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INTRODUCTION

WHAT WE HAVE:

ALMA: Atacama Large Millimeter/submillimeter Array SPHERE at the Very Large Telescope

Telescopes: 
ALMA (RADIO) and 

SPHERE (near-IR) high 
resolution images of 
protoplanetary discs

New powerful and fast computational 
tools: 

1. Smoothed Particle Hydrodynamics 
codes (PHANTOM - Price et al, 
2017); 

2. MonteCarlo Radiative transport 
codes (RADMC-3D - Dullemond et 
al, 2012; MCFOST - Pinte et al, 2006).



INTRODUCTION

WHAT WE NEED: A THEORY ON PLANET FORMATION

dust and gas 
interaction

planet and disc 
interaction+ + ? Spirals, gaps, horseshoes…=

Garufi et al., ESO Messenger 

TW Hydrae

Andrews; ALMA (ESO/NAOJ/NRAO)

V883 Ori HD 163296

HL Tau Elias 2-27 HD 142527 



STOKES NUMBER

AN INDICATOR OF GAS MASS IN DISCS

COUPLED 

NOT COUPLED 

Testi et al, 2014 Dust dynamics:  
• Aerodynamical drag 
• Settling 
• Coagulation  
• Turbulence 
• Particle concentration at 

pressure maxima

St = ts⌦ ⇡ ⇢da

⌃g
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If the dust grain size is 
known… 

we can infer information on 
the gas disc mass

dust and gas 
interaction



TOOLS: HYDRODYNAMICS AND RADIATIVE TRANSFER SIMULATIONS

FROM PHANTOM TO RADMC-3D

dust
µm
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<latexit sha1_base64="JN1H54RWIzHTyehsZLF2kh6eKvc=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgjKChjJI5CElVnS+bMIpd7Z1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubla3q9s7u3n7t4LBjo8QIbItIRaYXcItKhtgmSQp7sUGuA4XdYHqT+91HNFZG4T3NYvQ1n4RyLAWnTOoOjE61ng9rdbfhFmDLxCtJHUq0hrWvwSgSicaQhOLW9j03Jj/lhqRQOK8OEosxF1M+wX5GQ67R+mkRd85OE8spYjEaJhUrRPy9kXJt7UwH2aTm9GAXvVz8z+snNL7yUxnGCWEo8kMkFRaHrDAy6wHZSBok4nlyZDJkghtOhEYyLkQmJlkx1awPb/H7ZdI5b3huw7u7qDevy2YqcAwncAYeXEITbqEFbRAwhSd4hhcndV6dN+f9Z3TFKXeO4A+cj29zlZRS</latexit><latexit sha1_base64="JN1H54RWIzHTyehsZLF2kh6eKvc=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgjKChjJI5CElVnS+bMIpd7Z1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubla3q9s7u3n7t4LBjo8QIbItIRaYXcItKhtgmSQp7sUGuA4XdYHqT+91HNFZG4T3NYvQ1n4RyLAWnTOoOjE61ng9rdbfhFmDLxCtJHUq0hrWvwSgSicaQhOLW9j03Jj/lhqRQOK8OEosxF1M+wX5GQ67R+mkRd85OE8spYjEaJhUrRPy9kXJt7UwH2aTm9GAXvVz8z+snNL7yUxnGCWEo8kMkFRaHrDAy6wHZSBok4nlyZDJkghtOhEYyLkQmJlkx1awPb/H7ZdI5b3huw7u7qDevy2YqcAwncAYeXEITbqEFbRAwhSd4hhcndV6dN+f9Z3TFKXeO4A+cj29zlZRS</latexit><latexit sha1_base64="JN1H54RWIzHTyehsZLF2kh6eKvc=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgjKChjJI5CElVnS+bMIpd7Z1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubla3q9s7u3n7t4LBjo8QIbItIRaYXcItKhtgmSQp7sUGuA4XdYHqT+91HNFZG4T3NYvQ1n4RyLAWnTOoOjE61ng9rdbfhFmDLxCtJHUq0hrWvwSgSicaQhOLW9j03Jj/lhqRQOK8OEosxF1M+wX5GQ67R+mkRd85OE8spYjEaJhUrRPy9kXJt7UwH2aTm9GAXvVz8z+snNL7yUxnGCWEo8kMkFRaHrDAy6wHZSBok4nlyZDJkghtOhEYyLkQmJlkx1awPb/H7ZdI5b3huw7u7qDevy2YqcAwncAYeXEITbqEFbRAwhSd4hhcndV6dN+f9Z3TFKXeO4A+cj29zlZRS</latexit><latexit sha1_base64="JN1H54RWIzHTyehsZLF2kh6eKvc=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgjKChjJI5CElVnS+bMIpd7Z1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubla3q9s7u3n7t4LBjo8QIbItIRaYXcItKhtgmSQp7sUGuA4XdYHqT+91HNFZG4T3NYvQ1n4RyLAWnTOoOjE61ng9rdbfhFmDLxCtJHUq0hrWvwSgSicaQhOLW9j03Jj/lhqRQOK8OEosxF1M+wX5GQ67R+mkRd85OE8spYjEaJhUrRPy9kXJt7UwH2aTm9GAXvVz8z+snNL7yUxnGCWEo8kMkFRaHrDAy6wHZSBok4nlyZDJkghtOhEYyLkQmJlkx1awPb/H7ZdI5b3huw7u7qDevy2YqcAwncAYeXEITbqEFbRAwhSd4hhcndV6dN+f9Z3TFKXeO4A+cj29zlZRS</latexit><latexit sha1_base64="/NpSuWW3CmJICiD3zeIg4RH6Kew=">AAAB+XicbZBLS8NAFIUn9VXrq+rSzWARXJVEhNpd0Y3LCvYBbSiT6W0dOjMJMzdCCf0RbnXlTtz6a1z4X0xi8H1Wh3Pu5V6+IJLCouu+OqWl5ZXVtfJ6ZWNza3unurvXtWFsOHR4KEPTD5gFKTR0UKCEfmSAqUBCL5hdZH3vFowVob7GeQS+YlMtJoIzTKPe0KhEqcWoWnPrbi7613iFqZFC7VH1bTgOeaxAI5fM2oHnRugnzKDgEhaVYWwhYnzGpjBIrWYKrJ/k7y7oUWwZhjQCQ4WkeQjfNxKmrJ2rIJ1UDG/s7y4L/+sGMU7O/EToKEbQPDuEQkJ+yHIjUg5Ax8IAIss+Byo05cwwRDCCMs7TME7BVFIe3heGZqrGaWGa3ieP7kndc+ve1WmtdV6QKZMDckiOiUcapEUuSZt0CCczckfuyYOTOI/Ok/P8MVpyip198kPOyzuZB5St</latexit><latexit sha1_base64="/NpSuWW3CmJICiD3zeIg4RH6Kew=">AAAB+XicbZBLS8NAFIUn9VXrq+rSzWARXJVEhNpd0Y3LCvYBbSiT6W0dOjMJMzdCCf0RbnXlTtz6a1z4X0xi8H1Wh3Pu5V6+IJLCouu+OqWl5ZXVtfJ6ZWNza3unurvXtWFsOHR4KEPTD5gFKTR0UKCEfmSAqUBCL5hdZH3vFowVob7GeQS+YlMtJoIzTKPe0KhEqcWoWnPrbi7613iFqZFC7VH1bTgOeaxAI5fM2oHnRugnzKDgEhaVYWwhYnzGpjBIrWYKrJ/k7y7oUWwZhjQCQ4WkeQjfNxKmrJ2rIJ1UDG/s7y4L/+sGMU7O/EToKEbQPDuEQkJ+yHIjUg5Ax8IAIss+Byo05cwwRDCCMs7TME7BVFIe3heGZqrGaWGa3ieP7kndc+ve1WmtdV6QKZMDckiOiUcapEUuSZt0CCczckfuyYOTOI/Ok/P8MVpyip198kPOyzuZB5St</latexit>
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<latexit sha1_base64="bVjvuD3TZxEqHdJ6BFFFy9Dk3zM=">AAACCHicbVC7TsNAEDzzJrzMo6M5ESGFgshGSFBG0FCCRBKkJETrY4ET5/Nxt0YKVn6Ar6CFig7R8hcU/At2SAGBqUYzu5rdiYySjoLgwxsbn5icmp6ZLc3NLywu+csrDZekVmBdJCqxZxE4VFJjnSQpPDMWIY4UNqObw8Jv3qF1MtGn1DPYieFKy0spgHKp66/pCmzxtrGJoYTDebZ92y91/XJQDQbgf0k4JGU2xHHX/2xfJCKNUZNQ4FwrDAx1MrAkhcJ+qZ06NCBu4ApbOdUQo+tkg+v7fDN1kGcbtFwqPhDx50YGsXO9OMonY6BrN+oV4n9eK6XL/U4mtUkJtSiCSCocBDlhZV4L8gtpkQiKy5FLzQVYIEIrOQiRi2neU9FHOPr9X9LYqYZBNTzZLdcOhs3MsHW2wSosZHusxo7YMaszwe7ZI3tiz96D9+K9em/fo2PecGeV/YL3/gXIF5i3</latexit><latexit sha1_base64="bVjvuD3TZxEqHdJ6BFFFy9Dk3zM=">AAACCHicbVC7TsNAEDzzJrzMo6M5ESGFgshGSFBG0FCCRBKkJETrY4ET5/Nxt0YKVn6Ar6CFig7R8hcU/At2SAGBqUYzu5rdiYySjoLgwxsbn5icmp6ZLc3NLywu+csrDZekVmBdJCqxZxE4VFJjnSQpPDMWIY4UNqObw8Jv3qF1MtGn1DPYieFKy0spgHKp66/pCmzxtrGJoYTDebZ92y91/XJQDQbgf0k4JGU2xHHX/2xfJCKNUZNQ4FwrDAx1MrAkhcJ+qZ06NCBu4ApbOdUQo+tkg+v7fDN1kGcbtFwqPhDx50YGsXO9OMonY6BrN+oV4n9eK6XL/U4mtUkJtSiCSCocBDlhZV4L8gtpkQiKy5FLzQVYIEIrOQiRi2neU9FHOPr9X9LYqYZBNTzZLdcOhs3MsHW2wSosZHusxo7YMaszwe7ZI3tiz96D9+K9em/fo2PecGeV/YL3/gXIF5i3</latexit><latexit sha1_base64="bVjvuD3TZxEqHdJ6BFFFy9Dk3zM=">AAACCHicbVC7TsNAEDzzJrzMo6M5ESGFgshGSFBG0FCCRBKkJETrY4ET5/Nxt0YKVn6Ar6CFig7R8hcU/At2SAGBqUYzu5rdiYySjoLgwxsbn5icmp6ZLc3NLywu+csrDZekVmBdJCqxZxE4VFJjnSQpPDMWIY4UNqObw8Jv3qF1MtGn1DPYieFKy0spgHKp66/pCmzxtrGJoYTDebZ92y91/XJQDQbgf0k4JGU2xHHX/2xfJCKNUZNQ4FwrDAx1MrAkhcJ+qZ06NCBu4ApbOdUQo+tkg+v7fDN1kGcbtFwqPhDx50YGsXO9OMonY6BrN+oV4n9eK6XL/U4mtUkJtSiCSCocBDlhZV4L8gtpkQiKy5FLzQVYIEIrOQiRi2neU9FHOPr9X9LYqYZBNTzZLdcOhs3MsHW2wSosZHusxo7YMaszwe7ZI3tiz96D9+K9em/fo2PecGeV/YL3/gXIF5i3</latexit><latexit sha1_base64="bVjvuD3TZxEqHdJ6BFFFy9Dk3zM=">AAACCHicbVC7TsNAEDzzJrzMo6M5ESGFgshGSFBG0FCCRBKkJETrY4ET5/Nxt0YKVn6Ar6CFig7R8hcU/At2SAGBqUYzu5rdiYySjoLgwxsbn5icmp6ZLc3NLywu+csrDZekVmBdJCqxZxE4VFJjnSQpPDMWIY4UNqObw8Jv3qF1MtGn1DPYieFKy0spgHKp66/pCmzxtrGJoYTDebZ92y91/XJQDQbgf0k4JGU2xHHX/2xfJCKNUZNQ4FwrDAx1MrAkhcJ+qZ06NCBu4ApbOdUQo+tkg+v7fDN1kGcbtFwqPhDx50YGsXO9OMonY6BrN+oV4n9eK6XL/U4mtUkJtSiCSCocBDlhZV4L8gtpkQiKy5FLzQVYIEIrOQiRi2neU9FHOPr9X9LYqYZBNTzZLdcOhs3MsHW2wSosZHusxo7YMaszwe7ZI3tiz96D9+K9em/fo2PecGeV/YL3/gXIF5i3</latexit><latexit sha1_base64="hrEOGyXyqglzKjuWU98EVeSuv4M=">AAACCHicbZC7TsNAEEXXvAmv8OhoVkRIUBDZKBLQIWgoQSIJUhKi8TLAivV62R0jgZUf4CtooaJDtPwFBf+CHSzet7q6d0YzOqFR0pHvv3oDg0PDI6Nj46WJyanpmfLsXMPFiRVYF7GK7VEIDpXUWCdJCo+MRYhChc3wYjfvm1donYz1IV0b7ERwpuWpFEBZ1C0v6BVY5W1jY0Mxh+N07bJX6pYrftXvi/81QWEqrNB+t/zWPolFEqEmocC5VuAb6qRgSQqFvVI7cWhAXMAZtjKrIULXSfvf9/hy4iC7bdByqXg/xO8bKUTOXUdhNhkBnbvfXR7+17USOt3spFKbhFCL/BBJhf1DTliZYUF+Ii0SQf45cqm5AAtEaCUHIbIwyTjlPIIvDFuZNmqF2Qo+eTTWq4FfDQ5qle2dgswYW2RLbIUFbINtsz22z+pMsBt2x+7Zg3frPXpP3vPH6IBX7MyzH/Je3gHtiZkS</latexit><latexit sha1_base64="hrEOGyXyqglzKjuWU98EVeSuv4M=">AAACCHicbZC7TsNAEEXXvAmv8OhoVkRIUBDZKBLQIWgoQSIJUhKi8TLAivV62R0jgZUf4CtooaJDtPwFBf+CHSzet7q6d0YzOqFR0pHvv3oDg0PDI6Nj46WJyanpmfLsXMPFiRVYF7GK7VEIDpXUWCdJCo+MRYhChc3wYjfvm1donYz1IV0b7ERwpuWpFEBZ1C0v6BVY5W1jY0Mxh+N07bJX6pYrftXvi/81QWEqrNB+t/zWPolFEqEmocC5VuAb6qRgSQqFvVI7cWhAXMAZtjKrIULXSfvf9/hy4iC7bdByqXg/xO8bKUTOXUdhNhkBnbvfXR7+17USOt3spFKbhFCL/BBJhf1DTliZYUF+Ii0SQf45cqm5AAtEaCUHIbIwyTjlPIIvDFuZNmqF2Qo+eTTWq4FfDQ5qle2dgswYW2RLbIUFbINtsz22z+pMsBt2x+7Zg3frPXpP3vPH6IBX7MyzH/Je3gHtiZkS</latexit>

                             
  a = [0.1� 10]µm

<latexit sha1_base64="KIZ4fFhdg02bRlpEMknAg3EzGtU=">AAACDXicbVDLSsRAEJz4XNfXqifxMrgIHnRJRNCLsOjF4wruKiRh6YytDs4kYaYjLGHxE/wKr3ryJl79Bg/+i8mag686FVXddHVFqZKWXPfdGRufmJyars3UZ+fmFxYbS8s9m2RGYFckKjHnEVhUMsYuSVJ4nhoEHSk8i26OSv/sFo2VSXxKgxRDDVexvJQCqJD6jVU48N2Wt+25YbAV6CzQQNdG53rYbzTdljsC/0u8ijRZhU6/8RFcJCLTGJNQYK3vuSmFORiSQuGwHmQWUxA3cIV+QWPQaMN89MKQb2QWKOEpGi4VH4n4fSMHbe1AR8VkmdD+9krxP8/P6HI/zGWcZoSxKA+RVDg6ZIWRRTfIL6RBIiiTI5cxF2CACI3kIEQhZkVZ9aIP7/f3f0lvp+UVfZ7sNtuHVTM1tsbW2Sbz2B5rs2PWYV0m2B17YI/sybl3np0X5/VrdMypdlbYDzhvn1s9mq0=</latexit><latexit sha1_base64="KIZ4fFhdg02bRlpEMknAg3EzGtU=">AAACDXicbVDLSsRAEJz4XNfXqifxMrgIHnRJRNCLsOjF4wruKiRh6YytDs4kYaYjLGHxE/wKr3ryJl79Bg/+i8mag686FVXddHVFqZKWXPfdGRufmJyars3UZ+fmFxYbS8s9m2RGYFckKjHnEVhUMsYuSVJ4nhoEHSk8i26OSv/sFo2VSXxKgxRDDVexvJQCqJD6jVU48N2Wt+25YbAV6CzQQNdG53rYbzTdljsC/0u8ijRZhU6/8RFcJCLTGJNQYK3vuSmFORiSQuGwHmQWUxA3cIV+QWPQaMN89MKQb2QWKOEpGi4VH4n4fSMHbe1AR8VkmdD+9krxP8/P6HI/zGWcZoSxKA+RVDg6ZIWRRTfIL6RBIiiTI5cxF2CACI3kIEQhZkVZ9aIP7/f3f0lvp+UVfZ7sNtuHVTM1tsbW2Sbz2B5rs2PWYV0m2B17YI/sybl3np0X5/VrdMypdlbYDzhvn1s9mq0=</latexit><latexit sha1_base64="KIZ4fFhdg02bRlpEMknAg3EzGtU=">AAACDXicbVDLSsRAEJz4XNfXqifxMrgIHnRJRNCLsOjF4wruKiRh6YytDs4kYaYjLGHxE/wKr3ryJl79Bg/+i8mag686FVXddHVFqZKWXPfdGRufmJyars3UZ+fmFxYbS8s9m2RGYFckKjHnEVhUMsYuSVJ4nhoEHSk8i26OSv/sFo2VSXxKgxRDDVexvJQCqJD6jVU48N2Wt+25YbAV6CzQQNdG53rYbzTdljsC/0u8ijRZhU6/8RFcJCLTGJNQYK3vuSmFORiSQuGwHmQWUxA3cIV+QWPQaMN89MKQb2QWKOEpGi4VH4n4fSMHbe1AR8VkmdD+9krxP8/P6HI/zGWcZoSxKA+RVDg6ZIWRRTfIL6RBIiiTI5cxF2CACI3kIEQhZkVZ9aIP7/f3f0lvp+UVfZ7sNtuHVTM1tsbW2Sbz2B5rs2PWYV0m2B17YI/sybl3np0X5/VrdMypdlbYDzhvn1s9mq0=</latexit><latexit sha1_base64="KIZ4fFhdg02bRlpEMknAg3EzGtU=">AAACDXicbVDLSsRAEJz4XNfXqifxMrgIHnRJRNCLsOjF4wruKiRh6YytDs4kYaYjLGHxE/wKr3ryJl79Bg/+i8mag686FVXddHVFqZKWXPfdGRufmJyars3UZ+fmFxYbS8s9m2RGYFckKjHnEVhUMsYuSVJ4nhoEHSk8i26OSv/sFo2VSXxKgxRDDVexvJQCqJD6jVU48N2Wt+25YbAV6CzQQNdG53rYbzTdljsC/0u8ijRZhU6/8RFcJCLTGJNQYK3vuSmFORiSQuGwHmQWUxA3cIV+QWPQaMN89MKQb2QWKOEpGi4VH4n4fSMHbe1AR8VkmdD+9krxP8/P6HI/zGWcZoSxKA+RVDg6ZIWRRTfIL6RBIiiTI5cxF2CACI3kIEQhZkVZ9aIP7/f3f0lvp+UVfZ7sNtuHVTM1tsbW2Sbz2B5rs2PWYV0m2B17YI/sybl3np0X5/VrdMypdlbYDzhvn1s9mq0=</latexit><latexit sha1_base64="nzUv8eD5o6Vc4PkIgO2HsfnLe6o=">AAACDXicbZA9S8RAEIY3fnt+nVqJzeIhWOiRiKAWgmhjqeCpcAnHZB11cTcJuxNBwuFP8FfYamUntv4GC/+LmzP4/VYv78wwM0+cKWnJ91+9vv6BwaHhkdHa2PjE5FR9eubIprkR2BKpSs1JDBaVTLBFkhSeZAZBxwqP48vdsn58hcbKNDmk6wwjDeeJPJMCyEWd+hxstf1msBL4Ubgc6jzUQBdGF7rbqTf8pt8T/2uCyjRYpf1O/S08TUWuMSGhwNp24GcUFWBICoXdWphbzEBcwjm2nU1Ao42K3gtdvphboJRnaLhUvBfi94kCtLXXOnad5YX2d60M/6u1czrbiAqZZDlhIspFJBX2FllhpGOD/FQaJILycuQy4QIMEKGRHIRwYe5g1RyP4AvDptP6WmU2g08eR6vNwPE8WGts71RkRtg8W2BLLGDrbJvtsX3WYoLdsDt2zx68W+/Re/KeP1r7vGpmlv2Q9/IOgK+bCA==</latexit><latexit sha1_base64="nzUv8eD5o6Vc4PkIgO2HsfnLe6o=">AAACDXicbZA9S8RAEIY3fnt+nVqJzeIhWOiRiKAWgmhjqeCpcAnHZB11cTcJuxNBwuFP8FfYamUntv4GC/+LmzP4/VYv78wwM0+cKWnJ91+9vv6BwaHhkdHa2PjE5FR9eubIprkR2BKpSs1JDBaVTLBFkhSeZAZBxwqP48vdsn58hcbKNDmk6wwjDeeJPJMCyEWd+hxstf1msBL4Ubgc6jzUQBdGF7rbqTf8pt8T/2uCyjRYpf1O/S08TUWuMSGhwNp24GcUFWBICoXdWphbzEBcwjm2nU1Ao42K3gtdvphboJRnaLhUvBfi94kCtLXXOnad5YX2d60M/6u1czrbiAqZZDlhIspFJBX2FllhpGOD/FQaJILycuQy4QIMEKGRHIRwYe5g1RyP4AvDptP6WmU2g08eR6vNwPE8WGts71RkRtg8W2BLLGDrbJvtsX3WYoLdsDt2zx68W+/Re/KeP1r7vGpmlv2Q9/IOgK+bCA==</latexit>

a = [0.01� 1] cm
<latexit sha1_base64="VgM0AENdh3rEmFMzd4uKpdnVERs=">AAACC3icbVA9SwNBEN2LXzF+RS0sbBaDYKHhTgRtBNHGMoJJhOQIc5uJLtm9O3bnBDnuJ/grbLWyE1t/hIX/xbuYQhNf9XhvhnnzglhJS6776ZRmZufmF8qLlaXlldW16vpGy0aJEdgUkYrMTQAWlQyxSZIU3sQGQQcK28HwovDb92isjMJreojR13AbyoEUQLnUq27Bacetu96B53f3uxrozuhU6KxXreXyCHyaeGNSY2M0etWvbj8SicaQhAJrO54bk5+CISkUZpVuYjEGMYRb7OQ0BI3WT0cPZHw3sUARj9FwqfhIxN8bKWhrH3SQTxYR7aRXiP95nYQGJ34qwzghDEVxiKTC0SErjMybQd6XBomgSI5chlyAASI0koMQuZjkVVXyPrzJ76dJ67DuuXXv6qh2dj5upsy22Q7bYx47ZmfskjVYkwmWsSf2zF6cR+fVeXPef0ZLznhnk/2B8/ENq/SZvg==</latexit><latexit sha1_base64="VgM0AENdh3rEmFMzd4uKpdnVERs=">AAACC3icbVA9SwNBEN2LXzF+RS0sbBaDYKHhTgRtBNHGMoJJhOQIc5uJLtm9O3bnBDnuJ/grbLWyE1t/hIX/xbuYQhNf9XhvhnnzglhJS6776ZRmZufmF8qLlaXlldW16vpGy0aJEdgUkYrMTQAWlQyxSZIU3sQGQQcK28HwovDb92isjMJreojR13AbyoEUQLnUq27Bacetu96B53f3uxrozuhU6KxXreXyCHyaeGNSY2M0etWvbj8SicaQhAJrO54bk5+CISkUZpVuYjEGMYRb7OQ0BI3WT0cPZHw3sUARj9FwqfhIxN8bKWhrH3SQTxYR7aRXiP95nYQGJ34qwzghDEVxiKTC0SErjMybQd6XBomgSI5chlyAASI0koMQuZjkVVXyPrzJ76dJ67DuuXXv6qh2dj5upsy22Q7bYx47ZmfskjVYkwmWsSf2zF6cR+fVeXPef0ZLznhnk/2B8/ENq/SZvg==</latexit><latexit sha1_base64="VgM0AENdh3rEmFMzd4uKpdnVERs=">AAACC3icbVA9SwNBEN2LXzF+RS0sbBaDYKHhTgRtBNHGMoJJhOQIc5uJLtm9O3bnBDnuJ/grbLWyE1t/hIX/xbuYQhNf9XhvhnnzglhJS6776ZRmZufmF8qLlaXlldW16vpGy0aJEdgUkYrMTQAWlQyxSZIU3sQGQQcK28HwovDb92isjMJreojR13AbyoEUQLnUq27Bacetu96B53f3uxrozuhU6KxXreXyCHyaeGNSY2M0etWvbj8SicaQhAJrO54bk5+CISkUZpVuYjEGMYRb7OQ0BI3WT0cPZHw3sUARj9FwqfhIxN8bKWhrH3SQTxYR7aRXiP95nYQGJ34qwzghDEVxiKTC0SErjMybQd6XBomgSI5chlyAASI0koMQuZjkVVXyPrzJ76dJ67DuuXXv6qh2dj5upsy22Q7bYx47ZmfskjVYkwmWsSf2zF6cR+fVeXPef0ZLznhnk/2B8/ENq/SZvg==</latexit><latexit sha1_base64="VgM0AENdh3rEmFMzd4uKpdnVERs=">AAACC3icbVA9SwNBEN2LXzF+RS0sbBaDYKHhTgRtBNHGMoJJhOQIc5uJLtm9O3bnBDnuJ/grbLWyE1t/hIX/xbuYQhNf9XhvhnnzglhJS6776ZRmZufmF8qLlaXlldW16vpGy0aJEdgUkYrMTQAWlQyxSZIU3sQGQQcK28HwovDb92isjMJreojR13AbyoEUQLnUq27Bacetu96B53f3uxrozuhU6KxXreXyCHyaeGNSY2M0etWvbj8SicaQhAJrO54bk5+CISkUZpVuYjEGMYRb7OQ0BI3WT0cPZHw3sUARj9FwqfhIxN8bKWhrH3SQTxYR7aRXiP95nYQGJ34qwzghDEVxiKTC0SErjMybQd6XBomgSI5chlyAASI0koMQuZjkVVXyPrzJ76dJ67DuuXXv6qh2dj5upsy22Q7bYx47ZmfskjVYkwmWsSf2zF6cR+fVeXPef0ZLznhnk/2B8/ENq/SZvg==</latexit><latexit sha1_base64="2GmkWPl5pPJW9Fx5QOGpw+RkKFs=">AAACC3icbZCxThtBEIb3nASMSYgJBQXNCitSisS6jZDABZIFTUojYWPJPllz67GzYvfutDuHhE5+BJ6CFio6RMtDpMi7ZM85kYTwV7/+mdHMfHGmlaMw/BHUXr1+s7JaX2usv3238b65+WHg0txK7MtUp3YYg0OtEuyTIo3DzCKYWONZfH5c1s8u0DqVJqd0mWFkYJ6omZJAPpo0t+FwFLZD8UVE489jA/TdmkKaxaTZ8vFS/H8jKtNilXqT5s/xNJW5wYSkBudGIswoKsCSkhoXjXHuMAN5DnMceZuAQRcVywcW/GPugFKeoeVK82WIf08UYJy7NLHvLE90z2tl+FJtlNPsICpUkuWEiSwXkdK4XOSkVZ4M8qmySATl5chVwiVYIEKrOEjpw9yjange4g+Gjtf+XmU64onH4GtbhG1xstfqHlVk6myH7bJPTLB91mXfWI/1mWQLds1u2G1wFdwF98HD79ZaUM1ssX8UPP4C0WaaGQ==</latexit><latexit sha1_base64="2GmkWPl5pPJW9Fx5QOGpw+RkKFs=">AAACC3icbZCxThtBEIb3nASMSYgJBQXNCitSisS6jZDABZIFTUojYWPJPllz67GzYvfutDuHhE5+BJ6CFio6RMtDpMi7ZM85kYTwV7/+mdHMfHGmlaMw/BHUXr1+s7JaX2usv3238b65+WHg0txK7MtUp3YYg0OtEuyTIo3DzCKYWONZfH5c1s8u0DqVJqd0mWFkYJ6omZJAPpo0t+FwFLZD8UVE489jA/TdmkKaxaTZ8vFS/H8jKtNilXqT5s/xNJW5wYSkBudGIswoKsCSkhoXjXHuMAN5DnMceZuAQRcVywcW/GPugFKeoeVK82WIf08UYJy7NLHvLE90z2tl+FJtlNPsICpUkuWEiSwXkdK4XOSkVZ4M8qmySATl5chVwiVYIEKrOEjpw9yjange4g+Gjtf+XmU64onH4GtbhG1xstfqHlVk6myH7bJPTLB91mXfWI/1mWQLds1u2G1wFdwF98HD79ZaUM1ssX8UPP4C0WaaGQ==</latexit>



dust
µm

<latexit sha1_base64="HoVVbXlSFZdp449jQ+vL2wiPHo8=">AAAB93icbVA9SwNBFNzzM8avqKXNYhCswp0IWgZtLCN4SSA5wt7mJS7Z3Tt23woh5DfYamUntv4cC/+Ld+cVmjjVMPMeb97EqRQWff/TW1ldW9/YrGxVt3d29/ZrB4dtmzjDIeSJTEw3Zhak0BCiQAnd1ABTsYROPLnJ/c4jGCsSfY/TFCLFxlqMBGeYSWFfOaoGtbrf8AvQZRKUpE5KtAa1r/4w4U6BRi6Ztb3ATzGaMYOCS5hX+85CyviEjaGXUc0U2GhWhJ3TU2cZJjQFQ4WkhQi/N2ZMWTtVcTapGD7YRS8X//N6DkdX0Uzo1CFonh9CIaE4ZLkRWQtAh8IAIsuTAxWacmYYIhhBGeeZ6LJaqlkfweL3y6R93gj8RnB3UW9el81UyDE5IWckIJekSW5Ji4SEE0GeyDN58abeq/fmvf+MrnjlzhH5A+/jGy6ckvw=</latexit><latexit sha1_base64="HoVVbXlSFZdp449jQ+vL2wiPHo8=">AAAB93icbVA9SwNBFNzzM8avqKXNYhCswp0IWgZtLCN4SSA5wt7mJS7Z3Tt23woh5DfYamUntv4cC/+Ld+cVmjjVMPMeb97EqRQWff/TW1ldW9/YrGxVt3d29/ZrB4dtmzjDIeSJTEw3Zhak0BCiQAnd1ABTsYROPLnJ/c4jGCsSfY/TFCLFxlqMBGeYSWFfOaoGtbrf8AvQZRKUpE5KtAa1r/4w4U6BRi6Ztb3ATzGaMYOCS5hX+85CyviEjaGXUc0U2GhWhJ3TU2cZJjQFQ4WkhQi/N2ZMWTtVcTapGD7YRS8X//N6DkdX0Uzo1CFonh9CIaE4ZLkRWQtAh8IAIsuTAxWacmYYIhhBGeeZ6LJaqlkfweL3y6R93gj8RnB3UW9el81UyDE5IWckIJekSW5Ji4SEE0GeyDN58abeq/fmvf+MrnjlzhH5A+/jGy6ckvw=</latexit><latexit sha1_base64="HoVVbXlSFZdp449jQ+vL2wiPHo8=">AAAB93icbVA9SwNBFNzzM8avqKXNYhCswp0IWgZtLCN4SSA5wt7mJS7Z3Tt23woh5DfYamUntv4cC/+Ld+cVmjjVMPMeb97EqRQWff/TW1ldW9/YrGxVt3d29/ZrB4dtmzjDIeSJTEw3Zhak0BCiQAnd1ABTsYROPLnJ/c4jGCsSfY/TFCLFxlqMBGeYSWFfOaoGtbrf8AvQZRKUpE5KtAa1r/4w4U6BRi6Ztb3ATzGaMYOCS5hX+85CyviEjaGXUc0U2GhWhJ3TU2cZJjQFQ4WkhQi/N2ZMWTtVcTapGD7YRS8X//N6DkdX0Uzo1CFonh9CIaE4ZLkRWQtAh8IAIsuTAxWacmYYIhhBGeeZ6LJaqlkfweL3y6R93gj8RnB3UW9el81UyDE5IWckIJekSW5Ji4SEE0GeyDN58abeq/fmvf+MrnjlzhH5A+/jGy6ckvw=</latexit><latexit sha1_base64="HoVVbXlSFZdp449jQ+vL2wiPHo8=">AAAB93icbVA9SwNBFNzzM8avqKXNYhCswp0IWgZtLCN4SSA5wt7mJS7Z3Tt23woh5DfYamUntv4cC/+Ld+cVmjjVMPMeb97EqRQWff/TW1ldW9/YrGxVt3d29/ZrB4dtmzjDIeSJTEw3Zhak0BCiQAnd1ABTsYROPLnJ/c4jGCsSfY/TFCLFxlqMBGeYSWFfOaoGtbrf8AvQZRKUpE5KtAa1r/4w4U6BRi6Ztb3ATzGaMYOCS5hX+85CyviEjaGXUc0U2GhWhJ3TU2cZJjQFQ4WkhQi/N2ZMWTtVcTapGD7YRS8X//N6DkdX0Uzo1CFonh9CIaE4ZLkRWQtAh8IAIsuTAxWacmYYIhhBGeeZ6LJaqlkfweL3y6R93gj8RnB3UW9el81UyDE5IWckIJekSW5Ji4SEE0GeyDN58abeq/fmvf+MrnjlzhH5A+/jGy6ckvw=</latexit><latexit sha1_base64="OX6mw8iHoXbHahm20HiLKntAFJ0=">AAAB93icbZBLS8NAFIUn9VXrq+rSzWARXJVEhNpd0Y3LCqYttKFMprd16EwSZm6EUvob3OrKnbj157jwvziJwfdZHc65l3v5wkQKg6776pSWlldW18rrlY3Nre2d6u5ex8Sp5uDzWMa6FzIDUkTgo0AJvUQDU6GEbji9yPruLWgj4ugaZwkEik0iMRacoY38gUqpGlZrbt3NRf8arzA1Uqg9rL4NRjFPFUTIJTOm77kJBnOmUXAJi8ogNZAwPmUT6FsbMQUmmOfPLuhRahjGNAFNhaR5CN835kwZM1OhnVQMb8zvLgv/6/opjs+CuYiSFCHi2SEUEvJDhmthKQAdCQ2ILPscqIgoZ5ohghaUcW7D1GKpWB7eF4amVeO0ME3vk0fnpO65de/qtNY6L8iUyQE5JMfEIw3SIpekTXzCiSB35J48ODPn0Xlynj9GS06xs09+yHl5B1QOk1c=</latexit><latexit sha1_base64="OX6mw8iHoXbHahm20HiLKntAFJ0=">AAAB93icbZBLS8NAFIUn9VXrq+rSzWARXJVEhNpd0Y3LCqYttKFMprd16EwSZm6EUvob3OrKnbj157jwvziJwfdZHc65l3v5wkQKg6776pSWlldW18rrlY3Nre2d6u5ex8Sp5uDzWMa6FzIDUkTgo0AJvUQDU6GEbji9yPruLWgj4ugaZwkEik0iMRacoY38gUqpGlZrbt3NRf8arzA1Uqg9rL4NRjFPFUTIJTOm77kJBnOmUXAJi8ogNZAwPmUT6FsbMQUmmOfPLuhRahjGNAFNhaR5CN835kwZM1OhnVQMb8zvLgv/6/opjs+CuYiSFCHi2SEUEvJDhmthKQAdCQ2ILPscqIgoZ5ohghaUcW7D1GKpWB7eF4amVeO0ME3vk0fnpO65de/qtNY6L8iUyQE5JMfEIw3SIpekTXzCiSB35J48ODPn0Xlynj9GS06xs09+yHl5B1QOk1c=</latexit>

dust
mm

<latexit sha1_base64="JN1H54RWIzHTyehsZLF2kh6eKvc=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgjKChjJI5CElVnS+bMIpd7Z1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubla3q9s7u3n7t4LBjo8QIbItIRaYXcItKhtgmSQp7sUGuA4XdYHqT+91HNFZG4T3NYvQ1n4RyLAWnTOoOjE61ng9rdbfhFmDLxCtJHUq0hrWvwSgSicaQhOLW9j03Jj/lhqRQOK8OEosxF1M+wX5GQ67R+mkRd85OE8spYjEaJhUrRPy9kXJt7UwH2aTm9GAXvVz8z+snNL7yUxnGCWEo8kMkFRaHrDAy6wHZSBok4nlyZDJkghtOhEYyLkQmJlkx1awPb/H7ZdI5b3huw7u7qDevy2YqcAwncAYeXEITbqEFbRAwhSd4hhcndV6dN+f9Z3TFKXeO4A+cj29zlZRS</latexit><latexit sha1_base64="JN1H54RWIzHTyehsZLF2kh6eKvc=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgjKChjJI5CElVnS+bMIpd7Z1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubla3q9s7u3n7t4LBjo8QIbItIRaYXcItKhtgmSQp7sUGuA4XdYHqT+91HNFZG4T3NYvQ1n4RyLAWnTOoOjE61ng9rdbfhFmDLxCtJHUq0hrWvwSgSicaQhOLW9j03Jj/lhqRQOK8OEosxF1M+wX5GQ67R+mkRd85OE8spYjEaJhUrRPy9kXJt7UwH2aTm9GAXvVz8z+snNL7yUxnGCWEo8kMkFRaHrDAy6wHZSBok4nlyZDJkghtOhEYyLkQmJlkx1awPb/H7ZdI5b3huw7u7qDevy2YqcAwncAYeXEITbqEFbRAwhSd4hhcndV6dN+f9Z3TFKXeO4A+cj29zlZRS</latexit><latexit sha1_base64="JN1H54RWIzHTyehsZLF2kh6eKvc=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgjKChjJI5CElVnS+bMIpd7Z1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubla3q9s7u3n7t4LBjo8QIbItIRaYXcItKhtgmSQp7sUGuA4XdYHqT+91HNFZG4T3NYvQ1n4RyLAWnTOoOjE61ng9rdbfhFmDLxCtJHUq0hrWvwSgSicaQhOLW9j03Jj/lhqRQOK8OEosxF1M+wX5GQ67R+mkRd85OE8spYjEaJhUrRPy9kXJt7UwH2aTm9GAXvVz8z+snNL7yUxnGCWEo8kMkFRaHrDAy6wHZSBok4nlyZDJkghtOhEYyLkQmJlkx1awPb/H7ZdI5b3huw7u7qDevy2YqcAwncAYeXEITbqEFbRAwhSd4hhcndV6dN+f9Z3TFKXeO4A+cj29zlZRS</latexit><latexit sha1_base64="JN1H54RWIzHTyehsZLF2kh6eKvc=">AAAB+XicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgjKChjJI5CElVnS+bMIpd7Z1t0aKrHwELVR0iJavoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubla3q9s7u3n7t4LBjo8QIbItIRaYXcItKhtgmSQp7sUGuA4XdYHqT+91HNFZG4T3NYvQ1n4RyLAWnTOoOjE61ng9rdbfhFmDLxCtJHUq0hrWvwSgSicaQhOLW9j03Jj/lhqRQOK8OEosxF1M+wX5GQ67R+mkRd85OE8spYjEaJhUrRPy9kXJt7UwH2aTm9GAXvVz8z+snNL7yUxnGCWEo8kMkFRaHrDAy6wHZSBok4nlyZDJkghtOhEYyLkQmJlkx1awPb/H7ZdI5b3huw7u7qDevy2YqcAwncAYeXEITbqEFbRAwhSd4hhcndV6dN+f9Z3TFKXeO4A+cj29zlZRS</latexit><latexit sha1_base64="/NpSuWW3CmJICiD3zeIg4RH6Kew=">AAAB+XicbZBLS8NAFIUn9VXrq+rSzWARXJVEhNpd0Y3LCvYBbSiT6W0dOjMJMzdCCf0RbnXlTtz6a1z4X0xi8H1Wh3Pu5V6+IJLCouu+OqWl5ZXVtfJ6ZWNza3unurvXtWFsOHR4KEPTD5gFKTR0UKCEfmSAqUBCL5hdZH3vFowVob7GeQS+YlMtJoIzTKPe0KhEqcWoWnPrbi7613iFqZFC7VH1bTgOeaxAI5fM2oHnRugnzKDgEhaVYWwhYnzGpjBIrWYKrJ/k7y7oUWwZhjQCQ4WkeQjfNxKmrJ2rIJ1UDG/s7y4L/+sGMU7O/EToKEbQPDuEQkJ+yHIjUg5Ax8IAIss+Byo05cwwRDCCMs7TME7BVFIe3heGZqrGaWGa3ieP7kndc+ve1WmtdV6QKZMDckiOiUcapEUuSZt0CCczckfuyYOTOI/Ok/P8MVpyip198kPOyzuZB5St</latexit><latexit sha1_base64="/NpSuWW3CmJICiD3zeIg4RH6Kew=">AAAB+XicbZBLS8NAFIUn9VXrq+rSzWARXJVEhNpd0Y3LCvYBbSiT6W0dOjMJMzdCCf0RbnXlTtz6a1z4X0xi8H1Wh3Pu5V6+IJLCouu+OqWl5ZXVtfJ6ZWNza3unurvXtWFsOHR4KEPTD5gFKTR0UKCEfmSAqUBCL5hdZH3vFowVob7GeQS+YlMtJoIzTKPe0KhEqcWoWnPrbi7613iFqZFC7VH1bTgOeaxAI5fM2oHnRugnzKDgEhaVYWwhYnzGpjBIrWYKrJ/k7y7oUWwZhjQCQ4WkeQjfNxKmrJ2rIJ1UDG/s7y4L/+sGMU7O/EToKEbQPDuEQkJ+yHIjUg5Ax8IAIss+Byo05cwwRDCCMs7TME7BVFIe3heGZqrGaWGa3ieP7kndc+ve1WmtdV6QKZMDckiOiUcapEUuSZt0CCczckfuyYOTOI/Ok/P8MVpyip198kPOyzuZB5St</latexit>

TOOLS: HYDRODYNAMICS AND RADIATIVE TRANSFER SIMULATIONS

FROM PHANTOM TO RADMC-3D

RADMC-3D
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<latexit sha1_base64="bVjvuD3TZxEqHdJ6BFFFy9Dk3zM=">AAACCHicbVC7TsNAEDzzJrzMo6M5ESGFgshGSFBG0FCCRBKkJETrY4ET5/Nxt0YKVn6Ar6CFig7R8hcU/At2SAGBqUYzu5rdiYySjoLgwxsbn5icmp6ZLc3NLywu+csrDZekVmBdJCqxZxE4VFJjnSQpPDMWIY4UNqObw8Jv3qF1MtGn1DPYieFKy0spgHKp66/pCmzxtrGJoYTDebZ92y91/XJQDQbgf0k4JGU2xHHX/2xfJCKNUZNQ4FwrDAx1MrAkhcJ+qZ06NCBu4ApbOdUQo+tkg+v7fDN1kGcbtFwqPhDx50YGsXO9OMonY6BrN+oV4n9eK6XL/U4mtUkJtSiCSCocBDlhZV4L8gtpkQiKy5FLzQVYIEIrOQiRi2neU9FHOPr9X9LYqYZBNTzZLdcOhs3MsHW2wSosZHusxo7YMaszwe7ZI3tiz96D9+K9em/fo2PecGeV/YL3/gXIF5i3</latexit><latexit sha1_base64="bVjvuD3TZxEqHdJ6BFFFy9Dk3zM=">AAACCHicbVC7TsNAEDzzJrzMo6M5ESGFgshGSFBG0FCCRBKkJETrY4ET5/Nxt0YKVn6Ar6CFig7R8hcU/At2SAGBqUYzu5rdiYySjoLgwxsbn5icmp6ZLc3NLywu+csrDZekVmBdJCqxZxE4VFJjnSQpPDMWIY4UNqObw8Jv3qF1MtGn1DPYieFKy0spgHKp66/pCmzxtrGJoYTDebZ92y91/XJQDQbgf0k4JGU2xHHX/2xfJCKNUZNQ4FwrDAx1MrAkhcJ+qZ06NCBu4ApbOdUQo+tkg+v7fDN1kGcbtFwqPhDx50YGsXO9OMonY6BrN+oV4n9eK6XL/U4mtUkJtSiCSCocBDlhZV4L8gtpkQiKy5FLzQVYIEIrOQiRi2neU9FHOPr9X9LYqYZBNTzZLdcOhs3MsHW2wSosZHusxo7YMaszwe7ZI3tiz96D9+K9em/fo2PecGeV/YL3/gXIF5i3</latexit><latexit sha1_base64="bVjvuD3TZxEqHdJ6BFFFy9Dk3zM=">AAACCHicbVC7TsNAEDzzJrzMo6M5ESGFgshGSFBG0FCCRBKkJETrY4ET5/Nxt0YKVn6Ar6CFig7R8hcU/At2SAGBqUYzu5rdiYySjoLgwxsbn5icmp6ZLc3NLywu+csrDZekVmBdJCqxZxE4VFJjnSQpPDMWIY4UNqObw8Jv3qF1MtGn1DPYieFKy0spgHKp66/pCmzxtrGJoYTDebZ92y91/XJQDQbgf0k4JGU2xHHX/2xfJCKNUZNQ4FwrDAx1MrAkhcJ+qZ06NCBu4ApbOdUQo+tkg+v7fDN1kGcbtFwqPhDx50YGsXO9OMonY6BrN+oV4n9eK6XL/U4mtUkJtSiCSCocBDlhZV4L8gtpkQiKy5FLzQVYIEIrOQiRi2neU9FHOPr9X9LYqYZBNTzZLdcOhs3MsHW2wSosZHusxo7YMaszwe7ZI3tiz96D9+K9em/fo2PecGeV/YL3/gXIF5i3</latexit><latexit sha1_base64="bVjvuD3TZxEqHdJ6BFFFy9Dk3zM=">AAACCHicbVC7TsNAEDzzJrzMo6M5ESGFgshGSFBG0FCCRBKkJETrY4ET5/Nxt0YKVn6Ar6CFig7R8hcU/At2SAGBqUYzu5rdiYySjoLgwxsbn5icmp6ZLc3NLywu+csrDZekVmBdJCqxZxE4VFJjnSQpPDMWIY4UNqObw8Jv3qF1MtGn1DPYieFKy0spgHKp66/pCmzxtrGJoYTDebZ92y91/XJQDQbgf0k4JGU2xHHX/2xfJCKNUZNQ4FwrDAx1MrAkhcJ+qZ06NCBu4ApbOdUQo+tkg+v7fDN1kGcbtFwqPhDx50YGsXO9OMonY6BrN+oV4n9eK6XL/U4mtUkJtSiCSCocBDlhZV4L8gtpkQiKy5FLzQVYIEIrOQiRi2neU9FHOPr9X9LYqYZBNTzZLdcOhs3MsHW2wSosZHusxo7YMaszwe7ZI3tiz96D9+K9em/fo2PecGeV/YL3/gXIF5i3</latexit><latexit sha1_base64="hrEOGyXyqglzKjuWU98EVeSuv4M=">AAACCHicbZC7TsNAEEXXvAmv8OhoVkRIUBDZKBLQIWgoQSIJUhKi8TLAivV62R0jgZUf4CtooaJDtPwFBf+CHSzet7q6d0YzOqFR0pHvv3oDg0PDI6Nj46WJyanpmfLsXMPFiRVYF7GK7VEIDpXUWCdJCo+MRYhChc3wYjfvm1donYz1IV0b7ERwpuWpFEBZ1C0v6BVY5W1jY0Mxh+N07bJX6pYrftXvi/81QWEqrNB+t/zWPolFEqEmocC5VuAb6qRgSQqFvVI7cWhAXMAZtjKrIULXSfvf9/hy4iC7bdByqXg/xO8bKUTOXUdhNhkBnbvfXR7+17USOt3spFKbhFCL/BBJhf1DTliZYUF+Ii0SQf45cqm5AAtEaCUHIbIwyTjlPIIvDFuZNmqF2Qo+eTTWq4FfDQ5qle2dgswYW2RLbIUFbINtsz22z+pMsBt2x+7Zg3frPXpP3vPH6IBX7MyzH/Je3gHtiZkS</latexit><latexit sha1_base64="hrEOGyXyqglzKjuWU98EVeSuv4M=">AAACCHicbZC7TsNAEEXXvAmv8OhoVkRIUBDZKBLQIWgoQSIJUhKi8TLAivV62R0jgZUf4CtooaJDtPwFBf+CHSzet7q6d0YzOqFR0pHvv3oDg0PDI6Nj46WJyanpmfLsXMPFiRVYF7GK7VEIDpXUWCdJCo+MRYhChc3wYjfvm1donYz1IV0b7ERwpuWpFEBZ1C0v6BVY5W1jY0Mxh+N07bJX6pYrftXvi/81QWEqrNB+t/zWPolFEqEmocC5VuAb6qRgSQqFvVI7cWhAXMAZtjKrIULXSfvf9/hy4iC7bdByqXg/xO8bKUTOXUdhNhkBnbvfXR7+17USOt3spFKbhFCL/BBJhf1DTliZYUF+Ii0SQf45cqm5AAtEaCUHIbIwyTjlPIIvDFuZNmqF2Qo+eTTWq4FfDQ5qle2dgswYW2RLbIUFbINtsz22z+pMsBt2x+7Zg3frPXpP3vPH6IBX7MyzH/Je3gHtiZkS</latexit>

                             
  a = [0.1� 10]µm

<latexit sha1_base64="KIZ4fFhdg02bRlpEMknAg3EzGtU=">AAACDXicbVDLSsRAEJz4XNfXqifxMrgIHnRJRNCLsOjF4wruKiRh6YytDs4kYaYjLGHxE/wKr3ryJl79Bg/+i8mag686FVXddHVFqZKWXPfdGRufmJyars3UZ+fmFxYbS8s9m2RGYFckKjHnEVhUMsYuSVJ4nhoEHSk8i26OSv/sFo2VSXxKgxRDDVexvJQCqJD6jVU48N2Wt+25YbAV6CzQQNdG53rYbzTdljsC/0u8ijRZhU6/8RFcJCLTGJNQYK3vuSmFORiSQuGwHmQWUxA3cIV+QWPQaMN89MKQb2QWKOEpGi4VH4n4fSMHbe1AR8VkmdD+9krxP8/P6HI/zGWcZoSxKA+RVDg6ZIWRRTfIL6RBIiiTI5cxF2CACI3kIEQhZkVZ9aIP7/f3f0lvp+UVfZ7sNtuHVTM1tsbW2Sbz2B5rs2PWYV0m2B17YI/sybl3np0X5/VrdMypdlbYDzhvn1s9mq0=</latexit><latexit sha1_base64="KIZ4fFhdg02bRlpEMknAg3EzGtU=">AAACDXicbVDLSsRAEJz4XNfXqifxMrgIHnRJRNCLsOjF4wruKiRh6YytDs4kYaYjLGHxE/wKr3ryJl79Bg/+i8mag686FVXddHVFqZKWXPfdGRufmJyars3UZ+fmFxYbS8s9m2RGYFckKjHnEVhUMsYuSVJ4nhoEHSk8i26OSv/sFo2VSXxKgxRDDVexvJQCqJD6jVU48N2Wt+25YbAV6CzQQNdG53rYbzTdljsC/0u8ijRZhU6/8RFcJCLTGJNQYK3vuSmFORiSQuGwHmQWUxA3cIV+QWPQaMN89MKQb2QWKOEpGi4VH4n4fSMHbe1AR8VkmdD+9krxP8/P6HI/zGWcZoSxKA+RVDg6ZIWRRTfIL6RBIiiTI5cxF2CACI3kIEQhZkVZ9aIP7/f3f0lvp+UVfZ7sNtuHVTM1tsbW2Sbz2B5rs2PWYV0m2B17YI/sybl3np0X5/VrdMypdlbYDzhvn1s9mq0=</latexit><latexit sha1_base64="KIZ4fFhdg02bRlpEMknAg3EzGtU=">AAACDXicbVDLSsRAEJz4XNfXqifxMrgIHnRJRNCLsOjF4wruKiRh6YytDs4kYaYjLGHxE/wKr3ryJl79Bg/+i8mag686FVXddHVFqZKWXPfdGRufmJyars3UZ+fmFxYbS8s9m2RGYFckKjHnEVhUMsYuSVJ4nhoEHSk8i26OSv/sFo2VSXxKgxRDDVexvJQCqJD6jVU48N2Wt+25YbAV6CzQQNdG53rYbzTdljsC/0u8ijRZhU6/8RFcJCLTGJNQYK3vuSmFORiSQuGwHmQWUxA3cIV+QWPQaMN89MKQb2QWKOEpGi4VH4n4fSMHbe1AR8VkmdD+9krxP8/P6HI/zGWcZoSxKA+RVDg6ZIWRRTfIL6RBIiiTI5cxF2CACI3kIEQhZkVZ9aIP7/f3f0lvp+UVfZ7sNtuHVTM1tsbW2Sbz2B5rs2PWYV0m2B17YI/sybl3np0X5/VrdMypdlbYDzhvn1s9mq0=</latexit><latexit sha1_base64="KIZ4fFhdg02bRlpEMknAg3EzGtU=">AAACDXicbVDLSsRAEJz4XNfXqifxMrgIHnRJRNCLsOjF4wruKiRh6YytDs4kYaYjLGHxE/wKr3ryJl79Bg/+i8mag686FVXddHVFqZKWXPfdGRufmJyars3UZ+fmFxYbS8s9m2RGYFckKjHnEVhUMsYuSVJ4nhoEHSk8i26OSv/sFo2VSXxKgxRDDVexvJQCqJD6jVU48N2Wt+25YbAV6CzQQNdG53rYbzTdljsC/0u8ijRZhU6/8RFcJCLTGJNQYK3vuSmFORiSQuGwHmQWUxA3cIV+QWPQaMN89MKQb2QWKOEpGi4VH4n4fSMHbe1AR8VkmdD+9krxP8/P6HI/zGWcZoSxKA+RVDg6ZIWRRTfIL6RBIiiTI5cxF2CACI3kIEQhZkVZ9aIP7/f3f0lvp+UVfZ7sNtuHVTM1tsbW2Sbz2B5rs2PWYV0m2B17YI/sybl3np0X5/VrdMypdlbYDzhvn1s9mq0=</latexit><latexit sha1_base64="nzUv8eD5o6Vc4PkIgO2HsfnLe6o=">AAACDXicbZA9S8RAEIY3fnt+nVqJzeIhWOiRiKAWgmhjqeCpcAnHZB11cTcJuxNBwuFP8FfYamUntv4GC/+LmzP4/VYv78wwM0+cKWnJ91+9vv6BwaHhkdHa2PjE5FR9eubIprkR2BKpSs1JDBaVTLBFkhSeZAZBxwqP48vdsn58hcbKNDmk6wwjDeeJPJMCyEWd+hxstf1msBL4Ubgc6jzUQBdGF7rbqTf8pt8T/2uCyjRYpf1O/S08TUWuMSGhwNp24GcUFWBICoXdWphbzEBcwjm2nU1Ao42K3gtdvphboJRnaLhUvBfi94kCtLXXOnad5YX2d60M/6u1czrbiAqZZDlhIspFJBX2FllhpGOD/FQaJILycuQy4QIMEKGRHIRwYe5g1RyP4AvDptP6WmU2g08eR6vNwPE8WGts71RkRtg8W2BLLGDrbJvtsX3WYoLdsDt2zx68W+/Re/KeP1r7vGpmlv2Q9/IOgK+bCA==</latexit><latexit sha1_base64="nzUv8eD5o6Vc4PkIgO2HsfnLe6o=">AAACDXicbZA9S8RAEIY3fnt+nVqJzeIhWOiRiKAWgmhjqeCpcAnHZB11cTcJuxNBwuFP8FfYamUntv4GC/+LmzP4/VYv78wwM0+cKWnJ91+9vv6BwaHhkdHa2PjE5FR9eubIprkR2BKpSs1JDBaVTLBFkhSeZAZBxwqP48vdsn58hcbKNDmk6wwjDeeJPJMCyEWd+hxstf1msBL4Ubgc6jzUQBdGF7rbqTf8pt8T/2uCyjRYpf1O/S08TUWuMSGhwNp24GcUFWBICoXdWphbzEBcwjm2nU1Ao42K3gtdvphboJRnaLhUvBfi94kCtLXXOnad5YX2d60M/6u1czrbiAqZZDlhIspFJBX2FllhpGOD/FQaJILycuQy4QIMEKGRHIRwYe5g1RyP4AvDptP6WmU2g08eR6vNwPE8WGts71RkRtg8W2BLLGDrbJvtsX3WYoLdsDt2zx68W+/Re/KeP1r7vGpmlv2Q9/IOgK+bCA==</latexit>

a = [0.01� 1] cm
<latexit sha1_base64="VgM0AENdh3rEmFMzd4uKpdnVERs=">AAACC3icbVA9SwNBEN2LXzF+RS0sbBaDYKHhTgRtBNHGMoJJhOQIc5uJLtm9O3bnBDnuJ/grbLWyE1t/hIX/xbuYQhNf9XhvhnnzglhJS6776ZRmZufmF8qLlaXlldW16vpGy0aJEdgUkYrMTQAWlQyxSZIU3sQGQQcK28HwovDb92isjMJreojR13AbyoEUQLnUq27Bacetu96B53f3uxrozuhU6KxXreXyCHyaeGNSY2M0etWvbj8SicaQhAJrO54bk5+CISkUZpVuYjEGMYRb7OQ0BI3WT0cPZHw3sUARj9FwqfhIxN8bKWhrH3SQTxYR7aRXiP95nYQGJ34qwzghDEVxiKTC0SErjMybQd6XBomgSI5chlyAASI0koMQuZjkVVXyPrzJ76dJ67DuuXXv6qh2dj5upsy22Q7bYx47ZmfskjVYkwmWsSf2zF6cR+fVeXPef0ZLznhnk/2B8/ENq/SZvg==</latexit><latexit sha1_base64="VgM0AENdh3rEmFMzd4uKpdnVERs=">AAACC3icbVA9SwNBEN2LXzF+RS0sbBaDYKHhTgRtBNHGMoJJhOQIc5uJLtm9O3bnBDnuJ/grbLWyE1t/hIX/xbuYQhNf9XhvhnnzglhJS6776ZRmZufmF8qLlaXlldW16vpGy0aJEdgUkYrMTQAWlQyxSZIU3sQGQQcK28HwovDb92isjMJreojR13AbyoEUQLnUq27Bacetu96B53f3uxrozuhU6KxXreXyCHyaeGNSY2M0etWvbj8SicaQhAJrO54bk5+CISkUZpVuYjEGMYRb7OQ0BI3WT0cPZHw3sUARj9FwqfhIxN8bKWhrH3SQTxYR7aRXiP95nYQGJ34qwzghDEVxiKTC0SErjMybQd6XBomgSI5chlyAASI0koMQuZjkVVXyPrzJ76dJ67DuuXXv6qh2dj5upsy22Q7bYx47ZmfskjVYkwmWsSf2zF6cR+fVeXPef0ZLznhnk/2B8/ENq/SZvg==</latexit><latexit sha1_base64="VgM0AENdh3rEmFMzd4uKpdnVERs=">AAACC3icbVA9SwNBEN2LXzF+RS0sbBaDYKHhTgRtBNHGMoJJhOQIc5uJLtm9O3bnBDnuJ/grbLWyE1t/hIX/xbuYQhNf9XhvhnnzglhJS6776ZRmZufmF8qLlaXlldW16vpGy0aJEdgUkYrMTQAWlQyxSZIU3sQGQQcK28HwovDb92isjMJreojR13AbyoEUQLnUq27Bacetu96B53f3uxrozuhU6KxXreXyCHyaeGNSY2M0etWvbj8SicaQhAJrO54bk5+CISkUZpVuYjEGMYRb7OQ0BI3WT0cPZHw3sUARj9FwqfhIxN8bKWhrH3SQTxYR7aRXiP95nYQGJ34qwzghDEVxiKTC0SErjMybQd6XBomgSI5chlyAASI0koMQuZjkVVXyPrzJ76dJ67DuuXXv6qh2dj5upsy22Q7bYx47ZmfskjVYkwmWsSf2zF6cR+fVeXPef0ZLznhnk/2B8/ENq/SZvg==</latexit><latexit sha1_base64="VgM0AENdh3rEmFMzd4uKpdnVERs=">AAACC3icbVA9SwNBEN2LXzF+RS0sbBaDYKHhTgRtBNHGMoJJhOQIc5uJLtm9O3bnBDnuJ/grbLWyE1t/hIX/xbuYQhNf9XhvhnnzglhJS6776ZRmZufmF8qLlaXlldW16vpGy0aJEdgUkYrMTQAWlQyxSZIU3sQGQQcK28HwovDb92isjMJreojR13AbyoEUQLnUq27Bacetu96B53f3uxrozuhU6KxXreXyCHyaeGNSY2M0etWvbj8SicaQhAJrO54bk5+CISkUZpVuYjEGMYRb7OQ0BI3WT0cPZHw3sUARj9FwqfhIxN8bKWhrH3SQTxYR7aRXiP95nYQGJ34qwzghDEVxiKTC0SErjMybQd6XBomgSI5chlyAASI0koMQuZjkVVXyPrzJ76dJ67DuuXXv6qh2dj5upsy22Q7bYx47ZmfskjVYkwmWsSf2zF6cR+fVeXPef0ZLznhnk/2B8/ENq/SZvg==</latexit><latexit sha1_base64="2GmkWPl5pPJW9Fx5QOGpw+RkKFs=">AAACC3icbZCxThtBEIb3nASMSYgJBQXNCitSisS6jZDABZIFTUojYWPJPllz67GzYvfutDuHhE5+BJ6CFio6RMtDpMi7ZM85kYTwV7/+mdHMfHGmlaMw/BHUXr1+s7JaX2usv3238b65+WHg0txK7MtUp3YYg0OtEuyTIo3DzCKYWONZfH5c1s8u0DqVJqd0mWFkYJ6omZJAPpo0t+FwFLZD8UVE489jA/TdmkKaxaTZ8vFS/H8jKtNilXqT5s/xNJW5wYSkBudGIswoKsCSkhoXjXHuMAN5DnMceZuAQRcVywcW/GPugFKeoeVK82WIf08UYJy7NLHvLE90z2tl+FJtlNPsICpUkuWEiSwXkdK4XOSkVZ4M8qmySATl5chVwiVYIEKrOEjpw9yjange4g+Gjtf+XmU64onH4GtbhG1xstfqHlVk6myH7bJPTLB91mXfWI/1mWQLds1u2G1wFdwF98HD79ZaUM1ssX8UPP4C0WaaGQ==</latexit><latexit sha1_base64="2GmkWPl5pPJW9Fx5QOGpw+RkKFs=">AAACC3icbZCxThtBEIb3nASMSYgJBQXNCitSisS6jZDABZIFTUojYWPJPllz67GzYvfutDuHhE5+BJ6CFio6RMtDpMi7ZM85kYTwV7/+mdHMfHGmlaMw/BHUXr1+s7JaX2usv3238b65+WHg0txK7MtUp3YYg0OtEuyTIo3DzCKYWONZfH5c1s8u0DqVJqd0mWFkYJ6omZJAPpo0t+FwFLZD8UVE489jA/TdmkKaxaTZ8vFS/H8jKtNilXqT5s/xNJW5wYSkBudGIswoKsCSkhoXjXHuMAN5DnMceZuAQRcVywcW/GPugFKeoeVK82WIf08UYJy7NLHvLE90z2tl+FJtlNPsICpUkuWEiSwXkdK4XOSkVZ4M8qmySATl5chVwiVYIEKrOEjpw9yjange4g+Gjtf+XmU64onH4GtbhG1xstfqHlVk6myH7bJPTLB91mXfWI/1mWQLds1u2G1wFdwF98HD79ZaUM1ssX8UPP4C0WaaGQ==</latexit>



THE BEGINNING: HD135344B

ON THE ORIGIN OF THE SPIRALS

ALMA: Band7 (335 GHz or 896 μm) 
FWHM=0.20 x 0.16’’

• mm/sub-mm wavelenghts 
• dust 
• disc midplane 
(van der Marel et al 2016)

• inner ring 
• inner cavity:  
• southern overdense region

• inner cavity:  
• m=2 spiral structure

SPHERE: 0.95–2.3 μm, FWHM=37mas 
• scattered light, near-IR and visibile 
• small dust, coupled to gas 
• disc surface 
(Stolker et al 2016, Maire et al 2017)

Parameter Value

Age [Myr]

1.7

d [pc]

Disc 
inclination 11°

Gas Mass


Dust Mass


Where is the gas mass? 
Miotello et al. 2017R ' 40 au

<latexit sha1_base64="kOUvVh+/455sVKRQfL3tMnQBsM4=">AAACCXicbVC7TsNAEDzzDOEVQFQ0JyIkChTZKBKUETSUAZGHFEfR+rIJp9zZ5m6NFFn5Ar6CFio6RMtXUPAvOCEFJEw1mtnVzk4QK2nJdT+dhcWl5ZXV3Fp+fWNza7uws1u3UWIE1kSkItMMwKKSIdZIksJmbBB0oLARDC7HfuMBjZVReEvDGNsa+qHsSQGUSZ3C/g33rdR4z8uuf8J9o1NIRp1C0S25E/B54k1JkU1R7RS+/G4kEo0hCQXWtjw3pnYKhqRQOMr7icUYxAD62MpoCBptO53EH/GjxAJFPEbDpeITEX9vpKCtHeogm9RAd3bWG4v/ea2EeuftVIZxQhiK8SGSCieHrDAy6wV5VxokgnFy5DLkAgwQoZEchMjEJCsqn/XhzX4/T+qnJc8tedflYuVi2kyOHbBDdsw8dsYq7IpVWY0JlrIn9sxenEfn1Xlz3n9GF5zpzh77A+fjG4ssmSQ=</latexit><latexit sha1_base64="kOUvVh+/455sVKRQfL3tMnQBsM4=">AAACCXicbVC7TsNAEDzzDOEVQFQ0JyIkChTZKBKUETSUAZGHFEfR+rIJp9zZ5m6NFFn5Ar6CFio6RMtXUPAvOCEFJEw1mtnVzk4QK2nJdT+dhcWl5ZXV3Fp+fWNza7uws1u3UWIE1kSkItMMwKKSIdZIksJmbBB0oLARDC7HfuMBjZVReEvDGNsa+qHsSQGUSZ3C/g33rdR4z8uuf8J9o1NIRp1C0S25E/B54k1JkU1R7RS+/G4kEo0hCQXWtjw3pnYKhqRQOMr7icUYxAD62MpoCBptO53EH/GjxAJFPEbDpeITEX9vpKCtHeogm9RAd3bWG4v/ea2EeuftVIZxQhiK8SGSCieHrDAy6wV5VxokgnFy5DLkAgwQoZEchMjEJCsqn/XhzX4/T+qnJc8tedflYuVi2kyOHbBDdsw8dsYq7IpVWY0JlrIn9sxenEfn1Xlz3n9GF5zpzh77A+fjG4ssmSQ=</latexit><latexit sha1_base64="kOUvVh+/455sVKRQfL3tMnQBsM4=">AAACCXicbVC7TsNAEDzzDOEVQFQ0JyIkChTZKBKUETSUAZGHFEfR+rIJp9zZ5m6NFFn5Ar6CFio6RMtXUPAvOCEFJEw1mtnVzk4QK2nJdT+dhcWl5ZXV3Fp+fWNza7uws1u3UWIE1kSkItMMwKKSIdZIksJmbBB0oLARDC7HfuMBjZVReEvDGNsa+qHsSQGUSZ3C/g33rdR4z8uuf8J9o1NIRp1C0S25E/B54k1JkU1R7RS+/G4kEo0hCQXWtjw3pnYKhqRQOMr7icUYxAD62MpoCBptO53EH/GjxAJFPEbDpeITEX9vpKCtHeogm9RAd3bWG4v/ea2EeuftVIZxQhiK8SGSCieHrDAy6wV5VxokgnFy5DLkAgwQoZEchMjEJCsqn/XhzX4/T+qnJc8tedflYuVi2kyOHbBDdsw8dsYq7IpVWY0JlrIn9sxenEfn1Xlz3n9GF5zpzh77A+fjG4ssmSQ=</latexit><latexit sha1_base64="kOUvVh+/455sVKRQfL3tMnQBsM4=">AAACCXicbVC7TsNAEDzzDOEVQFQ0JyIkChTZKBKUETSUAZGHFEfR+rIJp9zZ5m6NFFn5Ar6CFio6RMtXUPAvOCEFJEw1mtnVzk4QK2nJdT+dhcWl5ZXV3Fp+fWNza7uws1u3UWIE1kSkItMMwKKSIdZIksJmbBB0oLARDC7HfuMBjZVReEvDGNsa+qHsSQGUSZ3C/g33rdR4z8uuf8J9o1NIRp1C0S25E/B54k1JkU1R7RS+/G4kEo0hCQXWtjw3pnYKhqRQOMr7icUYxAD62MpoCBptO53EH/GjxAJFPEbDpeITEX9vpKCtHeogm9RAd3bWG4v/ea2EeuftVIZxQhiK8SGSCieHrDAy6wV5VxokgnFy5DLkAgwQoZEchMjEJCsqn/XhzX4/T+qnJc8tedflYuVi2kyOHbBDdsw8dsYq7IpVWY0JlrIn9sxenEfn1Xlz3n9GF5zpzh77A+fjG4ssmSQ=</latexit><latexit sha1_base64="CawdRptJcE0Ry8y9Ek0xCq0C5iU=">AAACCXicbZC9SgNBFIVn43/8i4qVzWAQLCTsSkDtgjaWKiYRsiHcHW/ikJnddeauEJY8gU9hq5Wd2PoUFr6Lm7j4f6rDOfdyL18QK2nJdV+dwsTk1PTM7FxxfmFxabm0stqwUWIE1kWkInMRgEUlQ6yTJIUXsUHQgcJm0D8a9c0bNFZG4TkNYmxr6IWyKwVQFnVK62fct1LjNa+6/g73jU4hGXZKZbfijsX/Gi83ZZbrpFN68y8jkWgMSSiwtuW5MbVTMCSFwmHRTyzGIPrQw1ZmQ9Bo2+n4/SHfSixQxGM0XCo+DvH7Rgra2oEOskkNdGV/d6Pwv66VUHe/ncowTghDMTpEUuH4kBVGZlyQX0qDRDD6HLkMuQADRGgkByGyMMlAFTMe3heGg0x71dwceJ88GrsVz614p9Vy7TAnM8s22CbbZh7bYzV2zE5YnQmWsjt2zx6cW+fReXKeP0YLTr6zxn7IeXkHsJ6Zfw==</latexit><latexit sha1_base64="CawdRptJcE0Ry8y9Ek0xCq0C5iU=">AAACCXicbZC9SgNBFIVn43/8i4qVzWAQLCTsSkDtgjaWKiYRsiHcHW/ikJnddeauEJY8gU9hq5Wd2PoUFr6Lm7j4f6rDOfdyL18QK2nJdV+dwsTk1PTM7FxxfmFxabm0stqwUWIE1kWkInMRgEUlQ6yTJIUXsUHQgcJm0D8a9c0bNFZG4TkNYmxr6IWyKwVQFnVK62fct1LjNa+6/g73jU4hGXZKZbfijsX/Gi83ZZbrpFN68y8jkWgMSSiwtuW5MbVTMCSFwmHRTyzGIPrQw1ZmQ9Bo2+n4/SHfSixQxGM0XCo+DvH7Rgra2oEOskkNdGV/d6Pwv66VUHe/ncowTghDMTpEUuH4kBVGZlyQX0qDRDD6HLkMuQADRGgkByGyMMlAFTMe3heGg0x71dwceJ88GrsVz614p9Vy7TAnM8s22CbbZh7bYzV2zE5YnQmWsjt2zx6cW+fReXKeP0YLTr6zxn7IeXkHsJ6Zfw==</latexit>

R ' 25 au
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ONE PLANET: TWO SPIRALS!

Constructive interference of 
density waves: SPIRAL ARMS

Tidal torques+viscous torques = 
Gap formation

2) Non Linear regime:  
one planet excites              spiral 
arms (Zhu et al 2015b, Fung & Dong 
2015, Bae et al 2017), with  

m > 2
<latexit sha1_base64="5wbgpRzekjLlxzAv21bjnSdV22E=">AAAB93icbVBNS8NAFNzUr1q/qh69LBbBU0mKoCcpevFYwbSFNpTN9rUu3d2E3RehhP4Gr3ryJl79OR78LyYxB63OaZh5jzdvwlgKi6774VRWVtfWN6qbta3tnd29+v5B10aJ4eDzSEamHzILUmjwUaCEfmyAqVBCL5xd537vAYwVkb7DeQyBYlMtJoIzzCRf0UvaGtUbbtMtQP8SryQNUqIzqn8OxxFPFGjkklk78NwYg5QZFFzCojZMLMSMz9gUBhnVTIEN0iLsgp4klmFEYzBUSFqI8HMjZcrauQqzScXw3i57ufifN0hwchGkQscJgub5IRQSikOWG5G1AHQsDCCyPDlQoSlnhiGCEZRxnolJVkst68Nb/v4v6baantv0bs8a7auymSo5IsfklHjknLTJDekQn3AiyCN5Is/O3HlxXp2379GKU+4ckl9w3r8AHkqSTg==</latexit><latexit sha1_base64="5wbgpRzekjLlxzAv21bjnSdV22E=">AAAB93icbVBNS8NAFNzUr1q/qh69LBbBU0mKoCcpevFYwbSFNpTN9rUu3d2E3RehhP4Gr3ryJl79OR78LyYxB63OaZh5jzdvwlgKi6774VRWVtfWN6qbta3tnd29+v5B10aJ4eDzSEamHzILUmjwUaCEfmyAqVBCL5xd537vAYwVkb7DeQyBYlMtJoIzzCRf0UvaGtUbbtMtQP8SryQNUqIzqn8OxxFPFGjkklk78NwYg5QZFFzCojZMLMSMz9gUBhnVTIEN0iLsgp4klmFEYzBUSFqI8HMjZcrauQqzScXw3i57ufifN0hwchGkQscJgub5IRQSikOWG5G1AHQsDCCyPDlQoSlnhiGCEZRxnolJVkst68Nb/v4v6baantv0bs8a7auymSo5IsfklHjknLTJDekQn3AiyCN5Is/O3HlxXp2379GKU+4ckl9w3r8AHkqSTg==</latexit><latexit sha1_base64="5wbgpRzekjLlxzAv21bjnSdV22E=">AAAB93icbVBNS8NAFNzUr1q/qh69LBbBU0mKoCcpevFYwbSFNpTN9rUu3d2E3RehhP4Gr3ryJl79OR78LyYxB63OaZh5jzdvwlgKi6774VRWVtfWN6qbta3tnd29+v5B10aJ4eDzSEamHzILUmjwUaCEfmyAqVBCL5xd537vAYwVkb7DeQyBYlMtJoIzzCRf0UvaGtUbbtMtQP8SryQNUqIzqn8OxxFPFGjkklk78NwYg5QZFFzCojZMLMSMz9gUBhnVTIEN0iLsgp4klmFEYzBUSFqI8HMjZcrauQqzScXw3i57ufifN0hwchGkQscJgub5IRQSikOWG5G1AHQsDCCyPDlQoSlnhiGCEZRxnolJVkst68Nb/v4v6baantv0bs8a7auymSo5IsfklHjknLTJDekQn3AiyCN5Is/O3HlxXp2379GKU+4ckl9w3r8AHkqSTg==</latexit><latexit sha1_base64="5wbgpRzekjLlxzAv21bjnSdV22E=">AAAB93icbVBNS8NAFNzUr1q/qh69LBbBU0mKoCcpevFYwbSFNpTN9rUu3d2E3RehhP4Gr3ryJl79OR78LyYxB63OaZh5jzdvwlgKi6774VRWVtfWN6qbta3tnd29+v5B10aJ4eDzSEamHzILUmjwUaCEfmyAqVBCL5xd537vAYwVkb7DeQyBYlMtJoIzzCRf0UvaGtUbbtMtQP8SryQNUqIzqn8OxxFPFGjkklk78NwYg5QZFFzCojZMLMSMz9gUBhnVTIEN0iLsgp4klmFEYzBUSFqI8HMjZcrauQqzScXw3i57ufifN0hwchGkQscJgub5IRQSikOWG5G1AHQsDCCyPDlQoSlnhiGCEZRxnolJVkst68Nb/v4v6baantv0bs8a7auymSo5IsfklHjknLTJDekQn3AiyCN5Is/O3HlxXp2379GKU+4ckl9w3r8AHkqSTg==</latexit><latexit sha1_base64="uAvjjkxRAm3KtwBXDmea6qB/b5M=">AAAB93icbZA7SwNBFIVn4yvGV9TSZjAIVmE3BGIaCdpYRnBjIFnC7OQmDpl9MHNXCEt+g61WdmLrz7Hwvzi7Lr5PdTjnXu7l82MpNNr2q1VaWl5ZXSuvVzY2t7Z3qrt7PR0lioPLIxmpvs80SBGCiwIl9GMFLPAlXPuz86y/vgWlRRRe4TwGL2DTUEwEZ2giN6CntDGq1uy6nYv+NU5haqRQd1R9G44jngQQIpdM64Fjx+ilTKHgEhaVYaIhZnzGpjAwNmQBaC/Nn13Qo0QzjGgMigpJ8xC+b6Qs0Hoe+GYyYHijf3dZ+F83SHBy4qUijBOEkGeHUEjID2muhKEAdCwUILLsc6AipJwphghKUMa5CRODpWJ4OF8Y2katZmHaziePXqPu2HXnslnrnBVkyuSAHJJj4pAW6ZAL0iUu4USQO3JPHqy59Wg9Wc8foyWr2NknP2S9vANDvJKp</latexit><latexit sha1_base64="uAvjjkxRAm3KtwBXDmea6qB/b5M=">AAAB93icbZA7SwNBFIVn4yvGV9TSZjAIVmE3BGIaCdpYRnBjIFnC7OQmDpl9MHNXCEt+g61WdmLrz7Hwvzi7Lr5PdTjnXu7l82MpNNr2q1VaWl5ZXSuvVzY2t7Z3qrt7PR0lioPLIxmpvs80SBGCiwIl9GMFLPAlXPuz86y/vgWlRRRe4TwGL2DTUEwEZ2giN6CntDGq1uy6nYv+NU5haqRQd1R9G44jngQQIpdM64Fjx+ilTKHgEhaVYaIhZnzGpjAwNmQBaC/Nn13Qo0QzjGgMigpJ8xC+b6Qs0Hoe+GYyYHijf3dZ+F83SHBy4qUijBOEkGeHUEjID2muhKEAdCwUILLsc6AipJwphghKUMa5CRODpWJ4OF8Y2katZmHaziePXqPu2HXnslnrnBVkyuSAHJJj4pAW6ZAL0iUu4USQO3JPHqy59Wg9Wc8foyWr2NknP2S9vANDvJKp</latexit>

Mp > (H/R)3pM?
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1) Linear regime:  
one planet excites one 
spiral arm (Rafikov 2002)
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Constructive interference of 
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spiral arm (Rafikov 2002)
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2) Non Linear regime:  
one planet excites              spiral 
arms (Zhu et al 2015b, Fung & Dong 
2015, Bae et al 2017), with  

m > 2
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THE BEGINNING: HD135344B
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ALMA & SPHERE OBSERVATIONS
HINT ON THE GAS 
DISC MASS

HD 135344B 
Van der Marel et al. 2016 

Stolker et al. 2016

TW Hydrae 
S. Andrews, B. Saxton, ALMA (ESO/NAOJ/NRAO) 

van Boekel et al. 2017



DISC MODEL

DUSTYDISC SETUP
▸ Different gas disc 

masses          in SPH 
different grain size               
St !! 

▸ One fluid + Two fluids 

▸ 2 planets:                                   
first idea: to model 
HD135344B 

▸ Power-law density 
profile (both dust and 
gas)

Mp ' 3� 5Mj
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DISC MODEL

DENSITY MAPS…



RESULTS

…AND (PRELIMINARY) MOCK IMAGES
SPHERE

ALMA
St = 10�2

<latexit sha1_base64="U1DS9fJwAlET3tbbQHS78Y5BLWg=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Kj40mvXHGrbg46T7wpqZAp6r3yV7cf8TgEhVwyazueq9FPmEHBJUxK3diCZnzEhtBJqWIhWD/JM0/oQWwZRlSDoULSXITfGwkLrR2HQToZMry3s14m/ud1Yhyc+YlQOkZQPDuEQkJ+yHIj0jKA9oUBRJYlByoU5cwwRDCCMs5TMU7bKaV9eLPfz5PmcdVzq971SaV2MW2mSPbIPjkkHjklNXJF6qRBONHkiTyTF+fReXXenPef0YIz3dklf+B8fAOtYJTR</latexit><latexit sha1_base64="U1DS9fJwAlET3tbbQHS78Y5BLWg=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Kj40mvXHGrbg46T7wpqZAp6r3yV7cf8TgEhVwyazueq9FPmEHBJUxK3diCZnzEhtBJqWIhWD/JM0/oQWwZRlSDoULSXITfGwkLrR2HQToZMry3s14m/ud1Yhyc+YlQOkZQPDuEQkJ+yHIj0jKA9oUBRJYlByoU5cwwRDCCMs5TMU7bKaV9eLPfz5PmcdVzq971SaV2MW2mSPbIPjkkHjklNXJF6qRBONHkiTyTF+fReXXenPef0YIz3dklf+B8fAOtYJTR</latexit><latexit sha1_base64="U1DS9fJwAlET3tbbQHS78Y5BLWg=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Kj40mvXHGrbg46T7wpqZAp6r3yV7cf8TgEhVwyazueq9FPmEHBJUxK3diCZnzEhtBJqWIhWD/JM0/oQWwZRlSDoULSXITfGwkLrR2HQToZMry3s14m/ud1Yhyc+YlQOkZQPDuEQkJ+yHIj0jKA9oUBRJYlByoU5cwwRDCCMs5TMU7bKaV9eLPfz5PmcdVzq971SaV2MW2mSPbIPjkkHjklNXJF6qRBONHkiTyTF+fReXXenPef0YIz3dklf+B8fAOtYJTR</latexit><latexit sha1_base64="U1DS9fJwAlET3tbbQHS78Y5BLWg=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Kj40mvXHGrbg46T7wpqZAp6r3yV7cf8TgEhVwyazueq9FPmEHBJUxK3diCZnzEhtBJqWIhWD/JM0/oQWwZRlSDoULSXITfGwkLrR2HQToZMry3s14m/ud1Yhyc+YlQOkZQPDuEQkJ+yHIj0jKA9oUBRJYlByoU5cwwRDCCMs5TMU7bKaV9eLPfz5PmcdVzq971SaV2MW2mSPbIPjkkHjklNXJF6qRBONHkiTyTF+fReXXenPef0YIz3dklf+B8fAOtYJTR</latexit><latexit sha1_base64="wfdSNLx3gScUlQyJIgza4g5RpFs=">AAAB/nicbZBLS8NAFIUn9VXrq+rSzWAR3FgSKdQuhKIblxXtA9paJtPbOnSSDDM3QgkFf4VbXbkTt/4VF/4Xkxh8n9XhnHu5l89VUhi07VcrNze/sLiUXy6srK6tbxQ3t1omCDWHJg9koDsuMyCFD00UKKGjNDDPldB2J6dJ374BbUTgX+JUQd9jY1+MBGcYR70LpMfUsa+ig8PZoFiyy3Yq+tc4mSmRTI1B8a03DHjogY9cMmO6jq2wHzGNgkuYFXqhAcX4hI2hG1ufeWD6UfrzjO6FhmFAFWgqJE1D+L4RMc+YqefGkx7Da/O7S8L/um6Io6N+JHwVIvg8OYRCQnrIcC1iGECHQgMiSz4HKnzKmWaIoAVlnMdhGNMpxDycLwy1WNVKZmrOJ4/WYdmxy855pVQ/ycjkyQ7ZJfvEIVVSJ2ekQZqEE0XuyD15sG6tR+vJev4YzVnZzjb5IevlHdLSlSw=</latexit><latexit sha1_base64="wfdSNLx3gScUlQyJIgza4g5RpFs=">AAAB/nicbZBLS8NAFIUn9VXrq+rSzWAR3FgSKdQuhKIblxXtA9paJtPbOnSSDDM3QgkFf4VbXbkTt/4VF/4Xkxh8n9XhnHu5l89VUhi07VcrNze/sLiUXy6srK6tbxQ3t1omCDWHJg9koDsuMyCFD00UKKGjNDDPldB2J6dJ374BbUTgX+JUQd9jY1+MBGcYR70LpMfUsa+ig8PZoFiyy3Yq+tc4mSmRTI1B8a03DHjogY9cMmO6jq2wHzGNgkuYFXqhAcX4hI2hG1ufeWD6UfrzjO6FhmFAFWgqJE1D+L4RMc+YqefGkx7Da/O7S8L/um6Io6N+JHwVIvg8OYRCQnrIcC1iGECHQgMiSz4HKnzKmWaIoAVlnMdhGNMpxDycLwy1WNVKZmrOJ4/WYdmxy855pVQ/ycjkyQ7ZJfvEIVVSJ2ekQZqEE0XuyD15sG6tR+vJev4YzVnZzjb5IevlHdLSlSw=</latexit> St = 10�1
<latexit sha1_base64="+nnSIjhO/uld02ENUEDC1+H/2es=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Ijb9IrV9yqm4POE29KKmSKeq/81e1HPA5BIZfM2o7navQTZlBwCZNSN7agGR+xIXRSqlgI1k/yzBN6EFuGEdVgqJA0F+H3RsJCa8dhkE6GDO/trJeJ/3mdGAdnfiKUjhEUzw6hkJAfstyItAygfWEAkWXJgQpFOTMMEYygjPNUjNN2Smkf3uz386R5XPXcqnd9UqldTJspkj2yTw6JR05JjVyROmkQTjR5Is/kxXl0Xp035/1ntOBMd3bJHzgf36vQlNA=</latexit><latexit sha1_base64="+nnSIjhO/uld02ENUEDC1+H/2es=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Ijb9IrV9yqm4POE29KKmSKeq/81e1HPA5BIZfM2o7navQTZlBwCZNSN7agGR+xIXRSqlgI1k/yzBN6EFuGEdVgqJA0F+H3RsJCa8dhkE6GDO/trJeJ/3mdGAdnfiKUjhEUzw6hkJAfstyItAygfWEAkWXJgQpFOTMMEYygjPNUjNN2Smkf3uz386R5XPXcqnd9UqldTJspkj2yTw6JR05JjVyROmkQTjR5Is/kxXl0Xp035/1ntOBMd3bJHzgf36vQlNA=</latexit><latexit sha1_base64="+nnSIjhO/uld02ENUEDC1+H/2es=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Ijb9IrV9yqm4POE29KKmSKeq/81e1HPA5BIZfM2o7navQTZlBwCZNSN7agGR+xIXRSqlgI1k/yzBN6EFuGEdVgqJA0F+H3RsJCa8dhkE6GDO/trJeJ/3mdGAdnfiKUjhEUzw6hkJAfstyItAygfWEAkWXJgQpFOTMMEYygjPNUjNN2Smkf3uz386R5XPXcqnd9UqldTJspkj2yTw6JR05JjVyROmkQTjR5Is/kxXl0Xp035/1ntOBMd3bJHzgf36vQlNA=</latexit><latexit sha1_base64="+nnSIjhO/uld02ENUEDC1+H/2es=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Ijb9IrV9yqm4POE29KKmSKeq/81e1HPA5BIZfM2o7navQTZlBwCZNSN7agGR+xIXRSqlgI1k/yzBN6EFuGEdVgqJA0F+H3RsJCa8dhkE6GDO/trJeJ/3mdGAdnfiKUjhEUzw6hkJAfstyItAygfWEAkWXJgQpFOTMMEYygjPNUjNN2Smkf3uz386R5XPXcqnd9UqldTJspkj2yTw6JR05JjVyROmkQTjR5Is/kxXl0Xp035/1ntOBMd3bJHzgf36vQlNA=</latexit><latexit sha1_base64="6onoPm7cvfF+xTOWmS/QjrSdRhA=">AAAB/nicbZA7SwNBFIVn4yvGV9TSZjAINoYdCcQUQtDGMqJ5QBLD7OQmDpl9MHNXCEvAX2GrlZ3Y+lcs/C/urovvUx3OuZd7+ZxASYO2/Wrl5uYXFpfyy4WV1bX1jeLmVsv4oRbQFL7ydcfhBpT0oIkSFXQCDdx1FLSdyWnSt29AG+l7lzgNoO/ysSdHUnCMo94F0mPK7KvogM0GxZJdtlPRv4ZlpkQyNQbFt97QF6ELHgrFjekyO8B+xDVKoWBW6IUGAi4mfAzd2HrcBdOP0p9ndC80HH0agKZS0TSE7xsRd42Zuk486XK8Nr+7JPyv64Y4OupH0gtCBE8kh1AqSA8ZoWUMA+hQakDkyedApUcF1xwRtKRciDgMYzqFmAf7wlCLVa1kpsY+ebQOy8wus/NKqX6SkcmTHbJL9gkjVVInZ6RBmkSQgNyRe/Jg3VqP1pP1/DGas7KdbfJD1ss70UKVKw==</latexit><latexit sha1_base64="6onoPm7cvfF+xTOWmS/QjrSdRhA=">AAAB/nicbZA7SwNBFIVn4yvGV9TSZjAINoYdCcQUQtDGMqJ5QBLD7OQmDpl9MHNXCEvAX2GrlZ3Y+lcs/C/urovvUx3OuZd7+ZxASYO2/Wrl5uYXFpfyy4WV1bX1jeLmVsv4oRbQFL7ydcfhBpT0oIkSFXQCDdx1FLSdyWnSt29AG+l7lzgNoO/ysSdHUnCMo94F0mPK7KvogM0GxZJdtlPRv4ZlpkQyNQbFt97QF6ELHgrFjekyO8B+xDVKoWBW6IUGAi4mfAzd2HrcBdOP0p9ndC80HH0agKZS0TSE7xsRd42Zuk486XK8Nr+7JPyv64Y4OupH0gtCBE8kh1AqSA8ZoWUMA+hQakDkyedApUcF1xwRtKRciDgMYzqFmAf7wlCLVa1kpsY+ebQOy8wus/NKqX6SkcmTHbJL9gkjVVInZ6RBmkSQgNyRe/Jg3VqP1pP1/DGas7KdbfJD1ss70UKVKw==</latexit>

St = 1
<latexit sha1_base64="9/Q8uhYJHKifsQmfUA9kQhVO+Lc=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyCPKQEitaXzbhyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudna8SElDtv1pLSwuLa+sltbK6xubW9uVnd2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy89sPqI0Mg1uaROj6MArkUAqgVGrdED/nTr9StWt2Dj5PnIJUWYFGv/LVG4Qi9jEgocCYrmNH5CagSQqF03IvNhiBGMMIuykNwEfjJnnaKT+MDVDII9RcKp6L+HsjAd+Yie+lkz7QnZn1MvE/rxvT8MxNZBDFhIHIDpFUmB8yQsu0BuQDqZEIsuTIZcAFaCBCLTkIkYpx2ks57cOZ/X6etI5rjl1zrk+q9YuimRLbZwfsiDnslNXZFWuwJhPsnj2xZ/ZiPVqv1pv1/jO6YBU7e+wPrI9vziKSsA==</latexit><latexit sha1_base64="9/Q8uhYJHKifsQmfUA9kQhVO+Lc=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyCPKQEitaXzbhyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudna8SElDtv1pLSwuLa+sltbK6xubW9uVnd2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy89sPqI0Mg1uaROj6MArkUAqgVGrdED/nTr9StWt2Dj5PnIJUWYFGv/LVG4Qi9jEgocCYrmNH5CagSQqF03IvNhiBGMMIuykNwEfjJnnaKT+MDVDII9RcKp6L+HsjAd+Yie+lkz7QnZn1MvE/rxvT8MxNZBDFhIHIDpFUmB8yQsu0BuQDqZEIsuTIZcAFaCBCLTkIkYpx2ks57cOZ/X6etI5rjl1zrk+q9YuimRLbZwfsiDnslNXZFWuwJhPsnj2xZ/ZiPVqv1pv1/jO6YBU7e+wPrI9vziKSsA==</latexit><latexit sha1_base64="9/Q8uhYJHKifsQmfUA9kQhVO+Lc=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyCPKQEitaXzbhyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudna8SElDtv1pLSwuLa+sltbK6xubW9uVnd2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy89sPqI0Mg1uaROj6MArkUAqgVGrdED/nTr9StWt2Dj5PnIJUWYFGv/LVG4Qi9jEgocCYrmNH5CagSQqF03IvNhiBGMMIuykNwEfjJnnaKT+MDVDII9RcKp6L+HsjAd+Yie+lkz7QnZn1MvE/rxvT8MxNZBDFhIHIDpFUmB8yQsu0BuQDqZEIsuTIZcAFaCBCLTkIkYpx2ks57cOZ/X6etI5rjl1zrk+q9YuimRLbZwfsiDnslNXZFWuwJhPsnj2xZ/ZiPVqv1pv1/jO6YBU7e+wPrI9vziKSsA==</latexit><latexit sha1_base64="9/Q8uhYJHKifsQmfUA9kQhVO+Lc=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyCPKQEitaXzbhyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudna8SElDtv1pLSwuLa+sltbK6xubW9uVnd2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy89sPqI0Mg1uaROj6MArkUAqgVGrdED/nTr9StWt2Dj5PnIJUWYFGv/LVG4Qi9jEgocCYrmNH5CagSQqF03IvNhiBGMMIuykNwEfjJnnaKT+MDVDII9RcKp6L+HsjAd+Yie+lkz7QnZn1MvE/rxvT8MxNZBDFhIHIDpFUmB8yQsu0BuQDqZEIsuTIZcAFaCBCLTkIkYpx2ks57cOZ/X6etI5rjl1zrk+q9YuimRLbZwfsiDnslNXZFWuwJhPsnj2xZ/ZiPVqv1pv1/jO6YBU7e+wPrI9vziKSsA==</latexit><latexit sha1_base64="suF3GDeGXCodFJC7c9+CtsEsHEo=">AAAB+HicbZA7SwNBFIVn4yvGV9TSZjAIVmFXhJhCCNpYRjQPSJYwO7mJY2YfzNwV4pL/YKuVndj6byz8L86ui+9THc65l3v5vEgKjbb9ahXm5hcWl4rLpZXVtfWN8uZWW4ex4tDioQxV12MapAighQIldCMFzPckdLzJadp3bkBpEQaXOI3A9dk4ECPBGZqofYH0mDqDcsWu2pnoX+PkpkJyNQflt/4w5LEPAXLJtO45doRuwhQKLmFW6scaIsYnbAw9YwPmg3aT7NsZ3Ys1w5BGoKiQNAvh+0bCfK2nvmcmfYZX+neXhv91vRhHR24igihGCHh6CIWE7JDmShgMQIdCASJLPwcqAsqZYoigBGWcmzA2XEqGh/OFoW5UO8xN3fnk0T6oOnbVOT+sNE5yMkWyQ3bJPnFIjTTIGWmSFuHkmtyRe/Jg3VqP1pP1/DFasPKdbfJD1ss785STCw==</latexit><latexit sha1_base64="suF3GDeGXCodFJC7c9+CtsEsHEo=">AAAB+HicbZA7SwNBFIVn4yvGV9TSZjAIVmFXhJhCCNpYRjQPSJYwO7mJY2YfzNwV4pL/YKuVndj6byz8L86ui+9THc65l3v5vEgKjbb9ahXm5hcWl4rLpZXVtfWN8uZWW4ex4tDioQxV12MapAighQIldCMFzPckdLzJadp3bkBpEQaXOI3A9dk4ECPBGZqofYH0mDqDcsWu2pnoX+PkpkJyNQflt/4w5LEPAXLJtO45doRuwhQKLmFW6scaIsYnbAw9YwPmg3aT7NsZ3Ys1w5BGoKiQNAvh+0bCfK2nvmcmfYZX+neXhv91vRhHR24igihGCHh6CIWE7JDmShgMQIdCASJLPwcqAsqZYoigBGWcmzA2XEqGh/OFoW5UO8xN3fnk0T6oOnbVOT+sNE5yMkWyQ3bJPnFIjTTIGWmSFuHkmtyRe/Jg3VqP1pP1/DFasPKdbfJD1ss785STCw==</latexit>

St ⇡ 102
<latexit sha1_base64="AUqfwJNyitinIaspQ+kxwnB17es=">AAACA3icbVA9TwJBEN3zE/ED1NJmIzGxInfEREuijSVG+UjgJHPLgBv27ja7c0ZCKP0VtlrZGVt/iIX/xQOvUPBVL+/NZN68QCtpyXU/naXlldW19dxGfnNre6dQ3N1r2DgxAusiVrFpBWBRyQjrJElhSxuEMFDYDIYXU795j8bKOLqhkUY/hEEk+1IApVK3WLgm3gGtTfzAPfe20i2W3LI7A18kXkZKLEOtW/zq9GKRhBiRUGBt23M1+WMwJIXCSb6TWNQghjDAdkojCNH641nwCT9KLFDMNRouFZ+J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/TN/LCOdEEZieoikwtkhK4xMG0HekwaJYJocuYy4AANEaCQHIVIxSSvKp314898vkkal7Lll7+qkVD3PmsmxA3bIjpnHTlmVXbIaqzPBEvbEntmL8+i8Om/O+8/okpPt7LM/cD6+AR7YlrQ=</latexit><latexit sha1_base64="AUqfwJNyitinIaspQ+kxwnB17es=">AAACA3icbVA9TwJBEN3zE/ED1NJmIzGxInfEREuijSVG+UjgJHPLgBv27ja7c0ZCKP0VtlrZGVt/iIX/xQOvUPBVL+/NZN68QCtpyXU/naXlldW19dxGfnNre6dQ3N1r2DgxAusiVrFpBWBRyQjrJElhSxuEMFDYDIYXU795j8bKOLqhkUY/hEEk+1IApVK3WLgm3gGtTfzAPfe20i2W3LI7A18kXkZKLEOtW/zq9GKRhBiRUGBt23M1+WMwJIXCSb6TWNQghjDAdkojCNH641nwCT9KLFDMNRouFZ+J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/TN/LCOdEEZieoikwtkhK4xMG0HekwaJYJocuYy4AANEaCQHIVIxSSvKp314898vkkal7Lll7+qkVD3PmsmxA3bIjpnHTlmVXbIaqzPBEvbEntmL8+i8Om/O+8/okpPt7LM/cD6+AR7YlrQ=</latexit><latexit sha1_base64="AUqfwJNyitinIaspQ+kxwnB17es=">AAACA3icbVA9TwJBEN3zE/ED1NJmIzGxInfEREuijSVG+UjgJHPLgBv27ja7c0ZCKP0VtlrZGVt/iIX/xQOvUPBVL+/NZN68QCtpyXU/naXlldW19dxGfnNre6dQ3N1r2DgxAusiVrFpBWBRyQjrJElhSxuEMFDYDIYXU795j8bKOLqhkUY/hEEk+1IApVK3WLgm3gGtTfzAPfe20i2W3LI7A18kXkZKLEOtW/zq9GKRhBiRUGBt23M1+WMwJIXCSb6TWNQghjDAdkojCNH641nwCT9KLFDMNRouFZ+J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/TN/LCOdEEZieoikwtkhK4xMG0HekwaJYJocuYy4AANEaCQHIVIxSSvKp314898vkkal7Lll7+qkVD3PmsmxA3bIjpnHTlmVXbIaqzPBEvbEntmL8+i8Om/O+8/okpPt7LM/cD6+AR7YlrQ=</latexit><latexit sha1_base64="AUqfwJNyitinIaspQ+kxwnB17es=">AAACA3icbVA9TwJBEN3zE/ED1NJmIzGxInfEREuijSVG+UjgJHPLgBv27ja7c0ZCKP0VtlrZGVt/iIX/xQOvUPBVL+/NZN68QCtpyXU/naXlldW19dxGfnNre6dQ3N1r2DgxAusiVrFpBWBRyQjrJElhSxuEMFDYDIYXU795j8bKOLqhkUY/hEEk+1IApVK3WLgm3gGtTfzAPfe20i2W3LI7A18kXkZKLEOtW/zq9GKRhBiRUGBt23M1+WMwJIXCSb6TWNQghjDAdkojCNH641nwCT9KLFDMNRouFZ+J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/TN/LCOdEEZieoikwtkhK4xMG0HekwaJYJocuYy4AANEaCQHIVIxSSvKp314898vkkal7Lll7+qkVD3PmsmxA3bIjpnHTlmVXbIaqzPBEvbEntmL8+i8Om/O+8/okpPt7LM/cD6+AR7YlrQ=</latexit><latexit sha1_base64="ATzVDaO2NPx7YVuWyNJrfyG5Bqo=">AAACA3icbZC7TsNAEEXXPEN4JEBJsyJCoorsKFJIh6ChDIIEpMRE42UIq6zt1e4YgayUfAUtVHSIlg+h4F9wgsX7Vlf3zmhGJ9BKWnLdV2dqemZ2br6wUFxcWl4plVfXOjZOjMC2iFVsTgOwqGSEbZKk8FQbhDBQeBIM98f9yRUaK+PomG40+iEMInkhBVAW9culI+I90NrE19xzz2r9csWtuhPxv8bLTYXlavXLb73zWCQhRiQUWNv1XE1+CoakUDgq9hKLGsQQBtjNbAQhWj+dPD7iW4kFirlGw6XikxC/b6QQWnsTBtlkCHRpf3fj8L+um9DFjp/KSCeEkRgfIqlwcsgKIzMiyM+lQSIYf45cRlyAASI0koMQWZhkiIoZD+8LQzNTo56bpvfJo1Orem7VO6xXdvdyMgW2wTbZNvNYg+2yA9ZibSZYwu7YPXtwbp1H58l5/hidcvKddfZDzss7REqXDw==</latexit><latexit sha1_base64="ATzVDaO2NPx7YVuWyNJrfyG5Bqo=">AAACA3icbZC7TsNAEEXXPEN4JEBJsyJCoorsKFJIh6ChDIIEpMRE42UIq6zt1e4YgayUfAUtVHSIlg+h4F9wgsX7Vlf3zmhGJ9BKWnLdV2dqemZ2br6wUFxcWl4plVfXOjZOjMC2iFVsTgOwqGSEbZKk8FQbhDBQeBIM98f9yRUaK+PomG40+iEMInkhBVAW9culI+I90NrE19xzz2r9csWtuhPxv8bLTYXlavXLb73zWCQhRiQUWNv1XE1+CoakUDgq9hKLGsQQBtjNbAQhWj+dPD7iW4kFirlGw6XikxC/b6QQWnsTBtlkCHRpf3fj8L+um9DFjp/KSCeEkRgfIqlwcsgKIzMiyM+lQSIYf45cRlyAASI0koMQWZhkiIoZD+8LQzNTo56bpvfJo1Orem7VO6xXdvdyMgW2wTbZNvNYg+2yA9ZibSZYwu7YPXtwbp1H58l5/hidcvKddfZDzss7REqXDw==</latexit>

H
/R=0.04

H
/R=0.06

H
/R=0.08

Veronesi et al in prep.



RESULTS

…AND (PRELIMINARY) MOCK IMAGES
SPHERE

ALMA
St = 10�2

<latexit sha1_base64="U1DS9fJwAlET3tbbQHS78Y5BLWg=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Kj40mvXHGrbg46T7wpqZAp6r3yV7cf8TgEhVwyazueq9FPmEHBJUxK3diCZnzEhtBJqWIhWD/JM0/oQWwZRlSDoULSXITfGwkLrR2HQToZMry3s14m/ud1Yhyc+YlQOkZQPDuEQkJ+yHIj0jKA9oUBRJYlByoU5cwwRDCCMs5TMU7bKaV9eLPfz5PmcdVzq971SaV2MW2mSPbIPjkkHjklNXJF6qRBONHkiTyTF+fReXXenPef0YIz3dklf+B8fAOtYJTR</latexit><latexit sha1_base64="U1DS9fJwAlET3tbbQHS78Y5BLWg=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Kj40mvXHGrbg46T7wpqZAp6r3yV7cf8TgEhVwyazueq9FPmEHBJUxK3diCZnzEhtBJqWIhWD/JM0/oQWwZRlSDoULSXITfGwkLrR2HQToZMry3s14m/ud1Yhyc+YlQOkZQPDuEQkJ+yHIj0jKA9oUBRJYlByoU5cwwRDCCMs5TMU7bKaV9eLPfz5PmcdVzq971SaV2MW2mSPbIPjkkHjklNXJF6qRBONHkiTyTF+fReXXenPef0YIz3dklf+B8fAOtYJTR</latexit><latexit sha1_base64="U1DS9fJwAlET3tbbQHS78Y5BLWg=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Kj40mvXHGrbg46T7wpqZAp6r3yV7cf8TgEhVwyazueq9FPmEHBJUxK3diCZnzEhtBJqWIhWD/JM0/oQWwZRlSDoULSXITfGwkLrR2HQToZMry3s14m/ud1Yhyc+YlQOkZQPDuEQkJ+yHIj0jKA9oUBRJYlByoU5cwwRDCCMs5TMU7bKaV9eLPfz5PmcdVzq971SaV2MW2mSPbIPjkkHjklNXJF6qRBONHkiTyTF+fReXXenPef0YIz3dklf+B8fAOtYJTR</latexit><latexit sha1_base64="U1DS9fJwAlET3tbbQHS78Y5BLWg=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Kj40mvXHGrbg46T7wpqZAp6r3yV7cf8TgEhVwyazueq9FPmEHBJUxK3diCZnzEhtBJqWIhWD/JM0/oQWwZRlSDoULSXITfGwkLrR2HQToZMry3s14m/ud1Yhyc+YlQOkZQPDuEQkJ+yHIj0jKA9oUBRJYlByoU5cwwRDCCMs5TMU7bKaV9eLPfz5PmcdVzq971SaV2MW2mSPbIPjkkHjklNXJF6qRBONHkiTyTF+fReXXenPef0YIz3dklf+B8fAOtYJTR</latexit><latexit sha1_base64="wfdSNLx3gScUlQyJIgza4g5RpFs=">AAAB/nicbZBLS8NAFIUn9VXrq+rSzWAR3FgSKdQuhKIblxXtA9paJtPbOnSSDDM3QgkFf4VbXbkTt/4VF/4Xkxh8n9XhnHu5l89VUhi07VcrNze/sLiUXy6srK6tbxQ3t1omCDWHJg9koDsuMyCFD00UKKGjNDDPldB2J6dJ374BbUTgX+JUQd9jY1+MBGcYR70LpMfUsa+ig8PZoFiyy3Yq+tc4mSmRTI1B8a03DHjogY9cMmO6jq2wHzGNgkuYFXqhAcX4hI2hG1ufeWD6UfrzjO6FhmFAFWgqJE1D+L4RMc+YqefGkx7Da/O7S8L/um6Io6N+JHwVIvg8OYRCQnrIcC1iGECHQgMiSz4HKnzKmWaIoAVlnMdhGNMpxDycLwy1WNVKZmrOJ4/WYdmxy855pVQ/ycjkyQ7ZJfvEIVVSJ2ekQZqEE0XuyD15sG6tR+vJev4YzVnZzjb5IevlHdLSlSw=</latexit><latexit sha1_base64="wfdSNLx3gScUlQyJIgza4g5RpFs=">AAAB/nicbZBLS8NAFIUn9VXrq+rSzWAR3FgSKdQuhKIblxXtA9paJtPbOnSSDDM3QgkFf4VbXbkTt/4VF/4Xkxh8n9XhnHu5l89VUhi07VcrNze/sLiUXy6srK6tbxQ3t1omCDWHJg9koDsuMyCFD00UKKGjNDDPldB2J6dJ374BbUTgX+JUQd9jY1+MBGcYR70LpMfUsa+ig8PZoFiyy3Yq+tc4mSmRTI1B8a03DHjogY9cMmO6jq2wHzGNgkuYFXqhAcX4hI2hG1ufeWD6UfrzjO6FhmFAFWgqJE1D+L4RMc+YqefGkx7Da/O7S8L/um6Io6N+JHwVIvg8OYRCQnrIcC1iGECHQgMiSz4HKnzKmWaIoAVlnMdhGNMpxDycLwy1WNVKZmrOJ4/WYdmxy855pVQ/ycjkyQ7ZJfvEIVVSJ2ekQZqEE0XuyD15sG6tR+vJev4YzVnZzjb5IevlHdLSlSw=</latexit> St = 10�1
<latexit sha1_base64="+nnSIjhO/uld02ENUEDC1+H/2es=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Ijb9IrV9yqm4POE29KKmSKeq/81e1HPA5BIZfM2o7navQTZlBwCZNSN7agGR+xIXRSqlgI1k/yzBN6EFuGEdVgqJA0F+H3RsJCa8dhkE6GDO/trJeJ/3mdGAdnfiKUjhEUzw6hkJAfstyItAygfWEAkWXJgQpFOTMMEYygjPNUjNN2Smkf3uz386R5XPXcqnd9UqldTJspkj2yTw6JR05JjVyROmkQTjR5Is/kxXl0Xp035/1ntOBMd3bJHzgf36vQlNA=</latexit><latexit sha1_base64="+nnSIjhO/uld02ENUEDC1+H/2es=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Ijb9IrV9yqm4POE29KKmSKeq/81e1HPA5BIZfM2o7navQTZlBwCZNSN7agGR+xIXRSqlgI1k/yzBN6EFuGEdVgqJA0F+H3RsJCa8dhkE6GDO/trJeJ/3mdGAdnfiKUjhEUzw6hkJAfstyItAygfWEAkWXJgQpFOTMMEYygjPNUjNN2Smkf3uz386R5XPXcqnd9UqldTJspkj2yTw6JR05JjVyROmkQTjR5Is/kxXl0Xp035/1ntOBMd3bJHzgf36vQlNA=</latexit><latexit sha1_base64="+nnSIjhO/uld02ENUEDC1+H/2es=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Ijb9IrV9yqm4POE29KKmSKeq/81e1HPA5BIZfM2o7navQTZlBwCZNSN7agGR+xIXRSqlgI1k/yzBN6EFuGEdVgqJA0F+H3RsJCa8dhkE6GDO/trJeJ/3mdGAdnfiKUjhEUzw6hkJAfstyItAygfWEAkWXJgQpFOTMMEYygjPNUjNN2Smkf3uz386R5XPXcqnd9UqldTJspkj2yTw6JR05JjVyROmkQTjR5Is/kxXl0Xp035/1ntOBMd3bJHzgf36vQlNA=</latexit><latexit sha1_base64="+nnSIjhO/uld02ENUEDC1+H/2es=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSDYGHZF0EYI2lhGNA9I1jA7uYlDZmeHmbtCWAJ+ha1WdmLrr1j4L+6uKTTxVIdz7uWeewIthUXX/XQKC4tLyyvF1dLa+sbmVnl7p2mj2HBo8EhGph0wC1IoaKBACW1tgIWBhFYwusz81gMYKyJ1i2MNfsiGSgwEZ5hK3Ruk59Rz75Ijb9IrV9yqm4POE29KKmSKeq/81e1HPA5BIZfM2o7navQTZlBwCZNSN7agGR+xIXRSqlgI1k/yzBN6EFuGEdVgqJA0F+H3RsJCa8dhkE6GDO/trJeJ/3mdGAdnfiKUjhEUzw6hkJAfstyItAygfWEAkWXJgQpFOTMMEYygjPNUjNN2Smkf3uz386R5XPXcqnd9UqldTJspkj2yTw6JR05JjVyROmkQTjR5Is/kxXl0Xp035/1ntOBMd3bJHzgf36vQlNA=</latexit><latexit sha1_base64="6onoPm7cvfF+xTOWmS/QjrSdRhA=">AAAB/nicbZA7SwNBFIVn4yvGV9TSZjAINoYdCcQUQtDGMqJ5QBLD7OQmDpl9MHNXCEvAX2GrlZ3Y+lcs/C/urovvUx3OuZd7+ZxASYO2/Wrl5uYXFpfyy4WV1bX1jeLmVsv4oRbQFL7ydcfhBpT0oIkSFXQCDdx1FLSdyWnSt29AG+l7lzgNoO/ysSdHUnCMo94F0mPK7KvogM0GxZJdtlPRv4ZlpkQyNQbFt97QF6ELHgrFjekyO8B+xDVKoWBW6IUGAi4mfAzd2HrcBdOP0p9ndC80HH0agKZS0TSE7xsRd42Zuk486XK8Nr+7JPyv64Y4OupH0gtCBE8kh1AqSA8ZoWUMA+hQakDkyedApUcF1xwRtKRciDgMYzqFmAf7wlCLVa1kpsY+ebQOy8wus/NKqX6SkcmTHbJL9gkjVVInZ6RBmkSQgNyRe/Jg3VqP1pP1/DGas7KdbfJD1ss70UKVKw==</latexit><latexit sha1_base64="6onoPm7cvfF+xTOWmS/QjrSdRhA=">AAAB/nicbZA7SwNBFIVn4yvGV9TSZjAINoYdCcQUQtDGMqJ5QBLD7OQmDpl9MHNXCEvAX2GrlZ3Y+lcs/C/urovvUx3OuZd7+ZxASYO2/Wrl5uYXFpfyy4WV1bX1jeLmVsv4oRbQFL7ydcfhBpT0oIkSFXQCDdx1FLSdyWnSt29AG+l7lzgNoO/ysSdHUnCMo94F0mPK7KvogM0GxZJdtlPRv4ZlpkQyNQbFt97QF6ELHgrFjekyO8B+xDVKoWBW6IUGAi4mfAzd2HrcBdOP0p9ndC80HH0agKZS0TSE7xsRd42Zuk486XK8Nr+7JPyv64Y4OupH0gtCBE8kh1AqSA8ZoWUMA+hQakDkyedApUcF1xwRtKRciDgMYzqFmAf7wlCLVa1kpsY+ebQOy8wus/NKqX6SkcmTHbJL9gkjVVInZ6RBmkSQgNyRe/Jg3VqP1pP1/DGas7KdbfJD1ss70UKVKw==</latexit>

St = 1
<latexit sha1_base64="9/Q8uhYJHKifsQmfUA9kQhVO+Lc=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyCPKQEitaXzbhyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudna8SElDtv1pLSwuLa+sltbK6xubW9uVnd2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy89sPqI0Mg1uaROj6MArkUAqgVGrdED/nTr9StWt2Dj5PnIJUWYFGv/LVG4Qi9jEgocCYrmNH5CagSQqF03IvNhiBGMMIuykNwEfjJnnaKT+MDVDII9RcKp6L+HsjAd+Yie+lkz7QnZn1MvE/rxvT8MxNZBDFhIHIDpFUmB8yQsu0BuQDqZEIsuTIZcAFaCBCLTkIkYpx2ks57cOZ/X6etI5rjl1zrk+q9YuimRLbZwfsiDnslNXZFWuwJhPsnj2xZ/ZiPVqv1pv1/jO6YBU7e+wPrI9vziKSsA==</latexit><latexit sha1_base64="9/Q8uhYJHKifsQmfUA9kQhVO+Lc=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyCPKQEitaXzbhyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudna8SElDtv1pLSwuLa+sltbK6xubW9uVnd2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy89sPqI0Mg1uaROj6MArkUAqgVGrdED/nTr9StWt2Dj5PnIJUWYFGv/LVG4Qi9jEgocCYrmNH5CagSQqF03IvNhiBGMMIuykNwEfjJnnaKT+MDVDII9RcKp6L+HsjAd+Yie+lkz7QnZn1MvE/rxvT8MxNZBDFhIHIDpFUmB8yQsu0BuQDqZEIsuTIZcAFaCBCLTkIkYpx2ks57cOZ/X6etI5rjl1zrk+q9YuimRLbZwfsiDnslNXZFWuwJhPsnj2xZ/ZiPVqv1pv1/jO6YBU7e+wPrI9vziKSsA==</latexit><latexit sha1_base64="9/Q8uhYJHKifsQmfUA9kQhVO+Lc=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyCPKQEitaXzbhyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudna8SElDtv1pLSwuLa+sltbK6xubW9uVnd2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy89sPqI0Mg1uaROj6MArkUAqgVGrdED/nTr9StWt2Dj5PnIJUWYFGv/LVG4Qi9jEgocCYrmNH5CagSQqF03IvNhiBGMMIuykNwEfjJnnaKT+MDVDII9RcKp6L+HsjAd+Yie+lkz7QnZn1MvE/rxvT8MxNZBDFhIHIDpFUmB8yQsu0BuQDqZEIsuTIZcAFaCBCLTkIkYpx2ks57cOZ/X6etI5rjl1zrk+q9YuimRLbZwfsiDnslNXZFWuwJhPsnj2xZ/ZiPVqv1pv1/jO6YBU7e+wPrI9vziKSsA==</latexit><latexit sha1_base64="9/Q8uhYJHKifsQmfUA9kQhVO+Lc=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyCPKQEitaXzbhyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudna8SElDtv1pLSwuLa+sltbK6xubW9uVnd2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy89sPqI0Mg1uaROj6MArkUAqgVGrdED/nTr9StWt2Dj5PnIJUWYFGv/LVG4Qi9jEgocCYrmNH5CagSQqF03IvNhiBGMMIuykNwEfjJnnaKT+MDVDII9RcKp6L+HsjAd+Yie+lkz7QnZn1MvE/rxvT8MxNZBDFhIHIDpFUmB8yQsu0BuQDqZEIsuTIZcAFaCBCLTkIkYpx2ks57cOZ/X6etI5rjl1zrk+q9YuimRLbZwfsiDnslNXZFWuwJhPsnj2xZ/ZiPVqv1pv1/jO6YBU7e+wPrI9vziKSsA==</latexit><latexit sha1_base64="suF3GDeGXCodFJC7c9+CtsEsHEo=">AAAB+HicbZA7SwNBFIVn4yvGV9TSZjAIVmFXhJhCCNpYRjQPSJYwO7mJY2YfzNwV4pL/YKuVndj6byz8L86ui+9THc65l3v5vEgKjbb9ahXm5hcWl4rLpZXVtfWN8uZWW4ex4tDioQxV12MapAighQIldCMFzPckdLzJadp3bkBpEQaXOI3A9dk4ECPBGZqofYH0mDqDcsWu2pnoX+PkpkJyNQflt/4w5LEPAXLJtO45doRuwhQKLmFW6scaIsYnbAw9YwPmg3aT7NsZ3Ys1w5BGoKiQNAvh+0bCfK2nvmcmfYZX+neXhv91vRhHR24igihGCHh6CIWE7JDmShgMQIdCASJLPwcqAsqZYoigBGWcmzA2XEqGh/OFoW5UO8xN3fnk0T6oOnbVOT+sNE5yMkWyQ3bJPnFIjTTIGWmSFuHkmtyRe/Jg3VqP1pP1/DFasPKdbfJD1ss785STCw==</latexit><latexit sha1_base64="suF3GDeGXCodFJC7c9+CtsEsHEo=">AAAB+HicbZA7SwNBFIVn4yvGV9TSZjAIVmFXhJhCCNpYRjQPSJYwO7mJY2YfzNwV4pL/YKuVndj6byz8L86ui+9THc65l3v5vEgKjbb9ahXm5hcWl4rLpZXVtfWN8uZWW4ex4tDioQxV12MapAighQIldCMFzPckdLzJadp3bkBpEQaXOI3A9dk4ECPBGZqofYH0mDqDcsWu2pnoX+PkpkJyNQflt/4w5LEPAXLJtO45doRuwhQKLmFW6scaIsYnbAw9YwPmg3aT7NsZ3Ys1w5BGoKiQNAvh+0bCfK2nvmcmfYZX+neXhv91vRhHR24igihGCHh6CIWE7JDmShgMQIdCASJLPwcqAsqZYoigBGWcmzA2XEqGh/OFoW5UO8xN3fnk0T6oOnbVOT+sNE5yMkWyQ3bJPnFIjTTIGWmSFuHkmtyRe/Jg3VqP1pP1/DFasPKdbfJD1ss785STCw==</latexit>

St ⇡ 102
<latexit sha1_base64="AUqfwJNyitinIaspQ+kxwnB17es=">AAACA3icbVA9TwJBEN3zE/ED1NJmIzGxInfEREuijSVG+UjgJHPLgBv27ja7c0ZCKP0VtlrZGVt/iIX/xQOvUPBVL+/NZN68QCtpyXU/naXlldW19dxGfnNre6dQ3N1r2DgxAusiVrFpBWBRyQjrJElhSxuEMFDYDIYXU795j8bKOLqhkUY/hEEk+1IApVK3WLgm3gGtTfzAPfe20i2W3LI7A18kXkZKLEOtW/zq9GKRhBiRUGBt23M1+WMwJIXCSb6TWNQghjDAdkojCNH641nwCT9KLFDMNRouFZ+J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/TN/LCOdEEZieoikwtkhK4xMG0HekwaJYJocuYy4AANEaCQHIVIxSSvKp314898vkkal7Lll7+qkVD3PmsmxA3bIjpnHTlmVXbIaqzPBEvbEntmL8+i8Om/O+8/okpPt7LM/cD6+AR7YlrQ=</latexit><latexit sha1_base64="AUqfwJNyitinIaspQ+kxwnB17es=">AAACA3icbVA9TwJBEN3zE/ED1NJmIzGxInfEREuijSVG+UjgJHPLgBv27ja7c0ZCKP0VtlrZGVt/iIX/xQOvUPBVL+/NZN68QCtpyXU/naXlldW19dxGfnNre6dQ3N1r2DgxAusiVrFpBWBRyQjrJElhSxuEMFDYDIYXU795j8bKOLqhkUY/hEEk+1IApVK3WLgm3gGtTfzAPfe20i2W3LI7A18kXkZKLEOtW/zq9GKRhBiRUGBt23M1+WMwJIXCSb6TWNQghjDAdkojCNH641nwCT9KLFDMNRouFZ+J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/TN/LCOdEEZieoikwtkhK4xMG0HekwaJYJocuYy4AANEaCQHIVIxSSvKp314898vkkal7Lll7+qkVD3PmsmxA3bIjpnHTlmVXbIaqzPBEvbEntmL8+i8Om/O+8/okpPt7LM/cD6+AR7YlrQ=</latexit><latexit sha1_base64="AUqfwJNyitinIaspQ+kxwnB17es=">AAACA3icbVA9TwJBEN3zE/ED1NJmIzGxInfEREuijSVG+UjgJHPLgBv27ja7c0ZCKP0VtlrZGVt/iIX/xQOvUPBVL+/NZN68QCtpyXU/naXlldW19dxGfnNre6dQ3N1r2DgxAusiVrFpBWBRyQjrJElhSxuEMFDYDIYXU795j8bKOLqhkUY/hEEk+1IApVK3WLgm3gGtTfzAPfe20i2W3LI7A18kXkZKLEOtW/zq9GKRhBiRUGBt23M1+WMwJIXCSb6TWNQghjDAdkojCNH641nwCT9KLFDMNRouFZ+J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/TN/LCOdEEZieoikwtkhK4xMG0HekwaJYJocuYy4AANEaCQHIVIxSSvKp314898vkkal7Lll7+qkVD3PmsmxA3bIjpnHTlmVXbIaqzPBEvbEntmL8+i8Om/O+8/okpPt7LM/cD6+AR7YlrQ=</latexit><latexit sha1_base64="AUqfwJNyitinIaspQ+kxwnB17es=">AAACA3icbVA9TwJBEN3zE/ED1NJmIzGxInfEREuijSVG+UjgJHPLgBv27ja7c0ZCKP0VtlrZGVt/iIX/xQOvUPBVL+/NZN68QCtpyXU/naXlldW19dxGfnNre6dQ3N1r2DgxAusiVrFpBWBRyQjrJElhSxuEMFDYDIYXU795j8bKOLqhkUY/hEEk+1IApVK3WLgm3gGtTfzAPfe20i2W3LI7A18kXkZKLEOtW/zq9GKRhBiRUGBt23M1+WMwJIXCSb6TWNQghjDAdkojCNH641nwCT9KLFDMNRouFZ+J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/TN/LCOdEEZieoikwtkhK4xMG0HekwaJYJocuYy4AANEaCQHIVIxSSvKp314898vkkal7Lll7+qkVD3PmsmxA3bIjpnHTlmVXbIaqzPBEvbEntmL8+i8Om/O+8/okpPt7LM/cD6+AR7YlrQ=</latexit><latexit sha1_base64="ATzVDaO2NPx7YVuWyNJrfyG5Bqo=">AAACA3icbZC7TsNAEEXXPEN4JEBJsyJCoorsKFJIh6ChDIIEpMRE42UIq6zt1e4YgayUfAUtVHSIlg+h4F9wgsX7Vlf3zmhGJ9BKWnLdV2dqemZ2br6wUFxcWl4plVfXOjZOjMC2iFVsTgOwqGSEbZKk8FQbhDBQeBIM98f9yRUaK+PomG40+iEMInkhBVAW9culI+I90NrE19xzz2r9csWtuhPxv8bLTYXlavXLb73zWCQhRiQUWNv1XE1+CoakUDgq9hKLGsQQBtjNbAQhWj+dPD7iW4kFirlGw6XikxC/b6QQWnsTBtlkCHRpf3fj8L+um9DFjp/KSCeEkRgfIqlwcsgKIzMiyM+lQSIYf45cRlyAASI0koMQWZhkiIoZD+8LQzNTo56bpvfJo1Orem7VO6xXdvdyMgW2wTbZNvNYg+2yA9ZibSZYwu7YPXtwbp1H58l5/hidcvKddfZDzss7REqXDw==</latexit><latexit sha1_base64="ATzVDaO2NPx7YVuWyNJrfyG5Bqo=">AAACA3icbZC7TsNAEEXXPEN4JEBJsyJCoorsKFJIh6ChDIIEpMRE42UIq6zt1e4YgayUfAUtVHSIlg+h4F9wgsX7Vlf3zmhGJ9BKWnLdV2dqemZ2br6wUFxcWl4plVfXOjZOjMC2iFVsTgOwqGSEbZKk8FQbhDBQeBIM98f9yRUaK+PomG40+iEMInkhBVAW9culI+I90NrE19xzz2r9csWtuhPxv8bLTYXlavXLb73zWCQhRiQUWNv1XE1+CoakUDgq9hKLGsQQBtjNbAQhWj+dPD7iW4kFirlGw6XikxC/b6QQWnsTBtlkCHRpf3fj8L+um9DFjp/KSCeEkRgfIqlwcsgKIzMiyM+lQSIYf45cRlyAASI0koMQWZhkiIoZD+8LQzNTo56bpvfJo1Orem7VO6xXdvdyMgW2wTbZNvNYg+2yA9ZibSZYwu7YPXtwbp1H58l5/hidcvKddfZDzss7REqXDw==</latexit>
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CONCLUSIONS & OUTLOOKS

TAKE HOME MESSAGES
▸ Different Stokes number are observable through ALMA and  

SPHERE images;  

▸ The more coupled the dust and the gas, the more asymmetric are the 
structures         spirals both in ALMA and SPHERE images; 

▸ Given the observed grain size, the sub-structures in the ALMA image 
compared to the ones in the SPHERE image can give us an hint on the 
gas disc mass (see St definition). 

▸ Try with different q for the grain size distribution;  

▸ Check the temperature map + optical depth         are the spirals a 
density or temperature perturbation? Both? 

IN PROGRESS + TO DO

MULTIGRAIN in PHANTOM!

+ Miotello’s talk



THANKS FOR THE ATTENTION!  
QUESTIONS HAVE YOU DO?  

HMMMM!  


