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Cosmological phase transitions in the early universe
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2) If bubbles => they generate a stochastic GW signal

1) they are expected

with peak frequency 
“first order”
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LIGO/Virgo frequency band,

corresponds to cosmological phase transition at 
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<latexit sha1_base64="d5aCFmPCpnA0Vnf6D1f5xMSDAi4=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHoQY8R8oJkE2YnvcmQmd1lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdm4nv7u3f3BYODpu6DhVDOssFrFqBVSj4BHWDTcCW4lCKgOBzWB0O/Obj6g0j6OaGSfoSzqIeMgZNVbq1jqaS+K53TK5w0avUHRL7hxklXgZKUKGaq/w1enHLJUYGSao1m3PTYw/ocpwJnCa76QaE8pGdIBtSyMqUfuT+dVTcm6VPgljZSsyZK7+nphQqfVYBrZTUjPUy95M/M9rpyYs+xMeJanBiC0WhakgJiazCEifK2RGjC2hTHF7K2FDqigzNqi8DcFbfnmVNC5LnlvyHq6KlZssjhycwhlcgAfXUIF7qEIdGCh4hld4c56cF+fd+Vi0rjnZzAn8gfP5A4m9kTg=</latexit><latexit sha1_base64="d5aCFmPCpnA0Vnf6D1f5xMSDAi4=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHoQY8R8oJkE2YnvcmQmd1lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdm4nv7u3f3BYODpu6DhVDOssFrFqBVSj4BHWDTcCW4lCKgOBzWB0O/Obj6g0j6OaGSfoSzqIeMgZNVbq1jqaS+K53TK5w0avUHRL7hxklXgZKUKGaq/w1enHLJUYGSao1m3PTYw/ocpwJnCa76QaE8pGdIBtSyMqUfuT+dVTcm6VPgljZSsyZK7+nphQqfVYBrZTUjPUy95M/M9rpyYs+xMeJanBiC0WhakgJiazCEifK2RGjC2hTHF7K2FDqigzNqi8DcFbfnmVNC5LnlvyHq6KlZssjhycwhlcgAfXUIF7qEIdGCh4hld4c56cF+fd+Vi0rjnZzAn8gfP5A4m9kTg=</latexit><latexit sha1_base64="d5aCFmPCpnA0Vnf6D1f5xMSDAi4=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHoQY8R8oJkE2YnvcmQmd1lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdm4nv7u3f3BYODpu6DhVDOssFrFqBVSj4BHWDTcCW4lCKgOBzWB0O/Obj6g0j6OaGSfoSzqIeMgZNVbq1jqaS+K53TK5w0avUHRL7hxklXgZKUKGaq/w1enHLJUYGSao1m3PTYw/ocpwJnCa76QaE8pGdIBtSyMqUfuT+dVTcm6VPgljZSsyZK7+nphQqfVYBrZTUjPUy95M/M9rpyYs+xMeJanBiC0WhakgJiazCEifK2RGjC2hTHF7K2FDqigzNqi8DcFbfnmVNC5LnlvyHq6KlZssjhycwhlcgAfXUIF7qEIdGCh4hld4c56cF+fd+Vi0rjnZzAn8gfP5A4m9kTg=</latexit><latexit sha1_base64="d5aCFmPCpnA0Vnf6D1f5xMSDAi4=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHoQY8R8oJkE2YnvcmQmd1lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdm4nv7u3f3BYODpu6DhVDOssFrFqBVSj4BHWDTcCW4lCKgOBzWB0O/Obj6g0j6OaGSfoSzqIeMgZNVbq1jqaS+K53TK5w0avUHRL7hxklXgZKUKGaq/w1enHLJUYGSao1m3PTYw/ocpwJnCa76QaE8pGdIBtSyMqUfuT+dVTcm6VPgljZSsyZK7+nphQqfVYBrZTUjPUy95M/M9rpyYs+xMeJanBiC0WhakgJiazCEifK2RGjC2hTHF7K2FDqigzNqi8DcFbfnmVNC5LnlvyHq6KlZssjhycwhlcgAfXUIF7qEIdGCh4hld4c56cF+fd+Vi0rjnZzAn8gfP5A4m9kTg=</latexit>

f ⇠ 30 Hz
<latexit sha1_base64="sY1l+5V1NhiiCJieE/C+l5IrHEg=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KrsqKHgpeumxgv2A7lqyabYNTbJLklXq0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhQln2rjut7O0vLK6tl7YKG5ube/slvb2mzpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fw5uJ33qgSrNY3plRQgOB+5JFjGBjpfvI10ygMxch/6r21C2V3Yo7BVokXk7KkKPeLX35vZikgkpDONa647mJCTKsDCOcjot+qmmCyRD3acdSiQXVQTa9eoyOrdJDUaxsSYOm6u+JDAutRyK0nQKbgZ73JuJ/Xic10WWQMZmkhkoyWxSlHJkYTSJAPaYoMXxkCSaK2VsRGWCFibFBFW0I3vzLi6R5WvHcind7Xq5e53EU4BCO4AQ8uIAq1KAODSCg4Ble4c15dF6cd+dj1rrk5DMH8AfO5w948pEt</latexit><latexit sha1_base64="sY1l+5V1NhiiCJieE/C+l5IrHEg=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KrsqKHgpeumxgv2A7lqyabYNTbJLklXq0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhQln2rjut7O0vLK6tl7YKG5ube/slvb2mzpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fw5uJ33qgSrNY3plRQgOB+5JFjGBjpfvI10ygMxch/6r21C2V3Yo7BVokXk7KkKPeLX35vZikgkpDONa647mJCTKsDCOcjot+qmmCyRD3acdSiQXVQTa9eoyOrdJDUaxsSYOm6u+JDAutRyK0nQKbgZ73JuJ/Xic10WWQMZmkhkoyWxSlHJkYTSJAPaYoMXxkCSaK2VsRGWCFibFBFW0I3vzLi6R5WvHcind7Xq5e53EU4BCO4AQ8uIAq1KAODSCg4Ble4c15dF6cd+dj1rrk5DMH8AfO5w948pEt</latexit><latexit sha1_base64="sY1l+5V1NhiiCJieE/C+l5IrHEg=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KrsqKHgpeumxgv2A7lqyabYNTbJLklXq0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhQln2rjut7O0vLK6tl7YKG5ube/slvb2mzpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fw5uJ33qgSrNY3plRQgOB+5JFjGBjpfvI10ygMxch/6r21C2V3Yo7BVokXk7KkKPeLX35vZikgkpDONa647mJCTKsDCOcjot+qmmCyRD3acdSiQXVQTa9eoyOrdJDUaxsSYOm6u+JDAutRyK0nQKbgZ73JuJ/Xic10WWQMZmkhkoyWxSlHJkYTSJAPaYoMXxkCSaK2VsRGWCFibFBFW0I3vzLi6R5WvHcind7Xq5e53EU4BCO4AQ8uIAq1KAODSCg4Ble4c15dF6cd+dj1rrk5DMH8AfO5w948pEt</latexit><latexit sha1_base64="sY1l+5V1NhiiCJieE/C+l5IrHEg=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KrsqKHgpeumxgv2A7lqyabYNTbJLklXq0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhQln2rjut7O0vLK6tl7YKG5ube/slvb2mzpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fw5uJ33qgSrNY3plRQgOB+5JFjGBjpfvI10ygMxch/6r21C2V3Yo7BVokXk7KkKPeLX35vZikgkpDONa647mJCTKsDCOcjot+qmmCyRD3acdSiQXVQTa9eoyOrdJDUaxsSYOm6u+JDAutRyK0nQKbgZ73JuJ/Xic10WWQMZmkhkoyWxSlHJkYTSJAPaYoMXxkCSaK2VsRGWCFibFBFW0I3vzLi6R5WvHcind7Xq5e53EU4BCO4AQ8uIAq1KAODSCg4Ble4c15dF6cd+dj1rrk5DMH8AfO5w948pEt</latexit>

              LIGO/Virgo = High Energy Physics machines 

                                      

LIGO/Virgo frequency band,

corresponds to cosmological phase transition at 



T ⇠ 108GeV
<latexit sha1_base64="d5aCFmPCpnA0Vnf6D1f5xMSDAi4=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHoQY8R8oJkE2YnvcmQmd1lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdm4nv7u3f3BYODpu6DhVDOssFrFqBVSj4BHWDTcCW4lCKgOBzWB0O/Obj6g0j6OaGSfoSzqIeMgZNVbq1jqaS+K53TK5w0avUHRL7hxklXgZKUKGaq/w1enHLJUYGSao1m3PTYw/ocpwJnCa76QaE8pGdIBtSyMqUfuT+dVTcm6VPgljZSsyZK7+nphQqfVYBrZTUjPUy95M/M9rpyYs+xMeJanBiC0WhakgJiazCEifK2RGjC2hTHF7K2FDqigzNqi8DcFbfnmVNC5LnlvyHq6KlZssjhycwhlcgAfXUIF7qEIdGCh4hld4c56cF+fd+Vi0rjnZzAn8gfP5A4m9kTg=</latexit><latexit sha1_base64="d5aCFmPCpnA0Vnf6D1f5xMSDAi4=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHoQY8R8oJkE2YnvcmQmd1lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdm4nv7u3f3BYODpu6DhVDOssFrFqBVSj4BHWDTcCW4lCKgOBzWB0O/Obj6g0j6OaGSfoSzqIeMgZNVbq1jqaS+K53TK5w0avUHRL7hxklXgZKUKGaq/w1enHLJUYGSao1m3PTYw/ocpwJnCa76QaE8pGdIBtSyMqUfuT+dVTcm6VPgljZSsyZK7+nphQqfVYBrZTUjPUy95M/M9rpyYs+xMeJanBiC0WhakgJiazCEifK2RGjC2hTHF7K2FDqigzNqi8DcFbfnmVNC5LnlvyHq6KlZssjhycwhlcgAfXUIF7qEIdGCh4hld4c56cF+fd+Vi0rjnZzAn8gfP5A4m9kTg=</latexit><latexit sha1_base64="d5aCFmPCpnA0Vnf6D1f5xMSDAi4=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHoQY8R8oJkE2YnvcmQmd1lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdm4nv7u3f3BYODpu6DhVDOssFrFqBVSj4BHWDTcCW4lCKgOBzWB0O/Obj6g0j6OaGSfoSzqIeMgZNVbq1jqaS+K53TK5w0avUHRL7hxklXgZKUKGaq/w1enHLJUYGSao1m3PTYw/ocpwJnCa76QaE8pGdIBtSyMqUfuT+dVTcm6VPgljZSsyZK7+nphQqfVYBrZTUjPUy95M/M9rpyYs+xMeJanBiC0WhakgJiazCEifK2RGjC2hTHF7K2FDqigzNqi8DcFbfnmVNC5LnlvyHq6KlZssjhycwhlcgAfXUIF7qEIdGCh4hld4c56cF+fd+Vi0rjnZzAn8gfP5A4m9kTg=</latexit><latexit sha1_base64="d5aCFmPCpnA0Vnf6D1f5xMSDAi4=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHoQY8R8oJkE2YnvcmQmd1lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdm4nv7u3f3BYODpu6DhVDOssFrFqBVSj4BHWDTcCW4lCKgOBzWB0O/Obj6g0j6OaGSfoSzqIeMgZNVbq1jqaS+K53TK5w0avUHRL7hxklXgZKUKGaq/w1enHLJUYGSao1m3PTYw/ocpwJnCa76QaE8pGdIBtSyMqUfuT+dVTcm6VPgljZSsyZK7+nphQqfVYBrZTUjPUy95M/M9rpyYs+xMeJanBiC0WhakgJiazCEifK2RGjC2hTHF7K2FDqigzNqi8DcFbfnmVNC5LnlvyHq6KlZssjhycwhlcgAfXUIF7qEIdGCh4hld4c56cF+fd+Vi0rjnZzAn8gfP5A4m9kTg=</latexit>

f ⇠ 30 Hz
<latexit sha1_base64="sY1l+5V1NhiiCJieE/C+l5IrHEg=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KrsqKHgpeumxgv2A7lqyabYNTbJLklXq0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhQln2rjut7O0vLK6tl7YKG5ube/slvb2mzpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fw5uJ33qgSrNY3plRQgOB+5JFjGBjpfvI10ygMxch/6r21C2V3Yo7BVokXk7KkKPeLX35vZikgkpDONa647mJCTKsDCOcjot+qmmCyRD3acdSiQXVQTa9eoyOrdJDUaxsSYOm6u+JDAutRyK0nQKbgZ73JuJ/Xic10WWQMZmkhkoyWxSlHJkYTSJAPaYoMXxkCSaK2VsRGWCFibFBFW0I3vzLi6R5WvHcind7Xq5e53EU4BCO4AQ8uIAq1KAODSCg4Ble4c15dF6cd+dj1rrk5DMH8AfO5w948pEt</latexit><latexit sha1_base64="sY1l+5V1NhiiCJieE/C+l5IrHEg=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KrsqKHgpeumxgv2A7lqyabYNTbJLklXq0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhQln2rjut7O0vLK6tl7YKG5ube/slvb2mzpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fw5uJ33qgSrNY3plRQgOB+5JFjGBjpfvI10ygMxch/6r21C2V3Yo7BVokXk7KkKPeLX35vZikgkpDONa647mJCTKsDCOcjot+qmmCyRD3acdSiQXVQTa9eoyOrdJDUaxsSYOm6u+JDAutRyK0nQKbgZ73JuJ/Xic10WWQMZmkhkoyWxSlHJkYTSJAPaYoMXxkCSaK2VsRGWCFibFBFW0I3vzLi6R5WvHcind7Xq5e53EU4BCO4AQ8uIAq1KAODSCg4Ble4c15dF6cd+dj1rrk5DMH8AfO5w948pEt</latexit><latexit sha1_base64="sY1l+5V1NhiiCJieE/C+l5IrHEg=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KrsqKHgpeumxgv2A7lqyabYNTbJLklXq0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhQln2rjut7O0vLK6tl7YKG5ube/slvb2mzpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fw5uJ33qgSrNY3plRQgOB+5JFjGBjpfvI10ygMxch/6r21C2V3Yo7BVokXk7KkKPeLX35vZikgkpDONa647mJCTKsDCOcjot+qmmCyRD3acdSiQXVQTa9eoyOrdJDUaxsSYOm6u+JDAutRyK0nQKbgZ73JuJ/Xic10WWQMZmkhkoyWxSlHJkYTSJAPaYoMXxkCSaK2VsRGWCFibFBFW0I3vzLi6R5WvHcind7Xq5e53EU4BCO4AQ8uIAq1KAODSCg4Ble4c15dF6cd+dj1rrk5DMH8AfO5w948pEt</latexit><latexit sha1_base64="sY1l+5V1NhiiCJieE/C+l5IrHEg=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KrsqKHgpeumxgv2A7lqyabYNTbJLklXq0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhQln2rjut7O0vLK6tl7YKG5ube/slvb2mzpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fw5uJ33qgSrNY3plRQgOB+5JFjGBjpfvI10ygMxch/6r21C2V3Yo7BVokXk7KkKPeLX35vZikgkpDONa647mJCTKsDCOcjot+qmmCyRD3acdSiQXVQTa9eoyOrdJDUaxsSYOm6u+JDAutRyK0nQKbgZ73JuJ/Xic10WWQMZmkhkoyWxSlHJkYTSJAPaYoMXxkCSaK2VsRGWCFibFBFW0I3vzLi6R5WvHcind7Xq5e53EU4BCO4AQ8uIAq1KAODSCg4Ble4c15dF6cd+dj1rrk5DMH8AfO5w948pEt</latexit>

              LIGO/Virgo = High Energy Physics machines 

                                      

LIGO/Virgo frequency band,

T ⇠ 108GeV
<latexit sha1_base64="d5aCFmPCpnA0Vnf6D1f5xMSDAi4=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHoQY8R8oJkE2YnvcmQmd1lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdm4nv7u3f3BYODpu6DhVDOssFrFqBVSj4BHWDTcCW4lCKgOBzWB0O/Obj6g0j6OaGSfoSzqIeMgZNVbq1jqaS+K53TK5w0avUHRL7hxklXgZKUKGaq/w1enHLJUYGSao1m3PTYw/ocpwJnCa76QaE8pGdIBtSyMqUfuT+dVTcm6VPgljZSsyZK7+nphQqfVYBrZTUjPUy95M/M9rpyYs+xMeJanBiC0WhakgJiazCEifK2RGjC2hTHF7K2FDqigzNqi8DcFbfnmVNC5LnlvyHq6KlZssjhycwhlcgAfXUIF7qEIdGCh4hld4c56cF+fd+Vi0rjnZzAn8gfP5A4m9kTg=</latexit><latexit sha1_base64="d5aCFmPCpnA0Vnf6D1f5xMSDAi4=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHoQY8R8oJkE2YnvcmQmd1lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdm4nv7u3f3BYODpu6DhVDOssFrFqBVSj4BHWDTcCW4lCKgOBzWB0O/Obj6g0j6OaGSfoSzqIeMgZNVbq1jqaS+K53TK5w0avUHRL7hxklXgZKUKGaq/w1enHLJUYGSao1m3PTYw/ocpwJnCa76QaE8pGdIBtSyMqUfuT+dVTcm6VPgljZSsyZK7+nphQqfVYBrZTUjPUy95M/M9rpyYs+xMeJanBiC0WhakgJiazCEifK2RGjC2hTHF7K2FDqigzNqi8DcFbfnmVNC5LnlvyHq6KlZssjhycwhlcgAfXUIF7qEIdGCh4hld4c56cF+fd+Vi0rjnZzAn8gfP5A4m9kTg=</latexit><latexit sha1_base64="d5aCFmPCpnA0Vnf6D1f5xMSDAi4=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHoQY8R8oJkE2YnvcmQmd1lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdm4nv7u3f3BYODpu6DhVDOssFrFqBVSj4BHWDTcCW4lCKgOBzWB0O/Obj6g0j6OaGSfoSzqIeMgZNVbq1jqaS+K53TK5w0avUHRL7hxklXgZKUKGaq/w1enHLJUYGSao1m3PTYw/ocpwJnCa76QaE8pGdIBtSyMqUfuT+dVTcm6VPgljZSsyZK7+nphQqfVYBrZTUjPUy95M/M9rpyYs+xMeJanBiC0WhakgJiazCEifK2RGjC2hTHF7K2FDqigzNqi8DcFbfnmVNC5LnlvyHq6KlZssjhycwhlcgAfXUIF7qEIdGCh4hld4c56cF+fd+Vi0rjnZzAn8gfP5A4m9kTg=</latexit><latexit sha1_base64="d5aCFmPCpnA0Vnf6D1f5xMSDAi4=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHoQY8R8oJkE2YnvcmQmd1lZlYJIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdm4nv7u3f3BYODpu6DhVDOssFrFqBVSj4BHWDTcCW4lCKgOBzWB0O/Obj6g0j6OaGSfoSzqIeMgZNVbq1jqaS+K53TK5w0avUHRL7hxklXgZKUKGaq/w1enHLJUYGSao1m3PTYw/ocpwJnCa76QaE8pGdIBtSyMqUfuT+dVTcm6VPgljZSsyZK7+nphQqfVYBrZTUjPUy95M/M9rpyYs+xMeJanBiC0WhakgJiazCEifK2RGjC2hTHF7K2FDqigzNqi8DcFbfnmVNC5LnlvyHq6KlZssjhycwhlcgAfXUIF7qEIdGCh4hld4c56cF+fd+Vi0rjnZzAn8gfP5A4m9kTg=</latexit>

~ Peccei Quinn scale
is an interesting hotspot:

(post-inflationary) 

corresponds to cosmological phase transition at 



AXIONS

Strong CP problem: ✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit> ✓ . 10�10

<latexit sha1_base64="p98dWBiY2Ok9KzOy0uuR3LlmwA8=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hgEL4YZEfQY9OIxglkgM4aeTk3SpGehu0YIQ/Dir3jxoIhXv8Kbf2NnOWjig4LHe1VU1QtSKTQ6zrdVWFpeWV0rrpc2Nre2d+zdvYZOMsWhzhOZqFbANEgRQx0FSmilClgUSGgGg+ux33wApUUS3+EwBT9ivViEgjM0Usc+8LAPyKgnQWstIuo69/mp64xoxy47FWcCukjcGSmTGWod+8vrJjyLIEYumdZt10nRz5lCwSWMSl6mIWV8wHrQNjRmEWg/n7wwosdG6dIwUaZipBP190TOIq2HUWA6I4Z9Pe+Nxf+8dobhpZ+LOM0QYj5dFGaSYkLHedCuUMBRDg1hXAlzK+V9phhHk1rJhODOv7xIGmcV16m4t+fl6tUsjiI5JEfkhLjkglTJDamROuHkkTyTV/JmPVkv1rv1MW0tWLOZffIH1ucPXqeWGA==</latexit><latexit sha1_base64="p98dWBiY2Ok9KzOy0uuR3LlmwA8=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hgEL4YZEfQY9OIxglkgM4aeTk3SpGehu0YIQ/Dir3jxoIhXv8Kbf2NnOWjig4LHe1VU1QtSKTQ6zrdVWFpeWV0rrpc2Nre2d+zdvYZOMsWhzhOZqFbANEgRQx0FSmilClgUSGgGg+ux33wApUUS3+EwBT9ivViEgjM0Usc+8LAPyKgnQWstIuo69/mp64xoxy47FWcCukjcGSmTGWod+8vrJjyLIEYumdZt10nRz5lCwSWMSl6mIWV8wHrQNjRmEWg/n7wwosdG6dIwUaZipBP190TOIq2HUWA6I4Z9Pe+Nxf+8dobhpZ+LOM0QYj5dFGaSYkLHedCuUMBRDg1hXAlzK+V9phhHk1rJhODOv7xIGmcV16m4t+fl6tUsjiI5JEfkhLjkglTJDamROuHkkTyTV/JmPVkv1rv1MW0tWLOZffIH1ucPXqeWGA==</latexit><latexit sha1_base64="p98dWBiY2Ok9KzOy0uuR3LlmwA8=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hgEL4YZEfQY9OIxglkgM4aeTk3SpGehu0YIQ/Dir3jxoIhXv8Kbf2NnOWjig4LHe1VU1QtSKTQ6zrdVWFpeWV0rrpc2Nre2d+zdvYZOMsWhzhOZqFbANEgRQx0FSmilClgUSGgGg+ux33wApUUS3+EwBT9ivViEgjM0Usc+8LAPyKgnQWstIuo69/mp64xoxy47FWcCukjcGSmTGWod+8vrJjyLIEYumdZt10nRz5lCwSWMSl6mIWV8wHrQNjRmEWg/n7wwosdG6dIwUaZipBP190TOIq2HUWA6I4Z9Pe+Nxf+8dobhpZ+LOM0QYj5dFGaSYkLHedCuUMBRDg1hXAlzK+V9phhHk1rJhODOv7xIGmcV16m4t+fl6tUsjiI5JEfkhLjkglTJDamROuHkkTyTV/JmPVkv1rv1MW0tWLOZffIH1ucPXqeWGA==</latexit><latexit sha1_base64="p98dWBiY2Ok9KzOy0uuR3LlmwA8=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hgEL4YZEfQY9OIxglkgM4aeTk3SpGehu0YIQ/Dir3jxoIhXv8Kbf2NnOWjig4LHe1VU1QtSKTQ6zrdVWFpeWV0rrpc2Nre2d+zdvYZOMsWhzhOZqFbANEgRQx0FSmilClgUSGgGg+ux33wApUUS3+EwBT9ivViEgjM0Usc+8LAPyKgnQWstIuo69/mp64xoxy47FWcCukjcGSmTGWod+8vrJjyLIEYumdZt10nRz5lCwSWMSl6mIWV8wHrQNjRmEWg/n7wwosdG6dIwUaZipBP190TOIq2HUWA6I4Z9Pe+Nxf+8dobhpZ+LOM0QYj5dFGaSYkLHedCuUMBRDg1hXAlzK+V9phhHk1rJhODOv7xIGmcV16m4t+fl6tUsjiI5JEfkhLjkglTJDamROuHkkTyTV/JmPVkv1rv1MW0tWLOZffIH1ucPXqeWGA==</latexit>

Q) why is     so small?✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>



AXIONS

Strong CP problem: ✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit> ✓ . 10�10

<latexit sha1_base64="p98dWBiY2Ok9KzOy0uuR3LlmwA8=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hgEL4YZEfQY9OIxglkgM4aeTk3SpGehu0YIQ/Dir3jxoIhXv8Kbf2NnOWjig4LHe1VU1QtSKTQ6zrdVWFpeWV0rrpc2Nre2d+zdvYZOMsWhzhOZqFbANEgRQx0FSmilClgUSGgGg+ux33wApUUS3+EwBT9ivViEgjM0Usc+8LAPyKgnQWstIuo69/mp64xoxy47FWcCukjcGSmTGWod+8vrJjyLIEYumdZt10nRz5lCwSWMSl6mIWV8wHrQNjRmEWg/n7wwosdG6dIwUaZipBP190TOIq2HUWA6I4Z9Pe+Nxf+8dobhpZ+LOM0QYj5dFGaSYkLHedCuUMBRDg1hXAlzK+V9phhHk1rJhODOv7xIGmcV16m4t+fl6tUsjiI5JEfkhLjkglTJDamROuHkkTyTV/JmPVkv1rv1MW0tWLOZffIH1ucPXqeWGA==</latexit><latexit sha1_base64="p98dWBiY2Ok9KzOy0uuR3LlmwA8=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hgEL4YZEfQY9OIxglkgM4aeTk3SpGehu0YIQ/Dir3jxoIhXv8Kbf2NnOWjig4LHe1VU1QtSKTQ6zrdVWFpeWV0rrpc2Nre2d+zdvYZOMsWhzhOZqFbANEgRQx0FSmilClgUSGgGg+ux33wApUUS3+EwBT9ivViEgjM0Usc+8LAPyKgnQWstIuo69/mp64xoxy47FWcCukjcGSmTGWod+8vrJjyLIEYumdZt10nRz5lCwSWMSl6mIWV8wHrQNjRmEWg/n7wwosdG6dIwUaZipBP190TOIq2HUWA6I4Z9Pe+Nxf+8dobhpZ+LOM0QYj5dFGaSYkLHedCuUMBRDg1hXAlzK+V9phhHk1rJhODOv7xIGmcV16m4t+fl6tUsjiI5JEfkhLjkglTJDamROuHkkTyTV/JmPVkv1rv1MW0tWLOZffIH1ucPXqeWGA==</latexit><latexit sha1_base64="p98dWBiY2Ok9KzOy0uuR3LlmwA8=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hgEL4YZEfQY9OIxglkgM4aeTk3SpGehu0YIQ/Dir3jxoIhXv8Kbf2NnOWjig4LHe1VU1QtSKTQ6zrdVWFpeWV0rrpc2Nre2d+zdvYZOMsWhzhOZqFbANEgRQx0FSmilClgUSGgGg+ux33wApUUS3+EwBT9ivViEgjM0Usc+8LAPyKgnQWstIuo69/mp64xoxy47FWcCukjcGSmTGWod+8vrJjyLIEYumdZt10nRz5lCwSWMSl6mIWV8wHrQNjRmEWg/n7wwosdG6dIwUaZipBP190TOIq2HUWA6I4Z9Pe+Nxf+8dobhpZ+LOM0QYj5dFGaSYkLHedCuUMBRDg1hXAlzK+V9phhHk1rJhODOv7xIGmcV16m4t+fl6tUsjiI5JEfkhLjkglTJDamROuHkkTyTV/JmPVkv1rv1MW0tWLOZffIH1ucPXqeWGA==</latexit><latexit sha1_base64="p98dWBiY2Ok9KzOy0uuR3LlmwA8=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hgEL4YZEfQY9OIxglkgM4aeTk3SpGehu0YIQ/Dir3jxoIhXv8Kbf2NnOWjig4LHe1VU1QtSKTQ6zrdVWFpeWV0rrpc2Nre2d+zdvYZOMsWhzhOZqFbANEgRQx0FSmilClgUSGgGg+ux33wApUUS3+EwBT9ivViEgjM0Usc+8LAPyKgnQWstIuo69/mp64xoxy47FWcCukjcGSmTGWod+8vrJjyLIEYumdZt10nRz5lCwSWMSl6mIWV8wHrQNjRmEWg/n7wwosdG6dIwUaZipBP190TOIq2HUWA6I4Z9Pe+Nxf+8dobhpZ+LOM0QYj5dFGaSYkLHedCuUMBRDg1hXAlzK+V9phhHk1rJhODOv7xIGmcV16m4t+fl6tUsjiI5JEfkhLjkglTJDamROuHkkTyTV/JmPVkv1rv1MW0tWLOZffIH1ucPXqeWGA==</latexit>

A) Peccei-Quinn Mechanism: 

Q) why is     so small?

Spontaneously broken U(1)PQ  with U(1)PQ-SU(3)c-SU(3)c 
anomaly 

� = ei a(x)/Fa Fa
<latexit sha1_base64="6qA/vcqDmeLc95Uy44yuggL5dSw=">AAACAnicbVDLSgMxFM34rPU16krcBItQQeqMCAoiFAVxWcE+oDMOmfS2Dc08SDJiGYobf8WNC0Xc+hXu/BvTdhbaeuBeDufcS3KPH3MmlWV9GzOzc/MLi7ml/PLK6tq6ubFZk1EiKFRpxCPR8IkEzkKoKqY4NGIBJPA51P3e5dCv34OQLApvVT8GNyCdkLUZJUpLnrntVLrsHO5S5hyQ4sP+4ZVHBs6Z7p5ZsErWCHia2BkpoAwVz/xyWhFNAggV5UTKpm3Fyk2JUIxyGOSdREJMaI90oKlpSAKQbjo6YYD3tNLC7UjoChUeqb83UhJI2Q98PRkQ1ZWT3lD8z2smqn3qpiyMEwUhHT/UTjhWER7mgVtMAFW8rwmhgum/YtolglClU8vrEOzJk6dJ7ahkWyX75rhQvsjiyKEdtIuKyEYnqIyuUQVVEUWP6Bm9ojfjyXgx3o2P8eiMke1soT8wPn8APNiWBw==</latexit><latexit sha1_base64="6qA/vcqDmeLc95Uy44yuggL5dSw=">AAACAnicbVDLSgMxFM34rPU16krcBItQQeqMCAoiFAVxWcE+oDMOmfS2Dc08SDJiGYobf8WNC0Xc+hXu/BvTdhbaeuBeDufcS3KPH3MmlWV9GzOzc/MLi7ml/PLK6tq6ubFZk1EiKFRpxCPR8IkEzkKoKqY4NGIBJPA51P3e5dCv34OQLApvVT8GNyCdkLUZJUpLnrntVLrsHO5S5hyQ4sP+4ZVHBs6Z7p5ZsErWCHia2BkpoAwVz/xyWhFNAggV5UTKpm3Fyk2JUIxyGOSdREJMaI90oKlpSAKQbjo6YYD3tNLC7UjoChUeqb83UhJI2Q98PRkQ1ZWT3lD8z2smqn3qpiyMEwUhHT/UTjhWER7mgVtMAFW8rwmhgum/YtolglClU8vrEOzJk6dJ7ahkWyX75rhQvsjiyKEdtIuKyEYnqIyuUQVVEUWP6Bm9ojfjyXgx3o2P8eiMke1soT8wPn8APNiWBw==</latexit><latexit sha1_base64="6qA/vcqDmeLc95Uy44yuggL5dSw=">AAACAnicbVDLSgMxFM34rPU16krcBItQQeqMCAoiFAVxWcE+oDMOmfS2Dc08SDJiGYobf8WNC0Xc+hXu/BvTdhbaeuBeDufcS3KPH3MmlWV9GzOzc/MLi7ml/PLK6tq6ubFZk1EiKFRpxCPR8IkEzkKoKqY4NGIBJPA51P3e5dCv34OQLApvVT8GNyCdkLUZJUpLnrntVLrsHO5S5hyQ4sP+4ZVHBs6Z7p5ZsErWCHia2BkpoAwVz/xyWhFNAggV5UTKpm3Fyk2JUIxyGOSdREJMaI90oKlpSAKQbjo6YYD3tNLC7UjoChUeqb83UhJI2Q98PRkQ1ZWT3lD8z2smqn3qpiyMEwUhHT/UTjhWER7mgVtMAFW8rwmhgum/YtolglClU8vrEOzJk6dJ7ahkWyX75rhQvsjiyKEdtIuKyEYnqIyuUQVVEUWP6Bm9ojfjyXgx3o2P8eiMke1soT8wPn8APNiWBw==</latexit><latexit sha1_base64="6qA/vcqDmeLc95Uy44yuggL5dSw=">AAACAnicbVDLSgMxFM34rPU16krcBItQQeqMCAoiFAVxWcE+oDMOmfS2Dc08SDJiGYobf8WNC0Xc+hXu/BvTdhbaeuBeDufcS3KPH3MmlWV9GzOzc/MLi7ml/PLK6tq6ubFZk1EiKFRpxCPR8IkEzkKoKqY4NGIBJPA51P3e5dCv34OQLApvVT8GNyCdkLUZJUpLnrntVLrsHO5S5hyQ4sP+4ZVHBs6Z7p5ZsErWCHia2BkpoAwVz/xyWhFNAggV5UTKpm3Fyk2JUIxyGOSdREJMaI90oKlpSAKQbjo6YYD3tNLC7UjoChUeqb83UhJI2Q98PRkQ1ZWT3lD8z2smqn3qpiyMEwUhHT/UTjhWER7mgVtMAFW8rwmhgum/YtolglClU8vrEOzJk6dJ7ahkWyX75rhQvsjiyKEdtIuKyEYnqIyuUQVVEUWP6Bm9ojfjyXgx3o2P8eiMke1soT8wPn8APNiWBw==</latexit>

QCD ) V (a)
<latexit sha1_base64="yIGrh5bDgd9smu0Dfz8nyYxQhpc=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxC3ZQZERS6KdaFy1bsAzpDyaSZNjSTDElGKWMX/oobF4q49Tfc+Tem7Sy09cCFwzn3cu89Qcyo0o7zbS0tr6yurec28ptb2zu79t5+U4lEYtLAggnZDpAijHLS0FQz0o4lQVHASCsYVid+655IRQW/06OY+BHqcxpSjLSRuvZhvXrtlb1b2h9oJKV48MrNIjrt2gWn5EwBF4mbkQLIUOvaX15P4CQiXGOGlOq4Tqz9FElNMSPjvJcoEiM8RH3SMZSjiCg/nd4/hidG6cFQSFNcw6n6eyJFkVKjKDCdEdIDNe9NxP+8TqLDSz+lPE404Xi2KEwY1AJOwoA9KgnWbGQIwpKaWyEeIImwNpHlTQju/MuLpHlWcp2SWz8vVK6yOHLgCByDInDBBaiAG1ADDYDBI3gGr+DNerJerHfrY9a6ZGUzB+APrM8ffTmVGg==</latexit><latexit sha1_base64="yIGrh5bDgd9smu0Dfz8nyYxQhpc=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxC3ZQZERS6KdaFy1bsAzpDyaSZNjSTDElGKWMX/oobF4q49Tfc+Tem7Sy09cCFwzn3cu89Qcyo0o7zbS0tr6yurec28ptb2zu79t5+U4lEYtLAggnZDpAijHLS0FQz0o4lQVHASCsYVid+655IRQW/06OY+BHqcxpSjLSRuvZhvXrtlb1b2h9oJKV48MrNIjrt2gWn5EwBF4mbkQLIUOvaX15P4CQiXGOGlOq4Tqz9FElNMSPjvJcoEiM8RH3SMZSjiCg/nd4/hidG6cFQSFNcw6n6eyJFkVKjKDCdEdIDNe9NxP+8TqLDSz+lPE404Xi2KEwY1AJOwoA9KgnWbGQIwpKaWyEeIImwNpHlTQju/MuLpHlWcp2SWz8vVK6yOHLgCByDInDBBaiAG1ADDYDBI3gGr+DNerJerHfrY9a6ZGUzB+APrM8ffTmVGg==</latexit><latexit sha1_base64="yIGrh5bDgd9smu0Dfz8nyYxQhpc=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxC3ZQZERS6KdaFy1bsAzpDyaSZNjSTDElGKWMX/oobF4q49Tfc+Tem7Sy09cCFwzn3cu89Qcyo0o7zbS0tr6yurec28ptb2zu79t5+U4lEYtLAggnZDpAijHLS0FQz0o4lQVHASCsYVid+655IRQW/06OY+BHqcxpSjLSRuvZhvXrtlb1b2h9oJKV48MrNIjrt2gWn5EwBF4mbkQLIUOvaX15P4CQiXGOGlOq4Tqz9FElNMSPjvJcoEiM8RH3SMZSjiCg/nd4/hidG6cFQSFNcw6n6eyJFkVKjKDCdEdIDNe9NxP+8TqLDSz+lPE404Xi2KEwY1AJOwoA9KgnWbGQIwpKaWyEeIImwNpHlTQju/MuLpHlWcp2SWz8vVK6yOHLgCByDInDBBaiAG1ADDYDBI3gGr+DNerJerHfrY9a6ZGUzB+APrM8ffTmVGg==</latexit><latexit sha1_base64="yIGrh5bDgd9smu0Dfz8nyYxQhpc=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxC3ZQZERS6KdaFy1bsAzpDyaSZNjSTDElGKWMX/oobF4q49Tfc+Tem7Sy09cCFwzn3cu89Qcyo0o7zbS0tr6yurec28ptb2zu79t5+U4lEYtLAggnZDpAijHLS0FQz0o4lQVHASCsYVid+655IRQW/06OY+BHqcxpSjLSRuvZhvXrtlb1b2h9oJKV48MrNIjrt2gWn5EwBF4mbkQLIUOvaX15P4CQiXGOGlOq4Tqz9FElNMSPjvJcoEiM8RH3SMZSjiCg/nd4/hidG6cFQSFNcw6n6eyJFkVKjKDCdEdIDNe9NxP+8TqLDSz+lPE404Xi2KEwY1AJOwoA9KgnWbGQIwpKaWyEeIImwNpHlTQju/MuLpHlWcp2SWz8vVK6yOHLgCByDInDBBaiAG1ADDYDBI3gGr+DNerJerHfrY9a6ZGUzB+APrM8ffTmVGg==</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>



AXIONS

Peccei-Quinn symmetry is h|�|i = Fa
<latexit sha1_base64="c7/ziKyZ8lQBcSj/IKGG1tfKNTM=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQE3QhFQVxWsA9oQphMb9qhk0mYmQildufGX3HjQhG3/oI7/8ZJm4W2Hrjcwzn3MnNPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHgKvdb9yAVS8SdHqbgx6QnWMQo0UYK7AOPE9HjgB+wV++zvMmpcIGvAxLYFafqTIDniVuQCipQD+wvr5vQLAahKSdKdVwn1f6ISM0oh3HZyxSkhA5IDzqGChKD8keTO8b4yChdHCXSlNB4ov7eGJFYqWEcmsmY6L6a9XLxP6+T6ejcHzGRZhoEnT4UZRzrBOeh4C6TQDUfGkKoZOavmPaJJFSb6MomBHf25HnSPKm6TtW9Pa3ULos4SmgfHaJj5KIzVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHdHTBKnb20B9Ynz/HR5fz</latexit><latexit sha1_base64="c7/ziKyZ8lQBcSj/IKGG1tfKNTM=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQE3QhFQVxWsA9oQphMb9qhk0mYmQildufGX3HjQhG3/oI7/8ZJm4W2Hrjcwzn3MnNPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHgKvdb9yAVS8SdHqbgx6QnWMQo0UYK7AOPE9HjgB+wV++zvMmpcIGvAxLYFafqTIDniVuQCipQD+wvr5vQLAahKSdKdVwn1f6ISM0oh3HZyxSkhA5IDzqGChKD8keTO8b4yChdHCXSlNB4ov7eGJFYqWEcmsmY6L6a9XLxP6+T6ejcHzGRZhoEnT4UZRzrBOeh4C6TQDUfGkKoZOavmPaJJFSb6MomBHf25HnSPKm6TtW9Pa3ULos4SmgfHaJj5KIzVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHdHTBKnb20B9Ynz/HR5fz</latexit><latexit sha1_base64="c7/ziKyZ8lQBcSj/IKGG1tfKNTM=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQE3QhFQVxWsA9oQphMb9qhk0mYmQildufGX3HjQhG3/oI7/8ZJm4W2Hrjcwzn3MnNPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHgKvdb9yAVS8SdHqbgx6QnWMQo0UYK7AOPE9HjgB+wV++zvMmpcIGvAxLYFafqTIDniVuQCipQD+wvr5vQLAahKSdKdVwn1f6ISM0oh3HZyxSkhA5IDzqGChKD8keTO8b4yChdHCXSlNB4ov7eGJFYqWEcmsmY6L6a9XLxP6+T6ejcHzGRZhoEnT4UZRzrBOeh4C6TQDUfGkKoZOavmPaJJFSb6MomBHf25HnSPKm6TtW9Pa3ULos4SmgfHaJj5KIzVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHdHTBKnb20B9Ynz/HR5fz</latexit><latexit sha1_base64="c7/ziKyZ8lQBcSj/IKGG1tfKNTM=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQE3QhFQVxWsA9oQphMb9qhk0mYmQildufGX3HjQhG3/oI7/8ZJm4W2Hrjcwzn3MnNPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHgKvdb9yAVS8SdHqbgx6QnWMQo0UYK7AOPE9HjgB+wV++zvMmpcIGvAxLYFafqTIDniVuQCipQD+wvr5vQLAahKSdKdVwn1f6ISM0oh3HZyxSkhA5IDzqGChKD8keTO8b4yChdHCXSlNB4ov7eGJFYqWEcmsmY6L6a9XLxP6+T6ejcHzGRZhoEnT4UZRzrBOeh4C6TQDUfGkKoZOavmPaJJFSb6MomBHf25HnSPKm6TtW9Pa3ULos4SmgfHaJj5KIzVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHdHTBKnb20B9Ynz/HR5fz</latexit>

Fa
<latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit>

Spontaneously broken at 



AXIONS

Peccei-Quinn symmetry is h|�|i = Fa
<latexit sha1_base64="c7/ziKyZ8lQBcSj/IKGG1tfKNTM=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQE3QhFQVxWsA9oQphMb9qhk0mYmQildufGX3HjQhG3/oI7/8ZJm4W2Hrjcwzn3MnNPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHgKvdb9yAVS8SdHqbgx6QnWMQo0UYK7AOPE9HjgB+wV++zvMmpcIGvAxLYFafqTIDniVuQCipQD+wvr5vQLAahKSdKdVwn1f6ISM0oh3HZyxSkhA5IDzqGChKD8keTO8b4yChdHCXSlNB4ov7eGJFYqWEcmsmY6L6a9XLxP6+T6ejcHzGRZhoEnT4UZRzrBOeh4C6TQDUfGkKoZOavmPaJJFSb6MomBHf25HnSPKm6TtW9Pa3ULos4SmgfHaJj5KIzVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHdHTBKnb20B9Ynz/HR5fz</latexit><latexit sha1_base64="c7/ziKyZ8lQBcSj/IKGG1tfKNTM=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQE3QhFQVxWsA9oQphMb9qhk0mYmQildufGX3HjQhG3/oI7/8ZJm4W2Hrjcwzn3MnNPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHgKvdb9yAVS8SdHqbgx6QnWMQo0UYK7AOPE9HjgB+wV++zvMmpcIGvAxLYFafqTIDniVuQCipQD+wvr5vQLAahKSdKdVwn1f6ISM0oh3HZyxSkhA5IDzqGChKD8keTO8b4yChdHCXSlNB4ov7eGJFYqWEcmsmY6L6a9XLxP6+T6ejcHzGRZhoEnT4UZRzrBOeh4C6TQDUfGkKoZOavmPaJJFSb6MomBHf25HnSPKm6TtW9Pa3ULos4SmgfHaJj5KIzVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHdHTBKnb20B9Ynz/HR5fz</latexit><latexit sha1_base64="c7/ziKyZ8lQBcSj/IKGG1tfKNTM=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQE3QhFQVxWsA9oQphMb9qhk0mYmQildufGX3HjQhG3/oI7/8ZJm4W2Hrjcwzn3MnNPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHgKvdb9yAVS8SdHqbgx6QnWMQo0UYK7AOPE9HjgB+wV++zvMmpcIGvAxLYFafqTIDniVuQCipQD+wvr5vQLAahKSdKdVwn1f6ISM0oh3HZyxSkhA5IDzqGChKD8keTO8b4yChdHCXSlNB4ov7eGJFYqWEcmsmY6L6a9XLxP6+T6ejcHzGRZhoEnT4UZRzrBOeh4C6TQDUfGkKoZOavmPaJJFSb6MomBHf25HnSPKm6TtW9Pa3ULos4SmgfHaJj5KIzVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHdHTBKnb20B9Ynz/HR5fz</latexit><latexit sha1_base64="c7/ziKyZ8lQBcSj/IKGG1tfKNTM=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQE3QhFQVxWsA9oQphMb9qhk0mYmQildufGX3HjQhG3/oI7/8ZJm4W2Hrjcwzn3MnNPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmKTRowhPZDokCzgQ0NNMc2qkEEoccWuHgKvdb9yAVS8SdHqbgx6QnWMQo0UYK7AOPE9HjgB+wV++zvMmpcIGvAxLYFafqTIDniVuQCipQD+wvr5vQLAahKSdKdVwn1f6ISM0oh3HZyxSkhA5IDzqGChKD8keTO8b4yChdHCXSlNB4ov7eGJFYqWEcmsmY6L6a9XLxP6+T6ejcHzGRZhoEnT4UZRzrBOeh4C6TQDUfGkKoZOavmPaJJFSb6MomBHf25HnSPKm6TtW9Pa3ULos4SmgfHaJj5KIzVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHdHTBKnb20B9Ynz/HR5fz</latexit>

Fa
<latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit>

Spontaneously broken at 

(->       is the scale of the axion ‘birth’ )Fa
<latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit>

The axion field starts to exist when PQ-symmetry is broken
� = ei a(x)/Fa Fa

<latexit sha1_base64="6qA/vcqDmeLc95Uy44yuggL5dSw=">AAACAnicbVDLSgMxFM34rPU16krcBItQQeqMCAoiFAVxWcE+oDMOmfS2Dc08SDJiGYobf8WNC0Xc+hXu/BvTdhbaeuBeDufcS3KPH3MmlWV9GzOzc/MLi7ml/PLK6tq6ubFZk1EiKFRpxCPR8IkEzkKoKqY4NGIBJPA51P3e5dCv34OQLApvVT8GNyCdkLUZJUpLnrntVLrsHO5S5hyQ4sP+4ZVHBs6Z7p5ZsErWCHia2BkpoAwVz/xyWhFNAggV5UTKpm3Fyk2JUIxyGOSdREJMaI90oKlpSAKQbjo6YYD3tNLC7UjoChUeqb83UhJI2Q98PRkQ1ZWT3lD8z2smqn3qpiyMEwUhHT/UTjhWER7mgVtMAFW8rwmhgum/YtolglClU8vrEOzJk6dJ7ahkWyX75rhQvsjiyKEdtIuKyEYnqIyuUQVVEUWP6Bm9ojfjyXgx3o2P8eiMke1soT8wPn8APNiWBw==</latexit><latexit sha1_base64="6qA/vcqDmeLc95Uy44yuggL5dSw=">AAACAnicbVDLSgMxFM34rPU16krcBItQQeqMCAoiFAVxWcE+oDMOmfS2Dc08SDJiGYobf8WNC0Xc+hXu/BvTdhbaeuBeDufcS3KPH3MmlWV9GzOzc/MLi7ml/PLK6tq6ubFZk1EiKFRpxCPR8IkEzkKoKqY4NGIBJPA51P3e5dCv34OQLApvVT8GNyCdkLUZJUpLnrntVLrsHO5S5hyQ4sP+4ZVHBs6Z7p5ZsErWCHia2BkpoAwVz/xyWhFNAggV5UTKpm3Fyk2JUIxyGOSdREJMaI90oKlpSAKQbjo6YYD3tNLC7UjoChUeqb83UhJI2Q98PRkQ1ZWT3lD8z2smqn3qpiyMEwUhHT/UTjhWER7mgVtMAFW8rwmhgum/YtolglClU8vrEOzJk6dJ7ahkWyX75rhQvsjiyKEdtIuKyEYnqIyuUQVVEUWP6Bm9ojfjyXgx3o2P8eiMke1soT8wPn8APNiWBw==</latexit><latexit sha1_base64="6qA/vcqDmeLc95Uy44yuggL5dSw=">AAACAnicbVDLSgMxFM34rPU16krcBItQQeqMCAoiFAVxWcE+oDMOmfS2Dc08SDJiGYobf8WNC0Xc+hXu/BvTdhbaeuBeDufcS3KPH3MmlWV9GzOzc/MLi7ml/PLK6tq6ubFZk1EiKFRpxCPR8IkEzkKoKqY4NGIBJPA51P3e5dCv34OQLApvVT8GNyCdkLUZJUpLnrntVLrsHO5S5hyQ4sP+4ZVHBs6Z7p5ZsErWCHia2BkpoAwVz/xyWhFNAggV5UTKpm3Fyk2JUIxyGOSdREJMaI90oKlpSAKQbjo6YYD3tNLC7UjoChUeqb83UhJI2Q98PRkQ1ZWT3lD8z2smqn3qpiyMEwUhHT/UTjhWER7mgVtMAFW8rwmhgum/YtolglClU8vrEOzJk6dJ7ahkWyX75rhQvsjiyKEdtIuKyEYnqIyuUQVVEUWP6Bm9ojfjyXgx3o2P8eiMke1soT8wPn8APNiWBw==</latexit><latexit sha1_base64="6qA/vcqDmeLc95Uy44yuggL5dSw=">AAACAnicbVDLSgMxFM34rPU16krcBItQQeqMCAoiFAVxWcE+oDMOmfS2Dc08SDJiGYobf8WNC0Xc+hXu/BvTdhbaeuBeDufcS3KPH3MmlWV9GzOzc/MLi7ml/PLK6tq6ubFZk1EiKFRpxCPR8IkEzkKoKqY4NGIBJPA51P3e5dCv34OQLApvVT8GNyCdkLUZJUpLnrntVLrsHO5S5hyQ4sP+4ZVHBs6Z7p5ZsErWCHia2BkpoAwVz/xyWhFNAggV5UTKpm3Fyk2JUIxyGOSdREJMaI90oKlpSAKQbjo6YYD3tNLC7UjoChUeqb83UhJI2Q98PRkQ1ZWT3lD8z2smqn3qpiyMEwUhHT/UTjhWER7mgVtMAFW8rwmhgum/YtolglClU8vrEOzJk6dJ7ahkWyX75rhQvsjiyKEdtIuKyEYnqIyuUQVVEUWP6Bm9ojfjyXgx3o2P8eiMke1soT8wPn8APNiWBw==</latexit>



(     = high energy scale)

AXIONS
There are 2 main ways to do this

Spontaneously broken U(1)PQ 

U(1)PQ-SU(3)c-SU(3)c anomaly

1) KSVZ (Kim, Shifman, Vainshtein, Zakharov) 

2) DFSZ (Dine, Fischler, Srednicki, Zhitnitsky)

Fa
<latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit>

=> extra heavy quarks with PQ-charge

=> extra Higgs doublet with PchargeQ-

-
-
-



Bonus: axion = good DM candidate



Bonus: axion = good DM candidate

1) PQ after inflation 

2) PQ during inflation 

Fa < Treh
<latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit><latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit><latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit><latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit>

Fa > Treh
<latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit><latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit><latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit><latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit>



Bonus: axion = good DM candidate

The most constrained scenario:

exponential dilution => small misalignment angle is ok

=> global cosmic strings produced at the PQ transition

=> domain walls produced at QCD epoch

Fa
<latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit>

108GeV
<latexit sha1_base64="16O0H0uhd4jhjyCzf0dOErzxrL8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9lj0oMcK9gPbWDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3nlBpHst7M07Qj+hA8pAzaqz04LmPWXVCbrDZK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEVT/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JCKNgRv8eVl0jyveG7Fu7so167yOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AS/Pj+8=</latexit><latexit sha1_base64="16O0H0uhd4jhjyCzf0dOErzxrL8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9lj0oMcK9gPbWDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3nlBpHst7M07Qj+hA8pAzaqz04LmPWXVCbrDZK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEVT/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JCKNgRv8eVl0jyveG7Fu7so167yOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AS/Pj+8=</latexit><latexit sha1_base64="16O0H0uhd4jhjyCzf0dOErzxrL8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9lj0oMcK9gPbWDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3nlBpHst7M07Qj+hA8pAzaqz04LmPWXVCbrDZK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEVT/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JCKNgRv8eVl0jyveG7Fu7so167yOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AS/Pj+8=</latexit><latexit sha1_base64="16O0H0uhd4jhjyCzf0dOErzxrL8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9lj0oMcK9gPbWDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3nlBpHst7M07Qj+hA8pAzaqz04LmPWXVCbrDZK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEVT/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JCKNgRv8eVl0jyveG7Fu7so167yOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AS/Pj+8=</latexit>

1011GeV
<latexit sha1_base64="8PKjx3dHXlJa8chxaBMOL+3UXnQ=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KhsR9Fj0oMcK9gPatWTTaRua3SxJVihLf4YXD4p49dd489+YtnvQ1geBx3szk5kXJlIY6/vf3srq2vrGZmGruL2zu7dfOjhsGJVqjnWupNKtkBmUIsa6FVZiK9HIolBiMxzdTP3mE2ojVPxgxwkGERvEoi84s05qU/8xo3RCbrHRLZX9ij8DWSY0J2XIUeuWvjo9xdMIY8slM8YNS2yQMW0FlzgpdlKDCeMjNsC2ozGL0ATZbOUJOXVKj/SVdi+2ZKb+7shYZMw4Cl1lxOzQLHpT8T+vndr+VZCJOEktxnz+UT+VxCoyvZ/0hEZu5dgRxrVwuxI+ZJpx61IquhDo4snLpHFeoX6F3l+Uq9d5HAU4hhM4AwqXUIU7qEEdOCh4hld486z34r17H/PSFS/vOYI/8D5/AJaqkCM=</latexit><latexit sha1_base64="8PKjx3dHXlJa8chxaBMOL+3UXnQ=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KhsR9Fj0oMcK9gPatWTTaRua3SxJVihLf4YXD4p49dd489+YtnvQ1geBx3szk5kXJlIY6/vf3srq2vrGZmGruL2zu7dfOjhsGJVqjnWupNKtkBmUIsa6FVZiK9HIolBiMxzdTP3mE2ojVPxgxwkGERvEoi84s05qU/8xo3RCbrHRLZX9ij8DWSY0J2XIUeuWvjo9xdMIY8slM8YNS2yQMW0FlzgpdlKDCeMjNsC2ozGL0ATZbOUJOXVKj/SVdi+2ZKb+7shYZMw4Cl1lxOzQLHpT8T+vndr+VZCJOEktxnz+UT+VxCoyvZ/0hEZu5dgRxrVwuxI+ZJpx61IquhDo4snLpHFeoX6F3l+Uq9d5HAU4hhM4AwqXUIU7qEEdOCh4hld486z34r17H/PSFS/vOYI/8D5/AJaqkCM=</latexit><latexit sha1_base64="8PKjx3dHXlJa8chxaBMOL+3UXnQ=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KhsR9Fj0oMcK9gPatWTTaRua3SxJVihLf4YXD4p49dd489+YtnvQ1geBx3szk5kXJlIY6/vf3srq2vrGZmGruL2zu7dfOjhsGJVqjnWupNKtkBmUIsa6FVZiK9HIolBiMxzdTP3mE2ojVPxgxwkGERvEoi84s05qU/8xo3RCbrHRLZX9ij8DWSY0J2XIUeuWvjo9xdMIY8slM8YNS2yQMW0FlzgpdlKDCeMjNsC2ozGL0ATZbOUJOXVKj/SVdi+2ZKb+7shYZMw4Cl1lxOzQLHpT8T+vndr+VZCJOEktxnz+UT+VxCoyvZ/0hEZu5dgRxrVwuxI+ZJpx61IquhDo4snLpHFeoX6F3l+Uq9d5HAU4hhM4AwqXUIU7qEEdOCh4hld486z34r17H/PSFS/vOYI/8D5/AJaqkCM=</latexit><latexit sha1_base64="8PKjx3dHXlJa8chxaBMOL+3UXnQ=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KhsR9Fj0oMcK9gPatWTTaRua3SxJVihLf4YXD4p49dd489+YtnvQ1geBx3szk5kXJlIY6/vf3srq2vrGZmGruL2zu7dfOjhsGJVqjnWupNKtkBmUIsa6FVZiK9HIolBiMxzdTP3mE2ojVPxgxwkGERvEoi84s05qU/8xo3RCbrHRLZX9ij8DWSY0J2XIUeuWvjo9xdMIY8slM8YNS2yQMW0FlzgpdlKDCeMjNsC2ozGL0ATZbOUJOXVKj/SVdi+2ZKb+7shYZMw4Cl1lxOzQLHpT8T+vndr+VZCJOEktxnz+UT+VxCoyvZ/0hEZu5dgRxrVwuxI+ZJpx61IquhDo4snLpHFeoX6F3l+Uq9d5HAU4hhM4AwqXUIU7qEEdOCh4hld486z34r17H/PSFS/vOYI/8D5/AJaqkCM=</latexit>

1) PQ after inflation 

2) PQ during inflation 

allowedastro cosmoFa < Treh
<latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit><latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit><latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit><latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit>

Fa > Treh
<latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit><latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit><latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit><latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit>

T ⇠ Fa
<latexit sha1_base64="8DhTznSuWh+JdWLfZYrpEGsNgQI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegIB4j5IXJEmYns8mQeSwzs0JY8hdePCji1b/x5t84SfagiQUNRVU33V1Rwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377iWrDlGzYSUJDgYeSxYxg66THRs8wge76GPXLFb/qz4FWSZCTCuSo98tfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbXzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwdZkwmqaWSLBbFKUdWodn7aMA0JZZPHMFEM3crIiOsMbEupJILIVh+eZW0LqqBXw0eLiu1mzyOIpzAKZxDAFdQg3uoQxMISHiGV3jzjPfivXsfi9aCl88cwx94nz94fJAd</latexit><latexit sha1_base64="8DhTznSuWh+JdWLfZYrpEGsNgQI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegIB4j5IXJEmYns8mQeSwzs0JY8hdePCji1b/x5t84SfagiQUNRVU33V1Rwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377iWrDlGzYSUJDgYeSxYxg66THRs8wge76GPXLFb/qz4FWSZCTCuSo98tfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbXzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwdZkwmqaWSLBbFKUdWodn7aMA0JZZPHMFEM3crIiOsMbEupJILIVh+eZW0LqqBXw0eLiu1mzyOIpzAKZxDAFdQg3uoQxMISHiGV3jzjPfivXsfi9aCl88cwx94nz94fJAd</latexit><latexit sha1_base64="8DhTznSuWh+JdWLfZYrpEGsNgQI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegIB4j5IXJEmYns8mQeSwzs0JY8hdePCji1b/x5t84SfagiQUNRVU33V1Rwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377iWrDlGzYSUJDgYeSxYxg66THRs8wge76GPXLFb/qz4FWSZCTCuSo98tfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbXzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwdZkwmqaWSLBbFKUdWodn7aMA0JZZPHMFEM3crIiOsMbEupJILIVh+eZW0LqqBXw0eLiu1mzyOIpzAKZxDAFdQg3uoQxMISHiGV3jzjPfivXsfi9aCl88cwx94nz94fJAd</latexit><latexit sha1_base64="8DhTznSuWh+JdWLfZYrpEGsNgQI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegIB4j5IXJEmYns8mQeSwzs0JY8hdePCji1b/x5t84SfagiQUNRVU33V1Rwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377iWrDlGzYSUJDgYeSxYxg66THRs8wge76GPXLFb/qz4FWSZCTCuSo98tfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbXzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwdZkwmqaWSLBbFKUdWodn7aMA0JZZPHMFEM3crIiOsMbEupJILIVh+eZW0LqqBXw0eLiu1mzyOIpzAKZxDAFdQg3uoQxMISHiGV3jzjPfivXsfi9aCl88cwx94nz94fJAd</latexit>

T ⇠ ⇤QCD
<latexit sha1_base64="/m0uljIRWF6Iwu58xvNacTcWNxY=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZE0GWxLly4aKEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzQlTRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqySQmbZywRPZCpAijgrQ11Yz0UkkQDxnphqP61O8+EKloIlp6nBKfo4GgMcVIGymwj1ueohx69yYSoSBv1m8nMLArTtWZAS4TtyAVUKAR2F9elOCME6ExQ0r1XSfVfo6kppiRSdnLFEkRHqEB6RsqECfKz2fXT+CZUSIYJ9I8oeFM/Z3IEVdqzEMzyZEeqkVvKv7n9TMdX/s5FWmmicDzRXHGoE7gtAoYUUmwZmNDEJbU3ArxEEmEtSmsbEpwF7+8TDoXVdepus3LSu2mqKMETsApOAcuuAI1cAcaoA0weATP4BW8WU/Wi/VufcxHV6wicwT+wPr8AU/wlHg=</latexit><latexit sha1_base64="/m0uljIRWF6Iwu58xvNacTcWNxY=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZE0GWxLly4aKEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzQlTRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqySQmbZywRPZCpAijgrQ11Yz0UkkQDxnphqP61O8+EKloIlp6nBKfo4GgMcVIGymwj1ueohx69yYSoSBv1m8nMLArTtWZAS4TtyAVUKAR2F9elOCME6ExQ0r1XSfVfo6kppiRSdnLFEkRHqEB6RsqECfKz2fXT+CZUSIYJ9I8oeFM/Z3IEVdqzEMzyZEeqkVvKv7n9TMdX/s5FWmmicDzRXHGoE7gtAoYUUmwZmNDEJbU3ArxEEmEtSmsbEpwF7+8TDoXVdepus3LSu2mqKMETsApOAcuuAI1cAcaoA0weATP4BW8WU/Wi/VufcxHV6wicwT+wPr8AU/wlHg=</latexit><latexit sha1_base64="/m0uljIRWF6Iwu58xvNacTcWNxY=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZE0GWxLly4aKEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzQlTRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqySQmbZywRPZCpAijgrQ11Yz0UkkQDxnphqP61O8+EKloIlp6nBKfo4GgMcVIGymwj1ueohx69yYSoSBv1m8nMLArTtWZAS4TtyAVUKAR2F9elOCME6ExQ0r1XSfVfo6kppiRSdnLFEkRHqEB6RsqECfKz2fXT+CZUSIYJ9I8oeFM/Z3IEVdqzEMzyZEeqkVvKv7n9TMdX/s5FWmmicDzRXHGoE7gtAoYUUmwZmNDEJbU3ArxEEmEtSmsbEpwF7+8TDoXVdepus3LSu2mqKMETsApOAcuuAI1cAcaoA0weATP4BW8WU/Wi/VufcxHV6wicwT+wPr8AU/wlHg=</latexit><latexit sha1_base64="/m0uljIRWF6Iwu58xvNacTcWNxY=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZE0GWxLly4aKEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzQlTRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqySQmbZywRPZCpAijgrQ11Yz0UkkQDxnphqP61O8+EKloIlp6nBKfo4GgMcVIGymwj1ueohx69yYSoSBv1m8nMLArTtWZAS4TtyAVUKAR2F9elOCME6ExQ0r1XSfVfo6kppiRSdnLFEkRHqEB6RsqECfKz2fXT+CZUSIYJ9I8oeFM/Z3IEVdqzEMzyZEeqkVvKv7n9TMdX/s5FWmmicDzRXHGoE7gtAoYUUmwZmNDEJbU3ArxEEmEtSmsbEpwF7+8TDoXVdepus3LSu2mqKMETsApOAcuuAI1cAcaoA0weATP4BW8WU/Wi/VufcxHV6wicwT+wPr8AU/wlHg=</latexit>



Bonus: axion = good DM candidate

The most constrained scenario:

exponential dilution => small misalignment angle is ok

=> global cosmic strings produced at the PQ transition

=> domain walls produced at QCD epoch

Fa
<latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit>

108GeV
<latexit sha1_base64="16O0H0uhd4jhjyCzf0dOErzxrL8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9lj0oMcK9gPbWDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3nlBpHst7M07Qj+hA8pAzaqz04LmPWXVCbrDZK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEVT/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JCKNgRv8eVl0jyveG7Fu7so167yOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AS/Pj+8=</latexit><latexit sha1_base64="16O0H0uhd4jhjyCzf0dOErzxrL8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9lj0oMcK9gPbWDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3nlBpHst7M07Qj+hA8pAzaqz04LmPWXVCbrDZK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEVT/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JCKNgRv8eVl0jyveG7Fu7so167yOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AS/Pj+8=</latexit><latexit sha1_base64="16O0H0uhd4jhjyCzf0dOErzxrL8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9lj0oMcK9gPbWDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3nlBpHst7M07Qj+hA8pAzaqz04LmPWXVCbrDZK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEVT/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JCKNgRv8eVl0jyveG7Fu7so167yOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AS/Pj+8=</latexit><latexit sha1_base64="16O0H0uhd4jhjyCzf0dOErzxrL8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9lj0oMcK9gPbWDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3nlBpHst7M07Qj+hA8pAzaqz04LmPWXVCbrDZK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEVT/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JCKNgRv8eVl0jyveG7Fu7so167yOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AS/Pj+8=</latexit>

1011GeV
<latexit sha1_base64="8PKjx3dHXlJa8chxaBMOL+3UXnQ=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KhsR9Fj0oMcK9gPatWTTaRua3SxJVihLf4YXD4p49dd489+YtnvQ1geBx3szk5kXJlIY6/vf3srq2vrGZmGruL2zu7dfOjhsGJVqjnWupNKtkBmUIsa6FVZiK9HIolBiMxzdTP3mE2ojVPxgxwkGERvEoi84s05qU/8xo3RCbrHRLZX9ij8DWSY0J2XIUeuWvjo9xdMIY8slM8YNS2yQMW0FlzgpdlKDCeMjNsC2ozGL0ATZbOUJOXVKj/SVdi+2ZKb+7shYZMw4Cl1lxOzQLHpT8T+vndr+VZCJOEktxnz+UT+VxCoyvZ/0hEZu5dgRxrVwuxI+ZJpx61IquhDo4snLpHFeoX6F3l+Uq9d5HAU4hhM4AwqXUIU7qEEdOCh4hld486z34r17H/PSFS/vOYI/8D5/AJaqkCM=</latexit><latexit sha1_base64="8PKjx3dHXlJa8chxaBMOL+3UXnQ=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KhsR9Fj0oMcK9gPatWTTaRua3SxJVihLf4YXD4p49dd489+YtnvQ1geBx3szk5kXJlIY6/vf3srq2vrGZmGruL2zu7dfOjhsGJVqjnWupNKtkBmUIsa6FVZiK9HIolBiMxzdTP3mE2ojVPxgxwkGERvEoi84s05qU/8xo3RCbrHRLZX9ij8DWSY0J2XIUeuWvjo9xdMIY8slM8YNS2yQMW0FlzgpdlKDCeMjNsC2ozGL0ATZbOUJOXVKj/SVdi+2ZKb+7shYZMw4Cl1lxOzQLHpT8T+vndr+VZCJOEktxnz+UT+VxCoyvZ/0hEZu5dgRxrVwuxI+ZJpx61IquhDo4snLpHFeoX6F3l+Uq9d5HAU4hhM4AwqXUIU7qEEdOCh4hld486z34r17H/PSFS/vOYI/8D5/AJaqkCM=</latexit><latexit sha1_base64="8PKjx3dHXlJa8chxaBMOL+3UXnQ=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KhsR9Fj0oMcK9gPatWTTaRua3SxJVihLf4YXD4p49dd489+YtnvQ1geBx3szk5kXJlIY6/vf3srq2vrGZmGruL2zu7dfOjhsGJVqjnWupNKtkBmUIsa6FVZiK9HIolBiMxzdTP3mE2ojVPxgxwkGERvEoi84s05qU/8xo3RCbrHRLZX9ij8DWSY0J2XIUeuWvjo9xdMIY8slM8YNS2yQMW0FlzgpdlKDCeMjNsC2ozGL0ATZbOUJOXVKj/SVdi+2ZKb+7shYZMw4Cl1lxOzQLHpT8T+vndr+VZCJOEktxnz+UT+VxCoyvZ/0hEZu5dgRxrVwuxI+ZJpx61IquhDo4snLpHFeoX6F3l+Uq9d5HAU4hhM4AwqXUIU7qEEdOCh4hld486z34r17H/PSFS/vOYI/8D5/AJaqkCM=</latexit><latexit sha1_base64="8PKjx3dHXlJa8chxaBMOL+3UXnQ=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KhsR9Fj0oMcK9gPatWTTaRua3SxJVihLf4YXD4p49dd489+YtnvQ1geBx3szk5kXJlIY6/vf3srq2vrGZmGruL2zu7dfOjhsGJVqjnWupNKtkBmUIsa6FVZiK9HIolBiMxzdTP3mE2ojVPxgxwkGERvEoi84s05qU/8xo3RCbrHRLZX9ij8DWSY0J2XIUeuWvjo9xdMIY8slM8YNS2yQMW0FlzgpdlKDCeMjNsC2ozGL0ATZbOUJOXVKj/SVdi+2ZKb+7shYZMw4Cl1lxOzQLHpT8T+vndr+VZCJOEktxnz+UT+VxCoyvZ/0hEZu5dgRxrVwuxI+ZJpx61IquhDo4snLpHFeoX6F3l+Uq9d5HAU4hhM4AwqXUIU7qEEdOCh4hld486z34r17H/PSFS/vOYI/8D5/AJaqkCM=</latexit>

1) PQ after inflation 

2) PQ during inflation 

allowedastro cosmoFa < Treh
<latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit><latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit><latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit><latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit>

Fa > Treh
<latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit><latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit><latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit><latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit>

T ⇠ Fa
<latexit sha1_base64="8DhTznSuWh+JdWLfZYrpEGsNgQI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegIB4j5IXJEmYns8mQeSwzs0JY8hdePCji1b/x5t84SfagiQUNRVU33V1Rwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377iWrDlGzYSUJDgYeSxYxg66THRs8wge76GPXLFb/qz4FWSZCTCuSo98tfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbXzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwdZkwmqaWSLBbFKUdWodn7aMA0JZZPHMFEM3crIiOsMbEupJILIVh+eZW0LqqBXw0eLiu1mzyOIpzAKZxDAFdQg3uoQxMISHiGV3jzjPfivXsfi9aCl88cwx94nz94fJAd</latexit><latexit sha1_base64="8DhTznSuWh+JdWLfZYrpEGsNgQI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegIB4j5IXJEmYns8mQeSwzs0JY8hdePCji1b/x5t84SfagiQUNRVU33V1Rwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377iWrDlGzYSUJDgYeSxYxg66THRs8wge76GPXLFb/qz4FWSZCTCuSo98tfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbXzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwdZkwmqaWSLBbFKUdWodn7aMA0JZZPHMFEM3crIiOsMbEupJILIVh+eZW0LqqBXw0eLiu1mzyOIpzAKZxDAFdQg3uoQxMISHiGV3jzjPfivXsfi9aCl88cwx94nz94fJAd</latexit><latexit sha1_base64="8DhTznSuWh+JdWLfZYrpEGsNgQI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegIB4j5IXJEmYns8mQeSwzs0JY8hdePCji1b/x5t84SfagiQUNRVU33V1Rwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377iWrDlGzYSUJDgYeSxYxg66THRs8wge76GPXLFb/qz4FWSZCTCuSo98tfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbXzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwdZkwmqaWSLBbFKUdWodn7aMA0JZZPHMFEM3crIiOsMbEupJILIVh+eZW0LqqBXw0eLiu1mzyOIpzAKZxDAFdQg3uoQxMISHiGV3jzjPfivXsfi9aCl88cwx94nz94fJAd</latexit><latexit sha1_base64="8DhTznSuWh+JdWLfZYrpEGsNgQI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegIB4j5IXJEmYns8mQeSwzs0JY8hdePCji1b/x5t84SfagiQUNRVU33V1Rwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377iWrDlGzYSUJDgYeSxYxg66THRs8wge76GPXLFb/qz4FWSZCTCuSo98tfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbXzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwdZkwmqaWSLBbFKUdWodn7aMA0JZZPHMFEM3crIiOsMbEupJILIVh+eZW0LqqBXw0eLiu1mzyOIpzAKZxDAFdQg3uoQxMISHiGV3jzjPfivXsfi9aCl88cwx94nz94fJAd</latexit>

T ⇠ ⇤QCD
<latexit sha1_base64="/m0uljIRWF6Iwu58xvNacTcWNxY=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZE0GWxLly4aKEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzQlTRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqySQmbZywRPZCpAijgrQ11Yz0UkkQDxnphqP61O8+EKloIlp6nBKfo4GgMcVIGymwj1ueohx69yYSoSBv1m8nMLArTtWZAS4TtyAVUKAR2F9elOCME6ExQ0r1XSfVfo6kppiRSdnLFEkRHqEB6RsqECfKz2fXT+CZUSIYJ9I8oeFM/Z3IEVdqzEMzyZEeqkVvKv7n9TMdX/s5FWmmicDzRXHGoE7gtAoYUUmwZmNDEJbU3ArxEEmEtSmsbEpwF7+8TDoXVdepus3LSu2mqKMETsApOAcuuAI1cAcaoA0weATP4BW8WU/Wi/VufcxHV6wicwT+wPr8AU/wlHg=</latexit><latexit sha1_base64="/m0uljIRWF6Iwu58xvNacTcWNxY=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZE0GWxLly4aKEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzQlTRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqySQmbZywRPZCpAijgrQ11Yz0UkkQDxnphqP61O8+EKloIlp6nBKfo4GgMcVIGymwj1ueohx69yYSoSBv1m8nMLArTtWZAS4TtyAVUKAR2F9elOCME6ExQ0r1XSfVfo6kppiRSdnLFEkRHqEB6RsqECfKz2fXT+CZUSIYJ9I8oeFM/Z3IEVdqzEMzyZEeqkVvKv7n9TMdX/s5FWmmicDzRXHGoE7gtAoYUUmwZmNDEJbU3ArxEEmEtSmsbEpwF7+8TDoXVdepus3LSu2mqKMETsApOAcuuAI1cAcaoA0weATP4BW8WU/Wi/VufcxHV6wicwT+wPr8AU/wlHg=</latexit><latexit sha1_base64="/m0uljIRWF6Iwu58xvNacTcWNxY=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZE0GWxLly4aKEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzQlTRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqySQmbZywRPZCpAijgrQ11Yz0UkkQDxnphqP61O8+EKloIlp6nBKfo4GgMcVIGymwj1ueohx69yYSoSBv1m8nMLArTtWZAS4TtyAVUKAR2F9elOCME6ExQ0r1XSfVfo6kppiRSdnLFEkRHqEB6RsqECfKz2fXT+CZUSIYJ9I8oeFM/Z3IEVdqzEMzyZEeqkVvKv7n9TMdX/s5FWmmicDzRXHGoE7gtAoYUUmwZmNDEJbU3ArxEEmEtSmsbEpwF7+8TDoXVdepus3LSu2mqKMETsApOAcuuAI1cAcaoA0weATP4BW8WU/Wi/VufcxHV6wicwT+wPr8AU/wlHg=</latexit><latexit sha1_base64="/m0uljIRWF6Iwu58xvNacTcWNxY=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZE0GWxLly4aKEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzQlTRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqySQmbZywRPZCpAijgrQ11Yz0UkkQDxnphqP61O8+EKloIlp6nBKfo4GgMcVIGymwj1ueohx69yYSoSBv1m8nMLArTtWZAS4TtyAVUKAR2F9elOCME6ExQ0r1XSfVfo6kppiRSdnLFEkRHqEB6RsqECfKz2fXT+CZUSIYJ9I8oeFM/Z3IEVdqzEMzyZEeqkVvKv7n9TMdX/s5FWmmicDzRXHGoE7gtAoYUUmwZmNDEJbU3ArxEEmEtSmsbEpwF7+8TDoXVdepus3LSu2mqKMETsApOAcuuAI1cAcaoA0weATP4BW8WU/Wi/VufcxHV6wicwT+wPr8AU/wlHg=</latexit>



Bonus: axion = good DM candidate

The most constrained scenario:

exponential dilution => small misalignment angle is ok

=> global cosmic strings produced at the PQ transition

=> domain walls produced at QCD epoch

Fa
<latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit><latexit sha1_base64="nn2vVFLQ1OkDB1e2RkYBxuM8rUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiIB4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfy0UwS5kc4lDzkFI2VHm772C9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5ufOiVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14ZWfcZmkhkm6WBSmgpiYzP4mA64YNWJiCVLF7a2EjlAhNTadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAIRI2e</latexit>

108GeV
<latexit sha1_base64="16O0H0uhd4jhjyCzf0dOErzxrL8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9lj0oMcK9gPbWDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3nlBpHst7M07Qj+hA8pAzaqz04LmPWXVCbrDZK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEVT/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JCKNgRv8eVl0jyveG7Fu7so167yOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AS/Pj+8=</latexit><latexit sha1_base64="16O0H0uhd4jhjyCzf0dOErzxrL8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9lj0oMcK9gPbWDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3nlBpHst7M07Qj+hA8pAzaqz04LmPWXVCbrDZK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEVT/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JCKNgRv8eVl0jyveG7Fu7so167yOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AS/Pj+8=</latexit><latexit sha1_base64="16O0H0uhd4jhjyCzf0dOErzxrL8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9lj0oMcK9gPbWDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3nlBpHst7M07Qj+hA8pAzaqz04LmPWXVCbrDZK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEVT/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JCKNgRv8eVl0jyveG7Fu7so167yOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AS/Pj+8=</latexit><latexit sha1_base64="16O0H0uhd4jhjyCzf0dOErzxrL8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI9lj0oMcK9gPbWDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3nlBpHst7M07Qj+hA8pAzaqz04LmPWXVCbrDZK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEVT/jMkkNSjZfFKaCmJhM3yd9rpAZMbaEMsXtrYQNqaLM2JCKNgRv8eVl0jyveG7Fu7so167yOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AS/Pj+8=</latexit>

1011GeV
<latexit sha1_base64="8PKjx3dHXlJa8chxaBMOL+3UXnQ=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KhsR9Fj0oMcK9gPatWTTaRua3SxJVihLf4YXD4p49dd489+YtnvQ1geBx3szk5kXJlIY6/vf3srq2vrGZmGruL2zu7dfOjhsGJVqjnWupNKtkBmUIsa6FVZiK9HIolBiMxzdTP3mE2ojVPxgxwkGERvEoi84s05qU/8xo3RCbrHRLZX9ij8DWSY0J2XIUeuWvjo9xdMIY8slM8YNS2yQMW0FlzgpdlKDCeMjNsC2ozGL0ATZbOUJOXVKj/SVdi+2ZKb+7shYZMw4Cl1lxOzQLHpT8T+vndr+VZCJOEktxnz+UT+VxCoyvZ/0hEZu5dgRxrVwuxI+ZJpx61IquhDo4snLpHFeoX6F3l+Uq9d5HAU4hhM4AwqXUIU7qEEdOCh4hld486z34r17H/PSFS/vOYI/8D5/AJaqkCM=</latexit><latexit sha1_base64="8PKjx3dHXlJa8chxaBMOL+3UXnQ=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KhsR9Fj0oMcK9gPatWTTaRua3SxJVihLf4YXD4p49dd489+YtnvQ1geBx3szk5kXJlIY6/vf3srq2vrGZmGruL2zu7dfOjhsGJVqjnWupNKtkBmUIsa6FVZiK9HIolBiMxzdTP3mE2ojVPxgxwkGERvEoi84s05qU/8xo3RCbrHRLZX9ij8DWSY0J2XIUeuWvjo9xdMIY8slM8YNS2yQMW0FlzgpdlKDCeMjNsC2ozGL0ATZbOUJOXVKj/SVdi+2ZKb+7shYZMw4Cl1lxOzQLHpT8T+vndr+VZCJOEktxnz+UT+VxCoyvZ/0hEZu5dgRxrVwuxI+ZJpx61IquhDo4snLpHFeoX6F3l+Uq9d5HAU4hhM4AwqXUIU7qEEdOCh4hld486z34r17H/PSFS/vOYI/8D5/AJaqkCM=</latexit><latexit sha1_base64="8PKjx3dHXlJa8chxaBMOL+3UXnQ=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KhsR9Fj0oMcK9gPatWTTaRua3SxJVihLf4YXD4p49dd489+YtnvQ1geBx3szk5kXJlIY6/vf3srq2vrGZmGruL2zu7dfOjhsGJVqjnWupNKtkBmUIsa6FVZiK9HIolBiMxzdTP3mE2ojVPxgxwkGERvEoi84s05qU/8xo3RCbrHRLZX9ij8DWSY0J2XIUeuWvjo9xdMIY8slM8YNS2yQMW0FlzgpdlKDCeMjNsC2ozGL0ATZbOUJOXVKj/SVdi+2ZKb+7shYZMw4Cl1lxOzQLHpT8T+vndr+VZCJOEktxnz+UT+VxCoyvZ/0hEZu5dgRxrVwuxI+ZJpx61IquhDo4snLpHFeoX6F3l+Uq9d5HAU4hhM4AwqXUIU7qEEdOCh4hld486z34r17H/PSFS/vOYI/8D5/AJaqkCM=</latexit><latexit sha1_base64="8PKjx3dHXlJa8chxaBMOL+3UXnQ=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KhsR9Fj0oMcK9gPatWTTaRua3SxJVihLf4YXD4p49dd489+YtnvQ1geBx3szk5kXJlIY6/vf3srq2vrGZmGruL2zu7dfOjhsGJVqjnWupNKtkBmUIsa6FVZiK9HIolBiMxzdTP3mE2ojVPxgxwkGERvEoi84s05qU/8xo3RCbrHRLZX9ij8DWSY0J2XIUeuWvjo9xdMIY8slM8YNS2yQMW0FlzgpdlKDCeMjNsC2ozGL0ATZbOUJOXVKj/SVdi+2ZKb+7shYZMw4Cl1lxOzQLHpT8T+vndr+VZCJOEktxnz+UT+VxCoyvZ/0hEZu5dgRxrVwuxI+ZJpx61IquhDo4snLpHFeoX6F3l+Uq9d5HAU4hhM4AwqXUIU7qEEdOCh4hld486z34r17H/PSFS/vOYI/8D5/AJaqkCM=</latexit>

1) PQ after inflation 

2) PQ during inflation 

allowedastro cosmoFa < Treh
<latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit><latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit><latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit><latexit sha1_base64="oaeqTuzPt9u/jfHGHwyXMkV2DLE=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoAcPQUE8RsgLkmWZnfQmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwtr6xuVXcLu3s7u0flA+PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upv57TFKxeOooScJuiEdRDzgjGojufceJTek4WUSh1OvXLGr9hxklTg5qUCOulf+6vVjloYYaSaoUl3HTrSbUak5Ezgt9VKFCWUjOsCuoRENUbnZ/OgpOTNKnwSxNBVpMld/T2Q0VGoS+qYzpHqolr2Z+J/XTXVw7WY8SlKNEVssClJBdExmCZA+l8i0mBhCmeTmVsKGVFKmTU4lE4Kz/PIqaV1UHbvqPF5Ward5HEU4gVM4BweuoAYPUIcmMHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnD7cDkWg=</latexit>

Fa > Treh
<latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit><latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit><latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit><latexit sha1_base64="/7hWUs80RZ1EvUBd5kW7XmkS4dY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJCuIxQl6QLMvspDcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R3cxvj1EqHkcNPUnQDekg4gFnVBvJvfcouSENL5M4nHrlil215yCrxMlJBXLUvfJXrx+zNMRIM0GV6jp2ot2MSs2ZwGmplypMKBvRAXYNjWiIys3mR0/JmVH6JIilqUiTufp7IqOhUpPQN50h1UO17M3E/7xuqoNrN+NRkmqM2GJRkAqiYzJLgPS5RKbFxBDKJDe3EjakkjJtciqZEJzll1dJ66Lq2FXn8bJSu83jKMIJnMI5OHAFNXiAOjSBwRM8wyu8WWPrxXq3PhatBSufOYY/sD5/ALobkWo=</latexit>

T ⇠ Fa
<latexit sha1_base64="8DhTznSuWh+JdWLfZYrpEGsNgQI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegIB4j5IXJEmYns8mQeSwzs0JY8hdePCji1b/x5t84SfagiQUNRVU33V1Rwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377iWrDlGzYSUJDgYeSxYxg66THRs8wge76GPXLFb/qz4FWSZCTCuSo98tfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbXzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwdZkwmqaWSLBbFKUdWodn7aMA0JZZPHMFEM3crIiOsMbEupJILIVh+eZW0LqqBXw0eLiu1mzyOIpzAKZxDAFdQg3uoQxMISHiGV3jzjPfivXsfi9aCl88cwx94nz94fJAd</latexit><latexit sha1_base64="8DhTznSuWh+JdWLfZYrpEGsNgQI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegIB4j5IXJEmYns8mQeSwzs0JY8hdePCji1b/x5t84SfagiQUNRVU33V1Rwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377iWrDlGzYSUJDgYeSxYxg66THRs8wge76GPXLFb/qz4FWSZCTCuSo98tfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbXzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwdZkwmqaWSLBbFKUdWodn7aMA0JZZPHMFEM3crIiOsMbEupJILIVh+eZW0LqqBXw0eLiu1mzyOIpzAKZxDAFdQg3uoQxMISHiGV3jzjPfivXsfi9aCl88cwx94nz94fJAd</latexit><latexit sha1_base64="8DhTznSuWh+JdWLfZYrpEGsNgQI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegIB4j5IXJEmYns8mQeSwzs0JY8hdePCji1b/x5t84SfagiQUNRVU33V1Rwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377iWrDlGzYSUJDgYeSxYxg66THRs8wge76GPXLFb/qz4FWSZCTCuSo98tfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbXzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwdZkwmqaWSLBbFKUdWodn7aMA0JZZPHMFEM3crIiOsMbEupJILIVh+eZW0LqqBXw0eLiu1mzyOIpzAKZxDAFdQg3uoQxMISHiGV3jzjPfivXsfi9aCl88cwx94nz94fJAd</latexit><latexit sha1_base64="8DhTznSuWh+JdWLfZYrpEGsNgQI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegIB4j5IXJEmYns8mQeSwzs0JY8hdePCji1b/x5t84SfagiQUNRVU33V1Rwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377iWrDlGzYSUJDgYeSxYxg66THRs8wge76GPXLFb/qz4FWSZCTCuSo98tfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbXzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwdZkwmqaWSLBbFKUdWodn7aMA0JZZPHMFEM3crIiOsMbEupJILIVh+eZW0LqqBXw0eLiu1mzyOIpzAKZxDAFdQg3uoQxMISHiGV3jzjPfivXsfi9aCl88cwx94nz94fJAd</latexit>

T ⇠ ⇤QCD
<latexit sha1_base64="/m0uljIRWF6Iwu58xvNacTcWNxY=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZE0GWxLly4aKEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzQlTRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqySQmbZywRPZCpAijgrQ11Yz0UkkQDxnphqP61O8+EKloIlp6nBKfo4GgMcVIGymwj1ueohx69yYSoSBv1m8nMLArTtWZAS4TtyAVUKAR2F9elOCME6ExQ0r1XSfVfo6kppiRSdnLFEkRHqEB6RsqECfKz2fXT+CZUSIYJ9I8oeFM/Z3IEVdqzEMzyZEeqkVvKv7n9TMdX/s5FWmmicDzRXHGoE7gtAoYUUmwZmNDEJbU3ArxEEmEtSmsbEpwF7+8TDoXVdepus3LSu2mqKMETsApOAcuuAI1cAcaoA0weATP4BW8WU/Wi/VufcxHV6wicwT+wPr8AU/wlHg=</latexit><latexit sha1_base64="/m0uljIRWF6Iwu58xvNacTcWNxY=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZE0GWxLly4aKEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzQlTRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqySQmbZywRPZCpAijgrQ11Yz0UkkQDxnphqP61O8+EKloIlp6nBKfo4GgMcVIGymwj1ueohx69yYSoSBv1m8nMLArTtWZAS4TtyAVUKAR2F9elOCME6ExQ0r1XSfVfo6kppiRSdnLFEkRHqEB6RsqECfKz2fXT+CZUSIYJ9I8oeFM/Z3IEVdqzEMzyZEeqkVvKv7n9TMdX/s5FWmmicDzRXHGoE7gtAoYUUmwZmNDEJbU3ArxEEmEtSmsbEpwF7+8TDoXVdepus3LSu2mqKMETsApOAcuuAI1cAcaoA0weATP4BW8WU/Wi/VufcxHV6wicwT+wPr8AU/wlHg=</latexit><latexit sha1_base64="/m0uljIRWF6Iwu58xvNacTcWNxY=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZE0GWxLly4aKEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzQlTRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqySQmbZywRPZCpAijgrQ11Yz0UkkQDxnphqP61O8+EKloIlp6nBKfo4GgMcVIGymwj1ueohx69yYSoSBv1m8nMLArTtWZAS4TtyAVUKAR2F9elOCME6ExQ0r1XSfVfo6kppiRSdnLFEkRHqEB6RsqECfKz2fXT+CZUSIYJ9I8oeFM/Z3IEVdqzEMzyZEeqkVvKv7n9TMdX/s5FWmmicDzRXHGoE7gtAoYUUmwZmNDEJbU3ArxEEmEtSmsbEpwF7+8TDoXVdepus3LSu2mqKMETsApOAcuuAI1cAcaoA0weATP4BW8WU/Wi/VufcxHV6wicwT+wPr8AU/wlHg=</latexit><latexit sha1_base64="/m0uljIRWF6Iwu58xvNacTcWNxY=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZE0GWxLly4aKEv6AxDJpNpQ5PMkGSEOhR/xY0LRdz6H+78G9N2Ftp6IHA45x7uzQlTRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqySQmbZywRPZCpAijgrQ11Yz0UkkQDxnphqP61O8+EKloIlp6nBKfo4GgMcVIGymwj1ueohx69yYSoSBv1m8nMLArTtWZAS4TtyAVUKAR2F9elOCME6ExQ0r1XSfVfo6kppiRSdnLFEkRHqEB6RsqECfKz2fXT+CZUSIYJ9I8oeFM/Z3IEVdqzEMzyZEeqkVvKv7n9TMdX/s5FWmmicDzRXHGoE7gtAoYUUmwZmNDEJbU3ArxEEmEtSmsbEpwF7+8TDoXVdepus3LSu2mqKMETsApOAcuuAI1cAcaoA0weATP4BW8WU/Wi/VufcxHV6wicwT+wPr8AU/wlHg=</latexit>

in this case, Fa can be much higher, axion lighter
 => LIGO/Virgo probe axions via superradiance, e.g. arXiv:1604.03958( )



Axion models with Peccei-Quinn SSB after inflation 
must contain a cosmological Phase Transition at  

T ⇠ Fa
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If the phase transition is of first order, it proceeds by 
nucleation of bubbles 

Bubble collisions are violent events in the primordial 
plasma, able to generate loud enough GW stochastic 
background <=> if the PT is strong enough
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(First Order-) Cosmological Phase Transitions
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(First Order-) Cosmological Phase Transitions

latent heat
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Bubble collisions are violent events,  
enough to produce sizeable GWs



Very rich & interesting problem!

expanding scalar wall    coupled to    surrounding plasma 

scalar wall motion 
fluid motion 
turbulence 
heat transfer 
friction 
… 

all in a relativistic regime 
and the most interesting case is the most violent one 



latent heat

inverse duration

nucleation rate

nucleation temperature

transition completed

“ABC” of (1st order) cosmological phase transitions
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1)    sensitivity reach to cosm. PT’s

2)    identifying models with strong PT’s
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1)    sensitivity reach to PTs
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parameter 
space!
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1)    sensitivity reach to PTs

LIGO O5

ET



1)    sensitivity reach to PTs



Compute Veff(Φ,T)  => α, β, … 

2)    Axion models with strong PT



KSVZ can’t do it, but …

2)    Axion models with strong PT



DFSZ can do it !

2)    Axion models with strong PT



DFSZ can do it !

      is ~ 1 order of 
magnitude below
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2)    Axion models with strong PT



KSVZ/DFSZ can be embedded in larger new physics sectors  

- SUSY version of KSVZ also works 

- Strong dynamics also 

2)    Axion models with strong PT



• LIGO/Virgo are sensitive to phase transitions in the early 
universe at around                    — H.E.P. !


• Detectable signals arise if supercooling,  


• Prospects for the ET are very good


• Very relevant for axion physics: PQ phase transition


• Detectable PQ models: DFSZ, strong dynamics, SUSY…


• Very interesting probe of new physics beyond the SM!


• Complementary to axion tests from superradiance

Conclusions
108GeV
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(smaller       )ma
<latexit sha1_base64="KyXpfGyBQ750tq5Y0mrHLcghoW8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeZI/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AEOujcU=</latexit><latexit sha1_base64="KyXpfGyBQ750tq5Y0mrHLcghoW8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeZI/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AEOujcU=</latexit><latexit sha1_base64="KyXpfGyBQ750tq5Y0mrHLcghoW8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeZI/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AEOujcU=</latexit><latexit sha1_base64="KyXpfGyBQ750tq5Y0mrHLcghoW8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeZI/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AEOujcU=</latexit>



Thank you!


