlFMSO56aWSJAgPUZ90NI0QJ9LPJr/k8EArXdiLha5IwYn6eyJDXMoRD3UnR2ogZ72x+J/XSVXvzM9olKSKRHi6qJcyqGI4DgZ2qSBYsZEmCAuqb4V4gATCSsdn6hDc2ZfnSbNqu47t3h5XaudFHCWwD8rgELjgFNTAFaiDBsDgETyDV/BmPBkvxrvxMW1dMIqZPfAHxucP+72ZEw==</latexit><latexit sha1_base64="6XnYxuxdIArlkJPuyButDW3uJ9I=">AAACC3icbVDLSsNAFJ34rPEVdelmaBFcSEiKqMuiLtyIFewDmhAm02k7dCYJMxOxhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjUjnOt7GwuLS8slpaM9c3Nre2rZ3dpoxTgUkDxywW7RBJwmhEGooqRtqJIIiHjLTC4cXYb90TIWkc3alRQnyO+hHtUYyUlgKrbHo3nPRRkGWe4PDyOj9ycuihJBHxA3Ts6kk1sCqO7UwA54lbkAooUA+sL68b45STSGGGpOy4TqL8DAlFMSO56aWSJAgPUZ90NI0QJ9LPJr/k8EArXdiLha5IwYn6eyJDXMoRD3UnR2ogZ72x+J/XSVXvzM9olKSKRHi6qJcyqGI4DgZ2qSBYsZEmCAuqb4V4gATCSsdn6hDc2ZfnSbNqu47t3h5XaudFHCWwD8rgELjgFNTAFaiDBsDgETyDV/BmPBkvxrvxMW1dMIqZPfAHxucP+72ZEw==</latexit><latexit sha1_base64="6XnYxuxdIArlkJPuyButDW3uJ9I=">AAACC3icbVDLSsNAFJ34rPEVdelmaBFcSEiKqMuiLtyIFewDmhAm02k7dCYJMxOxhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjUjnOt7GwuLS8slpaM9c3Nre2rZ3dpoxTgUkDxywW7RBJwmhEGooqRtqJIIiHjLTC4cXYb90TIWkc3alRQnyO+hHtUYyUlgKrbHo3nPRRkGWe4PDyOj9ycuihJBHxA3Ts6kk1sCqO7UwA54lbkAooUA+sL68b45STSGGGpOy4TqL8DAlFMSO56aWSJAgPUZ90NI0QJ9LPJr/k8EArXdiLha5IwYn6eyJDXMoRD3UnR2ogZ72x+J/XSVXvzM9olKSKRHi6qJcyqGI4DgZ2qSBYsZEmCAuqb4V4gATCSsdn6hDc2ZfnSbNqu47t3h5XaudFHCWwD8rgELjgFNTAFaiDBsDgETyDV/BmPBkvxrvxMW1dMIqZPfAHxucP+72ZEw==</latexit><latexit sha1_base64="6XnYxuxdIArlkJPuyButDW3uJ9I=">AAACC3icbVDLSsNAFJ34rPEVdelmaBFcSEiKqMuiLtyIFewDmhAm02k7dCYJMxOxhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733hAmjUjnOt7GwuLS8slpaM9c3Nre2rZ3dpoxTgUkDxywW7RBJwmhEGooqRtqJIIiHjLTC4cXYb90TIWkc3alRQnyO+hHtUYyUlgKrbHo3nPRRkGWe4PDyOj9ycuihJBHxA3Ts6kk1sCqO7UwA54lbkAooUA+sL68b45STSGGGpOy4TqL8DAlFMSO56aWSJAgPUZ90NI0QJ9LPJr/k8EArXdiLha5IwYn6eyJDXMoRD3UnR2ogZ72x+J/XSVXvzM9olKSKRHi6qJcyqGI4DgZ2qSBYsZEmCAuqb4V4gATCSsdn6hDc2ZfnSbNqu47t3h5XaudFHCWwD8rgELjgFNTAFaiDBsDgETyDV/BmPBkvxrvxMW1dMIqZPfAHxucP+72ZEw==</latexit>

⌦⌫,0 . 3% ⌦DM,0
<latexit sha1_base64="vlVBCT51tbMe92Usk+x/R8/YAsw=">AAACG3icbVDLSgMxFM3UV62vqks3wVJwIWWmCros6sKNWME+oFNKJr1tQ5PMkGSEMtTvcOOvuHGhiCvBhX9j+hC09UDgcM653NwTRJxp47pfTmphcWl5Jb2aWVvf2NzKbu9UdRgrChUa8lDVA6KBMwkVwwyHeqSAiIBDLeifj/zaHSjNQnlrBhE0BelK1mGUGCu1skX/WkCXtBJfxofuEPsctNZM4CM/j+/xj5v4SuCLq+Eo0srm3II7Bp4n3pTk0BTlVvbDb4c0FiAN5UTrhudGppkQZRjlMMz4sYaI0D7pQsNSSQToZjK+bYjzVmnjTqjskwaP1d8TCRFaD0Rgk4KYnp71RuJ/XiM2ndNmwmQUG5B0sqgTc2xCPCoKt5kCavjAEkIVs3/FtEcUocbWmbEleLMnz5NqseC5Be/mOFc6m9aRRntoHx0gD52gErpEZVRBFD2gJ/SCXp1H59l5c94n0ZQzndlFf+B8fgOhwZ/g</latexit><latexit sha1_base64="vlVBCT51tbMe92Usk+x/R8/YAsw=">AAACG3icbVDLSgMxFM3UV62vqks3wVJwIWWmCros6sKNWME+oFNKJr1tQ5PMkGSEMtTvcOOvuHGhiCvBhX9j+hC09UDgcM653NwTRJxp47pfTmphcWl5Jb2aWVvf2NzKbu9UdRgrChUa8lDVA6KBMwkVwwyHeqSAiIBDLeifj/zaHSjNQnlrBhE0BelK1mGUGCu1skX/WkCXtBJfxofuEPsctNZM4CM/j+/xj5v4SuCLq+Eo0srm3II7Bp4n3pTk0BTlVvbDb4c0FiAN5UTrhudGppkQZRjlMMz4sYaI0D7pQsNSSQToZjK+bYjzVmnjTqjskwaP1d8TCRFaD0Rgk4KYnp71RuJ/XiM2ndNmwmQUG5B0sqgTc2xCPCoKt5kCavjAEkIVs3/FtEcUocbWmbEleLMnz5NqseC5Be/mOFc6m9aRRntoHx0gD52gErpEZVRBFD2gJ/SCXp1H59l5c94n0ZQzndlFf+B8fgOhwZ/g</latexit><latexit sha1_base64="vlVBCT51tbMe92Usk+x/R8/YAsw=">AAACG3icbVDLSgMxFM3UV62vqks3wVJwIWWmCros6sKNWME+oFNKJr1tQ5PMkGSEMtTvcOOvuHGhiCvBhX9j+hC09UDgcM653NwTRJxp47pfTmphcWl5Jb2aWVvf2NzKbu9UdRgrChUa8lDVA6KBMwkVwwyHeqSAiIBDLeifj/zaHSjNQnlrBhE0BelK1mGUGCu1skX/WkCXtBJfxofuEPsctNZM4CM/j+/xj5v4SuCLq+Eo0srm3II7Bp4n3pTk0BTlVvbDb4c0FiAN5UTrhudGppkQZRjlMMz4sYaI0D7pQsNSSQToZjK+bYjzVmnjTqjskwaP1d8TCRFaD0Rgk4KYnp71RuJ/XiM2ndNmwmQUG5B0sqgTc2xCPCoKt5kCavjAEkIVs3/FtEcUocbWmbEleLMnz5NqseC5Be/mOFc6m9aRRntoHx0gD52gErpEZVRBFD2gJ/SCXp1H59l5c94n0ZQzndlFf+B8fgOhwZ/g</latexit><latexit sha1_base64="vlVBCT51tbMe92Usk+x/R8/YAsw=">AAACG3icbVDLSgMxFM3UV62vqks3wVJwIWWmCros6sKNWME+oFNKJr1tQ5PMkGSEMtTvcOOvuHGhiCvBhX9j+hC09UDgcM653NwTRJxp47pfTmphcWl5Jb2aWVvf2NzKbu9UdRgrChUa8lDVA6KBMwkVwwyHeqSAiIBDLeifj/zaHSjNQnlrBhE0BelK1mGUGCu1skX/WkCXtBJfxofuEPsctNZM4CM/j+/xj5v4SuCLq+Eo0srm3II7Bp4n3pTk0BTlVvbDb4c0FiAN5UTrhudGppkQZRjlMMz4sYaI0D7pQsNSSQToZjK+bYjzVmnjTqjskwaP1d8TCRFaD0Rgk4KYnp71RuJ/XiM2ndNmwmQUG5B0sqgTc2xCPCoKt5kCavjAEkIVs3/FtEcUocbWmbEleLMnz5NqseC5Be/mOFc6m9aRRntoHx0gD52gErpEZVRBFD2gJ/SCXp1H59l5c94n0ZQzndlFf+B8fgOhwZ/g</latexit>
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•Axions
•Buracos negros primordiais
•Neutrinos massivos
•Partículas supersimétricas massivas (fotinos, 
gravitinos, axinos, sneutrinos, gluinos, etc...)

7.5 A Natureza da Matéria Escura



54

•Axions
•Buracos negros primordiais
•Neutrinos massivos
•Partículas supersimétricas massivas 
•WIMPs (weakly interacting massive 
particles): interagem via gravitação e força 
nuclar fraca, interagindo raramente com 
núcleos atômicos; são bem mais massivos do 
que os neutrinos.
etc....

7.5 A Natureza da Matéria Escura
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• lista de experimentos atuais para detectar a 
matéria escura:

https://en.wikipedia.org/wiki/
Category:Experiments_for_dark_matter_search

 
• Densidade comóvel de SMBH:

https://academic.oup.com/mnras/article/359/4/1363/1007699

•Review e status atual da supersimetria:

https://arxiv.org/abs/1712.05926 (TASI lectures)
https://en.wikipedia.org/wiki/Supersymmetry#Current_status

7.5 A Natureza da Matéria Escura

https://en.wikipedia.org/wiki/Category:Experiments_for_dark_matter_search
https://en.wikipedia.org/wiki/Category:Experiments_for_dark_matter_search
https://en.wikipedia.org/wiki/Category:Experiments_for_dark_matter_search
https://en.wikipedia.org/wiki/Category:Experiments_for_dark_matter_search
https://arxiv.org/abs/1712.05926
https://arxiv.org/abs/1712.05926
https://en.wikipedia.org/wiki/Supersymmetry#Current_status
https://en.wikipedia.org/wiki/Supersymmetry#Current_status
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