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A física do <<sabor>> ?

Bósons
“Forças" Fermions

“Matéria”

u 

d      

e- 
𝝼e

Quarks 
(3 cores)

Leptons 

u 

d      

e- 
𝝼e

Quarks 
(3 cores)

Leptons 

c 

s     

𝞵 
𝝼u

Quarks 

Leptons 

g

𝛾

W±

 

Z0

H

!4



Bósons
“Forças"

g 

𝛾 

W± 

  

Z0 

H

Fermions
“Matéria”

Quarks 
(3 cores)

Leptons 

u 

d      

e- 
𝝼e

Quarks 
(3 cores)

Leptons 

Quarks 
(3 cores)

Leptons 

u 

d      

e- 
𝝼e

c 

s     

𝝼u

t 

b     

𝜏 
𝝼𝜏

Quarks 

Leptons 

A física do <<sabor>> ?

𝞵

!5



A física do <<sabor>> ?
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Simetria do sabor: um pouco de história

1932: A descoberta do Nêutron - com a mesma massa, 
mesmo acoplamento a interação forte do próton

No mesmo ano, Heisenberg propõe que os nêutrons e os prótons são um 
‘isospin-doublet '

➠ dois estados quânticos da mesma partícula ( spin ↑ e spin↓)

Os quarks u e d tem massas “semelhantes” (comparada com a escala da QCD)

➠ porém as massas não são iguais-quebra da simetria!

u
d

d
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mu ⇡ 3 MeV

md ⇡ 5 MeV

mS ⇡ 100 MeV

mc ⇡ 1300 MeV

mb ⇡ 4200 MeV

mt ⇡ 170000 MeV
<latexit sha1_base64="vpHbEVPDgDr8jaTjsyfI/6fCYys="></latexit><latexit sha1_base64="vpHbEVPDgDr8jaTjsyfI/6fCYys="></latexit><latexit sha1_base64="vpHbEVPDgDr8jaTjsyfI/6fCYys="></latexit><latexit sha1_base64="vpHbEVPDgDr8jaTjsyfI/6fCYys="></latexit>

m⌫1  10�6 MeV

m⌫2  10�6 MeV

m⌫3  10�6 MeV

me ⇡ 0.5 MeV

mµ ⇡ 100 MeV

m⌧ ⇡ 1800 MeV
<latexit sha1_base64="NT+p4EhqSyd02xUEIpemnt2/B7M="></latexit><latexit sha1_base64="NT+p4EhqSyd02xUEIpemnt2/B7M="></latexit><latexit sha1_base64="NT+p4EhqSyd02xUEIpemnt2/B7M="></latexit><latexit sha1_base64="NT+p4EhqSyd02xUEIpemnt2/B7M="></latexit>

física do <<sabor>>?

quarks leves: 
u,d: na região da física 
nuclear
s: decaimentos raros de 
kaon testa o MP

top: não é tão pesado!
O quark top tem sua
 própria fenomenologia

neutrinos:tem sua
 própria fenomenologia, não 
é detectado diretamente no 
LHC

léptons leves carregados:
Ex.:  momentos de dipolo 
magnético e elétrico

tau: busca por violação do 
sabor do lépton, ⌧ ! µµµ

<latexit sha1_base64="yujywXTxKQdDig7aQ84S1ppRkms=">AAACEXicbVDLSsNAFJ34rPEVdelmsAhdlUQEXRbduKxgH9CEMplO2qGTTJi5o5TQX3Djr7hxoYhbd+78G5M2C209zMDhnHu5954wFVyD635bK6tr6xublS17e2d3b985OGxraRRlLSqFVN2QaCZ4wlrAQbBuqhiJQ8E64fi68Dv3TGkukzuYpCyIyTDhEacEcqnv1Gw/JjAKo8wHYqbYV3w4AqKUfMB+bOYPY9vuO1W37s6Al4lXkioq0ew7X/5AUhOzBKggWvc8N4UgIwo4FWxq+0azlNAxGbJeThMSMx1ks4um+DRXBjiSKv8J4Jn6uyMjsdaTOMwri/X1oleI/3k9A9FlkPEkNcASOh8UGYFB4iIePOCKURCTnBCqeL4rpiOiCIU8xCIEb/HkZdI+q3tu3bs9rzauyjgq6BidoBry0AVqoBvURC1E0SN6Rq/ozXqyXqx362NeumKVPUfoD6zPH1ESnKQ=</latexit><latexit sha1_base64="yujywXTxKQdDig7aQ84S1ppRkms=">AAACEXicbVDLSsNAFJ34rPEVdelmsAhdlUQEXRbduKxgH9CEMplO2qGTTJi5o5TQX3Djr7hxoYhbd+78G5M2C209zMDhnHu5954wFVyD635bK6tr6xublS17e2d3b985OGxraRRlLSqFVN2QaCZ4wlrAQbBuqhiJQ8E64fi68Dv3TGkukzuYpCyIyTDhEacEcqnv1Gw/JjAKo8wHYqbYV3w4AqKUfMB+bOYPY9vuO1W37s6Al4lXkioq0ew7X/5AUhOzBKggWvc8N4UgIwo4FWxq+0azlNAxGbJeThMSMx1ks4um+DRXBjiSKv8J4Jn6uyMjsdaTOMwri/X1oleI/3k9A9FlkPEkNcASOh8UGYFB4iIePOCKURCTnBCqeL4rpiOiCIU8xCIEb/HkZdI+q3tu3bs9rzauyjgq6BidoBry0AVqoBvURC1E0SN6Rq/ozXqyXqx362NeumKVPUfoD6zPH1ESnKQ=</latexit><latexit sha1_base64="yujywXTxKQdDig7aQ84S1ppRkms=">AAACEXicbVDLSsNAFJ34rPEVdelmsAhdlUQEXRbduKxgH9CEMplO2qGTTJi5o5TQX3Djr7hxoYhbd+78G5M2C209zMDhnHu5954wFVyD635bK6tr6xublS17e2d3b985OGxraRRlLSqFVN2QaCZ4wlrAQbBuqhiJQ8E64fi68Dv3TGkukzuYpCyIyTDhEacEcqnv1Gw/JjAKo8wHYqbYV3w4AqKUfMB+bOYPY9vuO1W37s6Al4lXkioq0ew7X/5AUhOzBKggWvc8N4UgIwo4FWxq+0azlNAxGbJeThMSMx1ks4um+DRXBjiSKv8J4Jn6uyMjsdaTOMwri/X1oleI/3k9A9FlkPEkNcASOh8UGYFB4iIePOCKURCTnBCqeL4rpiOiCIU8xCIEb/HkZdI+q3tu3bs9rzauyjgq6BidoBry0AVqoBvURC1E0SN6Rq/ozXqyXqx362NeumKVPUfoD6zPH1ESnKQ=</latexit><latexit sha1_base64="yujywXTxKQdDig7aQ84S1ppRkms=">AAACEXicbVDLSsNAFJ34rPEVdelmsAhdlUQEXRbduKxgH9CEMplO2qGTTJi5o5TQX3Djr7hxoYhbd+78G5M2C209zMDhnHu5954wFVyD635bK6tr6xublS17e2d3b985OGxraRRlLSqFVN2QaCZ4wlrAQbBuqhiJQ8E64fi68Dv3TGkukzuYpCyIyTDhEacEcqnv1Gw/JjAKo8wHYqbYV3w4AqKUfMB+bOYPY9vuO1W37s6Al4lXkioq0ew7X/5AUhOzBKggWvc8N4UgIwo4FWxq+0azlNAxGbJeThMSMx1ks4um+DRXBjiSKv8J4Jn6uyMjsdaTOMwri/X1oleI/3k9A9FlkPEkNcASOh8UGYFB4iIePOCKURCTnBCqeL4rpiOiCIU8xCIEb/HkZdI+q3tu3bs9rzauyjgq6BidoBry0AVqoBvURC1E0SN6Rq/ozXqyXqx362NeumKVPUfoD6zPH1ESnKQ=</latexit>

Estudo dos quarks b e c

‣ sabor escondido aka quarkonia:                                   e os estados exóticos, X,Y,Z

‣ open Charms: mésons D

‣ open Beauty, B mésons (                        ) e bárions b (                 ,…)

 (cc̄),⌥(bb̄),�c,b
<latexit sha1_base64="4F+9wu/xnIfcyMFu99oqStAOU7c=">AAACF3icbZDNSgMxFIUz9a/Wv1GXboJFqFDKjAi6LLpxWcG2QqeU5DZtQzOZIckIZehbuPFV3LhQxK3ufBvT6Sy09UDg8N17ubmHxoJr43nfTmFldW19o7hZ2tre2d1z9w9aOkoUsCZEIlL3lGgmuGRNw41g97FiJKSCten4elZvPzCleSTvzCRm3ZAMJR9wIMainlsLYs0rEFCiUpieVnHQtEBEskIzRjMGI95LoUqnPbfs1bxMeNn4uSmjXI2e+xX0I0hCJg0IonXH92LTTYkyHASbloJEs5jAmAxZx1pJQqa7aXbXFJ9Y0seDSNknDc7o74mUhFpPQmo7Q2JGerE2g//VOokZXHZTLuPEMAnzRYNEYBPhWUi4zxUDIybWEFDc/hXDiCgCxkZZsiH4iycvm9ZZzfdq/u15uX6Vx1FER+gYVZCPLlAd3aAGaiJAj+gZvaI358l5cd6dj3lrwclnDtEfOZ8/1T2fEw==</latexit><latexit sha1_base64="4F+9wu/xnIfcyMFu99oqStAOU7c=">AAACF3icbZDNSgMxFIUz9a/Wv1GXboJFqFDKjAi6LLpxWcG2QqeU5DZtQzOZIckIZehbuPFV3LhQxK3ufBvT6Sy09UDg8N17ubmHxoJr43nfTmFldW19o7hZ2tre2d1z9w9aOkoUsCZEIlL3lGgmuGRNw41g97FiJKSCten4elZvPzCleSTvzCRm3ZAMJR9wIMainlsLYs0rEFCiUpieVnHQtEBEskIzRjMGI95LoUqnPbfs1bxMeNn4uSmjXI2e+xX0I0hCJg0IonXH92LTTYkyHASbloJEs5jAmAxZx1pJQqa7aXbXFJ9Y0seDSNknDc7o74mUhFpPQmo7Q2JGerE2g//VOokZXHZTLuPEMAnzRYNEYBPhWUi4zxUDIybWEFDc/hXDiCgCxkZZsiH4iycvm9ZZzfdq/u15uX6Vx1FER+gYVZCPLlAd3aAGaiJAj+gZvaI358l5cd6dj3lrwclnDtEfOZ8/1T2fEw==</latexit><latexit sha1_base64="4F+9wu/xnIfcyMFu99oqStAOU7c=">AAACF3icbZDNSgMxFIUz9a/Wv1GXboJFqFDKjAi6LLpxWcG2QqeU5DZtQzOZIckIZehbuPFV3LhQxK3ufBvT6Sy09UDg8N17ubmHxoJr43nfTmFldW19o7hZ2tre2d1z9w9aOkoUsCZEIlL3lGgmuGRNw41g97FiJKSCten4elZvPzCleSTvzCRm3ZAMJR9wIMainlsLYs0rEFCiUpieVnHQtEBEskIzRjMGI95LoUqnPbfs1bxMeNn4uSmjXI2e+xX0I0hCJg0IonXH92LTTYkyHASbloJEs5jAmAxZx1pJQqa7aXbXFJ9Y0seDSNknDc7o74mUhFpPQmo7Q2JGerE2g//VOokZXHZTLuPEMAnzRYNEYBPhWUi4zxUDIybWEFDc/hXDiCgCxkZZsiH4iycvm9ZZzfdq/u15uX6Vx1FER+gYVZCPLlAd3aAGaiJAj+gZvaI358l5cd6dj3lrwclnDtEfOZ8/1T2fEw==</latexit><latexit sha1_base64="4F+9wu/xnIfcyMFu99oqStAOU7c=">AAACF3icbZDNSgMxFIUz9a/Wv1GXboJFqFDKjAi6LLpxWcG2QqeU5DZtQzOZIckIZehbuPFV3LhQxK3ufBvT6Sy09UDg8N17ubmHxoJr43nfTmFldW19o7hZ2tre2d1z9w9aOkoUsCZEIlL3lGgmuGRNw41g97FiJKSCten4elZvPzCleSTvzCRm3ZAMJR9wIMainlsLYs0rEFCiUpieVnHQtEBEskIzRjMGI95LoUqnPbfs1bxMeNn4uSmjXI2e+xX0I0hCJg0IonXH92LTTYkyHASbloJEs5jAmAxZx1pJQqa7aXbXFJ9Y0seDSNknDc7o74mUhFpPQmo7Q2JGerE2g//VOokZXHZTLuPEMAnzRYNEYBPhWUi4zxUDIybWEFDc/hXDiCgCxkZZsiH4iycvm9ZZzfdq/u15uX6Vx1FER+gYVZCPLlAd3aAGaiJAj+gZvaI358l5cd6dj3lrwclnDtEfOZ8/1T2fEw==</latexit>

Bu,Bd,Bs,Bc
<latexit sha1_base64="7dunSoOgrm+hkuMLwzpUspFo1xc=">AAACJ3icbVDLSsNAFL3xWesr6tLNYBFcSElE0JWUunFZwT6gDWEynbRDJw9mJkIJ+Rs3/oobQUV06Z84abOoqQcGzjn3Xube48WcSWVZ38bK6tr6xmZlq7q9s7u3bx4cdmSUCELbJOKR6HlYUs5C2lZMcdqLBcWBx2nXm9zm9e4jFZJF4YOaxtQJ8ChkPiNYacs1bwYBVmPPT5uZmybZOVrUw5KWJU0y16xZdWsGtEzsgtSgQMs13wbDiCQBDRXhWMq+bcXKSbFQjHCaVQeJpDEmEzyifU1DHFDppLM7M3SqnSHyI6FfqNDMXZxIcSDlNPB0Z76lLNdy879aP1H+tZOyME4UDcn8Iz/hSEUoDw0NmaBE8akmmAimd0VkjAUmSkdb1SHY5ZOXSeeiblt1+/6y1mgWcVTgGE7gDGy4ggbcQQvaQOAJXuAdPoxn49X4NL7mrStGMXMEf2D8/ALa1qcm</latexit><latexit sha1_base64="7dunSoOgrm+hkuMLwzpUspFo1xc=">AAACJ3icbVDLSsNAFL3xWesr6tLNYBFcSElE0JWUunFZwT6gDWEynbRDJw9mJkIJ+Rs3/oobQUV06Z84abOoqQcGzjn3Xube48WcSWVZ38bK6tr6xmZlq7q9s7u3bx4cdmSUCELbJOKR6HlYUs5C2lZMcdqLBcWBx2nXm9zm9e4jFZJF4YOaxtQJ8ChkPiNYacs1bwYBVmPPT5uZmybZOVrUw5KWJU0y16xZdWsGtEzsgtSgQMs13wbDiCQBDRXhWMq+bcXKSbFQjHCaVQeJpDEmEzyifU1DHFDppLM7M3SqnSHyI6FfqNDMXZxIcSDlNPB0Z76lLNdy879aP1H+tZOyME4UDcn8Iz/hSEUoDw0NmaBE8akmmAimd0VkjAUmSkdb1SHY5ZOXSeeiblt1+/6y1mgWcVTgGE7gDGy4ggbcQQvaQOAJXuAdPoxn49X4NL7mrStGMXMEf2D8/ALa1qcm</latexit><latexit sha1_base64="7dunSoOgrm+hkuMLwzpUspFo1xc=">AAACJ3icbVDLSsNAFL3xWesr6tLNYBFcSElE0JWUunFZwT6gDWEynbRDJw9mJkIJ+Rs3/oobQUV06Z84abOoqQcGzjn3Xube48WcSWVZ38bK6tr6xmZlq7q9s7u3bx4cdmSUCELbJOKR6HlYUs5C2lZMcdqLBcWBx2nXm9zm9e4jFZJF4YOaxtQJ8ChkPiNYacs1bwYBVmPPT5uZmybZOVrUw5KWJU0y16xZdWsGtEzsgtSgQMs13wbDiCQBDRXhWMq+bcXKSbFQjHCaVQeJpDEmEzyifU1DHFDppLM7M3SqnSHyI6FfqNDMXZxIcSDlNPB0Z76lLNdy879aP1H+tZOyME4UDcn8Iz/hSEUoDw0NmaBE8akmmAimd0VkjAUmSkdb1SHY5ZOXSeeiblt1+/6y1mgWcVTgGE7gDGy4ggbcQQvaQOAJXuAdPoxn49X4NL7mrStGMXMEf2D8/ALa1qcm</latexit><latexit sha1_base64="7dunSoOgrm+hkuMLwzpUspFo1xc=">AAACJ3icbVDLSsNAFL3xWesr6tLNYBFcSElE0JWUunFZwT6gDWEynbRDJw9mJkIJ+Rs3/oobQUV06Z84abOoqQcGzjn3Xube48WcSWVZ38bK6tr6xmZlq7q9s7u3bx4cdmSUCELbJOKR6HlYUs5C2lZMcdqLBcWBx2nXm9zm9e4jFZJF4YOaxtQJ8ChkPiNYacs1bwYBVmPPT5uZmybZOVrUw5KWJU0y16xZdWsGtEzsgtSgQMs13wbDiCQBDRXhWMq+bcXKSbFQjHCaVQeJpDEmEzyifU1DHFDppLM7M3SqnSHyI6FfqNDMXZxIcSDlNPB0Z76lLNdy879aP1H+tZOyME4UDcn8Iz/hSEUoDw0NmaBE8akmmAimd0VkjAUmSkdb1SHY5ZOXSeeiblt1+/6y1mgWcVTgGE7gDGy4ggbcQQvaQOAJXuAdPoxn49X4NL7mrStGMXMEf2D8/ALa1qcm</latexit>

⇤b,⌅b,⌦b
<latexit sha1_base64="BlOC253GvGJN+XiZkt8ufr67QsY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4EK9gHNCFMJpN26MwkzEyEErp146+4caGIW//AnX/jNM1CWw8MHM45lzv3hCmjSjvOt1VZWl5ZXauu1zY2t7Z37N29jkoyiUkbJyyRvRApwqggbU01I71UEsRDRrrh6Grqdx+IVDQR93qcEp+jgaAxxUgbKbChd2PCEQrycHICvR4tyS0ng0IM7LrTcArAReKWpA5KtAL7y4sSnHEiNGZIqb7rpNrPkdQUMzKpeZkiKcIjNCB9QwXiRPl5cckEHhklgnEizRMaFurviRxxpcY8NEmO9FDNe1PxP6+f6fjCz6lIM00Eni2KMwZ1Aqe1wIhKgjUbG4KwpOavEA+RRFib8mqmBHf+5EXSOW24TsO9O6s3L8s6quAAHIJj4IJz0ATXoAXaAINH8AxewZv1ZL1Y79bHLFqxypl98AfW5w+sSJmt</latexit><latexit sha1_base64="BlOC253GvGJN+XiZkt8ufr67QsY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4EK9gHNCFMJpN26MwkzEyEErp146+4caGIW//AnX/jNM1CWw8MHM45lzv3hCmjSjvOt1VZWl5ZXauu1zY2t7Z37N29jkoyiUkbJyyRvRApwqggbU01I71UEsRDRrrh6Grqdx+IVDQR93qcEp+jgaAxxUgbKbChd2PCEQrycHICvR4tyS0ng0IM7LrTcArAReKWpA5KtAL7y4sSnHEiNGZIqb7rpNrPkdQUMzKpeZkiKcIjNCB9QwXiRPl5cckEHhklgnEizRMaFurviRxxpcY8NEmO9FDNe1PxP6+f6fjCz6lIM00Eni2KMwZ1Aqe1wIhKgjUbG4KwpOavEA+RRFib8mqmBHf+5EXSOW24TsO9O6s3L8s6quAAHIJj4IJz0ATXoAXaAINH8AxewZv1ZL1Y79bHLFqxypl98AfW5w+sSJmt</latexit><latexit sha1_base64="BlOC253GvGJN+XiZkt8ufr67QsY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4EK9gHNCFMJpN26MwkzEyEErp146+4caGIW//AnX/jNM1CWw8MHM45lzv3hCmjSjvOt1VZWl5ZXauu1zY2t7Z37N29jkoyiUkbJyyRvRApwqggbU01I71UEsRDRrrh6Grqdx+IVDQR93qcEp+jgaAxxUgbKbChd2PCEQrycHICvR4tyS0ng0IM7LrTcArAReKWpA5KtAL7y4sSnHEiNGZIqb7rpNrPkdQUMzKpeZkiKcIjNCB9QwXiRPl5cckEHhklgnEizRMaFurviRxxpcY8NEmO9FDNe1PxP6+f6fjCz6lIM00Eni2KMwZ1Aqe1wIhKgjUbG4KwpOavEA+RRFib8mqmBHf+5EXSOW24TsO9O6s3L8s6quAAHIJj4IJz0ATXoAXaAINH8AxewZv1ZL1Y79bHLFqxypl98AfW5w+sSJmt</latexit><latexit sha1_base64="BlOC253GvGJN+XiZkt8ufr67QsY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4EK9gHNCFMJpN26MwkzEyEErp146+4caGIW//AnX/jNM1CWw8MHM45lzv3hCmjSjvOt1VZWl5ZXauu1zY2t7Z37N29jkoyiUkbJyyRvRApwqggbU01I71UEsRDRrrh6Grqdx+IVDQR93qcEp+jgaAxxUgbKbChd2PCEQrycHICvR4tyS0ng0IM7LrTcArAReKWpA5KtAL7y4sSnHEiNGZIqb7rpNrPkdQUMzKpeZkiKcIjNCB9QwXiRPl5cckEHhklgnEizRMaFurviRxxpcY8NEmO9FDNe1PxP6+f6fjCz6lIM00Eni2KMwZ1Aqe1wIhKgjUbG4KwpOavEA+RRFib8mqmBHf+5EXSOW24TsO9O6s3L8s6quAAHIJj4IJz0ATXoAXaAINH8AxewZv1ZL1Y79bHLFqxypl98AfW5w+sSJmt</latexit>

nota:
- <<física do B>> refere-se ao estudo da interação da mudança de sabor dos mésons com quark-b

!8



O zoológico de partículas

q
<latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit>

q̄
<latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit><latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit><latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit><latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit>

q0
<latexit sha1_base64="N2IOMrm1jbxtJyIuUGhmKeETgGY=">AAAB83icdVDLSgMxFM34rPVVdekmWERXJfFZd0U3LivYB3SGkkkzbWgmMyYZoQz9DTcuFHHrz7jzb8xMR1DRA4HDOfdyT44fC64NQh/O3PzC4tJyaaW8ura+sVnZ2m7rKFGUtWgkItX1iWaCS9Yy3AjWjRUjoS9Yxx9fZX7nninNI3lrJjHzQjKUPOCUGCu5bkjMyA/Su4Mp7FeqqHaK8MUZgqiGcuSkjo8xxIVSBQWa/cq7O4hoEjJpqCBa9zCKjZcSZTgVbFp2E81iQsdkyHqWShIy7aV55inct8oABpGyTxqYq983UhJqPQl9O5ll1L+9TPzL6yUmqHspl3FimKSzQ0EioIlgVgAccMWoERNLCFXcZoV0RBShxtZUtiV8/RT+T9pHNYxq+Oak2rgs6iiBXbAHDgEG56ABrkETtAAFMXgAT+DZSZxH58V5nY3OOcXODvgB5+0T4eeRkg==</latexit><latexit sha1_base64="N2IOMrm1jbxtJyIuUGhmKeETgGY=">AAAB83icdVDLSgMxFM34rPVVdekmWERXJfFZd0U3LivYB3SGkkkzbWgmMyYZoQz9DTcuFHHrz7jzb8xMR1DRA4HDOfdyT44fC64NQh/O3PzC4tJyaaW8ura+sVnZ2m7rKFGUtWgkItX1iWaCS9Yy3AjWjRUjoS9Yxx9fZX7nninNI3lrJjHzQjKUPOCUGCu5bkjMyA/Su4Mp7FeqqHaK8MUZgqiGcuSkjo8xxIVSBQWa/cq7O4hoEjJpqCBa9zCKjZcSZTgVbFp2E81iQsdkyHqWShIy7aV55inct8oABpGyTxqYq983UhJqPQl9O5ll1L+9TPzL6yUmqHspl3FimKSzQ0EioIlgVgAccMWoERNLCFXcZoV0RBShxtZUtiV8/RT+T9pHNYxq+Oak2rgs6iiBXbAHDgEG56ABrkETtAAFMXgAT+DZSZxH58V5nY3OOcXODvgB5+0T4eeRkg==</latexit><latexit sha1_base64="N2IOMrm1jbxtJyIuUGhmKeETgGY=">AAAB83icdVDLSgMxFM34rPVVdekmWERXJfFZd0U3LivYB3SGkkkzbWgmMyYZoQz9DTcuFHHrz7jzb8xMR1DRA4HDOfdyT44fC64NQh/O3PzC4tJyaaW8ura+sVnZ2m7rKFGUtWgkItX1iWaCS9Yy3AjWjRUjoS9Yxx9fZX7nninNI3lrJjHzQjKUPOCUGCu5bkjMyA/Su4Mp7FeqqHaK8MUZgqiGcuSkjo8xxIVSBQWa/cq7O4hoEjJpqCBa9zCKjZcSZTgVbFp2E81iQsdkyHqWShIy7aV55inct8oABpGyTxqYq983UhJqPQl9O5ll1L+9TPzL6yUmqHspl3FimKSzQ0EioIlgVgAccMWoERNLCFXcZoV0RBShxtZUtiV8/RT+T9pHNYxq+Oak2rgs6iiBXbAHDgEG56ABrkETtAAFMXgAT+DZSZxH58V5nY3OOcXODvgB5+0T4eeRkg==</latexit><latexit sha1_base64="N2IOMrm1jbxtJyIuUGhmKeETgGY=">AAAB83icdVDLSgMxFM34rPVVdekmWERXJfFZd0U3LivYB3SGkkkzbWgmMyYZoQz9DTcuFHHrz7jzb8xMR1DRA4HDOfdyT44fC64NQh/O3PzC4tJyaaW8ura+sVnZ2m7rKFGUtWgkItX1iWaCS9Yy3AjWjRUjoS9Yxx9fZX7nninNI3lrJjHzQjKUPOCUGCu5bkjMyA/Su4Mp7FeqqHaK8MUZgqiGcuSkjo8xxIVSBQWa/cq7O4hoEjJpqCBa9zCKjZcSZTgVbFp2E81iQsdkyHqWShIy7aV55inct8oABpGyTxqYq983UhJqPQl9O5ll1L+9TPzL6yUmqHspl3FimKSzQ0EioIlgVgAccMWoERNLCFXcZoV0RBShxtZUtiV8/RT+T9pHNYxq+Oak2rgs6iiBXbAHDgEG56ABrkETtAAFMXgAT+DZSZxH58V5nY3OOcXODvgB5+0T4eeRkg==</latexit>

q00
<latexit sha1_base64="0I8vreA+iYE1Jey27byOaptoIBo=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJ1NSQ+667oxmUF+4B2KJk004ZmHk0yhTL0O9y4UMStH+POvzEzHUFFDwQO59zLPTluJLjSCH1YhaXlldW14nppY3Nre6e8u9dSYSwpa9JQhLLjEsUED1hTcy1YJ5KM+K5gbXd8k/rtKZOKh8G9nkXM8ckw4B6nRBvJ6flEj1wvmVSrc9gvV5B9jvDVBYLIRhkyUsOnGOJcqYAcjX75vTcIaeyzQFNBlOpiFGknIVJzKti81IsViwgdkyHrGhoQnyknyULP4ZFRBtALpXmBhpn6fSMhvlIz3zWTaUj120vFv7xurL2ak/AgijUL6OKQFwuoQ5g2AAdcMqrFzBBCJTdZIR0RSag2PZVMCV8/hf+T1omNkY3vzir167yOIjgAh+AYYHAJ6uAWNEATUDABD+AJPFtT69F6sV4XowUr39kHP2C9fQJGO5HD</latexit><latexit sha1_base64="0I8vreA+iYE1Jey27byOaptoIBo=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJ1NSQ+667oxmUF+4B2KJk004ZmHk0yhTL0O9y4UMStH+POvzEzHUFFDwQO59zLPTluJLjSCH1YhaXlldW14nppY3Nre6e8u9dSYSwpa9JQhLLjEsUED1hTcy1YJ5KM+K5gbXd8k/rtKZOKh8G9nkXM8ckw4B6nRBvJ6flEj1wvmVSrc9gvV5B9jvDVBYLIRhkyUsOnGOJcqYAcjX75vTcIaeyzQFNBlOpiFGknIVJzKti81IsViwgdkyHrGhoQnyknyULP4ZFRBtALpXmBhpn6fSMhvlIz3zWTaUj120vFv7xurL2ak/AgijUL6OKQFwuoQ5g2AAdcMqrFzBBCJTdZIR0RSag2PZVMCV8/hf+T1omNkY3vzir167yOIjgAh+AYYHAJ6uAWNEATUDABD+AJPFtT69F6sV4XowUr39kHP2C9fQJGO5HD</latexit><latexit sha1_base64="0I8vreA+iYE1Jey27byOaptoIBo=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJ1NSQ+667oxmUF+4B2KJk004ZmHk0yhTL0O9y4UMStH+POvzEzHUFFDwQO59zLPTluJLjSCH1YhaXlldW14nppY3Nre6e8u9dSYSwpa9JQhLLjEsUED1hTcy1YJ5KM+K5gbXd8k/rtKZOKh8G9nkXM8ckw4B6nRBvJ6flEj1wvmVSrc9gvV5B9jvDVBYLIRhkyUsOnGOJcqYAcjX75vTcIaeyzQFNBlOpiFGknIVJzKti81IsViwgdkyHrGhoQnyknyULP4ZFRBtALpXmBhpn6fSMhvlIz3zWTaUj120vFv7xurL2ak/AgijUL6OKQFwuoQ5g2AAdcMqrFzBBCJTdZIR0RSag2PZVMCV8/hf+T1omNkY3vzir167yOIjgAh+AYYHAJ6uAWNEATUDABD+AJPFtT69F6sV4XowUr39kHP2C9fQJGO5HD</latexit><latexit sha1_base64="0I8vreA+iYE1Jey27byOaptoIBo=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJ1NSQ+667oxmUF+4B2KJk004ZmHk0yhTL0O9y4UMStH+POvzEzHUFFDwQO59zLPTluJLjSCH1YhaXlldW14nppY3Nre6e8u9dSYSwpa9JQhLLjEsUED1hTcy1YJ5KM+K5gbXd8k/rtKZOKh8G9nkXM8ckw4B6nRBvJ6flEj1wvmVSrc9gvV5B9jvDVBYLIRhkyUsOnGOJcqYAcjX75vTcIaeyzQFNBlOpiFGknIVJzKti81IsViwgdkyHrGhoQnyknyULP4ZFRBtALpXmBhpn6fSMhvlIz3zWTaUj120vFv7xurL2ak/AgijUL6OKQFwuoQ5g2AAdcMqrFzBBCJTdZIR0RSag2PZVMCV8/hf+T1omNkY3vzir167yOIjgAh+AYYHAJ6uAWNEATUDABD+AJPFtT69F6sV4XowUr39kHP2C9fQJGO5HD</latexit>

q
<latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit>25 mésons

➠ Todos já foram observados(o último foi o       em 1998)B±
c

<latexit sha1_base64="W0pL0exRa8P89k3JbuGSoLwT9xc=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoMtSNy4r2Ad0xpJJM21okhmSjFDCgL/ixoUibv0Od/6NmXYW2nogcDjnXu7JiVJGlfa8b2dldW19Y7OyVd3e2d3bdw8OOyrJJCZtnLBE9iKkCKOCtDXVjPRSSRCPGOlGk5vC7z4SqWgi7vU0JSFHI0FjipG20sA9DjjS4yg2zQcTpDwfGJzncODWvLo3A1wmfklqoERr4H4FwwRnnAiNGVKq73upDg2SmmJG8mqQKZIiPEEj0rdUIE5UaGbxc3hmlSGME2mf0HCm/t4wiCs15ZGdLMKqRa8Q//P6mY6vQ0NFmmki8PxQnDGoE1h0AYdUEqzZ1BKEJbVZIR4jibC2jVVtCf7il5dJ56Lue3X/7rLWaJZ1VMAJOAXnwAdXoAFuQQu0AQYGPINX8OY8OS/Ou/MxH11xyp0j8AfO5w+tIpXu</latexit><latexit sha1_base64="W0pL0exRa8P89k3JbuGSoLwT9xc=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoMtSNy4r2Ad0xpJJM21okhmSjFDCgL/ixoUibv0Od/6NmXYW2nogcDjnXu7JiVJGlfa8b2dldW19Y7OyVd3e2d3bdw8OOyrJJCZtnLBE9iKkCKOCtDXVjPRSSRCPGOlGk5vC7z4SqWgi7vU0JSFHI0FjipG20sA9DjjS4yg2zQcTpDwfGJzncODWvLo3A1wmfklqoERr4H4FwwRnnAiNGVKq73upDg2SmmJG8mqQKZIiPEEj0rdUIE5UaGbxc3hmlSGME2mf0HCm/t4wiCs15ZGdLMKqRa8Q//P6mY6vQ0NFmmki8PxQnDGoE1h0AYdUEqzZ1BKEJbVZIR4jibC2jVVtCf7il5dJ56Lue3X/7rLWaJZ1VMAJOAXnwAdXoAFuQQu0AQYGPINX8OY8OS/Ou/MxH11xyp0j8AfO5w+tIpXu</latexit><latexit sha1_base64="W0pL0exRa8P89k3JbuGSoLwT9xc=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoMtSNy4r2Ad0xpJJM21okhmSjFDCgL/ixoUibv0Od/6NmXYW2nogcDjnXu7JiVJGlfa8b2dldW19Y7OyVd3e2d3bdw8OOyrJJCZtnLBE9iKkCKOCtDXVjPRSSRCPGOlGk5vC7z4SqWgi7vU0JSFHI0FjipG20sA9DjjS4yg2zQcTpDwfGJzncODWvLo3A1wmfklqoERr4H4FwwRnnAiNGVKq73upDg2SmmJG8mqQKZIiPEEj0rdUIE5UaGbxc3hmlSGME2mf0HCm/t4wiCs15ZGdLMKqRa8Q//P6mY6vQ0NFmmki8PxQnDGoE1h0AYdUEqzZ1BKEJbVZIR4jibC2jVVtCf7il5dJ56Lue3X/7rLWaJZ1VMAJOAXnwAdXoAFuQQu0AQYGPINX8OY8OS/Ou/MxH11xyp0j8AfO5w+tIpXu</latexit><latexit sha1_base64="W0pL0exRa8P89k3JbuGSoLwT9xc=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoMtSNy4r2Ad0xpJJM21okhmSjFDCgL/ixoUibv0Od/6NmXYW2nogcDjnXu7JiVJGlfa8b2dldW19Y7OyVd3e2d3bdw8OOyrJJCZtnLBE9iKkCKOCtDXVjPRSSRCPGOlGk5vC7z4SqWgi7vU0JSFHI0FjipG20sA9DjjS4yg2zQcTpDwfGJzncODWvLo3A1wmfklqoERr4H4FwwRnnAiNGVKq73upDg2SmmJG8mqQKZIiPEEj0rdUIE5UaGbxc3hmlSGME2mf0HCm/t4wiCs15ZGdLMKqRa8Q//P6mY6vQ0NFmmki8PxQnDGoE1h0AYdUEqzZ1BKEJbVZIR4jibC2jVVtCf7il5dJ56Lue3X/7rLWaJZ1VMAJOAXnwAdXoAFuQQu0AQYGPINX8OY8OS/Ou/MxH11xyp0j8AfO5w+tIpXu</latexit>

35 bárions
➠ Muitos ainda não foram descobertos - LHCb descobriu
 o bárion         (ccu)

12 outros bárions com >1 quark pesado(=b ou c)
 ainda não foram observados

⌅++
cc

<latexit sha1_base64="icBbapQqEUoSzLEsyP9ZQjrebvQ=">AAACAHicdVDLSgMxFM34rPU16sKFm2ARhMKQGVptd0U3LivYB7S1ZNJMG5rJDElGKMNs/BU3LhRx62e4829MH4KKHrhwOOde7r3HjzlTGqEPa2l5ZXVtPbeR39za3tm19/abKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vLHl1O/dUelYpG40ZOY9kI8FCxgBGsj9e3Dboj1yA/SbpvdpsVi1k8JyTLYtwvIQV6lXPIgcrwyqrpVQ8rIrZ6VoOugGQpggXrffu8OIpKEVGjCsVIdF8W6l2KpGeE0y3cTRWNMxnhIO4YKHFLVS2cPZPDEKAMYRNKU0HCmfp9IcajUJPRN5/Rc9dubin95nUQHlV7KRJxoKsh8UZBwqCM4TQMOmKRE84khmEhmboVkhCUm2mSWNyF8fQr/J03PcZHjXpcKtYtFHDlwBI7BKXDBOaiBK1AHDUBABh7AE3i27q1H68V6nbcuWYuZA/AD1tsn91GWpQ==</latexit><latexit sha1_base64="icBbapQqEUoSzLEsyP9ZQjrebvQ=">AAACAHicdVDLSgMxFM34rPU16sKFm2ARhMKQGVptd0U3LivYB7S1ZNJMG5rJDElGKMNs/BU3LhRx62e4829MH4KKHrhwOOde7r3HjzlTGqEPa2l5ZXVtPbeR39za3tm19/abKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vLHl1O/dUelYpG40ZOY9kI8FCxgBGsj9e3Dboj1yA/SbpvdpsVi1k8JyTLYtwvIQV6lXPIgcrwyqrpVQ8rIrZ6VoOugGQpggXrffu8OIpKEVGjCsVIdF8W6l2KpGeE0y3cTRWNMxnhIO4YKHFLVS2cPZPDEKAMYRNKU0HCmfp9IcajUJPRN5/Rc9dubin95nUQHlV7KRJxoKsh8UZBwqCM4TQMOmKRE84khmEhmboVkhCUm2mSWNyF8fQr/J03PcZHjXpcKtYtFHDlwBI7BKXDBOaiBK1AHDUBABh7AE3i27q1H68V6nbcuWYuZA/AD1tsn91GWpQ==</latexit><latexit sha1_base64="icBbapQqEUoSzLEsyP9ZQjrebvQ=">AAACAHicdVDLSgMxFM34rPU16sKFm2ARhMKQGVptd0U3LivYB7S1ZNJMG5rJDElGKMNs/BU3LhRx62e4829MH4KKHrhwOOde7r3HjzlTGqEPa2l5ZXVtPbeR39za3tm19/abKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vLHl1O/dUelYpG40ZOY9kI8FCxgBGsj9e3Dboj1yA/SbpvdpsVi1k8JyTLYtwvIQV6lXPIgcrwyqrpVQ8rIrZ6VoOugGQpggXrffu8OIpKEVGjCsVIdF8W6l2KpGeE0y3cTRWNMxnhIO4YKHFLVS2cPZPDEKAMYRNKU0HCmfp9IcajUJPRN5/Rc9dubin95nUQHlV7KRJxoKsh8UZBwqCM4TQMOmKRE84khmEhmboVkhCUm2mSWNyF8fQr/J03PcZHjXpcKtYtFHDlwBI7BKXDBOaiBK1AHDUBABh7AE3i27q1H68V6nbcuWYuZA/AD1tsn91GWpQ==</latexit><latexit sha1_base64="icBbapQqEUoSzLEsyP9ZQjrebvQ=">AAACAHicdVDLSgMxFM34rPU16sKFm2ARhMKQGVptd0U3LivYB7S1ZNJMG5rJDElGKMNs/BU3LhRx62e4829MH4KKHrhwOOde7r3HjzlTGqEPa2l5ZXVtPbeR39za3tm19/abKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vLHl1O/dUelYpG40ZOY9kI8FCxgBGsj9e3Dboj1yA/SbpvdpsVi1k8JyTLYtwvIQV6lXPIgcrwyqrpVQ8rIrZ6VoOugGQpggXrffu8OIpKEVGjCsVIdF8W6l2KpGeE0y3cTRWNMxnhIO4YKHFLVS2cPZPDEKAMYRNKU0HCmfp9IcajUJPRN5/Rc9dubin95nUQHlV7KRJxoKsh8UZBwqCM4TQMOmKRE84khmEhmboVkhCUm2mSWNyF8fQr/J03PcZHjXpcKtYtFHDlwBI7BKXDBOaiBK1AHDUBABh7AE3i27q1H68V6nbcuWYuZA/AD1tsn91GWpQ==</latexit>

Além dos estados "excitados" (assim como átomos)
com diferentes massas e propriedades 

Descobrir novos estados e medir suas propriedades (massa, tempo de vida , os decaimentos) fornece 
uma ferramenta poderosa para estudar e melhorar os cálculos da QCD

!9

https://doi.org/10.1103/PhysRevLett.119.112001


O zoológico de partículas

q̄
<latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit><latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit><latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit><latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit>

q
<latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit> q̄

<latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit><latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit><latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit><latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit>

q
<latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit>

q0
<latexit sha1_base64="N2IOMrm1jbxtJyIuUGhmKeETgGY=">AAAB83icdVDLSgMxFM34rPVVdekmWERXJfFZd0U3LivYB3SGkkkzbWgmMyYZoQz9DTcuFHHrz7jzb8xMR1DRA4HDOfdyT44fC64NQh/O3PzC4tJyaaW8ura+sVnZ2m7rKFGUtWgkItX1iWaCS9Yy3AjWjRUjoS9Yxx9fZX7nninNI3lrJjHzQjKUPOCUGCu5bkjMyA/Su4Mp7FeqqHaK8MUZgqiGcuSkjo8xxIVSBQWa/cq7O4hoEjJpqCBa9zCKjZcSZTgVbFp2E81iQsdkyHqWShIy7aV55inct8oABpGyTxqYq983UhJqPQl9O5ll1L+9TPzL6yUmqHspl3FimKSzQ0EioIlgVgAccMWoERNLCFXcZoV0RBShxtZUtiV8/RT+T9pHNYxq+Oak2rgs6iiBXbAHDgEG56ABrkETtAAFMXgAT+DZSZxH58V5nY3OOcXODvgB5+0T4eeRkg==</latexit><latexit sha1_base64="N2IOMrm1jbxtJyIuUGhmKeETgGY=">AAAB83icdVDLSgMxFM34rPVVdekmWERXJfFZd0U3LivYB3SGkkkzbWgmMyYZoQz9DTcuFHHrz7jzb8xMR1DRA4HDOfdyT44fC64NQh/O3PzC4tJyaaW8ura+sVnZ2m7rKFGUtWgkItX1iWaCS9Yy3AjWjRUjoS9Yxx9fZX7nninNI3lrJjHzQjKUPOCUGCu5bkjMyA/Su4Mp7FeqqHaK8MUZgqiGcuSkjo8xxIVSBQWa/cq7O4hoEjJpqCBa9zCKjZcSZTgVbFp2E81iQsdkyHqWShIy7aV55inct8oABpGyTxqYq983UhJqPQl9O5ll1L+9TPzL6yUmqHspl3FimKSzQ0EioIlgVgAccMWoERNLCFXcZoV0RBShxtZUtiV8/RT+T9pHNYxq+Oak2rgs6iiBXbAHDgEG56ABrkETtAAFMXgAT+DZSZxH58V5nY3OOcXODvgB5+0T4eeRkg==</latexit><latexit sha1_base64="N2IOMrm1jbxtJyIuUGhmKeETgGY=">AAAB83icdVDLSgMxFM34rPVVdekmWERXJfFZd0U3LivYB3SGkkkzbWgmMyYZoQz9DTcuFHHrz7jzb8xMR1DRA4HDOfdyT44fC64NQh/O3PzC4tJyaaW8ura+sVnZ2m7rKFGUtWgkItX1iWaCS9Yy3AjWjRUjoS9Yxx9fZX7nninNI3lrJjHzQjKUPOCUGCu5bkjMyA/Su4Mp7FeqqHaK8MUZgqiGcuSkjo8xxIVSBQWa/cq7O4hoEjJpqCBa9zCKjZcSZTgVbFp2E81iQsdkyHqWShIy7aV55inct8oABpGyTxqYq983UhJqPQl9O5ll1L+9TPzL6yUmqHspl3FimKSzQ0EioIlgVgAccMWoERNLCFXcZoV0RBShxtZUtiV8/RT+T9pHNYxq+Oak2rgs6iiBXbAHDgEG56ABrkETtAAFMXgAT+DZSZxH58V5nY3OOcXODvgB5+0T4eeRkg==</latexit><latexit sha1_base64="N2IOMrm1jbxtJyIuUGhmKeETgGY=">AAAB83icdVDLSgMxFM34rPVVdekmWERXJfFZd0U3LivYB3SGkkkzbWgmMyYZoQz9DTcuFHHrz7jzb8xMR1DRA4HDOfdyT44fC64NQh/O3PzC4tJyaaW8ura+sVnZ2m7rKFGUtWgkItX1iWaCS9Yy3AjWjRUjoS9Yxx9fZX7nninNI3lrJjHzQjKUPOCUGCu5bkjMyA/Su4Mp7FeqqHaK8MUZgqiGcuSkjo8xxIVSBQWa/cq7O4hoEjJpqCBa9zCKjZcSZTgVbFp2E81iQsdkyHqWShIy7aV55inct8oABpGyTxqYq983UhJqPQl9O5ll1L+9TPzL6yUmqHspl3FimKSzQ0EioIlgVgAccMWoERNLCFXcZoV0RBShxtZUtiV8/RT+T9pHNYxq+Oak2rgs6iiBXbAHDgEG56ABrkETtAAFMXgAT+DZSZxH58V5nY3OOcXODvgB5+0T4eeRkg==</latexit>

q00
<latexit sha1_base64="0I8vreA+iYE1Jey27byOaptoIBo=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJ1NSQ+667oxmUF+4B2KJk004ZmHk0yhTL0O9y4UMStH+POvzEzHUFFDwQO59zLPTluJLjSCH1YhaXlldW14nppY3Nre6e8u9dSYSwpa9JQhLLjEsUED1hTcy1YJ5KM+K5gbXd8k/rtKZOKh8G9nkXM8ckw4B6nRBvJ6flEj1wvmVSrc9gvV5B9jvDVBYLIRhkyUsOnGOJcqYAcjX75vTcIaeyzQFNBlOpiFGknIVJzKti81IsViwgdkyHrGhoQnyknyULP4ZFRBtALpXmBhpn6fSMhvlIz3zWTaUj120vFv7xurL2ak/AgijUL6OKQFwuoQ5g2AAdcMqrFzBBCJTdZIR0RSag2PZVMCV8/hf+T1omNkY3vzir167yOIjgAh+AYYHAJ6uAWNEATUDABD+AJPFtT69F6sV4XowUr39kHP2C9fQJGO5HD</latexit><latexit sha1_base64="0I8vreA+iYE1Jey27byOaptoIBo=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJ1NSQ+667oxmUF+4B2KJk004ZmHk0yhTL0O9y4UMStH+POvzEzHUFFDwQO59zLPTluJLjSCH1YhaXlldW14nppY3Nre6e8u9dSYSwpa9JQhLLjEsUED1hTcy1YJ5KM+K5gbXd8k/rtKZOKh8G9nkXM8ckw4B6nRBvJ6flEj1wvmVSrc9gvV5B9jvDVBYLIRhkyUsOnGOJcqYAcjX75vTcIaeyzQFNBlOpiFGknIVJzKti81IsViwgdkyHrGhoQnyknyULP4ZFRBtALpXmBhpn6fSMhvlIz3zWTaUj120vFv7xurL2ak/AgijUL6OKQFwuoQ5g2AAdcMqrFzBBCJTdZIR0RSag2PZVMCV8/hf+T1omNkY3vzir167yOIjgAh+AYYHAJ6uAWNEATUDABD+AJPFtT69F6sV4XowUr39kHP2C9fQJGO5HD</latexit><latexit sha1_base64="0I8vreA+iYE1Jey27byOaptoIBo=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJ1NSQ+667oxmUF+4B2KJk004ZmHk0yhTL0O9y4UMStH+POvzEzHUFFDwQO59zLPTluJLjSCH1YhaXlldW14nppY3Nre6e8u9dSYSwpa9JQhLLjEsUED1hTcy1YJ5KM+K5gbXd8k/rtKZOKh8G9nkXM8ckw4B6nRBvJ6flEj1wvmVSrc9gvV5B9jvDVBYLIRhkyUsOnGOJcqYAcjX75vTcIaeyzQFNBlOpiFGknIVJzKti81IsViwgdkyHrGhoQnyknyULP4ZFRBtALpXmBhpn6fSMhvlIz3zWTaUj120vFv7xurL2ak/AgijUL6OKQFwuoQ5g2AAdcMqrFzBBCJTdZIR0RSag2PZVMCV8/hf+T1omNkY3vzir167yOIjgAh+AYYHAJ6uAWNEATUDABD+AJPFtT69F6sV4XowUr39kHP2C9fQJGO5HD</latexit><latexit sha1_base64="0I8vreA+iYE1Jey27byOaptoIBo=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJ1NSQ+667oxmUF+4B2KJk004ZmHk0yhTL0O9y4UMStH+POvzEzHUFFDwQO59zLPTluJLjSCH1YhaXlldW14nppY3Nre6e8u9dSYSwpa9JQhLLjEsUED1hTcy1YJ5KM+K5gbXd8k/rtKZOKh8G9nkXM8ckw4B6nRBvJ6flEj1wvmVSrc9gvV5B9jvDVBYLIRhkyUsOnGOJcqYAcjX75vTcIaeyzQFNBlOpiFGknIVJzKti81IsViwgdkyHrGhoQnyknyULP4ZFRBtALpXmBhpn6fSMhvlIz3zWTaUj120vFv7xurL2ak/AgijUL6OKQFwuoQ5g2AAdcMqrFzBBCJTdZIR0RSag2PZVMCV8/hf+T1omNkY3vzir167yOIjgAh+AYYHAJ6uAWNEATUDABD+AJPFtT69F6sV4XowUr39kHP2C9fQJGO5HD</latexit>

q̄
<latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit><latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit><latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit><latexit sha1_base64="B0C4z+AVbiuzY9LR0uNfl6ZPZN8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchYnPuiu6cVnBPqAJZTKdtEMnD2cmSon5FDcuFHHrl7jzb5ykEVT0wMDhnHu5Z44XcyYVQh/G3PzC4tJyZaW6ura+sWnWtjoySgShbRLxSPQ8LClnIW0rpjjtxYLiwOO0600ucr97S4VkUXitpjF1AzwKmc8IVloamDUnwGrs+anjYZHeZBkcmHVkHSP77ARBZKECBWnYhza0S6UOSrQG5rszjEgS0FARjqXs2yhWboqFYoTTrOokksaYTPCI9jUNcUClmxbRM7inlSH0I6FfqGChft9IcSDlNPD0ZB5U/vZy8S+vnyi/4aYsjBNFQzI75CccqgjmPcAhE5QoPtUEE8F0VkjGWGCidFtVXcLXT+H/pHNg2ciyr47qzfOyjgrYAbtgH9jgFDTBJWiBNiDgDjyAJ/Bs3BuPxovxOhudM8qdbfADxtsnzLaUVw==</latexit>

q
<latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit>

q
<latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit><latexit sha1_base64="eWHB4sd6CKwvjA0UfjRvV3NnKS8=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KonPuiu6cVnBPmA6lEyaaUMzmTHJCGXoZ7hxoYhbv8adf2NmOoKKHggczrmXnHv8WHBtEPpwSguLS8sr5dXK2vrG5lZ1e6ejo0RR1qaRiFTPJ5oJLlnbcCNYL1aMhL5gXX9ylfnde6Y0j+StmcbMC8lI8oBTYqzk9kNixn6Q3s3goFpD9VOEL84QRHWUIycNfIwhLpQaKNAaVN/7w4gmIZOGCqK1i1FsvJQow6lgs0o/0SwmdEJGzLVUkpBpL80jz+CBVYYwiJR90sBc/b6RklDraejbySyi/u1l4l+em5ig4aVcxolhks4/ChIBTQSz++GQK0aNmFpCqOI2K6Rjogg1tqWKLeHrUvg/6RzVMarjm5Na87Koowz2wD44BBicgya4Bi3QBhRE4AE8gWfHOI/Oi/M6Hy05xc4u+AHn7RN9y5Fh</latexit>

pentaquark
tetraquark

Enigma de longa data - por que apenas mésons e bárions? Por que não outras combinações de 
quarks ?

Em 2015, o LHCb fez a primeira descoberta de (dois!)
estados pentaquark (          )

Existem muitos outros candidatos, mas muitas vezes difíceis
para identificar sua natureza

Um novo campo se abrindo!

uudcc̄
<latexit sha1_base64="DTKzGPDaP8koJlstC790yu9xe1c=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDabTbt0sxv2QyihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLc8608f1vr7K2vrG5Vd2u7ezu7R/UD4+6WlpFaIdILlUvxppyJmjHMMNpL1cUZzGnj/H4duY/PlGlmRQPZpLTKMNDwVJGsHFSaG1C+jFWBZkO6g2/6c+BVklQkgaUaA/qX/1EEptRYQjHWoeBn5uowMowwum01rea5piM8ZCGjgqcUR0V85On6MwpCUqlciUMmqu/JwqcaT3JYteZYTPSy95M/M8LrUmvo4KJ3BoqyGJRajkyEs3+RwlTlBg+cQQTxdytiIywwsS4lGouhGD55VXSvWgGfjO4v2y0bso4qnACp3AOAVxBC+6gDR0gIOEZXuHNM96L9+59LForXjlzDH/gff4AttCRhQ==</latexit><latexit sha1_base64="DTKzGPDaP8koJlstC790yu9xe1c=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDabTbt0sxv2QyihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLc8608f1vr7K2vrG5Vd2u7ezu7R/UD4+6WlpFaIdILlUvxppyJmjHMMNpL1cUZzGnj/H4duY/PlGlmRQPZpLTKMNDwVJGsHFSaG1C+jFWBZkO6g2/6c+BVklQkgaUaA/qX/1EEptRYQjHWoeBn5uowMowwum01rea5piM8ZCGjgqcUR0V85On6MwpCUqlciUMmqu/JwqcaT3JYteZYTPSy95M/M8LrUmvo4KJ3BoqyGJRajkyEs3+RwlTlBg+cQQTxdytiIywwsS4lGouhGD55VXSvWgGfjO4v2y0bso4qnACp3AOAVxBC+6gDR0gIOEZXuHNM96L9+59LForXjlzDH/gff4AttCRhQ==</latexit><latexit sha1_base64="DTKzGPDaP8koJlstC790yu9xe1c=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDabTbt0sxv2QyihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLc8608f1vr7K2vrG5Vd2u7ezu7R/UD4+6WlpFaIdILlUvxppyJmjHMMNpL1cUZzGnj/H4duY/PlGlmRQPZpLTKMNDwVJGsHFSaG1C+jFWBZkO6g2/6c+BVklQkgaUaA/qX/1EEptRYQjHWoeBn5uowMowwum01rea5piM8ZCGjgqcUR0V85On6MwpCUqlciUMmqu/JwqcaT3JYteZYTPSy95M/M8LrUmvo4KJ3BoqyGJRajkyEs3+RwlTlBg+cQQTxdytiIywwsS4lGouhGD55VXSvWgGfjO4v2y0bso4qnACp3AOAVxBC+6gDR0gIOEZXuHNM96L9+59LForXjlzDH/gff4AttCRhQ==</latexit><latexit sha1_base64="DTKzGPDaP8koJlstC790yu9xe1c=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbSUDabTbt0sxv2QyihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLc8608f1vr7K2vrG5Vd2u7ezu7R/UD4+6WlpFaIdILlUvxppyJmjHMMNpL1cUZzGnj/H4duY/PlGlmRQPZpLTKMNDwVJGsHFSaG1C+jFWBZkO6g2/6c+BVklQkgaUaA/qX/1EEptRYQjHWoeBn5uowMowwum01rea5piM8ZCGjgqcUR0V85On6MwpCUqlciUMmqu/JwqcaT3JYteZYTPSy95M/M8LrUmvo4KJ3BoqyGJRajkyEs3+RwlTlBg+cQQTxdytiIywwsS4lGouhGD55VXSvWgGfjO4v2y0bso4qnACp3AOAVxBC+6gDR0gIOEZXuHNM96L9+59LForXjlzDH/gff4AttCRhQ==</latexit>

!10

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.072001


Parâmetros do Modelo Padrão:

• Acoplamento de gauge

• 2 parâmetros de Higgs

• 6 massas dos quarks

• 3(+3) massas dos léptons

• 3 ângulos de mistura + 1 fase -> matriz CKM

• (3 ângulos de mistura + 1 fase) -> matriz PMNS 

(…)= com os neutrinos de Dirac

  

física do <<sabor>>?

!11



Parâmetros do Modelo Padrão:

• Acoplamento de gauge

• 2 parâmetros de Higgs

• 6 massas dos quarks

• 3(+3) massas dos léptons

• 3 ângulos de mistura + 1 fase -> matriz CKM

• (3 ângulos de mistura + 1 fase) -> matriz PMNS 

(…)= com os neutrinos de Dirac

  

} Parâmetros 
do sabor

física do <<sabor>>?
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O papel da física do sabor

• na busca por física nova; 

• entender por que o MP parece tão fundamental;

• em aprender sobre os mistérios da estrutura de sabor do MP (e AMP);

• em conectar a violação de CP à assimetria matéria-antimatéria no universo 

observável;

• na compreensão da QCD, e sondando as propriedades da matéria desconfinada a 

alta temperatura e densidade;

• extra: como uma ferramenta experimental & sonda.

• serve como sonda ou fundo dominante no MP e em buscas por AMP

• para a calibração do detector(performance do detector, campo magnético)

!13



u,c

Descobertas indiretas via fronteira de precisão
Nova física pode aparecer na fronteira de precisão antes da fronteira energética

• ‣  kaon (1947), Λ
0 

(1950) levou a descoberta da estranheza;•   ‣  mecanismo GIM  (1970) antes da descoberta do charm (1974) ;•  
 ‣  violação de CP (1964) antes da descoberta do bottom (1977) & top (1995) ;•  
 ‣  corrente neutra (1973) antes da descoberta do Z (1983) ;•   
 ‣  medida de precisão das massas do W e t que limitou a massa do Higgs, etc!  

1970
Mecanismo de GIM

(Glashow–Iliopoulos–Maiani) 
requer um quarto-quark : Charm

ex.: K+→μ+νμ e por que não K0→μ+μ- 

1973
Kobayachi e Maskawa 

estimaram a terceira geração de quark 
bottom e top 

para explicar a violação CP
(descoberta em 1964 no sistema do kaon) 

observação da corrente neutra

1983 

descoberta do bóson Z 

(UA1+UA2) 

2012

descoberta do 
bóson Higgs 

(ATLAS+CMS) 

1995

descoberta do 
quark top 

(CDF+D0) 

1977

descoberta do 
méson 𝜰 

(E288) 

1974

descoberta 
do méson

J/𝝍

SPEAR+AGS) 

precisão na mW e mt 

⇒ mH < 145 GeV

2009,2012
(e antes)

A medida da 
massa W

Gargamelle 
Câmara de bolha

!14



Violação de CP
Simetria CP:

C(conjugação de carga): converte partículas ⟷ antipartícula 
P(paridade): inverte todas as coordenadas espaciais e o  (⇒  spin)

Essa simetria é violada em certos tipos de decaimentos via interação fraca

Simetria ⟷ conservação dos número quânticos

Se um processo muda ao se inverter as 
coordenadas e trocar partícula por antipartícula, 
então ele não é invariante sob CP, e se diz que 
CP foi violada 

!15



A física do sabor estuda a comunicação entre diferentes famílias(gerações)
  

Matriz elemento
Cabibbo-Kobayashi-Maskawa

física do <<sabor>>

!16



Os quarks mudam de sabor através da interação fraca carregada

Física do sabor <<pesado(quark)>>

      ➠ Muitas combinações possíveis , muitos decaimentos possíveis 

            para diferentes estados finais W- 
b

<latexit sha1_base64="GzkDGoTHQZtfUngWQn2o7T4JC7s=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhFswG1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QPby5EG</latexit><latexit sha1_base64="GzkDGoTHQZtfUngWQn2o7T4JC7s=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhFswG1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QPby5EG</latexit><latexit sha1_base64="GzkDGoTHQZtfUngWQn2o7T4JC7s=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhFswG1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QPby5EG</latexit><latexit sha1_base64="GzkDGoTHQZtfUngWQn2o7T4JC7s=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhFswG1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QPby5EG</latexit>

d̄
<latexit sha1_base64="x1txCBxQlzxvJk6rT3gvMekK0Mk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMlk0g6dTMLMpFBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSDlT2nG+rdrG5tb2Tn23sbd/cHhkH5/0VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86XlK/RiPBYsYwdpII9v2YqwnQZR7AZZ5WBQju+m0nAXQOnEr0oQKnZH95YUJyWIqNOFYqaHrpNrPsdSMcFo0vEzRFJMpHtOhoQLHVPn5InmBLowSoiiR5gmNFurvjRzHSs3jwEyWOdWqV4r/ecNMR7d+zkSaaSrI8lCUcaQTVNaAQiYp0XxuCCaSmayITLDERJuyGqYEd/XL66R31XKdlvt43WzfVXXU4QzO4RJcuIE2PEAHukBgBs/wCm9Wbr1Y79bHcrRmVTun8AfW5w8rDpP+</latexit><latexit sha1_base64="x1txCBxQlzxvJk6rT3gvMekK0Mk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMlk0g6dTMLMpFBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSDlT2nG+rdrG5tb2Tn23sbd/cHhkH5/0VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86XlK/RiPBYsYwdpII9v2YqwnQZR7AZZ5WBQju+m0nAXQOnEr0oQKnZH95YUJyWIqNOFYqaHrpNrPsdSMcFo0vEzRFJMpHtOhoQLHVPn5InmBLowSoiiR5gmNFurvjRzHSs3jwEyWOdWqV4r/ecNMR7d+zkSaaSrI8lCUcaQTVNaAQiYp0XxuCCaSmayITLDERJuyGqYEd/XL66R31XKdlvt43WzfVXXU4QzO4RJcuIE2PEAHukBgBs/wCm9Wbr1Y79bHcrRmVTun8AfW5w8rDpP+</latexit><latexit sha1_base64="x1txCBxQlzxvJk6rT3gvMekK0Mk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMlk0g6dTMLMpFBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSDlT2nG+rdrG5tb2Tn23sbd/cHhkH5/0VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86XlK/RiPBYsYwdpII9v2YqwnQZR7AZZ5WBQju+m0nAXQOnEr0oQKnZH95YUJyWIqNOFYqaHrpNrPsdSMcFo0vEzRFJMpHtOhoQLHVPn5InmBLowSoiiR5gmNFurvjRzHSs3jwEyWOdWqV4r/ecNMR7d+zkSaaSrI8lCUcaQTVNaAQiYp0XxuCCaSmayITLDERJuyGqYEd/XL66R31XKdlvt43WzfVXXU4QzO4RJcuIE2PEAHukBgBs/wCm9Wbr1Y79bHcrRmVTun8AfW5w8rDpP+</latexit><latexit sha1_base64="x1txCBxQlzxvJk6rT3gvMekK0Mk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMlk0g6dTMLMpFBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSDlT2nG+rdrG5tb2Tn23sbd/cHhkH5/0VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86XlK/RiPBYsYwdpII9v2YqwnQZR7AZZ5WBQju+m0nAXQOnEr0oQKnZH95YUJyWIqNOFYqaHrpNrPsdSMcFo0vEzRFJMpHtOhoQLHVPn5InmBLowSoiiR5gmNFurvjRzHSs3jwEyWOdWqV4r/ecNMR7d+zkSaaSrI8lCUcaQTVNaAQiYp0XxuCCaSmayITLDERJuyGqYEd/XL66R31XKdlvt43WzfVXXU4QzO4RJcuIE2PEAHukBgBs/wCm9Wbr1Y79bHcrRmVTun8AfW5w8rDpP+</latexit>

c
<latexit sha1_base64="+A6VEtos3HL/1r2wKYFonhC20Mo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhxmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AHdUJEH</latexit><latexit sha1_base64="+A6VEtos3HL/1r2wKYFonhC20Mo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhxmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AHdUJEH</latexit><latexit sha1_base64="+A6VEtos3HL/1r2wKYFonhC20Mo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhxmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AHdUJEH</latexit><latexit sha1_base64="+A6VEtos3HL/1r2wKYFonhC20Mo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhxmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AHdUJEH</latexit>

ū
<latexit sha1_base64="zpM+szOijoUjMjmkeiC3KtxbVQ0=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KIoMeiF48VTFtoQtlsN+3SzSbsbgol5J948aCIV/+JN/+NmzYHbR1YGGbe481OmHKmtON8W7WNza3tnfpuY2//4PDIPj7pqiSThHok4Ynsh1hRzgT1NNOc9lNJcRxy2gun96Xfm1GpWCKe9DylQYzHgkWMYG2koW37MdaTMMr9EMs8K4qh3XRazgJonbgVaUKFztD+8kcJyWIqNOFYqYHrpDrIsdSMcFo0/EzRFJMpHtOBoQLHVAX5InmBLowyQlEizRMaLdTfGzmOlZrHoZksc6pVrxT/8waZjm6DnIk001SQ5aEo40gnqKwBjZikRPO5IZhIZrIiMsESE23KapgS3NUvr5PuVct1Wu7jdbN9V9VRhzM4h0tw4Qba8AAd8IDADJ7hFd6s3Hqx3q2P5WjNqnZO4Q+szx9E9JQP</latexit><latexit sha1_base64="zpM+szOijoUjMjmkeiC3KtxbVQ0=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KIoMeiF48VTFtoQtlsN+3SzSbsbgol5J948aCIV/+JN/+NmzYHbR1YGGbe481OmHKmtON8W7WNza3tnfpuY2//4PDIPj7pqiSThHok4Ynsh1hRzgT1NNOc9lNJcRxy2gun96Xfm1GpWCKe9DylQYzHgkWMYG2koW37MdaTMMr9EMs8K4qh3XRazgJonbgVaUKFztD+8kcJyWIqNOFYqYHrpDrIsdSMcFo0/EzRFJMpHtOBoQLHVAX5InmBLowyQlEizRMaLdTfGzmOlZrHoZksc6pVrxT/8waZjm6DnIk001SQ5aEo40gnqKwBjZikRPO5IZhIZrIiMsESE23KapgS3NUvr5PuVct1Wu7jdbN9V9VRhzM4h0tw4Qba8AAd8IDADJ7hFd6s3Hqx3q2P5WjNqnZO4Q+szx9E9JQP</latexit><latexit sha1_base64="zpM+szOijoUjMjmkeiC3KtxbVQ0=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KIoMeiF48VTFtoQtlsN+3SzSbsbgol5J948aCIV/+JN/+NmzYHbR1YGGbe481OmHKmtON8W7WNza3tnfpuY2//4PDIPj7pqiSThHok4Ynsh1hRzgT1NNOc9lNJcRxy2gun96Xfm1GpWCKe9DylQYzHgkWMYG2koW37MdaTMMr9EMs8K4qh3XRazgJonbgVaUKFztD+8kcJyWIqNOFYqYHrpDrIsdSMcFo0/EzRFJMpHtOBoQLHVAX5InmBLowyQlEizRMaLdTfGzmOlZrHoZksc6pVrxT/8waZjm6DnIk001SQ5aEo40gnqKwBjZikRPO5IZhIZrIiMsESE23KapgS3NUvr5PuVct1Wu7jdbN9V9VRhzM4h0tw4Qba8AAd8IDADJ7hFd6s3Hqx3q2P5WjNqnZO4Q+szx9E9JQP</latexit><latexit sha1_base64="zpM+szOijoUjMjmkeiC3KtxbVQ0=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KIoMeiF48VTFtoQtlsN+3SzSbsbgol5J948aCIV/+JN/+NmzYHbR1YGGbe481OmHKmtON8W7WNza3tnfpuY2//4PDIPj7pqiSThHok4Ynsh1hRzgT1NNOc9lNJcRxy2gun96Xfm1GpWCKe9DylQYzHgkWMYG2koW37MdaTMMr9EMs8K4qh3XRazgJonbgVaUKFztD+8kcJyWIqNOFYqYHrpDrIsdSMcFo0/EzRFJMpHtOBoQLHVAX5InmBLowyQlEizRMaLdTfGzmOlZrHoZksc6pVrxT/8waZjm6DnIk001SQ5aEo40gnqKwBjZikRPO5IZhIZrIiMsESE23KapgS3NUvr5PuVct1Wu7jdbN9V9VRhzM4h0tw4Qba8AAd8IDADJ7hFd6s3Hqx3q2P5WjNqnZO4Q+szx9E9JQP</latexit>

d
<latexit sha1_base64="GGtk1qN94p3lS2+MxRDs9uIEc4U=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99iNqxkGYDWeDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofazeeIZObPKkISxsk8aMld/b2Q00noaBXYyT6iXvVz8z+ulJrz2My6T1KBki4/CVBATk/x8MuQKmRFTSyhT3GYlbEwVZcaWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDCc/wCm+Odl6cd+djMVpyip1j+APn8wfe1ZEI</latexit><latexit sha1_base64="GGtk1qN94p3lS2+MxRDs9uIEc4U=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99iNqxkGYDWeDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofazeeIZObPKkISxsk8aMld/b2Q00noaBXYyT6iXvVz8z+ulJrz2My6T1KBki4/CVBATk/x8MuQKmRFTSyhT3GYlbEwVZcaWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDCc/wCm+Odl6cd+djMVpyip1j+APn8wfe1ZEI</latexit><latexit sha1_base64="GGtk1qN94p3lS2+MxRDs9uIEc4U=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99iNqxkGYDWeDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofazeeIZObPKkISxsk8aMld/b2Q00noaBXYyT6iXvVz8z+ulJrz2My6T1KBki4/CVBATk/x8MuQKmRFTSyhT3GYlbEwVZcaWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDCc/wCm+Odl6cd+djMVpyip1j+APn8wfe1ZEI</latexit><latexit sha1_base64="GGtk1qN94p3lS2+MxRDs9uIEc4U=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99iNqxkGYDWeDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofazeeIZObPKkISxsk8aMld/b2Q00noaBXYyT6iXvVz8z+ulJrz2My6T1KBki4/CVBATk/x8MuQKmRFTSyhT3GYlbEwVZcaWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDCc/wCm+Odl6cd+djMVpyip1j+APn8wfe1ZEI</latexit>

d̄
<latexit sha1_base64="x1txCBxQlzxvJk6rT3gvMekK0Mk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMlk0g6dTMLMpFBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSDlT2nG+rdrG5tb2Tn23sbd/cHhkH5/0VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86XlK/RiPBYsYwdpII9v2YqwnQZR7AZZ5WBQju+m0nAXQOnEr0oQKnZH95YUJyWIqNOFYqaHrpNrPsdSMcFo0vEzRFJMpHtOhoQLHVPn5InmBLowSoiiR5gmNFurvjRzHSs3jwEyWOdWqV4r/ecNMR7d+zkSaaSrI8lCUcaQTVNaAQiYp0XxuCCaSmayITLDERJuyGqYEd/XL66R31XKdlvt43WzfVXXU4QzO4RJcuIE2PEAHukBgBs/wCm9Wbr1Y79bHcrRmVTun8AfW5w8rDpP+</latexit><latexit sha1_base64="x1txCBxQlzxvJk6rT3gvMekK0Mk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMlk0g6dTMLMpFBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSDlT2nG+rdrG5tb2Tn23sbd/cHhkH5/0VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86XlK/RiPBYsYwdpII9v2YqwnQZR7AZZ5WBQju+m0nAXQOnEr0oQKnZH95YUJyWIqNOFYqaHrpNrPsdSMcFo0vEzRFJMpHtOhoQLHVPn5InmBLowSoiiR5gmNFurvjRzHSs3jwEyWOdWqV4r/ecNMR7d+zkSaaSrI8lCUcaQTVNaAQiYp0XxuCCaSmayITLDERJuyGqYEd/XL66R31XKdlvt43WzfVXXU4QzO4RJcuIE2PEAHukBgBs/wCm9Wbr1Y79bHcrRmVTun8AfW5w8rDpP+</latexit><latexit sha1_base64="x1txCBxQlzxvJk6rT3gvMekK0Mk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMlk0g6dTMLMpFBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSDlT2nG+rdrG5tb2Tn23sbd/cHhkH5/0VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86XlK/RiPBYsYwdpII9v2YqwnQZR7AZZ5WBQju+m0nAXQOnEr0oQKnZH95YUJyWIqNOFYqaHrpNrPsdSMcFo0vEzRFJMpHtOhoQLHVPn5InmBLowSoiiR5gmNFurvjRzHSs3jwEyWOdWqV4r/ecNMR7d+zkSaaSrI8lCUcaQTVNaAQiYp0XxuCCaSmayITLDERJuyGqYEd/XL66R31XKdlvt43WzfVXXU4QzO4RJcuIE2PEAHukBgBs/wCm9Wbr1Y79bHcrRmVTun8AfW5w8rDpP+</latexit><latexit sha1_base64="x1txCBxQlzxvJk6rT3gvMekK0Mk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMlk0g6dTMLMpFBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSDlT2nG+rdrG5tb2Tn23sbd/cHhkH5/0VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9M70u/P6NSsUQ86XlK/RiPBYsYwdpII9v2YqwnQZR7AZZ5WBQju+m0nAXQOnEr0oQKnZH95YUJyWIqNOFYqaHrpNrPsdSMcFo0vEzRFJMpHtOhoQLHVPn5InmBLowSoiiR5gmNFurvjRzHSs3jwEyWOdWqV4r/ecNMR7d+zkSaaSrI8lCUcaQTVNaAQiYp0XxuCCaSmayITLDERJuyGqYEd/XL66R31XKdlvt43WzfVXXU4QzO4RJcuIE2PEAHukBgBs/wCm9Wbr1Y79bHcrRmVTun8AfW5w8rDpP+</latexit>

Vcb
<latexit sha1_base64="I5YZeNX8F+hO1RiS6iHsGfG9EgI=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyHxWXdFNy4r2FZohyGTZtrQzIMkI9RhvsSNC0Xc+inu/BvT6QgqeiBwOOde7snxE8GVRujDqiwsLi2vVFdra+sbm3V7a7ur4lRS1qGxiOWtTxQTPGIdzbVgt4lkJPQF6/mTy5nfu2NS8Ti60dOEuSEZRTzglGgjeXZ9EBI99oOs62XUz3PPbiDnBOHzUwSRgwoUpImPMMSl0gAl2p79PhjGNA1ZpKkgSvUxSrSbEak5FSyvDVLFEkInZMT6hkYkZMrNiuA53DfKEAaxNC/SsFC/b2QkVGoa+mZyFlP99mbiX14/1UHTzXiUpJpFdH4oSAXUMZy1AIdcMqrF1BBCJTdZIR0TSag2XdVMCV8/hf+T7qGDkYOvjxuti7KOKtgFe+AAYHAGWuAKtEEHUJCCB/AEnq1769F6sV7noxWr3NkBP2C9fQJ2ppOb</latexit><latexit sha1_base64="I5YZeNX8F+hO1RiS6iHsGfG9EgI=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyHxWXdFNy4r2FZohyGTZtrQzIMkI9RhvsSNC0Xc+inu/BvT6QgqeiBwOOde7snxE8GVRujDqiwsLi2vVFdra+sbm3V7a7ur4lRS1qGxiOWtTxQTPGIdzbVgt4lkJPQF6/mTy5nfu2NS8Ti60dOEuSEZRTzglGgjeXZ9EBI99oOs62XUz3PPbiDnBOHzUwSRgwoUpImPMMSl0gAl2p79PhjGNA1ZpKkgSvUxSrSbEak5FSyvDVLFEkInZMT6hkYkZMrNiuA53DfKEAaxNC/SsFC/b2QkVGoa+mZyFlP99mbiX14/1UHTzXiUpJpFdH4oSAXUMZy1AIdcMqrF1BBCJTdZIR0TSag2XdVMCV8/hf+T7qGDkYOvjxuti7KOKtgFe+AAYHAGWuAKtEEHUJCCB/AEnq1769F6sV7noxWr3NkBP2C9fQJ2ppOb</latexit><latexit sha1_base64="I5YZeNX8F+hO1RiS6iHsGfG9EgI=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyHxWXdFNy4r2FZohyGTZtrQzIMkI9RhvsSNC0Xc+inu/BvT6QgqeiBwOOde7snxE8GVRujDqiwsLi2vVFdra+sbm3V7a7ur4lRS1qGxiOWtTxQTPGIdzbVgt4lkJPQF6/mTy5nfu2NS8Ti60dOEuSEZRTzglGgjeXZ9EBI99oOs62XUz3PPbiDnBOHzUwSRgwoUpImPMMSl0gAl2p79PhjGNA1ZpKkgSvUxSrSbEak5FSyvDVLFEkInZMT6hkYkZMrNiuA53DfKEAaxNC/SsFC/b2QkVGoa+mZyFlP99mbiX14/1UHTzXiUpJpFdH4oSAXUMZy1AIdcMqrF1BBCJTdZIR0TSag2XdVMCV8/hf+T7qGDkYOvjxuti7KOKtgFe+AAYHAGWuAKtEEHUJCCB/AEnq1769F6sV7noxWr3NkBP2C9fQJ2ppOb</latexit><latexit sha1_base64="I5YZeNX8F+hO1RiS6iHsGfG9EgI=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyHxWXdFNy4r2FZohyGTZtrQzIMkI9RhvsSNC0Xc+inu/BvT6QgqeiBwOOde7snxE8GVRujDqiwsLi2vVFdra+sbm3V7a7ur4lRS1qGxiOWtTxQTPGIdzbVgt4lkJPQF6/mTy5nfu2NS8Ti60dOEuSEZRTzglGgjeXZ9EBI99oOs62XUz3PPbiDnBOHzUwSRgwoUpImPMMSl0gAl2p79PhjGNA1ZpKkgSvUxSrSbEak5FSyvDVLFEkInZMT6hkYkZMrNiuA53DfKEAaxNC/SsFC/b2QkVGoa+mZyFlP99mbiX14/1UHTzXiUpJpFdH4oSAXUMZy1AIdcMqrF1BBCJTdZIR0TSag2XdVMCV8/hf+T7qGDkYOvjxuti7KOKtgFe+AAYHAGWuAKtEEHUJCCB/AEnq1769F6sV7noxWr3NkBP2C9fQJ2ppOb</latexit>

Vud
<latexit sha1_base64="QAqC460ZvA+hPnaDqR4fBJTyqHc=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCqzDxWXdFNy4r2FZoQ5hMJu3QyYOZiVBDvsSNC0Xc+inu/BsnaQQVPTBwOOde7pnjJZxJhdCHUVtYXFpeqa821tY3Npvm1nZfxqkgtEdiHotbD0vKWUR7iilObxNBcehxOvCml4U/uKNCsji6UbOEOiEeRyxgBCstuWZzFGI18YKs72apn+eu2ULWCbLPTxFEFipRkrZ9ZEO7UlqgQtc130d+TNKQRopwLOXQRolyMiwUI5zmjVEqaYLJFI/pUNMIh1Q6WRk8h/ta8WEQC/0iBUv1+0aGQylnoacni5jyt1eIf3nDVAVtJ2NRkioakfmhIOVQxbBoAfpMUKL4TBNMBNNZIZlggYnSXTV0CV8/hf+T/qFlI8u+Pm51Lqo66mAX7IEDYIMz0AFXoAt6gIAUPIAn8GzcG4/Gi/E6H60Z1c4O+AHj7ROVMJOv</latexit><latexit sha1_base64="QAqC460ZvA+hPnaDqR4fBJTyqHc=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCqzDxWXdFNy4r2FZoQ5hMJu3QyYOZiVBDvsSNC0Xc+inu/BsnaQQVPTBwOOde7pnjJZxJhdCHUVtYXFpeqa821tY3Npvm1nZfxqkgtEdiHotbD0vKWUR7iilObxNBcehxOvCml4U/uKNCsji6UbOEOiEeRyxgBCstuWZzFGI18YKs72apn+eu2ULWCbLPTxFEFipRkrZ9ZEO7UlqgQtc130d+TNKQRopwLOXQRolyMiwUI5zmjVEqaYLJFI/pUNMIh1Q6WRk8h/ta8WEQC/0iBUv1+0aGQylnoacni5jyt1eIf3nDVAVtJ2NRkioakfmhIOVQxbBoAfpMUKL4TBNMBNNZIZlggYnSXTV0CV8/hf+T/qFlI8u+Pm51Lqo66mAX7IEDYIMz0AFXoAt6gIAUPIAn8GzcG4/Gi/E6H60Z1c4O+AHj7ROVMJOv</latexit><latexit sha1_base64="QAqC460ZvA+hPnaDqR4fBJTyqHc=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCqzDxWXdFNy4r2FZoQ5hMJu3QyYOZiVBDvsSNC0Xc+inu/BsnaQQVPTBwOOde7pnjJZxJhdCHUVtYXFpeqa821tY3Npvm1nZfxqkgtEdiHotbD0vKWUR7iilObxNBcehxOvCml4U/uKNCsji6UbOEOiEeRyxgBCstuWZzFGI18YKs72apn+eu2ULWCbLPTxFEFipRkrZ9ZEO7UlqgQtc130d+TNKQRopwLOXQRolyMiwUI5zmjVEqaYLJFI/pUNMIh1Q6WRk8h/ta8WEQC/0iBUv1+0aGQylnoacni5jyt1eIf3nDVAVtJ2NRkioakfmhIOVQxbBoAfpMUKL4TBNMBNNZIZlggYnSXTV0CV8/hf+T/qFlI8u+Pm51Lqo66mAX7IEDYIMz0AFXoAt6gIAUPIAn8GzcG4/Gi/E6H60Z1c4O+AHj7ROVMJOv</latexit><latexit sha1_base64="QAqC460ZvA+hPnaDqR4fBJTyqHc=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCqzDxWXdFNy4r2FZoQ5hMJu3QyYOZiVBDvsSNC0Xc+inu/BsnaQQVPTBwOOde7pnjJZxJhdCHUVtYXFpeqa821tY3Npvm1nZfxqkgtEdiHotbD0vKWUR7iilObxNBcehxOvCml4U/uKNCsji6UbOEOiEeRyxgBCstuWZzFGI18YKs72apn+eu2ULWCbLPTxFEFipRkrZ9ZEO7UlqgQtc130d+TNKQRopwLOXQRolyMiwUI5zmjVEqaYLJFI/pUNMIh1Q6WRk8h/ta8WEQC/0iBUv1+0aGQylnoacni5jyt1eIf3nDVAVtJ2NRkioakfmhIOVQxbBoAfpMUKL4TBNMBNNZIZlggYnSXTV0CV8/hf+T/qFlI8u+Pm51Lqo66mAX7IEDYIMz0AFXoAt6gIAUPIAn8GzcG4/Gi/E6H60Z1c4O+AHj7ROVMJOv</latexit>

B̄0 ! D+⇡�
<latexit sha1_base64="Ddgw7ULfUSVbEVGiAyByhk/elAE="></latexit><latexit sha1_base64="Ddgw7ULfUSVbEVGiAyByhk/elAE="></latexit><latexit sha1_base64="Ddgw7ULfUSVbEVGiAyByhk/elAE="></latexit><latexit sha1_base64="Ddgw7ULfUSVbEVGiAyByhk/elAE="></latexit>

 … sensível a novas partículas e  sem efeitos MP
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A Matriz de mistura dos quarks

• Parametrização de Wolfenstein expande em série de potências de λ ≈ 0.22 (ou seja sinθc)  

• Matriz 3x3, Vtd e Vub são complexos 
 

Status experimental: 
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A Matriz de mistura dos quarks

Como medir os elementos da matriz CKM? 
⇒  taxas dos decaimentos das partículas 

⇒ Razão das taxas de decaimentos é proporcional à  |amplitude|2 

Para Vud , veja o nêutron (decaímento 𝞫)
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decaímento 𝞫

A Matriz de mistura dos quarks
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decaímento 𝞫

decaimentos do Káons
semileptônico
(ou leptônico)

A Matriz de mistura dos quarks
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Decaimentos do méson B  
em mésons charmosos

decaimentos do Káons
semileptônico
(ou leptônico)decaímento 𝞫

A Matriz de mistura dos quarks
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decaimentos do Káons
semileptônico
(ou leptônico)decaimento 𝞫

decaimento dos 
mésons 
charmosos 
semileptônicos

Decaimentos do méson 
B 

em mésons charmosos

Decaimentos do méson B 
em mésons leves

mistura de Bs
0

<latexit sha1_base64="ZzIbg7nDzlICbBWP9Rcu8sn/L40=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlE0GWpG5cV7APaGCaTSTt0ZhJmJkIJ6c6Nv+LGhSJu/QR3/o2TtgttPXDhcM693HtPkDCqtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVmLRwzGLZDZAijArS0lQz0k0kQTxgpBOMrgu/80CkorG40+OEeBwNBI0oRtpIvn3MzY5UIjgJyQT2OdLDIMoafqby/D5zct+uOjVnCrhM3Dmpgjmavv3VD2OcciI0Zkipnusk2suQ1BQzklf6qSIJwiM0ID1DBeJEedn0kRyeGiWEUSxNCQ2n6u+JDHGlxjwwncWlatErxP+8XqqjKy+jIkk1EXi2KEoZ1DEsUoEhlQRrNjYEYUnNrRAPkURYm+wqJgR38eVl0j6vuU7Nvb2o1hvzOMrgCJyAM+CCS1AHN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZM1nDsEfWJ8/fwqaQw==</latexit><latexit sha1_base64="ZzIbg7nDzlICbBWP9Rcu8sn/L40=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlE0GWpG5cV7APaGCaTSTt0ZhJmJkIJ6c6Nv+LGhSJu/QR3/o2TtgttPXDhcM693HtPkDCqtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVmLRwzGLZDZAijArS0lQz0k0kQTxgpBOMrgu/80CkorG40+OEeBwNBI0oRtpIvn3MzY5UIjgJyQT2OdLDIMoafqby/D5zct+uOjVnCrhM3Dmpgjmavv3VD2OcciI0Zkipnusk2suQ1BQzklf6qSIJwiM0ID1DBeJEedn0kRyeGiWEUSxNCQ2n6u+JDHGlxjwwncWlatErxP+8XqqjKy+jIkk1EXi2KEoZ1DEsUoEhlQRrNjYEYUnNrRAPkURYm+wqJgR38eVl0j6vuU7Nvb2o1hvzOMrgCJyAM+CCS1AHN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZM1nDsEfWJ8/fwqaQw==</latexit><latexit sha1_base64="ZzIbg7nDzlICbBWP9Rcu8sn/L40=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlE0GWpG5cV7APaGCaTSTt0ZhJmJkIJ6c6Nv+LGhSJu/QR3/o2TtgttPXDhcM693HtPkDCqtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVmLRwzGLZDZAijArS0lQz0k0kQTxgpBOMrgu/80CkorG40+OEeBwNBI0oRtpIvn3MzY5UIjgJyQT2OdLDIMoafqby/D5zct+uOjVnCrhM3Dmpgjmavv3VD2OcciI0Zkipnusk2suQ1BQzklf6qSIJwiM0ID1DBeJEedn0kRyeGiWEUSxNCQ2n6u+JDHGlxjwwncWlatErxP+8XqqjKy+jIkk1EXi2KEoZ1DEsUoEhlQRrNjYEYUnNrRAPkURYm+wqJgR38eVl0j6vuU7Nvb2o1hvzOMrgCJyAM+CCS1AHN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZM1nDsEfWJ8/fwqaQw==</latexit><latexit sha1_base64="ZzIbg7nDzlICbBWP9Rcu8sn/L40=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlE0GWpG5cV7APaGCaTSTt0ZhJmJkIJ6c6Nv+LGhSJu/QR3/o2TtgttPXDhcM693HtPkDCqtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVmLRwzGLZDZAijArS0lQz0k0kQTxgpBOMrgu/80CkorG40+OEeBwNBI0oRtpIvn3MzY5UIjgJyQT2OdLDIMoafqby/D5zct+uOjVnCrhM3Dmpgjmavv3VD2OcciI0Zkipnusk2suQ1BQzklf6qSIJwiM0ID1DBeJEedn0kRyeGiWEUSxNCQ2n6u+JDHGlxjwwncWlatErxP+8XqqjKy+jIkk1EXi2KEoZ1DEsUoEhlQRrNjYEYUnNrRAPkURYm+wqJgR38eVl0j6vuU7Nvb2o1hvzOMrgCJyAM+CCS1AHN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZM1nDsEfWJ8/fwqaQw==</latexit>

mistura de B0
<latexit sha1_base64="QFW4CjFs7Rp57k2Nlumg3Hxf5zc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi6LLUjcsK9gFtLJPJpB06MwkzE6GEFNz4K25cKOLWj3Dn3zhps9DWAxcO59zLvff4MaNKO863VVpb39jcKm9Xdnb39g/sw6OOihKJSRtHLJI9HynCqCBtTTUjvVgSxH1Guv7kOve7D0QqGok7PY2Jx9FI0JBipI00tKvc7EgkgrOAzOCAIz32w7SZ3adONrRrTt2ZA64StyA1UKA1tL8GQYQTToTGDCnVd51YeymSmmJGssogUSRGeIJGpG+oQJwoL50/kcFTowQwjKQpoeFc/T2RIq7UlPumM79SLXu5+J/XT3R45aVUxIkmAi8WhQmDOoJ5IjCgkmDNpoYgLKm5FeIxkghrk1vFhOAuv7xKOud116m7txe1RrOIowyq4AScARdcgga4AS3QBhg8gmfwCt6sJ+vFerc+Fq0lq5g5Bn9gff4ABgGYUQ==</latexit><latexit sha1_base64="QFW4CjFs7Rp57k2Nlumg3Hxf5zc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi6LLUjcsK9gFtLJPJpB06MwkzE6GEFNz4K25cKOLWj3Dn3zhps9DWAxcO59zLvff4MaNKO863VVpb39jcKm9Xdnb39g/sw6OOihKJSRtHLJI9HynCqCBtTTUjvVgSxH1Guv7kOve7D0QqGok7PY2Jx9FI0JBipI00tKvc7EgkgrOAzOCAIz32w7SZ3adONrRrTt2ZA64StyA1UKA1tL8GQYQTToTGDCnVd51YeymSmmJGssogUSRGeIJGpG+oQJwoL50/kcFTowQwjKQpoeFc/T2RIq7UlPumM79SLXu5+J/XT3R45aVUxIkmAi8WhQmDOoJ5IjCgkmDNpoYgLKm5FeIxkghrk1vFhOAuv7xKOud116m7txe1RrOIowyq4AScARdcgga4AS3QBhg8gmfwCt6sJ+vFerc+Fq0lq5g5Bn9gff4ABgGYUQ==</latexit><latexit sha1_base64="QFW4CjFs7Rp57k2Nlumg3Hxf5zc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi6LLUjcsK9gFtLJPJpB06MwkzE6GEFNz4K25cKOLWj3Dn3zhps9DWAxcO59zLvff4MaNKO863VVpb39jcKm9Xdnb39g/sw6OOihKJSRtHLJI9HynCqCBtTTUjvVgSxH1Guv7kOve7D0QqGok7PY2Jx9FI0JBipI00tKvc7EgkgrOAzOCAIz32w7SZ3adONrRrTt2ZA64StyA1UKA1tL8GQYQTToTGDCnVd51YeymSmmJGssogUSRGeIJGpG+oQJwoL50/kcFTowQwjKQpoeFc/T2RIq7UlPumM79SLXu5+J/XT3R45aVUxIkmAi8WhQmDOoJ5IjCgkmDNpoYgLKm5FeIxkghrk1vFhOAuv7xKOud116m7txe1RrOIowyq4AScARdcgga4AS3QBhg8gmfwCt6sJ+vFerc+Fq0lq5g5Bn9gff4ABgGYUQ==</latexit><latexit sha1_base64="QFW4CjFs7Rp57k2Nlumg3Hxf5zc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi6LLUjcsK9gFtLJPJpB06MwkzE6GEFNz4K25cKOLWj3Dn3zhps9DWAxcO59zLvff4MaNKO863VVpb39jcKm9Xdnb39g/sw6OOihKJSRtHLJI9HynCqCBtTTUjvVgSxH1Guv7kOve7D0QqGok7PY2Jx9FI0JBipI00tKvc7EgkgrOAzOCAIz32w7SZ3adONrRrTt2ZA64StyA1UKA1tL8GQYQTToTGDCnVd51YeymSmmJGssogUSRGeIJGpG+oQJwoL50/kcFTowQwjKQpoeFc/T2RIq7UlPumM79SLXu5+J/XT3R45aVUxIkmAi8WhQmDOoJ5IjCgkmDNpoYgLKm5FeIxkghrk1vFhOAuv7xKOud116m7txe1RrOIowyq4AScARdcgga4AS3QBhg8gmfwCt6sJ+vFerc+Fq0lq5g5Bn9gff4ABgGYUQ==</latexit> decaimento do top

A Matriz de mistura dos quarks
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A unitariedade da matriz CKM:

A unitariedade

VCKMVCKM
† = 1

<latexit sha1_base64="2JJk4c/CuDPxjBXONhAQk9qnjww=">AAACFXicbVDLSsNAFL2pr1pfUcGNm2ARXEhJ3OhGKHYjiNCCfUAT62Q6SYdOHsxMhBLyE278FTcuFHEruHPjtzhpu9DWAwNnzrmXe+9xY0aFNM0vrbCwuLS8Ulwtra1vbG7p2zstESUckyaOWMQ7LhKE0ZA0JZWMdGJOUOAy0naHtdxv3xMuaBTeyFFMnAD5IfUoRlJJPf3YDpAcuF7a6qW1q+ssm/3fpnYf+T7h2bnV08tmxRzDmCfWlJSre43vOwCo9/RPux/hJCChxAwJ0bXMWDop4pJiRrKSnQgSIzxEPukqGqKACCcdX5UZh0rpG17E1QulMVZ/d6QoEGIUuKoy31nMern4n9dNpHfmpDSME0lCPBnkJcyQkZFHZPQpJ1iykSIIc6p2NfAAcYSlCrKkQrBmT54nrZOKZVashkrjAiYowj4cwBFYcApVuIQ6NAHDAzzBC7xqj9qz9qa9T0oL2rRnF/5A+/gB51Khag==</latexit><latexit sha1_base64="Pp9BcOMJ3dU/KqFCmEz6NxiQhD0=">AAACFXicbVDLSsNAFJ3UV62vqODGTbAILqQkbnQjlHYjiNCCfUATw2QyaYdOJmFmIpSQn3DjV7h340IpbgV3bvwWJ20X2npg4Mw593LvPV5MiZCm+aUVlpZXVteK66WNza3tHX13ry2ihCPcQhGNeNeDAlPCcEsSSXE35hiGHsUdb1jP/c495oJE7FaOYuyEsM9IQBCUSnL1UzuEcuAFadtN69c3WTb/v0ttH/b7mGeXlquXzYo5gbFIrBkpVw+a3+SpNm64+qftRygJMZOIQiF6lhlLJ4VcEkRxVrITgWOIhrCPe4oyGGLhpJOrMuNYKb4RRFw9Jo2J+rsjhaEQo9BTlfnOYt7Lxf+8XiKDCyclLE4kZmg6KEioISMjj8jwCcdI0pEiEHGidjXQAHKIpAqypEKw5k9eJO2zimVWrKZKowamKIJDcAROgAXOQRVcgQZoAQQewDN4BW/ao/aijbX3aWlBm/Xsgz/QPn4AOKKjJg==</latexit><latexit sha1_base64="Pp9BcOMJ3dU/KqFCmEz6NxiQhD0=">AAACFXicbVDLSsNAFJ3UV62vqODGTbAILqQkbnQjlHYjiNCCfUATw2QyaYdOJmFmIpSQn3DjV7h340IpbgV3bvwWJ20X2npg4Mw593LvPV5MiZCm+aUVlpZXVteK66WNza3tHX13ry2ihCPcQhGNeNeDAlPCcEsSSXE35hiGHsUdb1jP/c495oJE7FaOYuyEsM9IQBCUSnL1UzuEcuAFadtN69c3WTb/v0ttH/b7mGeXlquXzYo5gbFIrBkpVw+a3+SpNm64+qftRygJMZOIQiF6lhlLJ4VcEkRxVrITgWOIhrCPe4oyGGLhpJOrMuNYKb4RRFw9Jo2J+rsjhaEQo9BTlfnOYt7Lxf+8XiKDCyclLE4kZmg6KEioISMjj8jwCcdI0pEiEHGidjXQAHKIpAqypEKw5k9eJO2zimVWrKZKowamKIJDcAROgAXOQRVcgQZoAQQewDN4BW/ao/aijbX3aWlBm/Xsgz/QPn4AOKKjJg==</latexit><latexit sha1_base64="muxK1XQxLSFsconK/USj5H3Vs1Y=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISVxoxuh2I0gQgX7gCaGyWSSDp1MwsxEKCE/4cZfceNCEbeCO//GSduFth4YOHPOvdx7j58yKpVlfRuVpeWV1bXqem1jc2t7x9zd68okE5h0cMIS0feRJIxy0lFUMdJPBUGxz0jPH7VKv/dAhKQJv1PjlLgxijgNKUZKS5554sRIDf0w73p56/qmKOb/97kToCgioriwPbNuNawJ4CKxZ6QOZmh75pcTJDiLCVeYISkHtpUqN0dCUcxIUXMySVKERygiA005iol088lVBTzSSgDDROjHFZyovztyFEs5jn1dWe4s571S/M8bZCo8d3PK00wRjqeDwoxBlcAyIhhQQbBiY00QFlTvCvEQCYSVDrKmQ7DnT14k3dOGbTXsW6vevJzFUQUH4BAcAxucgSa4Am3QARg8gmfwCt6MJ+PFeDc+pqUVY9azD/7A+PwBWLqfhQ==</latexit>

Ex.: multiplicando a 1ª e a 3ª colunas

X

i

VijV
⇤
ik = �jk =

X

i

VjiV
⇤
ki

<latexit sha1_base64="/lCgjawBO9VstipMlymzU5GBrgs="></latexit><latexit sha1_base64="tXFmA8al+WFei3DobuiNGjBUUZU="></latexit><latexit sha1_base64="tXFmA8al+WFei3DobuiNGjBUUZU="></latexit><latexit sha1_base64="3o5rv5DxrMzbtbEkkOC/BkKIGUU=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0UQFyVxoxuhqAuXFWxaaGKYTCbtNJMHMxOhhPyQG39FBBcVcetvOG0j1NYDM5w591zu3OOljAppGGOtsrK6tr5R3axtbe/s7un7B5ZIMo5JGycs4V0PCcJoTNqSSka6KSco8hjpeOHNpN55IlzQJH6Qo5Q4EerHNKAYSSW5+q0tssjNaQEtdQ8L6zE/KxQLC3gFbZ8widx8OHvNOYf01xkqwdXrRsOYAi4TsyR1UKLl6m+2n+AsIrHEDAnRM41UOjnikmJGipqdCZIiHKI+6Skao4gIJ59uW8ATpfgwSLg6sYRTdb4jR5EQo8hTzgjJgVisTcT/ar1MBpdOTuM0kyTGs0FBxqBM4CQ66FNOsGQjRRDmVP0V4gHiCEsVcE2FYC6uvEys84ZpNMx7o968LuOogiNwDE6BCS5AE9yBFmgDDJ7BKxiDD+1Fe9c+ta+ZtaKVPYfgD7TvH+8zqR8=</latexit>

é representado pelo triângulo no plano (𝝆,𝜼)

A violação CP é proporcional à area 
dos triângulos

Triângulo de unitariedade

Existem 6 triângulos, um para cada par 
de quark 

A determinação dos ângulos 𝜸, 𝜶 e𝜷 e checar 

que somam 180︎º é um teste fundamental 

sobre o mecanismo de CP predito pelo MP 

VudV
⇤
ub + VcdV

⇤
cb + VtdV

⇤
tb = 0

<latexit sha1_base64="jDmmJ4Nc09VMRYBhAr8x0APeFvA=">AAACLXicbZBdSwJBFIZn7cvsy+qymyUJokB2I6ibQKqLLg1yFdRkdnZWB2c/mDkbyLD+oG76KxF0YUS3/Y1GXci0FwZennMOZ87rxpxJsKyRkVtaXlldy68XNja3tneKu3uOjBJBaI1EPBINF0vKWUhrwIDTRiwoDlxO627/ZlyvP1EhWRQ+wCCm7QB3Q+YzgkGjTvFWOR2VeGmqnEd1kmrvpunwdDjGZAaTXwwzGDS+sjrFklW2JjIXjZ2ZEspU7RTfWl5EkoCGQDiWsmlbMbQVFsAIp2mhlUgaY9LHXdrUNsQBlW01uTY1jzTxTD8S+oVgTujshMKBlIPA1Z0Bhp6cr43hf7VmAv5lW7EwToCGZLrIT7gJkTmOzvSYoAT4QBtMBNN/NUkPC0xAB1zQIdjzJy8a56xsW2X7/rxUuc7iyKMDdIiOkY0uUAXdoSqqIYKe0SsaoQ/jxXg3Po2vaWvOyGb20R8Z3z+VzatW</latexit><latexit sha1_base64="jDmmJ4Nc09VMRYBhAr8x0APeFvA=">AAACLXicbZBdSwJBFIZn7cvsy+qymyUJokB2I6ibQKqLLg1yFdRkdnZWB2c/mDkbyLD+oG76KxF0YUS3/Y1GXci0FwZennMOZ87rxpxJsKyRkVtaXlldy68XNja3tneKu3uOjBJBaI1EPBINF0vKWUhrwIDTRiwoDlxO627/ZlyvP1EhWRQ+wCCm7QB3Q+YzgkGjTvFWOR2VeGmqnEd1kmrvpunwdDjGZAaTXwwzGDS+sjrFklW2JjIXjZ2ZEspU7RTfWl5EkoCGQDiWsmlbMbQVFsAIp2mhlUgaY9LHXdrUNsQBlW01uTY1jzTxTD8S+oVgTujshMKBlIPA1Z0Bhp6cr43hf7VmAv5lW7EwToCGZLrIT7gJkTmOzvSYoAT4QBtMBNN/NUkPC0xAB1zQIdjzJy8a56xsW2X7/rxUuc7iyKMDdIiOkY0uUAXdoSqqIYKe0SsaoQ/jxXg3Po2vaWvOyGb20R8Z3z+VzatW</latexit><latexit sha1_base64="jDmmJ4Nc09VMRYBhAr8x0APeFvA=">AAACLXicbZBdSwJBFIZn7cvsy+qymyUJokB2I6ibQKqLLg1yFdRkdnZWB2c/mDkbyLD+oG76KxF0YUS3/Y1GXci0FwZennMOZ87rxpxJsKyRkVtaXlldy68XNja3tneKu3uOjBJBaI1EPBINF0vKWUhrwIDTRiwoDlxO627/ZlyvP1EhWRQ+wCCm7QB3Q+YzgkGjTvFWOR2VeGmqnEd1kmrvpunwdDjGZAaTXwwzGDS+sjrFklW2JjIXjZ2ZEspU7RTfWl5EkoCGQDiWsmlbMbQVFsAIp2mhlUgaY9LHXdrUNsQBlW01uTY1jzTxTD8S+oVgTujshMKBlIPA1Z0Bhp6cr43hf7VmAv5lW7EwToCGZLrIT7gJkTmOzvSYoAT4QBtMBNN/NUkPC0xAB1zQIdjzJy8a56xsW2X7/rxUuc7iyKMDdIiOkY0uUAXdoSqqIYKe0SsaoQ/jxXg3Po2vaWvOyGb20R8Z3z+VzatW</latexit><latexit sha1_base64="jDmmJ4Nc09VMRYBhAr8x0APeFvA=">AAACLXicbZBdSwJBFIZn7cvsy+qymyUJokB2I6ibQKqLLg1yFdRkdnZWB2c/mDkbyLD+oG76KxF0YUS3/Y1GXci0FwZennMOZ87rxpxJsKyRkVtaXlldy68XNja3tneKu3uOjBJBaI1EPBINF0vKWUhrwIDTRiwoDlxO627/ZlyvP1EhWRQ+wCCm7QB3Q+YzgkGjTvFWOR2VeGmqnEd1kmrvpunwdDjGZAaTXwwzGDS+sjrFklW2JjIXjZ2ZEspU7RTfWl5EkoCGQDiWsmlbMbQVFsAIp2mhlUgaY9LHXdrUNsQBlW01uTY1jzTxTD8S+oVgTujshMKBlIPA1Z0Bhp6cr43hf7VmAv5lW7EwToCGZLrIT7gJkTmOzvSYoAT4QBtMBNN/NUkPC0xAB1zQIdjzJy8a56xsW2X7/rxUuc7iyKMDdIiOkY0uUAXdoSqqIYKe0SsaoQ/jxXg3Po2vaWvOyGb20R8Z3z+VzatW</latexit>
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Detecção

!25



 Assinatura experimental

• Hádrons charmosos e bottom vivem mais do que as 
outras partículas instáveis

• τ(D) ~ 0.5-1ps, τ(B) ~ 1.5 ps 

• elas percorrem distâncias (mensuráveis) no detector 
antes de decair, produzindo uma topologia deslocada

• Amplamente explorado

• Em análises de sabores pesados

• b-jet tagging: discriminar b-jets de jatos de quarks 
leves 

• Em medidas do MP e buscas por AMP: para detectar 
componentes de sinal SP (t → Wb, H → bb, …)

!26



Visualização do evento
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Especializados
Propósitos Gerais

Japão 

 electron-positron collider

electron-positron

Proton-proton

Proton-proton
Proton-proton

Proton-antiproton Proton-antiproton

10.58 GeV

!28

https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Positron
https://en.wikipedia.org/wiki/Collider


Aviso: isso é um (layout do detector combinado) e não existe

O detector ideal para sabor pesado

!29



Produção
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Produção de sabor pesado

• ampla taxa de produção de SP no LHC
➡ produção seção de choque (σ)

                (probabilidade desse evento ocorrer )
➡ Luminosidade (L) acumulada

(número de eventos por segundos por unidade de área )

• LHC: “fábrica" de SP (N=L.σ)

➡ Medições de precisões e busca por 
decaimentos raros

• Background para muitos processos físicos 
explorados no LHC

• Precisa ser completamente compreendido

!31



Objetivos do LHC : encontrar Física Nova além do Modelo Padrão

partículas AMP produzidas diretamente 
em colisão (escala de FN ~ TeV)

maneira direta

procura por SUSY, dimensões extras, 
Z`, outras partículas exóticas

Fr
on

te
ira

 

da
 E
ne
rg
ia
 

 

maneira indireta

partículas AMP modificam processos MP via 
efeitos da  MQ

Fr
on

te
ira

 
da

 

Lu
m
in
os
id
ad

e 
 

medida do H, Z,W, top, propriedades do hádron b, 
Busca por decaímentos raros
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sabor: limitação da teoria

Modelo Padrão & Além do MP
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SU(3)   ⊗        SU(2)  ⊗  U(1)       ⊗ …      

setor forte setor eletrofraco setor novo

Produção de SP & supressão
Decaimento de SP(mixing, 

cpv, ..) Decaimentos raros



Descobertas do LHC

 4-décadas, o esforço da busca... terminou em 2012: 

Higgs por ATLAS & CMS 

Nature 522, 68–72 (04 June 2015)
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