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Which QFTs give rise to Gravitational Waves?

and ends up saying something new about 

a second (yet-to-be-defined) question
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How we will discover SUSY ?

Putting the  mystery of the EW scale aside 

A SUSY Universe at high energies will still be welcome:

perturbative gauge coupling unification 

Dark Matter candidates: 

embedding in string theory 

…

WIMPs, gravitino, …
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15 TeV
<latexit sha1_base64="vLYQLRDEGATWaT21HD7tN+ffY34=">AAACC3icbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BLx4j5AVJCLOTTjJkdmeZ6RXDsp/g0at+hDfx6kf4Df6Ek2QPJrGgoajqprvLj6Qw6Lrfzsrq2vrGZm4rv72zu7dfODisGxVrDjWupNJNnxmQIoQaCpTQjDSwwJfQ8Ed3E7/xCNoIFVZxHEEnYINQ9AVnaKVWG+EJE1qFetotFN2SOwVdJl5GiiRDpVv4afcUjwMIkUtmTMtzI+wkTKPgEtJ8OzYQMT5iA2hZGrIATCeZnpzSU6v0aF9pWyHSqfp3ImGBMePAt50Bw6FZ9Cbif14rxv5NJxFhFCOEfLaoH0uKik7+pz2hgaMcW8K4FvZWyodMM442pbktvh+cG/vYEHpp3qbjLWaxTOoXJe+q5D5cFsu3WU45ckxOyBnxyDUpk3tSITXCiSIv5JW8Oc/Ou/PhfM5aV5xs5ojMwfn6BTGlm4M=</latexit>

TeV

super-partners
<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃



Standard Model<latexit sha1_base64="jZqFmc8jMW8tXuhcHc9Gn4ymRqM=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLsbG8yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ6EL1Br1xxq+4UeJl4OamgHPVe+acbxjQVIA3lROuO5ybGz4gyjHIYl7qphoTQIelDx1JJBGg/m546xidWCXEUK1vS4Kn6dyIjQuuRCGynIGagF72J+J/XSU107WdMJqkBSWeLopRjE+PJ3zhkCqjhI0sIVczeiumAKEKNTWduSxCIM20fG0A4Ltl0vMUslknzvOpdVt37i0rtJs+piI7QMTpFHrpCNXSH6qiBKOqjF/SK3pxn5935cD5nrQUnnzlEc3C+fgH9Gpgf</latexit>mh

If fine-tuning is allowed the 

super-partner scale 

is a less robust target

How we will discover unnatural SUSY? 
<latexit sha1_base64="npIFELs1bd6XW4/3zbRWS50JMaw=">AAACDXicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoMevEiRDAPSJYwO9ubDJl9ONMrhmW/waNX/Qhv4tVv8Bv8CSfJHkxiQUNR1U13lxsLrtCyvo3C0vLK6lpxvbSxubW9U97da6ookQwaLBKRbLtUgeAhNJCjgHYsgQaugJY7vB77rUeQikfhPY5icALaD7nPGUUtObe9tIvwhGldZFmvXLGq1gTmIrFzUiE56r3yT9eLWBJAiExQpTq2FaOTUomcCchK3URBTNmQ9qGjaUgDUE46OTozj7TimX4kdYVoTtS/EykNlBoFru4MKA7UvDcW//M6CfqXTsrDOEEI2XSRnwgTI3OcgOlxCQzFSBPKJNe3mmxAJWWoc5rZ4rrBidKPDcDLSjodez6LRdI8rdrnVevurFK7ynMqkgNySI6JTS5IjdyQOmkQRh7IC3klb8az8W58GJ/T1oKRz+yTGRhfv3GAnMg=</latexit>

MPl

SUSY-breaking sector<latexit sha1_base64="EUwuaTJ06AmEmYq4eJyChHLmxGg=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTwmYB6QLGF2tjcZMjO7zMwKYcnJo1f9CG/i1S/xG/wJJ8keTGJBQ1HVTXdXkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwbuK3nkBpFstHM0rAF6QvWcQoMVaq3/dKZbfiToGXiZeTMspR65V+umFMUwHSUE607nhuYvyMKMMoh3Gxm2pICB2SPnQslUSA9rPpoWN8apUQR7GyJQ2eqn8nMiK0HonAdgpiBnrRm4j/eZ3URDd+xmSSGpB0tihKOTYxnnyNQ6aAGj6yhFDF7K2YDogi1Nhs5rYEgTjX9rEBhOOiTcdbzGKZNC8q3lXFrV+Wq7d5TgV0jE7QGfLQNaqiB1RDDUQRoBf0it6cZ+fd+XA+Z60rTj5zhObgfP0CMeCXHQ==</latexit>

F

<latexit sha1_base64="HCwQHhbDOAsB48ijXaHGggjVJdk=">AAACEXicbVDLSgNBEJyNrxgfWfXoZTEIHiTuiqjHoCBehAjmAckSZiedZMjsg5leMSz7FR696kd4E69+gd/gTzhJ9mASCxqKqm66u7xIcIW2/W3klpZXVtfy64WNza3tormzW1dhLBnUWChC2fSoAsEDqCFHAc1IAvU9AQ1veD32G48gFQ+DBxxF4Pq0H/AeZxS11DGLNyd3naSN8IRJVaRpxyzZZXsCa5E4GSmRDNWO+dPuhiz2IUAmqFItx47QTahEzgSkhXasIKJsSPvQ0jSgPig3mRyeWoda6Vq9UOoK0JqofycS6is18j3d6VMcqHlvLP7ntWLsXboJD6IYIWDTRb1YWBha4xSsLpfAUIw0oUxyfavFBlRShjqrmS2e5x8r/dgAumlBp+PMZ7FI6qdl57xs35+VKldZTnmyTw7IEXHIBamQW1IlNcJITF7IK3kzno1348P4nLbmjGxmj8zA+PoF+W+dgg==</latexit>

F/MPl
gravitino

LHC

future 

colliders

<latexit sha1_base64="ea9IEKAkyDiursCZKTpUrL3kIjw=">AAACDnicbVDJSgNBEO1xjXGLevTSGAQPEmbE7Rj04jFCNkhi6OnUJE16FrprxDDMP3j0qh/hTbz6C36DP2EnmYNJfFDweK+KqnpuJIVG2/62lpZXVtfWcxv5za3tnd3C3n5dh7HiUOOhDFXTZRqkCKCGAiU0IwXMdyU03OHt2G88gtIiDKo4iqDjs34gPMEZGunBuaBthCdMaBXqabdQtEv2BHSROBkpkgyVbuGn3Qt57EOAXDKtW44dYSdhCgWXkObbsYaI8SHrQ8vQgPmgO8nk6pQeG6VHvVCZCpBO1L8TCfO1Hvmu6fQZDvS8Nxb/81oxetedRARRjBDw6SIvlhRDOo6A9oQCjnJkCONKmFspHzDFOJqgZra4rn+qzWMD6KV5k44zn8UiqZ+VnMuSfX9eLN9kOeXIITkiJ8QhV6RM7kiF1AgniryQV/JmPVvv1of1OW1dsrKZAzID6+sXf3ScJw==</latexit>

15 TeV
<latexit sha1_base64="vLYQLRDEGATWaT21HD7tN+ffY34=">AAACC3icbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BLx4j5AVJCLOTTjJkdmeZ6RXDsp/g0at+hDfx6kf4Df6Ek2QPJrGgoajqprvLj6Qw6Lrfzsrq2vrGZm4rv72zu7dfODisGxVrDjWupNJNnxmQIoQaCpTQjDSwwJfQ8Ed3E7/xCNoIFVZxHEEnYINQ9AVnaKVWG+EJE1qFetotFN2SOwVdJl5GiiRDpVv4afcUjwMIkUtmTMtzI+wkTKPgEtJ8OzYQMT5iA2hZGrIATCeZnpzSU6v0aF9pWyHSqfp3ImGBMePAt50Bw6FZ9Cbif14rxv5NJxFhFCOEfLaoH0uKik7+pz2hgaMcW8K4FvZWyodMM442pbktvh+cG/vYEHpp3qbjLWaxTOoXJe+q5D5cFsu3WU45ckxOyBnxyDUpk3tSITXCiSIv5JW8Oc/Ou/PhfM5aV5xs5ojMwfn6BTGlm4M=</latexit>

TeV

super-partners

At least one hidden sector breaking SUSY is guaranteed 

to exist in a SUSY Universe 

The gravitino mass is related to SUSY-breaking scale 

via super-Higgs mechanism 

<latexit sha1_base64="klSwSJJjA4y4ubr4buWIG5z6e0Q=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SEmKqBehKIjHCqYttLFsNpt26e4m7G6EEnr26FV/hDfx6u/wN/gn3LY52NYHA4/3ZpiZFySMKu0439bS8srq2npho7i5tb2zW9rbb6g4lZh4OGaxbAVIEUYF8TTVjLQSSRAPGGkGg5ux33wiUtFYPOhhQnyOeoJGFCNtJK9xdftY7ZbKTsWZwF4kbk7KkKPeLf10whinnAiNGVKq7TqJ9jMkNcWMjIqdVJEE4QHqkbahAnGi/Gxy7Mg+NkpoR7E0JbQ9Uf9OZIgrNeSB6eRI99W8Nxb/89qpji79jIok1UTg6aIoZbaO7fHndkglwZoNDUFYUnOrjftIIqxNPjNbgoCfKvNYn4SjoknHnc9ikTSqFfe84tyflWvXeU4FOIQjOAEXLqAGd1AHDzBQeIFXeLOerXfrw/qcti5Z+cwBzMD6+gWebpho</latexit>

V = F 2

<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃



Standard Model<latexit sha1_base64="jZqFmc8jMW8tXuhcHc9Gn4ymRqM=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLsbG8yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ6EL1Br1xxq+4UeJl4OamgHPVe+acbxjQVIA3lROuO5ybGz4gyjHIYl7qphoTQIelDx1JJBGg/m546xidWCXEUK1vS4Kn6dyIjQuuRCGynIGagF72J+J/XSU107WdMJqkBSWeLopRjE+PJ3zhkCqjhI0sIVczeiumAKEKNTWduSxCIM20fG0A4Ltl0vMUslknzvOpdVt37i0rtJs+piI7QMTpFHrpCNXSH6qiBKOqjF/SK3pxn5935cD5nrQUnnzlEc3C+fgH9Gpgf</latexit>mh

<latexit sha1_base64="npIFELs1bd6XW4/3zbRWS50JMaw=">AAACDXicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoMevEiRDAPSJYwO9ubDJl9ONMrhmW/waNX/Qhv4tVv8Bv8CSfJHkxiQUNR1U13lxsLrtCyvo3C0vLK6lpxvbSxubW9U97da6ookQwaLBKRbLtUgeAhNJCjgHYsgQaugJY7vB77rUeQikfhPY5icALaD7nPGUUtObe9tIvwhGldZFmvXLGq1gTmIrFzUiE56r3yT9eLWBJAiExQpTq2FaOTUomcCchK3URBTNmQ9qGjaUgDUE46OTozj7TimX4kdYVoTtS/EykNlBoFru4MKA7UvDcW//M6CfqXTsrDOEEI2XSRnwgTI3OcgOlxCQzFSBPKJNe3mmxAJWWoc5rZ4rrBidKPDcDLSjodez6LRdI8rdrnVevurFK7ynMqkgNySI6JTS5IjdyQOmkQRh7IC3klb8az8W58GJ/T1oKRz+yTGRhfv3GAnMg=</latexit>

MPl

SUSY-breaking sector<latexit sha1_base64="EUwuaTJ06AmEmYq4eJyChHLmxGg=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTwmYB6QLGF2tjcZMjO7zMwKYcnJo1f9CG/i1S/xG/wJJ8keTGJBQ1HVTXdXkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwbuK3nkBpFstHM0rAF6QvWcQoMVaq3/dKZbfiToGXiZeTMspR65V+umFMUwHSUE607nhuYvyMKMMoh3Gxm2pICB2SPnQslUSA9rPpoWN8apUQR7GyJQ2eqn8nMiK0HonAdgpiBnrRm4j/eZ3URDd+xmSSGpB0tihKOTYxnnyNQ6aAGj6yhFDF7K2YDogi1Nhs5rYEgTjX9rEBhOOiTcdbzGKZNC8q3lXFrV+Wq7d5TgV0jE7QGfLQNaqiB1RDDUQRoBf0it6cZ+fd+XA+Z60rTj5zhObgfP0CMeCXHQ==</latexit>

F

<latexit sha1_base64="HCwQHhbDOAsB48ijXaHGggjVJdk=">AAACEXicbVDLSgNBEJyNrxgfWfXoZTEIHiTuiqjHoCBehAjmAckSZiedZMjsg5leMSz7FR696kd4E69+gd/gTzhJ9mASCxqKqm66u7xIcIW2/W3klpZXVtfy64WNza3tormzW1dhLBnUWChC2fSoAsEDqCFHAc1IAvU9AQ1veD32G48gFQ+DBxxF4Pq0H/AeZxS11DGLNyd3naSN8IRJVaRpxyzZZXsCa5E4GSmRDNWO+dPuhiz2IUAmqFItx47QTahEzgSkhXasIKJsSPvQ0jSgPig3mRyeWoda6Vq9UOoK0JqofycS6is18j3d6VMcqHlvLP7ntWLsXboJD6IYIWDTRb1YWBha4xSsLpfAUIw0oUxyfavFBlRShjqrmS2e5x8r/dgAumlBp+PMZ7FI6qdl57xs35+VKldZTnmyTw7IEXHIBamQW1IlNcJITF7IK3kzno1348P4nLbmjGxmj8zA+PoF+W+dgg==</latexit>

F/MPl
gravitino

LHC

future 

colliders

<latexit sha1_base64="ea9IEKAkyDiursCZKTpUrL3kIjw=">AAACDnicbVDJSgNBEO1xjXGLevTSGAQPEmbE7Rj04jFCNkhi6OnUJE16FrprxDDMP3j0qh/hTbz6C36DP2EnmYNJfFDweK+KqnpuJIVG2/62lpZXVtfWcxv5za3tnd3C3n5dh7HiUOOhDFXTZRqkCKCGAiU0IwXMdyU03OHt2G88gtIiDKo4iqDjs34gPMEZGunBuaBthCdMaBXqabdQtEv2BHSROBkpkgyVbuGn3Qt57EOAXDKtW44dYSdhCgWXkObbsYaI8SHrQ8vQgPmgO8nk6pQeG6VHvVCZCpBO1L8TCfO1Hvmu6fQZDvS8Nxb/81oxetedRARRjBDw6SIvlhRDOo6A9oQCjnJkCONKmFspHzDFOJqgZra4rn+qzWMD6KV5k44zn8UiqZ+VnMuSfX9eLN9kOeXIITkiJ8QhV6RM7kiF1AgniryQV/JmPVvv1of1OW1dsrKZAzID6+sXf3ScJw==</latexit>

15 TeV
<latexit sha1_base64="vLYQLRDEGATWaT21HD7tN+ffY34=">AAACC3icbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BLx4j5AVJCLOTTjJkdmeZ6RXDsp/g0at+hDfx6kf4Df6Ek2QPJrGgoajqprvLj6Qw6Lrfzsrq2vrGZm4rv72zu7dfODisGxVrDjWupNJNnxmQIoQaCpTQjDSwwJfQ8Ed3E7/xCNoIFVZxHEEnYINQ9AVnaKVWG+EJE1qFetotFN2SOwVdJl5GiiRDpVv4afcUjwMIkUtmTMtzI+wkTKPgEtJ8OzYQMT5iA2hZGrIATCeZnpzSU6v0aF9pWyHSqfp3ImGBMePAt50Bw6FZ9Cbif14rxv5NJxFhFCOEfLaoH0uKik7+pz2hgaMcW8K4FvZWyodMM442pbktvh+cG/vYEHpp3qbjLWaxTOoXJe+q5D5cFsu3WU45ckxOyBnxyDUpk3tSITXCiSIv5JW8Oc/Ou/PhfM5aV5xs5ojMwfn6BTGlm4M=</latexit>

TeV

super-partners
<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃

If the SUSY-breaking sector is reheated after inflation, 

it can undergo a 1st order PT 

leading to GW signals at future interferometers 

The frequency of the signal correlates 

with the SUSY-spectrum and it is constrained 

by the requirement of a viable cosmology

*

* the question about the nature of this PT

will be the topic of the second part 


of the talk 

Our goal here



<latexit sha1_base64="jZqFmc8jMW8tXuhcHc9Gn4ymRqM=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLsbG8yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ6EL1Br1xxq+4UeJl4OamgHPVe+acbxjQVIA3lROuO5ybGz4gyjHIYl7qphoTQIelDx1JJBGg/m546xidWCXEUK1vS4Kn6dyIjQuuRCGynIGagF72J+J/XSU107WdMJqkBSWeLopRjE+PJ3zhkCqjhI0sIVczeiumAKEKNTWduSxCIM20fG0A4Ltl0vMUslknzvOpdVt37i0rtJs+piI7QMTpFHrpCNXSH6qiBKOqjF/SK3pxn5935cD5nrQUnnzlEc3C+fgH9Gpgf</latexit>mh

The SUSY Universe
<latexit sha1_base64="npIFELs1bd6XW4/3zbRWS50JMaw=">AAACDXicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoMevEiRDAPSJYwO9ubDJl9ONMrhmW/waNX/Qhv4tVv8Bv8CSfJHkxiQUNR1U13lxsLrtCyvo3C0vLK6lpxvbSxubW9U97da6ookQwaLBKRbLtUgeAhNJCjgHYsgQaugJY7vB77rUeQikfhPY5icALaD7nPGUUtObe9tIvwhGldZFmvXLGq1gTmIrFzUiE56r3yT9eLWBJAiExQpTq2FaOTUomcCchK3URBTNmQ9qGjaUgDUE46OTozj7TimX4kdYVoTtS/EykNlBoFru4MKA7UvDcW//M6CfqXTsrDOEEI2XSRnwgTI3OcgOlxCQzFSBPKJNe3mmxAJWWoc5rZ4rrBidKPDcDLSjodez6LRdI8rdrnVevurFK7ynMqkgNySI6JTS5IjdyQOmkQRh7IC3klb8az8W58GJ/T1oKRz+yTGRhfv3GAnMg=</latexit>

MPl

SUSY-breaking sector<latexit sha1_base64="EUwuaTJ06AmEmYq4eJyChHLmxGg=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTwmYB6QLGF2tjcZMjO7zMwKYcnJo1f9CG/i1S/xG/wJJ8keTGJBQ1HVTXdXkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwbuK3nkBpFstHM0rAF6QvWcQoMVaq3/dKZbfiToGXiZeTMspR65V+umFMUwHSUE607nhuYvyMKMMoh3Gxm2pICB2SPnQslUSA9rPpoWN8apUQR7GyJQ2eqn8nMiK0HonAdgpiBnrRm4j/eZ3URDd+xmSSGpB0tihKOTYxnnyNQ6aAGj6yhFDF7K2YDogi1Nhs5rYEgTjX9rEBhOOiTcdbzGKZNC8q3lXFrV+Wq7d5TgV0jE7QGfLQNaqiB1RDDUQRoBf0it6cZ+fd+XA+Z60rTj5zhObgfP0CMeCXHQ==</latexit>

F

<latexit sha1_base64="HCwQHhbDOAsB48ijXaHGggjVJdk=">AAACEXicbVDLSgNBEJyNrxgfWfXoZTEIHiTuiqjHoCBehAjmAckSZiedZMjsg5leMSz7FR696kd4E69+gd/gTzhJ9mASCxqKqm66u7xIcIW2/W3klpZXVtfy64WNza3tormzW1dhLBnUWChC2fSoAsEDqCFHAc1IAvU9AQ1veD32G48gFQ+DBxxF4Pq0H/AeZxS11DGLNyd3naSN8IRJVaRpxyzZZXsCa5E4GSmRDNWO+dPuhiz2IUAmqFItx47QTahEzgSkhXasIKJsSPvQ0jSgPig3mRyeWoda6Vq9UOoK0JqofycS6is18j3d6VMcqHlvLP7ntWLsXboJD6IYIWDTRb1YWBha4xSsLpfAUIw0oUxyfavFBlRShjqrmS2e5x8r/dgAumlBp+PMZ7FI6qdl57xs35+VKldZTnmyTw7IEXHIBamQW1IlNcJITF7IK3kzno1348P4nLbmjGxmj8zA+PoF+W+dgg==</latexit>

F/MPl
gravitino

super-partners

Standard Model

<latexit sha1_base64="klSwSJJjA4y4ubr4buWIG5z6e0Q=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SEmKqBehKIjHCqYttLFsNpt26e4m7G6EEnr26FV/hDfx6u/wN/gn3LY52NYHA4/3ZpiZFySMKu0439bS8srq2npho7i5tb2zW9rbb6g4lZh4OGaxbAVIEUYF8TTVjLQSSRAPGGkGg5ux33wiUtFYPOhhQnyOeoJGFCNtJK9xdftY7ZbKTsWZwF4kbk7KkKPeLf10whinnAiNGVKq7TqJ9jMkNcWMjIqdVJEE4QHqkbahAnGi/Gxy7Mg+NkpoR7E0JbQ9Uf9OZIgrNeSB6eRI99W8Nxb/89qpji79jIok1UTg6aIoZbaO7fHndkglwZoNDUFYUnOrjftIIqxNPjNbgoCfKvNYn4SjoknHnc9ikTSqFfe84tyflWvXeU4FOIQjOAEXLqAGd1AHDzBQeIFXeLOerXfrw/qcti5Z+cwBzMD6+gWebpho</latexit>

V = F 2 the minimal dynamics required is a chiral field 
<latexit sha1_base64="xKpyuCTf8fGSDoi2W6MqntC7XVk="></latexit>

hXi = fap
2
+
p
2✓G̃+ ✓2F

R-symmetry 

breaking scale 

Goldstino SUSY-breaking 

scale 

<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃



<latexit sha1_base64="jZqFmc8jMW8tXuhcHc9Gn4ymRqM=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLsbG8yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ6EL1Br1xxq+4UeJl4OamgHPVe+acbxjQVIA3lROuO5ybGz4gyjHIYl7qphoTQIelDx1JJBGg/m546xidWCXEUK1vS4Kn6dyIjQuuRCGynIGagF72J+J/XSU107WdMJqkBSWeLopRjE+PJ3zhkCqjhI0sIVczeiumAKEKNTWduSxCIM20fG0A4Ltl0vMUslknzvOpdVt37i0rtJs+piI7QMTpFHrpCNXSH6qiBKOqjF/SK3pxn5935cD5nrQUnnzlEc3C+fgH9Gpgf</latexit>mh

The SUSY Universe
<latexit sha1_base64="npIFELs1bd6XW4/3zbRWS50JMaw=">AAACDXicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoMevEiRDAPSJYwO9ubDJl9ONMrhmW/waNX/Qhv4tVv8Bv8CSfJHkxiQUNR1U13lxsLrtCyvo3C0vLK6lpxvbSxubW9U97da6ookQwaLBKRbLtUgeAhNJCjgHYsgQaugJY7vB77rUeQikfhPY5icALaD7nPGUUtObe9tIvwhGldZFmvXLGq1gTmIrFzUiE56r3yT9eLWBJAiExQpTq2FaOTUomcCchK3URBTNmQ9qGjaUgDUE46OTozj7TimX4kdYVoTtS/EykNlBoFru4MKA7UvDcW//M6CfqXTsrDOEEI2XSRnwgTI3OcgOlxCQzFSBPKJNe3mmxAJWWoc5rZ4rrBidKPDcDLSjodez6LRdI8rdrnVevurFK7ynMqkgNySI6JTS5IjdyQOmkQRh7IC3klb8az8W58GJ/T1oKRz+yTGRhfv3GAnMg=</latexit>

MPl

SUSY-breaking sector<latexit sha1_base64="EUwuaTJ06AmEmYq4eJyChHLmxGg=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTwmYB6QLGF2tjcZMjO7zMwKYcnJo1f9CG/i1S/xG/wJJ8keTGJBQ1HVTXdXkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwbuK3nkBpFstHM0rAF6QvWcQoMVaq3/dKZbfiToGXiZeTMspR65V+umFMUwHSUE607nhuYvyMKMMoh3Gxm2pICB2SPnQslUSA9rPpoWN8apUQR7GyJQ2eqn8nMiK0HonAdgpiBnrRm4j/eZ3URDd+xmSSGpB0tihKOTYxnnyNQ6aAGj6yhFDF7K2YDogi1Nhs5rYEgTjX9rEBhOOiTcdbzGKZNC8q3lXFrV+Wq7d5TgV0jE7QGfLQNaqiB1RDDUQRoBf0it6cZ+fd+XA+Z60rTj5zhObgfP0CMeCXHQ==</latexit>

F

<latexit sha1_base64="HCwQHhbDOAsB48ijXaHGggjVJdk=">AAACEXicbVDLSgNBEJyNrxgfWfXoZTEIHiTuiqjHoCBehAjmAckSZiedZMjsg5leMSz7FR696kd4E69+gd/gTzhJ9mASCxqKqm66u7xIcIW2/W3klpZXVtfy64WNza3tormzW1dhLBnUWChC2fSoAsEDqCFHAc1IAvU9AQ1veD32G48gFQ+DBxxF4Pq0H/AeZxS11DGLNyd3naSN8IRJVaRpxyzZZXsCa5E4GSmRDNWO+dPuhiz2IUAmqFItx47QTahEzgSkhXasIKJsSPvQ0jSgPig3mRyeWoda6Vq9UOoK0JqofycS6is18j3d6VMcqHlvLP7ntWLsXboJD6IYIWDTRb1YWBha4xSsLpfAUIw0oUxyfavFBlRShjqrmS2e5x8r/dgAumlBp+PMZ7FI6qdl57xs35+VKldZTnmyTw7IEXHIBamQW1IlNcJITF7IK3kzno1348P4nLbmjGxmj8zA+PoF+W+dgg==</latexit>

F/MPl
gravitino

super-partners

Standard Model

<latexit sha1_base64="klSwSJJjA4y4ubr4buWIG5z6e0Q=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SEmKqBehKIjHCqYttLFsNpt26e4m7G6EEnr26FV/hDfx6u/wN/gn3LY52NYHA4/3ZpiZFySMKu0439bS8srq2npho7i5tb2zW9rbb6g4lZh4OGaxbAVIEUYF8TTVjLQSSRAPGGkGg5ux33wiUtFYPOhhQnyOeoJGFCNtJK9xdftY7ZbKTsWZwF4kbk7KkKPeLf10whinnAiNGVKq7TqJ9jMkNcWMjIqdVJEE4QHqkbahAnGi/Gxy7Mg+NkpoR7E0JbQ9Uf9OZIgrNeSB6eRI99W8Nxb/89qpji79jIok1UTg6aIoZbaO7fHndkglwZoNDUFYUnOrjftIIqxNPjNbgoCfKvNYn4SjoknHnc9ikTSqFfe84tyflWvXeU4FOIQjOAEXLqAGd1AHDzBQeIFXeLOerXfrw/qcti5Z+cwBzMD6+gWebpho</latexit>

V = F 2 the minimal dynamics required is a chiral field 
<latexit sha1_base64="xKpyuCTf8fGSDoi2W6MqntC7XVk="></latexit>

hXi = fap
2
+
p
2✓G̃+ ✓2F

R-symmetry 

breaking scale 

Goldstino SUSY-breaking 

scale 

<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃

The strength of the hidden sector 

coupling determines the scheme 

<latexit sha1_base64="n76SNqePaqYHbHinKBXjgIJ3Br4=">AAACJnicbVDLSsNAFJ3Ud31VXboZrIILKYmIuhQFcSMoWBWaEiaT23boTBJnboQS8gN+iUu3+hHuRNy59yec1i609cDA4Zx7OXNPmEph0HU/nNLE5NT0zOxceX5hcWm5srJ6bZJMc6jzRCb6NmQGpIihjgIl3KYamAol3ITdk75/cw/aiCS+wl4KTcXasWgJztBKQWVTBbmPQkaQt4vCN0LRdnBuFQWG+uZOY35aBJWqW3MHoOPEG5IqGeIiqHz5UcIzBTFyyYxpeG6KzZxpFFxCUfYzAynjXdaGhqUxs2nNfHBNQbesEtFWou2LkQ7U3xs5U8b0VGgnFcOOGfX64n9eI8PWYTMXcZohxPwnqJVJigntV0MjoYGj7FnCuBb2r5R3mGYcbYF/UsJQ7Rh7WAeiomzb8Ua7GCfXuzVvv+Ze7lWPjoc9zZJ1skG2iUcOyBE5IxekTjh5IE/kmbw4j86r8+a8/4yWnOHOGvkD5/MblNCm0Q==</latexit>

mg̃ ⇠ gM ⇥
p
F



<latexit sha1_base64="jZqFmc8jMW8tXuhcHc9Gn4ymRqM=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLsbG8yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ6EL1Br1xxq+4UeJl4OamgHPVe+acbxjQVIA3lROuO5ybGz4gyjHIYl7qphoTQIelDx1JJBGg/m546xidWCXEUK1vS4Kn6dyIjQuuRCGynIGagF72J+J/XSU107WdMJqkBSWeLopRjE+PJ3zhkCqjhI0sIVczeiumAKEKNTWduSxCIM20fG0A4Ltl0vMUslknzvOpdVt37i0rtJs+piI7QMTpFHrpCNXSH6qiBKOqjF/SK3pxn5935cD5nrQUnnzlEc3C+fgH9Gpgf</latexit>mh

The SUSY Universe
<latexit sha1_base64="npIFELs1bd6XW4/3zbRWS50JMaw=">AAACDXicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoMevEiRDAPSJYwO9ubDJl9ONMrhmW/waNX/Qhv4tVv8Bv8CSfJHkxiQUNR1U13lxsLrtCyvo3C0vLK6lpxvbSxubW9U97da6ookQwaLBKRbLtUgeAhNJCjgHYsgQaugJY7vB77rUeQikfhPY5icALaD7nPGUUtObe9tIvwhGldZFmvXLGq1gTmIrFzUiE56r3yT9eLWBJAiExQpTq2FaOTUomcCchK3URBTNmQ9qGjaUgDUE46OTozj7TimX4kdYVoTtS/EykNlBoFru4MKA7UvDcW//M6CfqXTsrDOEEI2XSRnwgTI3OcgOlxCQzFSBPKJNe3mmxAJWWoc5rZ4rrBidKPDcDLSjodez6LRdI8rdrnVevurFK7ynMqkgNySI6JTS5IjdyQOmkQRh7IC3klb8az8W58GJ/T1oKRz+yTGRhfv3GAnMg=</latexit>

MPl

SUSY-breaking sector<latexit sha1_base64="EUwuaTJ06AmEmYq4eJyChHLmxGg=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTwmYB6QLGF2tjcZMjO7zMwKYcnJo1f9CG/i1S/xG/wJJ8keTGJBQ1HVTXdXkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwbuK3nkBpFstHM0rAF6QvWcQoMVaq3/dKZbfiToGXiZeTMspR65V+umFMUwHSUE607nhuYvyMKMMoh3Gxm2pICB2SPnQslUSA9rPpoWN8apUQR7GyJQ2eqn8nMiK0HonAdgpiBnrRm4j/eZ3URDd+xmSSGpB0tihKOTYxnnyNQ6aAGj6yhFDF7K2YDogi1Nhs5rYEgTjX9rEBhOOiTcdbzGKZNC8q3lXFrV+Wq7d5TgV0jE7QGfLQNaqiB1RDDUQRoBf0it6cZ+fd+XA+Z60rTj5zhObgfP0CMeCXHQ==</latexit>

F

<latexit sha1_base64="HCwQHhbDOAsB48ijXaHGggjVJdk=">AAACEXicbVDLSgNBEJyNrxgfWfXoZTEIHiTuiqjHoCBehAjmAckSZiedZMjsg5leMSz7FR696kd4E69+gd/gTzhJ9mASCxqKqm66u7xIcIW2/W3klpZXVtfy64WNza3tormzW1dhLBnUWChC2fSoAsEDqCFHAc1IAvU9AQ1veD32G48gFQ+DBxxF4Pq0H/AeZxS11DGLNyd3naSN8IRJVaRpxyzZZXsCa5E4GSmRDNWO+dPuhiz2IUAmqFItx47QTahEzgSkhXasIKJsSPvQ0jSgPig3mRyeWoda6Vq9UOoK0JqofycS6is18j3d6VMcqHlvLP7ntWLsXboJD6IYIWDTRb1YWBha4xSsLpfAUIw0oUxyfavFBlRShjqrmS2e5x8r/dgAumlBp+PMZ7FI6qdl57xs35+VKldZTnmyTw7IEXHIBamQW1IlNcJITF7IK3kzno1348P4nLbmjGxmj8zA+PoF+W+dgg==</latexit>

F/MPl
gravitino

super-partners

Standard Model

<latexit sha1_base64="klSwSJJjA4y4ubr4buWIG5z6e0Q=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SEmKqBehKIjHCqYttLFsNpt26e4m7G6EEnr26FV/hDfx6u/wN/gn3LY52NYHA4/3ZpiZFySMKu0439bS8srq2npho7i5tb2zW9rbb6g4lZh4OGaxbAVIEUYF8TTVjLQSSRAPGGkGg5ux33wiUtFYPOhhQnyOeoJGFCNtJK9xdftY7ZbKTsWZwF4kbk7KkKPeLf10whinnAiNGVKq7TqJ9jMkNcWMjIqdVJEE4QHqkbahAnGi/Gxy7Mg+NkpoR7E0JbQ9Uf9OZIgrNeSB6eRI99W8Nxb/89qpji79jIok1UTg6aIoZbaO7fHndkglwZoNDUFYUnOrjftIIqxNPjNbgoCfKvNYn4SjoknHnc9ikTSqFfe84tyflWvXeU4FOIQjOAEXLqAGd1AHDzBQeIFXeLOerXfrw/qcti5Z+cwBzMD6+gWebpho</latexit>

V = F 2 the minimal dynamics required is a chiral field 
<latexit sha1_base64="xKpyuCTf8fGSDoi2W6MqntC7XVk="></latexit>

hXi = fap
2
+
p
2✓G̃+ ✓2F

R-symmetry 

breaking scale 

Goldstino SUSY-breaking 

scale 

<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃

The very same force has important 

cosmological consequences (nature of DM etc…)

The strength of the hidden sector 

coupling determines the scheme 

<latexit sha1_base64="n76SNqePaqYHbHinKBXjgIJ3Br4=">AAACJnicbVDLSsNAFJ3Ud31VXboZrIILKYmIuhQFcSMoWBWaEiaT23boTBJnboQS8gN+iUu3+hHuRNy59yec1i609cDA4Zx7OXNPmEph0HU/nNLE5NT0zOxceX5hcWm5srJ6bZJMc6jzRCb6NmQGpIihjgIl3KYamAol3ITdk75/cw/aiCS+wl4KTcXasWgJztBKQWVTBbmPQkaQt4vCN0LRdnBuFQWG+uZOY35aBJWqW3MHoOPEG5IqGeIiqHz5UcIzBTFyyYxpeG6KzZxpFFxCUfYzAynjXdaGhqUxs2nNfHBNQbesEtFWou2LkQ7U3xs5U8b0VGgnFcOOGfX64n9eI8PWYTMXcZohxPwnqJVJigntV0MjoYGj7FnCuBb2r5R3mGYcbYF/UsJQ7Rh7WAeiomzb8Ua7GCfXuzVvv+Ze7lWPjoc9zZJ1skG2iUcOyBE5IxekTjh5IE/kmbw4j86r8+a8/4yWnOHOGvkD5/MblNCm0Q==</latexit>

mg̃ ⇠ gM ⇥
p
F



<latexit sha1_base64="jZqFmc8jMW8tXuhcHc9Gn4ymRqM=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLsbG8yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ6EL1Br1xxq+4UeJl4OamgHPVe+acbxjQVIA3lROuO5ybGz4gyjHIYl7qphoTQIelDx1JJBGg/m546xidWCXEUK1vS4Kn6dyIjQuuRCGynIGagF72J+J/XSU107WdMJqkBSWeLopRjE+PJ3zhkCqjhI0sIVczeiumAKEKNTWduSxCIM20fG0A4Ltl0vMUslknzvOpdVt37i0rtJs+piI7QMTpFHrpCNXSH6qiBKOqjF/SK3pxn5935cD5nrQUnnzlEc3C+fgH9Gpgf</latexit>mh

Gravity Mediation
<latexit sha1_base64="npIFELs1bd6XW4/3zbRWS50JMaw=">AAACDXicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoMevEiRDAPSJYwO9ubDJl9ONMrhmW/waNX/Qhv4tVv8Bv8CSfJHkxiQUNR1U13lxsLrtCyvo3C0vLK6lpxvbSxubW9U97da6ookQwaLBKRbLtUgeAhNJCjgHYsgQaugJY7vB77rUeQikfhPY5icALaD7nPGUUtObe9tIvwhGldZFmvXLGq1gTmIrFzUiE56r3yT9eLWBJAiExQpTq2FaOTUomcCchK3URBTNmQ9qGjaUgDUE46OTozj7TimX4kdYVoTtS/EykNlBoFru4MKA7UvDcW//M6CfqXTsrDOEEI2XSRnwgTI3OcgOlxCQzFSBPKJNe3mmxAJWWoc5rZ4rrBidKPDcDLSjodez6LRdI8rdrnVevurFK7ynMqkgNySI6JTS5IjdyQOmkQRh7IC3klb8az8W58GJ/T1oKRz+yTGRhfv3GAnMg=</latexit>

MPl

SUSY-breaking sector<latexit sha1_base64="EUwuaTJ06AmEmYq4eJyChHLmxGg=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTwmYB6QLGF2tjcZMjO7zMwKYcnJo1f9CG/i1S/xG/wJJ8keTGJBQ1HVTXdXkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwbuK3nkBpFstHM0rAF6QvWcQoMVaq3/dKZbfiToGXiZeTMspR65V+umFMUwHSUE607nhuYvyMKMMoh3Gxm2pICB2SPnQslUSA9rPpoWN8apUQR7GyJQ2eqn8nMiK0HonAdgpiBnrRm4j/eZ3URDd+xmSSGpB0tihKOTYxnnyNQ6aAGj6yhFDF7K2YDogi1Nhs5rYEgTjX9rEBhOOiTcdbzGKZNC8q3lXFrV+Wq7d5TgV0jE7QGfLQNaqiB1RDDUQRoBf0it6cZ+fd+XA+Z60rTj5zhObgfP0CMeCXHQ==</latexit>

F

<latexit sha1_base64="HCwQHhbDOAsB48ijXaHGggjVJdk=">AAACEXicbVDLSgNBEJyNrxgfWfXoZTEIHiTuiqjHoCBehAjmAckSZiedZMjsg5leMSz7FR696kd4E69+gd/gTzhJ9mASCxqKqm66u7xIcIW2/W3klpZXVtfy64WNza3tormzW1dhLBnUWChC2fSoAsEDqCFHAc1IAvU9AQ1veD32G48gFQ+DBxxF4Pq0H/AeZxS11DGLNyd3naSN8IRJVaRpxyzZZXsCa5E4GSmRDNWO+dPuhiz2IUAmqFItx47QTahEzgSkhXasIKJsSPvQ0jSgPig3mRyeWoda6Vq9UOoK0JqofycS6is18j3d6VMcqHlvLP7ntWLsXboJD6IYIWDTRb1YWBha4xSsLpfAUIw0oUxyfavFBlRShjqrmS2e5x8r/dgAumlBp+PMZ7FI6qdl57xs35+VKldZTnmyTw7IEXHIBamQW1IlNcJITF7IK3kzno1348P4nLbmjGxmj8zA+PoF+W+dgg==</latexit>

F/MPl
gravitino

super-partners

Standard Model

<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃

<latexit sha1_base64="n76SNqePaqYHbHinKBXjgIJ3Br4=">AAACJnicbVDLSsNAFJ3Ud31VXboZrIILKYmIuhQFcSMoWBWaEiaT23boTBJnboQS8gN+iUu3+hHuRNy59yec1i609cDA4Zx7OXNPmEph0HU/nNLE5NT0zOxceX5hcWm5srJ6bZJMc6jzRCb6NmQGpIihjgIl3KYamAol3ITdk75/cw/aiCS+wl4KTcXasWgJztBKQWVTBbmPQkaQt4vCN0LRdnBuFQWG+uZOY35aBJWqW3MHoOPEG5IqGeIiqHz5UcIzBTFyyYxpeG6KzZxpFFxCUfYzAynjXdaGhqUxs2nNfHBNQbesEtFWou2LkQ7U3xs5U8b0VGgnFcOOGfX64n9eI8PWYTMXcZohxPwnqJVJigntV0MjoYGj7FnCuBb2r5R3mGYcbYF/UsJQ7Rh7WAeiomzb8Ua7GCfXuzVvv+Ze7lWPjoc9zZJ1skG2iUcOyBE5IxekTjh5IE/kmbw4j86r8+a8/4yWnOHOGvkD5/MblNCm0Q==</latexit>

mg̃ ⇠ gM ⇥
p
F

<latexit sha1_base64="xPN5fXfxDswOwoxGttkoyUAwyCs=">AAACIHicbVDLSgNBEJz1bXxFPQoyGAQPEndF1KMoiBchgkmEbFhmJ51kyMzuOtMrhmVvfolHr/oR3sSj/oI/4STm4KugoajqprsrTKQw6Lpvztj4xOTU9MxsYW5+YXGpuLxSM3GqOVR5LGN9FTIDUkRQRYESrhINTIUS6mHvZODXb0AbEUeX2E+gqVgnEm3BGVopKK53gnPfCEV9c60xO813zoPMR7jFrCLzPCiW3LI7BP1LvBEpkREqQfHDb8U8VRAhl8yYhucm2MyYRsEl5AU/NZAw3mMdaFgaMQWmmQ3/yOmmVVq0HWtbEdKh+n0iY8qYvgptp2LYNb+9gfif10ixfdjMRJSkCBH/WtROJcWYDkKhLaGBo+xbwrgW9lbKu0wzjja6H1vCUG0b+1gXWnnBpuP9zuIvqe2Wvf2ye7FXOjoe5TRD1sgG2SIeOSBH5IxUSJVwckceyCN5cu6dZ+fFef1qHXNGM6vkB5z3T0e9pA4=</latexit>

gM ⇠
p
F/MPl

WIMPs EWkino Lightest SUSY Particle (LSP)

“Split SUSY”
G.F. Giudice, A. Romanino (2004)
N. Arkani-Hamed, S. Dimopoulos (2004)

<latexit sha1_base64="vT8zrVBG83mobO+32kwT/zoM4nc="></latexit>m
W̃ ,H̃

https://inspirehep.net/authors/1008272
https://inspirehep.net/authors/991359
https://inspirehep.net/authors/1018121
https://inspirehep.net/authors/1011762


<latexit sha1_base64="jZqFmc8jMW8tXuhcHc9Gn4ymRqM=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLsbG8yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ6EL1Br1xxq+4UeJl4OamgHPVe+acbxjQVIA3lROuO5ybGz4gyjHIYl7qphoTQIelDx1JJBGg/m546xidWCXEUK1vS4Kn6dyIjQuuRCGynIGagF72J+J/XSU107WdMJqkBSWeLopRjE+PJ3zhkCqjhI0sIVczeiumAKEKNTWduSxCIM20fG0A4Ltl0vMUslknzvOpdVt37i0rtJs+piI7QMTpFHrpCNXSH6qiBKOqjF/SK3pxn5935cD5nrQUnnzlEc3C+fgH9Gpgf</latexit>mh

Gravity Mediation
<latexit sha1_base64="npIFELs1bd6XW4/3zbRWS50JMaw=">AAACDXicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoMevEiRDAPSJYwO9ubDJl9ONMrhmW/waNX/Qhv4tVv8Bv8CSfJHkxiQUNR1U13lxsLrtCyvo3C0vLK6lpxvbSxubW9U97da6ookQwaLBKRbLtUgeAhNJCjgHYsgQaugJY7vB77rUeQikfhPY5icALaD7nPGUUtObe9tIvwhGldZFmvXLGq1gTmIrFzUiE56r3yT9eLWBJAiExQpTq2FaOTUomcCchK3URBTNmQ9qGjaUgDUE46OTozj7TimX4kdYVoTtS/EykNlBoFru4MKA7UvDcW//M6CfqXTsrDOEEI2XSRnwgTI3OcgOlxCQzFSBPKJNe3mmxAJWWoc5rZ4rrBidKPDcDLSjodez6LRdI8rdrnVevurFK7ynMqkgNySI6JTS5IjdyQOmkQRh7IC3klb8az8W58GJ/T1oKRz+yTGRhfv3GAnMg=</latexit>

MPl

SUSY-breaking sector<latexit sha1_base64="EUwuaTJ06AmEmYq4eJyChHLmxGg=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTwmYB6QLGF2tjcZMjO7zMwKYcnJo1f9CG/i1S/xG/wJJ8keTGJBQ1HVTXdXkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwbuK3nkBpFstHM0rAF6QvWcQoMVaq3/dKZbfiToGXiZeTMspR65V+umFMUwHSUE607nhuYvyMKMMoh3Gxm2pICB2SPnQslUSA9rPpoWN8apUQR7GyJQ2eqn8nMiK0HonAdgpiBnrRm4j/eZ3URDd+xmSSGpB0tihKOTYxnnyNQ6aAGj6yhFDF7K2YDogi1Nhs5rYEgTjX9rEBhOOiTcdbzGKZNC8q3lXFrV+Wq7d5TgV0jE7QGfLQNaqiB1RDDUQRoBf0it6cZ+fd+XA+Z60rTj5zhObgfP0CMeCXHQ==</latexit>

F

<latexit sha1_base64="HCwQHhbDOAsB48ijXaHGggjVJdk=">AAACEXicbVDLSgNBEJyNrxgfWfXoZTEIHiTuiqjHoCBehAjmAckSZiedZMjsg5leMSz7FR696kd4E69+gd/gTzhJ9mASCxqKqm66u7xIcIW2/W3klpZXVtfy64WNza3tormzW1dhLBnUWChC2fSoAsEDqCFHAc1IAvU9AQ1veD32G48gFQ+DBxxF4Pq0H/AeZxS11DGLNyd3naSN8IRJVaRpxyzZZXsCa5E4GSmRDNWO+dPuhiz2IUAmqFItx47QTahEzgSkhXasIKJsSPvQ0jSgPig3mRyeWoda6Vq9UOoK0JqofycS6is18j3d6VMcqHlvLP7ntWLsXboJD6IYIWDTRb1YWBha4xSsLpfAUIw0oUxyfavFBlRShjqrmS2e5x8r/dgAumlBp+PMZ7FI6qdl57xs35+VKldZTnmyTw7IEXHIBamQW1IlNcJITF7IK3kzno1348P4nLbmjGxmj8zA+PoF+W+dgg==</latexit>

F/MPl
gravitino

super-partners

Standard Model

<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃

<latexit sha1_base64="n76SNqePaqYHbHinKBXjgIJ3Br4=">AAACJnicbVDLSsNAFJ3Ud31VXboZrIILKYmIuhQFcSMoWBWaEiaT23boTBJnboQS8gN+iUu3+hHuRNy59yec1i609cDA4Zx7OXNPmEph0HU/nNLE5NT0zOxceX5hcWm5srJ6bZJMc6jzRCb6NmQGpIihjgIl3KYamAol3ITdk75/cw/aiCS+wl4KTcXasWgJztBKQWVTBbmPQkaQt4vCN0LRdnBuFQWG+uZOY35aBJWqW3MHoOPEG5IqGeIiqHz5UcIzBTFyyYxpeG6KzZxpFFxCUfYzAynjXdaGhqUxs2nNfHBNQbesEtFWou2LkQ7U3xs5U8b0VGgnFcOOGfX64n9eI8PWYTMXcZohxPwnqJVJigntV0MjoYGj7FnCuBb2r5R3mGYcbYF/UsJQ7Rh7WAeiomzb8Ua7GCfXuzVvv+Ze7lWPjoc9zZJ1skG2iUcOyBE5IxekTjh5IE/kmbw4j86r8+a8/4yWnOHOGvkD5/MblNCm0Q==</latexit>

mg̃ ⇠ gM ⇥
p
F

<latexit sha1_base64="xPN5fXfxDswOwoxGttkoyUAwyCs=">AAACIHicbVDLSgNBEJz1bXxFPQoyGAQPEndF1KMoiBchgkmEbFhmJ51kyMzuOtMrhmVvfolHr/oR3sSj/oI/4STm4KugoajqprsrTKQw6Lpvztj4xOTU9MxsYW5+YXGpuLxSM3GqOVR5LGN9FTIDUkRQRYESrhINTIUS6mHvZODXb0AbEUeX2E+gqVgnEm3BGVopKK53gnPfCEV9c60xO813zoPMR7jFrCLzPCiW3LI7BP1LvBEpkREqQfHDb8U8VRAhl8yYhucm2MyYRsEl5AU/NZAw3mMdaFgaMQWmmQ3/yOmmVVq0HWtbEdKh+n0iY8qYvgptp2LYNb+9gfif10ixfdjMRJSkCBH/WtROJcWYDkKhLaGBo+xbwrgW9lbKu0wzjja6H1vCUG0b+1gXWnnBpuP9zuIvqe2Wvf2ye7FXOjoe5TRD1sgG2SIeOSBH5IxUSJVwckceyCN5cu6dZ+fFef1qHXNGM6vkB5z3T0e9pA4=</latexit>

gM ⇠
p
F/MPl

WIMPs EWkino Lightest SUSY Particle (LSP)

“Split SUSY”
G.F. Giudice, A. Romanino (2004)
N. Arkani-Hamed, S. Dimopoulos (2004)

<latexit sha1_base64="vT8zrVBG83mobO+32kwT/zoM4nc="></latexit>m
W̃ ,H̃

The main signal to hunt for are the WIMPs! indirect detection future colliders +

H.E.S.S. (2018)

Han, Liu, Wang,Wang (2020)

https://inspirehep.net/authors/1008272
https://inspirehep.net/authors/991359
https://inspirehep.net/authors/1018121
https://inspirehep.net/authors/1011762
https://inspirehep.net/authors/1008272


<latexit sha1_base64="jZqFmc8jMW8tXuhcHc9Gn4ymRqM=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLsbG8yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ6EL1Br1xxq+4UeJl4OamgHPVe+acbxjQVIA3lROuO5ybGz4gyjHIYl7qphoTQIelDx1JJBGg/m546xidWCXEUK1vS4Kn6dyIjQuuRCGynIGagF72J+J/XSU107WdMJqkBSWeLopRjE+PJ3zhkCqjhI0sIVczeiumAKEKNTWduSxCIM20fG0A4Ltl0vMUslknzvOpdVt37i0rtJs+piI7QMTpFHrpCNXSH6qiBKOqjF/SK3pxn5935cD5nrQUnnzlEc3C+fgH9Gpgf</latexit>mh

Low-energy SUSY-breaking
<latexit sha1_base64="npIFELs1bd6XW4/3zbRWS50JMaw=">AAACDXicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoMevEiRDAPSJYwO9ubDJl9ONMrhmW/waNX/Qhv4tVv8Bv8CSfJHkxiQUNR1U13lxsLrtCyvo3C0vLK6lpxvbSxubW9U97da6ookQwaLBKRbLtUgeAhNJCjgHYsgQaugJY7vB77rUeQikfhPY5icALaD7nPGUUtObe9tIvwhGldZFmvXLGq1gTmIrFzUiE56r3yT9eLWBJAiExQpTq2FaOTUomcCchK3URBTNmQ9qGjaUgDUE46OTozj7TimX4kdYVoTtS/EykNlBoFru4MKA7UvDcW//M6CfqXTsrDOEEI2XSRnwgTI3OcgOlxCQzFSBPKJNe3mmxAJWWoc5rZ4rrBidKPDcDLSjodez6LRdI8rdrnVevurFK7ynMqkgNySI6JTS5IjdyQOmkQRh7IC3klb8az8W58GJ/T1oKRz+yTGRhfv3GAnMg=</latexit>

MPl

SUSY-breaking sector<latexit sha1_base64="EUwuaTJ06AmEmYq4eJyChHLmxGg=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTwmYB6QLGF2tjcZMjO7zMwKYcnJo1f9CG/i1S/xG/wJJ8keTGJBQ1HVTXdXkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwbuK3nkBpFstHM0rAF6QvWcQoMVaq3/dKZbfiToGXiZeTMspR65V+umFMUwHSUE607nhuYvyMKMMoh3Gxm2pICB2SPnQslUSA9rPpoWN8apUQR7GyJQ2eqn8nMiK0HonAdgpiBnrRm4j/eZ3URDd+xmSSGpB0tihKOTYxnnyNQ6aAGj6yhFDF7K2YDogi1Nhs5rYEgTjX9rEBhOOiTcdbzGKZNC8q3lXFrV+Wq7d5TgV0jE7QGfLQNaqiB1RDDUQRoBf0it6cZ+fd+XA+Z60rTj5zhObgfP0CMeCXHQ==</latexit>

F

<latexit sha1_base64="HCwQHhbDOAsB48ijXaHGggjVJdk=">AAACEXicbVDLSgNBEJyNrxgfWfXoZTEIHiTuiqjHoCBehAjmAckSZiedZMjsg5leMSz7FR696kd4E69+gd/gTzhJ9mASCxqKqm66u7xIcIW2/W3klpZXVtfy64WNza3tormzW1dhLBnUWChC2fSoAsEDqCFHAc1IAvU9AQ1veD32G48gFQ+DBxxF4Pq0H/AeZxS11DGLNyd3naSN8IRJVaRpxyzZZXsCa5E4GSmRDNWO+dPuhiz2IUAmqFItx47QTahEzgSkhXasIKJsSPvQ0jSgPig3mRyeWoda6Vq9UOoK0JqofycS6is18j3d6VMcqHlvLP7ntWLsXboJD6IYIWDTRb1YWBha4xSsLpfAUIw0oUxyfavFBlRShjqrmS2e5x8r/dgAumlBp+PMZ7FI6qdl57xs35+VKldZTnmyTw7IEXHIBamQW1IlNcJITF7IK3kzno1348P4nLbmjGxmj8zA+PoF+W+dgg==</latexit>

F/MPl
gravitino

super-partners

Standard Model

<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃

<latexit sha1_base64="n76SNqePaqYHbHinKBXjgIJ3Br4=">AAACJnicbVDLSsNAFJ3Ud31VXboZrIILKYmIuhQFcSMoWBWaEiaT23boTBJnboQS8gN+iUu3+hHuRNy59yec1i609cDA4Zx7OXNPmEph0HU/nNLE5NT0zOxceX5hcWm5srJ6bZJMc6jzRCb6NmQGpIihjgIl3KYamAol3ITdk75/cw/aiCS+wl4KTcXasWgJztBKQWVTBbmPQkaQt4vCN0LRdnBuFQWG+uZOY35aBJWqW3MHoOPEG5IqGeIiqHz5UcIzBTFyyYxpeG6KzZxpFFxCUfYzAynjXdaGhqUxs2nNfHBNQbesEtFWou2LkQ7U3xs5U8b0VGgnFcOOGfX64n9eI8PWYTMXcZohxPwnqJVJigntV0MjoYGj7FnCuBb2r5R3mGYcbYF/UsJQ7Rh7WAeiomzb8Ua7GCfXuzVvv+Ze7lWPjoc9zZJ1skG2iUcOyBE5IxekTjh5IE/kmbw4j86r8+a8/4yWnOHOGvkD5/MblNCm0Q==</latexit>

mg̃ ⇠ gM ⇥
p
F

<latexit sha1_base64="vT8zrVBG83mobO+32kwT/zoM4nc="></latexit>m
W̃ ,H̃

<latexit sha1_base64="niuWj7eUEDIpz2N92lba5IqqPa8=">AAACH3icbVDLSgNBEJyN7/iKehRhMAgeJO6KqEdREC9CBKOBbFhmJ53N4OzDmV4xLHvySzx61Y/wJl7zDf6Ek8fBRAsaiqpuurv8RAqNtt2zClPTM7Nz8wvFxaXlldXS2vqtjlPFocZjGau6zzRIEUENBUqoJwpY6Eu48+/P+/7dIygt4ugGuwk0QxZEoi04QyN5pa3Au3KDgLr6QWF2ke9feZmL8IRZVea5VyrbFXsA+pc4I1ImI1S90rfbinkaQoRcMq0bjp1gM2MKBZeQF91UQ8L4PQugYWjEQtDNbPBGTneM0qLtWJmKkA7U3xMZC7Xuhr7pDBl29KTXF//zGim2T5qZiJIUIeLDRe1UUoxpPxPaEgo4yq4hjCthbqW8wxTjaJIb2+L74Z42j3WglRdNOs5kFn/J7UHFOarY14fl07NRTvNkk2yTXeKQY3JKLkmV1Agnz+SVvJF368X6sD6tr2FrwRrNbJAxWL0fToejiQ==</latexit>

gM �
p
F/MPl

<latexit sha1_base64="xKpyuCTf8fGSDoi2W6MqntC7XVk="></latexit>

hXi = fap
2
+
p
2✓G̃+ ✓2F

R-symmetry 

breaking scale 

Goldstino SUSY-breaking 

scale 



<latexit sha1_base64="jZqFmc8jMW8tXuhcHc9Gn4ymRqM=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLsbG8yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ6EL1Br1xxq+4UeJl4OamgHPVe+acbxjQVIA3lROuO5ybGz4gyjHIYl7qphoTQIelDx1JJBGg/m546xidWCXEUK1vS4Kn6dyIjQuuRCGynIGagF72J+J/XSU107WdMJqkBSWeLopRjE+PJ3zhkCqjhI0sIVczeiumAKEKNTWduSxCIM20fG0A4Ltl0vMUslknzvOpdVt37i0rtJs+piI7QMTpFHrpCNXSH6qiBKOqjF/SK3pxn5935cD5nrQUnnzlEc3C+fgH9Gpgf</latexit>mh

Low-energy SUSY-breaking
<latexit sha1_base64="npIFELs1bd6XW4/3zbRWS50JMaw=">AAACDXicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoMevEiRDAPSJYwO9ubDJl9ONMrhmW/waNX/Qhv4tVv8Bv8CSfJHkxiQUNR1U13lxsLrtCyvo3C0vLK6lpxvbSxubW9U97da6ookQwaLBKRbLtUgeAhNJCjgHYsgQaugJY7vB77rUeQikfhPY5icALaD7nPGUUtObe9tIvwhGldZFmvXLGq1gTmIrFzUiE56r3yT9eLWBJAiExQpTq2FaOTUomcCchK3URBTNmQ9qGjaUgDUE46OTozj7TimX4kdYVoTtS/EykNlBoFru4MKA7UvDcW//M6CfqXTsrDOEEI2XSRnwgTI3OcgOlxCQzFSBPKJNe3mmxAJWWoc5rZ4rrBidKPDcDLSjodez6LRdI8rdrnVevurFK7ynMqkgNySI6JTS5IjdyQOmkQRh7IC3klb8az8W58GJ/T1oKRz+yTGRhfv3GAnMg=</latexit>

MPl

SUSY-breaking sector<latexit sha1_base64="EUwuaTJ06AmEmYq4eJyChHLmxGg=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTwmYB6QLGF2tjcZMjO7zMwKYcnJo1f9CG/i1S/xG/wJJ8keTGJBQ1HVTXdXkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwbuK3nkBpFstHM0rAF6QvWcQoMVaq3/dKZbfiToGXiZeTMspR65V+umFMUwHSUE607nhuYvyMKMMoh3Gxm2pICB2SPnQslUSA9rPpoWN8apUQR7GyJQ2eqn8nMiK0HonAdgpiBnrRm4j/eZ3URDd+xmSSGpB0tihKOTYxnnyNQ6aAGj6yhFDF7K2YDogi1Nhs5rYEgTjX9rEBhOOiTcdbzGKZNC8q3lXFrV+Wq7d5TgV0jE7QGfLQNaqiB1RDDUQRoBf0it6cZ+fd+XA+Z60rTj5zhObgfP0CMeCXHQ==</latexit>

F

<latexit sha1_base64="HCwQHhbDOAsB48ijXaHGggjVJdk=">AAACEXicbVDLSgNBEJyNrxgfWfXoZTEIHiTuiqjHoCBehAjmAckSZiedZMjsg5leMSz7FR696kd4E69+gd/gTzhJ9mASCxqKqm66u7xIcIW2/W3klpZXVtfy64WNza3tormzW1dhLBnUWChC2fSoAsEDqCFHAc1IAvU9AQ1veD32G48gFQ+DBxxF4Pq0H/AeZxS11DGLNyd3naSN8IRJVaRpxyzZZXsCa5E4GSmRDNWO+dPuhiz2IUAmqFItx47QTahEzgSkhXasIKJsSPvQ0jSgPig3mRyeWoda6Vq9UOoK0JqofycS6is18j3d6VMcqHlvLP7ntWLsXboJD6IYIWDTRb1YWBha4xSsLpfAUIw0oUxyfavFBlRShjqrmS2e5x8r/dgAumlBp+PMZ7FI6qdl57xs35+VKldZTnmyTw7IEXHIBamQW1IlNcJITF7IK3kzno1348P4nLbmjGxmj8zA+PoF+W+dgg==</latexit>

F/MPl
gravitino

super-partners

Standard Model

<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃

<latexit sha1_base64="n76SNqePaqYHbHinKBXjgIJ3Br4=">AAACJnicbVDLSsNAFJ3Ud31VXboZrIILKYmIuhQFcSMoWBWaEiaT23boTBJnboQS8gN+iUu3+hHuRNy59yec1i609cDA4Zx7OXNPmEph0HU/nNLE5NT0zOxceX5hcWm5srJ6bZJMc6jzRCb6NmQGpIihjgIl3KYamAol3ITdk75/cw/aiCS+wl4KTcXasWgJztBKQWVTBbmPQkaQt4vCN0LRdnBuFQWG+uZOY35aBJWqW3MHoOPEG5IqGeIiqHz5UcIzBTFyyYxpeG6KzZxpFFxCUfYzAynjXdaGhqUxs2nNfHBNQbesEtFWou2LkQ7U3xs5U8b0VGgnFcOOGfX64n9eI8PWYTMXcZohxPwnqJVJigntV0MjoYGj7FnCuBb2r5R3mGYcbYF/UsJQ7Rh7WAeiomzb8Ua7GCfXuzVvv+Ze7lWPjoc9zZJ1skG2iUcOyBE5IxekTjh5IE/kmbw4j86r8+a8/4yWnOHOGvkD5/MblNCm0Q==</latexit>

mg̃ ⇠ gM ⇥
p
F

<latexit sha1_base64="vT8zrVBG83mobO+32kwT/zoM4nc="></latexit>m
W̃ ,H̃

<latexit sha1_base64="niuWj7eUEDIpz2N92lba5IqqPa8=">AAACH3icbVDLSgNBEJyN7/iKehRhMAgeJO6KqEdREC9CBKOBbFhmJ53N4OzDmV4xLHvySzx61Y/wJl7zDf6Ek8fBRAsaiqpuurv8RAqNtt2zClPTM7Nz8wvFxaXlldXS2vqtjlPFocZjGau6zzRIEUENBUqoJwpY6Eu48+/P+/7dIygt4ugGuwk0QxZEoi04QyN5pa3Au3KDgLr6QWF2ke9feZmL8IRZVea5VyrbFXsA+pc4I1ImI1S90rfbinkaQoRcMq0bjp1gM2MKBZeQF91UQ8L4PQugYWjEQtDNbPBGTneM0qLtWJmKkA7U3xMZC7Xuhr7pDBl29KTXF//zGim2T5qZiJIUIeLDRe1UUoxpPxPaEgo4yq4hjCthbqW8wxTjaJIb2+L74Z42j3WglRdNOs5kFn/J7UHFOarY14fl07NRTvNkk2yTXeKQY3JKLkmV1Agnz+SVvJF368X6sD6tr2FrwRrNbJAxWL0fToejiQ==</latexit>

gM �
p
F/MPl

<latexit sha1_base64="xKpyuCTf8fGSDoi2W6MqntC7XVk="></latexit>

hXi = fap
2
+
p
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R-symmetry 

breaking scale 

Goldstino SUSY-breaking 

scale 

ex: gauge mediation
G.F. Giudice, R. Rattazzi (1998)

<latexit sha1_base64="fbRDI1Z2MtRZve2LTC2ptpdvj44=">AAACFXicbZDLSsNAFIYnXmu9Rbt0EyyCCymJiLoRim5cVrAXaEKZTE6aoZMLMxMhhDyHS7f6EO7ErWufwZdw0mZhW38Y+PjPOZwzv5swKqRpfmsrq2vrG5u1rfr2zu7evn5w2BNxygl0ScxiPnCxAEYj6EoqGQwSDjh0GfTdyV1Z7z8BFzSOHmWWgBPicUR9SrBU1khv9G8GdiegtqTMg7zEYqQ3zZY5lbEMVgVNVKkz0n9sLyZpCJEkDAsxtMxEOjnmkhIGRd1OBSSYTPAYhgojHIJw8unxhXGiHM/wY65eJI2p+3cix6EQWeiqzhDLQCzWSvO/2jCV/rWT0yhJJURktshPmSFjo0zC8CgHIlmmABNO1a0GCTDHRKq85ra4bngm1McC8Iq6SsdazGIZeuct67JlPlw027dVTjV0hI7RKbLQFWqje9RBXURQhl7QK3rTnrV37UP7nLWuaNVMA81J+/oF296fCA==</latexit>

W = X��̃

<latexit sha1_base64="hyvJ4YvDjmBpjJdIUYvubf1pol4="></latexit>

gM =
↵3Nmess
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https://inspirehep.net/authors/1008272
https://inspirehep.net/authors/992222


<latexit sha1_base64="jZqFmc8jMW8tXuhcHc9Gn4ymRqM=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLsbG8yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ6EL1Br1xxq+4UeJl4OamgHPVe+acbxjQVIA3lROuO5ybGz4gyjHIYl7qphoTQIelDx1JJBGg/m546xidWCXEUK1vS4Kn6dyIjQuuRCGynIGagF72J+J/XSU107WdMJqkBSWeLopRjE+PJ3zhkCqjhI0sIVczeiumAKEKNTWduSxCIM20fG0A4Ltl0vMUslknzvOpdVt37i0rtJs+piI7QMTpFHrpCNXSH6qiBKOqjF/SK3pxn5935cD5nrQUnnzlEc3C+fgH9Gpgf</latexit>mh

Low-energy SUSY-breaking
<latexit sha1_base64="npIFELs1bd6XW4/3zbRWS50JMaw=">AAACDXicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoMevEiRDAPSJYwO9ubDJl9ONMrhmW/waNX/Qhv4tVv8Bv8CSfJHkxiQUNR1U13lxsLrtCyvo3C0vLK6lpxvbSxubW9U97da6ookQwaLBKRbLtUgeAhNJCjgHYsgQaugJY7vB77rUeQikfhPY5icALaD7nPGUUtObe9tIvwhGldZFmvXLGq1gTmIrFzUiE56r3yT9eLWBJAiExQpTq2FaOTUomcCchK3URBTNmQ9qGjaUgDUE46OTozj7TimX4kdYVoTtS/EykNlBoFru4MKA7UvDcW//M6CfqXTsrDOEEI2XSRnwgTI3OcgOlxCQzFSBPKJNe3mmxAJWWoc5rZ4rrBidKPDcDLSjodez6LRdI8rdrnVevurFK7ynMqkgNySI6JTS5IjdyQOmkQRh7IC3klb8az8W58GJ/T1oKRz+yTGRhfv3GAnMg=</latexit>

MPl

SUSY-breaking sector<latexit sha1_base64="EUwuaTJ06AmEmYq4eJyChHLmxGg=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTwmYB6QLGF2tjcZMjO7zMwKYcnJo1f9CG/i1S/xG/wJJ8keTGJBQ1HVTXdXkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwbuK3nkBpFstHM0rAF6QvWcQoMVaq3/dKZbfiToGXiZeTMspR65V+umFMUwHSUE607nhuYvyMKMMoh3Gxm2pICB2SPnQslUSA9rPpoWN8apUQR7GyJQ2eqn8nMiK0HonAdgpiBnrRm4j/eZ3URDd+xmSSGpB0tihKOTYxnnyNQ6aAGj6yhFDF7K2YDogi1Nhs5rYEgTjX9rEBhOOiTcdbzGKZNC8q3lXFrV+Wq7d5TgV0jE7QGfLQNaqiB1RDDUQRoBf0it6cZ+fd+XA+Z60rTj5zhObgfP0CMeCXHQ==</latexit>

F

<latexit sha1_base64="HCwQHhbDOAsB48ijXaHGggjVJdk=">AAACEXicbVDLSgNBEJyNrxgfWfXoZTEIHiTuiqjHoCBehAjmAckSZiedZMjsg5leMSz7FR696kd4E69+gd/gTzhJ9mASCxqKqm66u7xIcIW2/W3klpZXVtfy64WNza3tormzW1dhLBnUWChC2fSoAsEDqCFHAc1IAvU9AQ1veD32G48gFQ+DBxxF4Pq0H/AeZxS11DGLNyd3naSN8IRJVaRpxyzZZXsCa5E4GSmRDNWO+dPuhiz2IUAmqFItx47QTahEzgSkhXasIKJsSPvQ0jSgPig3mRyeWoda6Vq9UOoK0JqofycS6is18j3d6VMcqHlvLP7ntWLsXboJD6IYIWDTRb1YWBha4xSsLpfAUIw0oUxyfavFBlRShjqrmS2e5x8r/dgAumlBp+PMZ7FI6qdl57xs35+VKldZTnmyTw7IEXHIBamQW1IlNcJITF7IK3kzno1348P4nLbmjGxmj8zA+PoF+W+dgg==</latexit>

F/MPl
gravitino

super-partners

Standard Model

<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃

<latexit sha1_base64="n76SNqePaqYHbHinKBXjgIJ3Br4=">AAACJnicbVDLSsNAFJ3Ud31VXboZrIILKYmIuhQFcSMoWBWaEiaT23boTBJnboQS8gN+iUu3+hHuRNy59yec1i609cDA4Zx7OXNPmEph0HU/nNLE5NT0zOxceX5hcWm5srJ6bZJMc6jzRCb6NmQGpIihjgIl3KYamAol3ITdk75/cw/aiCS+wl4KTcXasWgJztBKQWVTBbmPQkaQt4vCN0LRdnBuFQWG+uZOY35aBJWqW3MHoOPEG5IqGeIiqHz5UcIzBTFyyYxpeG6KzZxpFFxCUfYzAynjXdaGhqUxs2nNfHBNQbesEtFWou2LkQ7U3xs5U8b0VGgnFcOOGfX64n9eI8PWYTMXcZohxPwnqJVJigntV0MjoYGj7FnCuBb2r5R3mGYcbYF/UsJQ7Rh7WAeiomzb8Ua7GCfXuzVvv+Ze7lWPjoc9zZJ1skG2iUcOyBE5IxekTjh5IE/kmbw4j86r8+a8/4yWnOHOGvkD5/MblNCm0Q==</latexit>

mg̃ ⇠ gM ⇥
p
F

<latexit sha1_base64="vT8zrVBG83mobO+32kwT/zoM4nc="></latexit>m
W̃ ,H̃

<latexit sha1_base64="niuWj7eUEDIpz2N92lba5IqqPa8=">AAACH3icbVDLSgNBEJyN7/iKehRhMAgeJO6KqEdREC9CBKOBbFhmJ53N4OzDmV4xLHvySzx61Y/wJl7zDf6Ek8fBRAsaiqpuurv8RAqNtt2zClPTM7Nz8wvFxaXlldXS2vqtjlPFocZjGau6zzRIEUENBUqoJwpY6Eu48+/P+/7dIygt4ugGuwk0QxZEoi04QyN5pa3Au3KDgLr6QWF2ke9feZmL8IRZVea5VyrbFXsA+pc4I1ImI1S90rfbinkaQoRcMq0bjp1gM2MKBZeQF91UQ8L4PQugYWjEQtDNbPBGTneM0qLtWJmKkA7U3xMZC7Xuhr7pDBl29KTXF//zGim2T5qZiJIUIeLDRe1UUoxpPxPaEgo4yq4hjCthbqW8wxTjaJIb2+L74Z42j3WglRdNOs5kFn/J7UHFOarY14fl07NRTvNkk2yTXeKQY3JKLkmV1Agnz+SVvJF368X6sD6tr2FrwRrNbJAxWL0fToejiQ==</latexit>

gM �
p
F/MPl

Gravitino LSP 
<latexit sha1_base64="6hXO5tZMrWNWXb1Jndm1hcwvuO4="></latexit>
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<latexit sha1_base64="xKpyuCTf8fGSDoi2W6MqntC7XVk="></latexit>

hXi = fap
2
+
p
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R-symmetry 

breaking scale 

Goldstino SUSY-breaking 

scale 

ex: gauge mediation
G.F. Giudice, R. Rattazzi (1998)

<latexit sha1_base64="fbRDI1Z2MtRZve2LTC2ptpdvj44=">AAACFXicbZDLSsNAFIYnXmu9Rbt0EyyCCymJiLoRim5cVrAXaEKZTE6aoZMLMxMhhDyHS7f6EO7ErWufwZdw0mZhW38Y+PjPOZwzv5swKqRpfmsrq2vrG5u1rfr2zu7evn5w2BNxygl0ScxiPnCxAEYj6EoqGQwSDjh0GfTdyV1Z7z8BFzSOHmWWgBPicUR9SrBU1khv9G8GdiegtqTMg7zEYqQ3zZY5lbEMVgVNVKkz0n9sLyZpCJEkDAsxtMxEOjnmkhIGRd1OBSSYTPAYhgojHIJw8unxhXGiHM/wY65eJI2p+3cix6EQWeiqzhDLQCzWSvO/2jCV/rWT0yhJJURktshPmSFjo0zC8CgHIlmmABNO1a0GCTDHRKq85ra4bngm1McC8Iq6SsdazGIZeuct67JlPlw027dVTjV0hI7RKbLQFWqje9RBXURQhl7QK3rTnrV37UP7nLWuaNVMA81J+/oF296fCA==</latexit>

W = X��̃

<latexit sha1_base64="hyvJ4YvDjmBpjJdIUYvubf1pol4="></latexit>

gM =
↵3Nmess

4⇡
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fa

https://inspirehep.net/authors/1008272
https://inspirehep.net/authors/992222


The gravitino cosmology shapes the parameter space if we require 
<latexit sha1_base64="M5IOzCo0Tz0p6sHuPmWHLUOQjqQ=">AAACGnicbVDLSgMxFM3UV62vqhvBTbAILmSYEVGXRUFcVugLOkPJpGkbmsyMyR2hDOOXuHSrH+FO3LrxG/wJ08fCth4IHM45l5t7glhwDY7zbeWWlldW1/LrhY3Nre2d4u5eXUeJoqxGIxGpZkA0EzxkNeAgWDNWjMhAsEYwuBn5jUemNI/CKgxj5kvSC3mXUwJGahcPqu1U2X0783pgUhJ7+kFBepu1iyXHdsbAi8SdkhKaotIu/nidiCaShUAF0brlOjH4KVHAqWBZwUs0iwkdkB5rGRoSybSfji/I8LFROrgbKfNCwGP170RKpNZDGZikJNDX895I/M9rJdC98lMexgmwkE4WdROBIcKjOnCHK0ZBDA0hVHHzV0z7RBEKprSZLUEgT7U5rM86WcG04853sUjqZ7Z7YTv356Xy9bSnPDpER+gEuegSldEdqqAaougJvaBX9GY9W+/Wh/U5ieas6cw+moH19QsMLKFF</latexit>

Tr.h. &
p
F

Gravitino cosmology

This is known as “gravitino problem”
<latexit sha1_base64="6hXO5tZMrWNWXb1Jndm1hcwvuO4="></latexit>

LG̃ � 1

F
@µG̃Jµ

<latexit sha1_base64="dfcef4ZAMeqvTA31oE42CGGA9Ko=">AAACCXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BD3qMYB6SLGF2tjcZMjO7zMwKYdkv8OhVP8KbePUr/AZ/wsnjYBILGoqqbrq7goQzbVz321laXlldWy9sFDe3tnd2S3v7DR2nikKdxjxWrYBo4ExC3TDDoZUoICLg0AwGNyO/+QRKs1g+mGECviA9ySJGibHSY8cwHkJ2m3dLZbfijoEXiTclZTRFrVv66YQxTQVIQznRuu25ifEzogyjHPJiJ9WQEDogPWhbKokA7Wfjg3N8bJUQR7GyJQ0eq38nMiK0HorAdgpi+nreG4n/ee3URFd+xmSSGpB0sihKOTYxHn2PQ6aAGj60hFDF7K2Y9oki1NiMZrYEgTjV9rE+hHnRpuPNZ7FIGmcV76Li3p+Xq9fTnAroEB2hE+ShS1RFd6iG6ogigV7QK3pznp1358P5nLQuOdOZAzQD5+sX5h+a1A==</latexit>

G̃

 S. Rychkov, A. Strumia (2007)

ultralight gravitino gravitino DM

 L. Hall, J. Ruderman T.Volansky (2013)

https://inspirehep.net/authors/1011762
https://inspirehep.net/authors/1018121
https://inspirehep.net/authors/1011762
https://inspirehep.net/authors/1018121


The gravitino cosmology shapes the parameter space if we require 
<latexit sha1_base64="M5IOzCo0Tz0p6sHuPmWHLUOQjqQ=">AAACGnicbVDLSgMxFM3UV62vqhvBTbAILmSYEVGXRUFcVugLOkPJpGkbmsyMyR2hDOOXuHSrH+FO3LrxG/wJ08fCth4IHM45l5t7glhwDY7zbeWWlldW1/LrhY3Nre2d4u5eXUeJoqxGIxGpZkA0EzxkNeAgWDNWjMhAsEYwuBn5jUemNI/CKgxj5kvSC3mXUwJGahcPqu1U2X0783pgUhJ7+kFBepu1iyXHdsbAi8SdkhKaotIu/nidiCaShUAF0brlOjH4KVHAqWBZwUs0iwkdkB5rGRoSybSfji/I8LFROrgbKfNCwGP170RKpNZDGZikJNDX895I/M9rJdC98lMexgmwkE4WdROBIcKjOnCHK0ZBDA0hVHHzV0z7RBEKprSZLUEgT7U5rM86WcG04853sUjqZ7Z7YTv356Xy9bSnPDpER+gEuegSldEdqqAaougJvaBX9GY9W+/Wh/U5ieas6cw+moH19QsMLKFF</latexit>

Tr.h. &
p
F

Gravitino cosmology

This is known as “gravitino problem”
<latexit sha1_base64="6hXO5tZMrWNWXb1Jndm1hcwvuO4="></latexit>

LG̃ � 1

F
@µG̃Jµ

<latexit sha1_base64="dfcef4ZAMeqvTA31oE42CGGA9Ko=">AAACCXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BD3qMYB6SLGF2tjcZMjO7zMwKYdkv8OhVP8KbePUr/AZ/wsnjYBILGoqqbrq7goQzbVz321laXlldWy9sFDe3tnd2S3v7DR2nikKdxjxWrYBo4ExC3TDDoZUoICLg0AwGNyO/+QRKs1g+mGECviA9ySJGibHSY8cwHkJ2m3dLZbfijoEXiTclZTRFrVv66YQxTQVIQznRuu25ifEzogyjHPJiJ9WQEDogPWhbKokA7Wfjg3N8bJUQR7GyJQ0eq38nMiK0HorAdgpi+nreG4n/ee3URFd+xmSSGpB0sihKOTYxHn2PQ6aAGj60hFDF7K2Y9oki1NiMZrYEgTjV9rE+hHnRpuPNZ7FIGmcV76Li3p+Xq9fTnAroEB2hE+ShS1RFd6iG6ogigV7QK3pznp1358P5nLQuOdOZAzQD5+sX5h+a1A==</latexit>

G̃

 S. Rychkov, A. Strumia (2007)

ultralight gravitino gravitino DM

 L. Hall, J. Ruderman T.Volansky (2013)

The gravitino production from 

the plasma is enhanced if it is light

<latexit sha1_base64="4CCfTt6DbzGPOfO3FIB5Pvt+tSQ="></latexit>

Y3/2 ⇠ CUV
M2

3T

m2
3/2MPl

https://inspirehep.net/authors/1011762
https://inspirehep.net/authors/1018121
https://inspirehep.net/authors/1011762
https://inspirehep.net/authors/1018121


The gravitino cosmology shapes the parameter space if we require 
<latexit sha1_base64="M5IOzCo0Tz0p6sHuPmWHLUOQjqQ=">AAACGnicbVDLSgMxFM3UV62vqhvBTbAILmSYEVGXRUFcVugLOkPJpGkbmsyMyR2hDOOXuHSrH+FO3LrxG/wJ08fCth4IHM45l5t7glhwDY7zbeWWlldW1/LrhY3Nre2d4u5eXUeJoqxGIxGpZkA0EzxkNeAgWDNWjMhAsEYwuBn5jUemNI/CKgxj5kvSC3mXUwJGahcPqu1U2X0783pgUhJ7+kFBepu1iyXHdsbAi8SdkhKaotIu/nidiCaShUAF0brlOjH4KVHAqWBZwUs0iwkdkB5rGRoSybSfji/I8LFROrgbKfNCwGP170RKpNZDGZikJNDX895I/M9rJdC98lMexgmwkE4WdROBIcKjOnCHK0ZBDA0hVHHzV0z7RBEKprSZLUEgT7U5rM86WcG04853sUjqZ7Z7YTv356Xy9bSnPDpER+gEuegSldEdqqAaougJvaBX9GY9W+/Wh/U5ieas6cw+moH19QsMLKFF</latexit>

Tr.h. &
p
F

Gravitino cosmology

This is known as “gravitino problem”
<latexit sha1_base64="6hXO5tZMrWNWXb1Jndm1hcwvuO4="></latexit>

LG̃ � 1

F
@µG̃Jµ

<latexit sha1_base64="dfcef4ZAMeqvTA31oE42CGGA9Ko=">AAACCXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BD3qMYB6SLGF2tjcZMjO7zMwKYdkv8OhVP8KbePUr/AZ/wsnjYBILGoqqbrq7goQzbVz321laXlldWy9sFDe3tnd2S3v7DR2nikKdxjxWrYBo4ExC3TDDoZUoICLg0AwGNyO/+QRKs1g+mGECviA9ySJGibHSY8cwHkJ2m3dLZbfijoEXiTclZTRFrVv66YQxTQVIQznRuu25ifEzogyjHPJiJ9WQEDogPWhbKokA7Wfjg3N8bJUQR7GyJQ0eq38nMiK0HorAdgpi+nreG4n/ee3URFd+xmSSGpB0sihKOTYxHn2PQ6aAGj60hFDF7K2Y9oki1NiMZrYEgTjV9rE+hHnRpuPNZ7FIGmcV76Li3p+Xq9fTnAroEB2hE+ShS1RFd6iG6ogigV7QK3pznp1358P5nLQuOdOZAzQD5+sX5h+a1A==</latexit>

G̃

 S. Rychkov, A. Strumia (2007)

ultralight gravitino gravitino DM

 L. Hall, J. Ruderman T.Volansky (2013)

The gravitino production from 

the plasma is enhanced if it is light

<latexit sha1_base64="4CCfTt6DbzGPOfO3FIB5Pvt+tSQ="></latexit>

Y3/2 ⇠ CUV
M2

3T

m2
3/2MPl

This lead generically to problems 

with Gravitino overabundance 

<latexit sha1_base64="MDlrZoBlh2jKO24S/lv4z1pgZz0=">AAACJXicbVC7TgMxEPSFd3gFKGksIiQKFO4CAgqKCBrKICUBlESRz9kkVuy7w95DRKf7AL6EkhY+gg4hUfEB/ATOo+C1kuXRzKx2d/xICoOu++5kpqZnZufmF7KLS8srq7m19ZoJY82hykMZ6iufGZAigCoKlHAVaWDKl3Dp98+G+uUtaCPCoIKDCJqKdQPREZyhpVq5vGol+3vFlF6P/xPqFopHtNJKGgh3mMBNmlqXW3BHRf8CbwLyZFLlVu6z0Q55rCBALpkxdc+NsJkwjYJLSLON2EDEeJ91oW5hwBSYZjI6JqXblmnTTqjtC5CO2O8dCVPGDJRvnYphz/zWhuR/Wj3GznEzEUEUIwR8PKgTS4ohHSZD20IDRzmwgHEt7K6U95hmHG1+P6b4vto19rAetNOsTcf7ncVfUCsWvMOCe3GQL51Ocponm2SL7BCPHJESOSdlUiWc3JNH8kSenQfnxXl13sbWjDPp2SA/yvn4Aph7o/U=</latexit>

m3/2Y3/2 < 0.27Teq

https://inspirehep.net/authors/1011762
https://inspirehep.net/authors/1018121
https://inspirehep.net/authors/1011762
https://inspirehep.net/authors/1018121


Ultralight Gravitino Window

<latexit sha1_base64="jZqFmc8jMW8tXuhcHc9Gn4ymRqM=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLsbG8yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ6EL1Br1xxq+4UeJl4OamgHPVe+acbxjQVIA3lROuO5ybGz4gyjHIYl7qphoTQIelDx1JJBGg/m546xidWCXEUK1vS4Kn6dyIjQuuRCGynIGagF72J+J/XSU107WdMJqkBSWeLopRjE+PJ3zhkCqjhI0sIVczeiumAKEKNTWduSxCIM20fG0A4Ltl0vMUslknzvOpdVt37i0rtJs+piI7QMTpFHrpCNXSH6qiBKOqjF/SK3pxn5935cD5nrQUnnzlEc3C+fgH9Gpgf</latexit>mh

<latexit sha1_base64="npIFELs1bd6XW4/3zbRWS50JMaw=">AAACDXicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoMevEiRDAPSJYwO9ubDJl9ONMrhmW/waNX/Qhv4tVv8Bv8CSfJHkxiQUNR1U13lxsLrtCyvo3C0vLK6lpxvbSxubW9U97da6ookQwaLBKRbLtUgeAhNJCjgHYsgQaugJY7vB77rUeQikfhPY5icALaD7nPGUUtObe9tIvwhGldZFmvXLGq1gTmIrFzUiE56r3yT9eLWBJAiExQpTq2FaOTUomcCchK3URBTNmQ9qGjaUgDUE46OTozj7TimX4kdYVoTtS/EykNlBoFru4MKA7UvDcW//M6CfqXTsrDOEEI2XSRnwgTI3OcgOlxCQzFSBPKJNe3mmxAJWWoc5rZ4rrBidKPDcDLSjodez6LRdI8rdrnVevurFK7ynMqkgNySI6JTS5IjdyQOmkQRh7IC3klb8az8W58GJ/T1oKRz+yTGRhfv3GAnMg=</latexit>

MPl

SUSY-breaking sector<latexit sha1_base64="EUwuaTJ06AmEmYq4eJyChHLmxGg=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTwmYB6QLGF2tjcZMjO7zMwKYcnJo1f9CG/i1S/xG/wJJ8keTGJBQ1HVTXdXkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwbuK3nkBpFstHM0rAF6QvWcQoMVaq3/dKZbfiToGXiZeTMspR65V+umFMUwHSUE607nhuYvyMKMMoh3Gxm2pICB2SPnQslUSA9rPpoWN8apUQR7GyJQ2eqn8nMiK0HonAdgpiBnrRm4j/eZ3URDd+xmSSGpB0tihKOTYxnnyNQ6aAGj6yhFDF7K2YDogi1Nhs5rYEgTjX9rEBhOOiTcdbzGKZNC8q3lXFrV+Wq7d5TgV0jE7QGfLQNaqiB1RDDUQRoBf0it6cZ+fd+XA+Z60rTj5zhObgfP0CMeCXHQ==</latexit>

F

<latexit sha1_base64="HCwQHhbDOAsB48ijXaHGggjVJdk=">AAACEXicbVDLSgNBEJyNrxgfWfXoZTEIHiTuiqjHoCBehAjmAckSZiedZMjsg5leMSz7FR696kd4E69+gd/gTzhJ9mASCxqKqm66u7xIcIW2/W3klpZXVtfy64WNza3tormzW1dhLBnUWChC2fSoAsEDqCFHAc1IAvU9AQ1veD32G48gFQ+DBxxF4Pq0H/AeZxS11DGLNyd3naSN8IRJVaRpxyzZZXsCa5E4GSmRDNWO+dPuhiz2IUAmqFItx47QTahEzgSkhXasIKJsSPvQ0jSgPig3mRyeWoda6Vq9UOoK0JqofycS6is18j3d6VMcqHlvLP7ntWLsXboJD6IYIWDTRb1YWBha4xSsLpfAUIw0oUxyfavFBlRShjqrmS2e5x8r/dgAumlBp+PMZ7FI6qdl57xs35+VKldZTnmyTw7IEXHIBamQW1IlNcJITF7IK3kzno1348P4nLbmjGxmj8zA+PoF+W+dgg==</latexit>

F/MPl
gravitino

super-partners

Standard Model

<latexit sha1_base64="klSwSJJjA4y4ubr4buWIG5z6e0Q=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SEmKqBehKIjHCqYttLFsNpt26e4m7G6EEnr26FV/hDfx6u/wN/gn3LY52NYHA4/3ZpiZFySMKu0439bS8srq2npho7i5tb2zW9rbb6g4lZh4OGaxbAVIEUYF8TTVjLQSSRAPGGkGg5ux33wiUtFYPOhhQnyOeoJGFCNtJK9xdftY7ZbKTsWZwF4kbk7KkKPeLf10whinnAiNGVKq7TqJ9jMkNcWMjIqdVJEE4QHqkbahAnGi/Gxy7Mg+NkpoR7E0JbQ9Uf9OZIgrNeSB6eRI99W8Nxb/89qpji79jIok1UTg6aIoZbaO7fHndkglwZoNDUFYUnOrjftIIqxNPjNbgoCfKvNYn4SjoknHnc9ikTSqFfe84tyflWvXeU4FOIQjOAEXLqAGd1AHDzBQeIFXeLOerXfrw/qcti5Z+cwBzMD6+gWebpho</latexit>

V = F 2

<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃

<latexit sha1_base64="n76SNqePaqYHbHinKBXjgIJ3Br4=">AAACJnicbVDLSsNAFJ3Ud31VXboZrIILKYmIuhQFcSMoWBWaEiaT23boTBJnboQS8gN+iUu3+hHuRNy59yec1i609cDA4Zx7OXNPmEph0HU/nNLE5NT0zOxceX5hcWm5srJ6bZJMc6jzRCb6NmQGpIihjgIl3KYamAol3ITdk75/cw/aiCS+wl4KTcXasWgJztBKQWVTBbmPQkaQt4vCN0LRdnBuFQWG+uZOY35aBJWqW3MHoOPEG5IqGeIiqHz5UcIzBTFyyYxpeG6KzZxpFFxCUfYzAynjXdaGhqUxs2nNfHBNQbesEtFWou2LkQ7U3xs5U8b0VGgnFcOOGfX64n9eI8PWYTMXcZohxPwnqJVJigntV0MjoYGj7FnCuBb2r5R3mGYcbYF/UsJQ7Rh7WAeiomzb8Ua7GCfXuzVvv+Ze7lWPjoc9zZJ1skG2iUcOyBE5IxekTjh5IE/kmbw4j86r8+a8/4yWnOHOGvkD5/MblNCm0Q==</latexit>

mg̃ ⇠ gM ⇥
p
F

<latexit sha1_base64="vT8zrVBG83mobO+32kwT/zoM4nc="></latexit>m
W̃ ,H̃

<latexit sha1_base64="7U84jpVxIn6V+06zMj7sfsdlFNU=">AAACG3icbZDLSsNAFIYnXmu9RV2Jm8EiuJCSiKjLohs3QgV7gTaEyfSkHTqThJmJUELxSVy61YdwJ25d+Ay+hNM2iG39YeDjP+dw5vxBwpnSjvNlLSwuLa+sFtaK6xubW9v2zm5dxamkUKMxj2UzIAo4i6CmmebQTCQQEXBoBP3rUb3xAFKxOLrXgwQ8QboRCxkl2li+ve+2OSilmMBd//aXXcfx7ZJTdsbC8+DmUEK5qr793e7ENBUQacqJUi3XSbSXEakZ5TAstlMFCaF90oWWwYgIUF42PmGIj4zTwWEszYs0Hrt/JzIilBqIwHQKontqtjYy/6u1Uh1eehmLklRDRCeLwpRjHeNRHrjDJFDNBwYIlcz8FdMekYRqk9rUliAQJ8oc1oPOsGjScWezmIf6adk9Lzt3Z6XKVZ5TAR2gQ3SMXHSBKugGVVENUfSIntELerWerDfr3fqYtC5Y+cwempL1+QNaKKDF</latexit>

1 . gM . 100large coupling 

very low SUSY-breaking scale 

the gravitino is thermal!  

<latexit sha1_base64="xWnQBsZaRZt136bFzmj4hatgLm8="></latexit>p
F <

�
MPlm

2
g̃

�1/3 <latexit sha1_base64="99nuyBvB2XipSZlkXT/lfSfqoRY=">AAACH3icbVDLSgMxFM34rPVVdSlCsAgupMyIWpdFNy4r2FbojCWTubXBZGZI7ohl6MovcelWP8KduO03+BOmtQurHggczrmXk3vCVAqDrjt0Zmbn5hcWC0vF5ZXVtfXSxmbTJJnm0OCJTPR1yAxIEUMDBUq4TjUwFUpohXfnI791D9qIJL7CfgqBYrex6ArO0Eqd0o5vhKLHPgoFhnruTZX6CA+Y0ytoDjqlsltxx6B/iTchZTJBvVP69KOEZwpi5JIZ0/bcFIOcaRRcwqDoZwZSxu/YLbQtjZlNDfLxGQO6Z5WIdhNtX4x0rP7cyJkypq9CO6kY9sxvbyT+57Uz7J4GuYjTDCHm30HdTFJM6KgTGgkNHGXfEsa1sH+lvMc042ibm0oJQ3Vg7GE9iAZF2473u4u/pHlY8U4q7uVRuXY26alAtsku2SceqZIauSB10iCcPJJn8kJenSfnzXl3Pr5HZ5zJzhaZgjP8AujRohY=</latexit>

⇠ 5⇥ 107 TeV

model building challenges 
 A. Hook, H. Murayama (2015, 2018)

https://inspirehep.net/authors/1011762
https://inspirehep.net/authors/1018121


Ultralight Gravitino Window

<latexit sha1_base64="jZqFmc8jMW8tXuhcHc9Gn4ymRqM=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLsbG8yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ6EL1Br1xxq+4UeJl4OamgHPVe+acbxjQVIA3lROuO5ybGz4gyjHIYl7qphoTQIelDx1JJBGg/m546xidWCXEUK1vS4Kn6dyIjQuuRCGynIGagF72J+J/XSU107WdMJqkBSWeLopRjE+PJ3zhkCqjhI0sIVczeiumAKEKNTWduSxCIM20fG0A4Ltl0vMUslknzvOpdVt37i0rtJs+piI7QMTpFHrpCNXSH6qiBKOqjF/SK3pxn5935cD5nrQUnnzlEc3C+fgH9Gpgf</latexit>mh

<latexit sha1_base64="npIFELs1bd6XW4/3zbRWS50JMaw=">AAACDXicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoMevEiRDAPSJYwO9ubDJl9ONMrhmW/waNX/Qhv4tVv8Bv8CSfJHkxiQUNR1U13lxsLrtCyvo3C0vLK6lpxvbSxubW9U97da6ookQwaLBKRbLtUgeAhNJCjgHYsgQaugJY7vB77rUeQikfhPY5icALaD7nPGUUtObe9tIvwhGldZFmvXLGq1gTmIrFzUiE56r3yT9eLWBJAiExQpTq2FaOTUomcCchK3URBTNmQ9qGjaUgDUE46OTozj7TimX4kdYVoTtS/EykNlBoFru4MKA7UvDcW//M6CfqXTsrDOEEI2XSRnwgTI3OcgOlxCQzFSBPKJNe3mmxAJWWoc5rZ4rrBidKPDcDLSjodez6LRdI8rdrnVevurFK7ynMqkgNySI6JTS5IjdyQOmkQRh7IC3klb8az8W58GJ/T1oKRz+yTGRhfv3GAnMg=</latexit>

MPl

SUSY-breaking sector<latexit sha1_base64="EUwuaTJ06AmEmYq4eJyChHLmxGg=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTwmYB6QLGF2tjcZMjO7zMwKYcnJo1f9CG/i1S/xG/wJJ8keTGJBQ1HVTXdXkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwbuK3nkBpFstHM0rAF6QvWcQoMVaq3/dKZbfiToGXiZeTMspR65V+umFMUwHSUE607nhuYvyMKMMoh3Gxm2pICB2SPnQslUSA9rPpoWN8apUQR7GyJQ2eqn8nMiK0HonAdgpiBnrRm4j/eZ3URDd+xmSSGpB0tihKOTYxnnyNQ6aAGj6yhFDF7K2YDogi1Nhs5rYEgTjX9rEBhOOiTcdbzGKZNC8q3lXFrV+Wq7d5TgV0jE7QGfLQNaqiB1RDDUQRoBf0it6cZ+fd+XA+Z60rTj5zhObgfP0CMeCXHQ==</latexit>

F

<latexit sha1_base64="HCwQHhbDOAsB48ijXaHGggjVJdk=">AAACEXicbVDLSgNBEJyNrxgfWfXoZTEIHiTuiqjHoCBehAjmAckSZiedZMjsg5leMSz7FR696kd4E69+gd/gTzhJ9mASCxqKqm66u7xIcIW2/W3klpZXVtfy64WNza3tormzW1dhLBnUWChC2fSoAsEDqCFHAc1IAvU9AQ1veD32G48gFQ+DBxxF4Pq0H/AeZxS11DGLNyd3naSN8IRJVaRpxyzZZXsCa5E4GSmRDNWO+dPuhiz2IUAmqFItx47QTahEzgSkhXasIKJsSPvQ0jSgPig3mRyeWoda6Vq9UOoK0JqofycS6is18j3d6VMcqHlvLP7ntWLsXboJD6IYIWDTRb1YWBha4xSsLpfAUIw0oUxyfavFBlRShjqrmS2e5x8r/dgAumlBp+PMZ7FI6qdl57xs35+VKldZTnmyTw7IEXHIBamQW1IlNcJITF7IK3kzno1348P4nLbmjGxmj8zA+PoF+W+dgg==</latexit>

F/MPl
gravitino

super-partners

Standard Model

<latexit sha1_base64="klSwSJJjA4y4ubr4buWIG5z6e0Q=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SEmKqBehKIjHCqYttLFsNpt26e4m7G6EEnr26FV/hDfx6u/wN/gn3LY52NYHA4/3ZpiZFySMKu0439bS8srq2npho7i5tb2zW9rbb6g4lZh4OGaxbAVIEUYF8TTVjLQSSRAPGGkGg5ux33wiUtFYPOhhQnyOeoJGFCNtJK9xdftY7ZbKTsWZwF4kbk7KkKPeLf10whinnAiNGVKq7TqJ9jMkNcWMjIqdVJEE4QHqkbahAnGi/Gxy7Mg+NkpoR7E0JbQ9Uf9OZIgrNeSB6eRI99W8Nxb/89qpji79jIok1UTg6aIoZbaO7fHndkglwZoNDUFYUnOrjftIIqxNPjNbgoCfKvNYn4SjoknHnc9ikTSqFfe84tyflWvXeU4FOIQjOAEXLqAGd1AHDzBQeIFXeLOerXfrw/qcti5Z+cwBzMD6+gWebpho</latexit>

V = F 2

<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃

<latexit sha1_base64="n76SNqePaqYHbHinKBXjgIJ3Br4=">AAACJnicbVDLSsNAFJ3Ud31VXboZrIILKYmIuhQFcSMoWBWaEiaT23boTBJnboQS8gN+iUu3+hHuRNy59yec1i609cDA4Zx7OXNPmEph0HU/nNLE5NT0zOxceX5hcWm5srJ6bZJMc6jzRCb6NmQGpIihjgIl3KYamAol3ITdk75/cw/aiCS+wl4KTcXasWgJztBKQWVTBbmPQkaQt4vCN0LRdnBuFQWG+uZOY35aBJWqW3MHoOPEG5IqGeIiqHz5UcIzBTFyyYxpeG6KzZxpFFxCUfYzAynjXdaGhqUxs2nNfHBNQbesEtFWou2LkQ7U3xs5U8b0VGgnFcOOGfX64n9eI8PWYTMXcZohxPwnqJVJigntV0MjoYGj7FnCuBb2r5R3mGYcbYF/UsJQ7Rh7WAeiomzb8Ua7GCfXuzVvv+Ze7lWPjoc9zZJ1skG2iUcOyBE5IxekTjh5IE/kmbw4j86r8+a8/4yWnOHOGvkD5/MblNCm0Q==</latexit>

mg̃ ⇠ gM ⇥
p
F

<latexit sha1_base64="vT8zrVBG83mobO+32kwT/zoM4nc="></latexit>m
W̃ ,H̃

<latexit sha1_base64="7U84jpVxIn6V+06zMj7sfsdlFNU=">AAACG3icbZDLSsNAFIYnXmu9RV2Jm8EiuJCSiKjLohs3QgV7gTaEyfSkHTqThJmJUELxSVy61YdwJ25d+Ay+hNM2iG39YeDjP+dw5vxBwpnSjvNlLSwuLa+sFtaK6xubW9v2zm5dxamkUKMxj2UzIAo4i6CmmebQTCQQEXBoBP3rUb3xAFKxOLrXgwQ8QboRCxkl2li+ve+2OSilmMBd//aXXcfx7ZJTdsbC8+DmUEK5qr793e7ENBUQacqJUi3XSbSXEakZ5TAstlMFCaF90oWWwYgIUF42PmGIj4zTwWEszYs0Hrt/JzIilBqIwHQKontqtjYy/6u1Uh1eehmLklRDRCeLwpRjHeNRHrjDJFDNBwYIlcz8FdMekYRqk9rUliAQJ8oc1oPOsGjScWezmIf6adk9Lzt3Z6XKVZ5TAR2gQ3SMXHSBKugGVVENUfSIntELerWerDfr3fqYtC5Y+cwempL1+QNaKKDF</latexit>

1 . gM . 100large coupling 

very low SUSY-breaking scale 

the gravitino is thermal!  

<latexit sha1_base64="xWnQBsZaRZt136bFzmj4hatgLm8="></latexit>p
F <

�
MPlm

2
g̃

�1/3 <latexit sha1_base64="99nuyBvB2XipSZlkXT/lfSfqoRY=">AAACH3icbVDLSgMxFM34rPVVdSlCsAgupMyIWpdFNy4r2FbojCWTubXBZGZI7ohl6MovcelWP8KduO03+BOmtQurHggczrmXk3vCVAqDrjt0Zmbn5hcWC0vF5ZXVtfXSxmbTJJnm0OCJTPR1yAxIEUMDBUq4TjUwFUpohXfnI791D9qIJL7CfgqBYrex6ArO0Eqd0o5vhKLHPgoFhnruTZX6CA+Y0ytoDjqlsltxx6B/iTchZTJBvVP69KOEZwpi5JIZ0/bcFIOcaRRcwqDoZwZSxu/YLbQtjZlNDfLxGQO6Z5WIdhNtX4x0rP7cyJkypq9CO6kY9sxvbyT+57Uz7J4GuYjTDCHm30HdTFJM6KgTGgkNHGXfEsa1sH+lvMc042ibm0oJQ3Vg7GE9iAZF2473u4u/pHlY8U4q7uVRuXY26alAtsku2SceqZIauSB10iCcPJJn8kJenSfnzXl3Pr5HZ5zJzhaZgjP8AujRohY=</latexit>

⇠ 5⇥ 107 TeV

model building challenges 
 A. Hook, H. Murayama (2015, 2018)

bounded from above by warm DM constraints 

from below by collider bounds
<latexit sha1_base64="z00iCVsum1vMr+X82UygQlqTJdI=">AAACF3icbVDLSgNBEJyNrxhfUfHkZTCIHiTsiqjHoCAeI+QFSQizk04yZGZ3mekVw5IP8ehVP8KbePXoN/gTTh4Hk1jQUFR1093lR1IYdN1vJ7W0vLK6ll7PbGxube9kd/cqJow1hzIPZahrPjMgRQBlFCihFmlgypdQ9fu3I7/6CNqIMCjhIIKmYt1AdARnaKVW9uCu0UVrK9pAeMKkBJUTM2xlc27eHYMuEm9KcmSKYiv702iHPFYQIJfMmLrnRthMmEbBJQwzjdhAxHifdaFuacAUmGYyPn9Ij63Spp1Q2wqQjtW/EwlTxgyUbzsVw56Z90bif149xs51MxFBFCMEfLKoE0uKIR1lQdtCA0c5sIRxLeytlPeYZhxtYjNbfF+dGftYD9rDjE3Hm89ikVTO895l3n24yBVupjmlySE5IqfEI1ekQO5JkZQJJwl5Ia/kzXl23p0P53PSmnKmM/tkBs7XL4U+n+o=</latexit>

F & TeV’s

Planck data + future colliders 

can close this?

https://inspirehep.net/authors/1011762
https://inspirehep.net/authors/1018121


Gravitino Dark Matter

<latexit sha1_base64="jZqFmc8jMW8tXuhcHc9Gn4ymRqM=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLsbG8yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ6EL1Br1xxq+4UeJl4OamgHPVe+acbxjQVIA3lROuO5ybGz4gyjHIYl7qphoTQIelDx1JJBGg/m546xidWCXEUK1vS4Kn6dyIjQuuRCGynIGagF72J+J/XSU107WdMJqkBSWeLopRjE+PJ3zhkCqjhI0sIVczeiumAKEKNTWduSxCIM20fG0A4Ltl0vMUslknzvOpdVt37i0rtJs+piI7QMTpFHrpCNXSH6qiBKOqjF/SK3pxn5935cD5nrQUnnzlEc3C+fgH9Gpgf</latexit>mh

<latexit sha1_base64="npIFELs1bd6XW4/3zbRWS50JMaw=">AAACDXicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoMevEiRDAPSJYwO9ubDJl9ONMrhmW/waNX/Qhv4tVv8Bv8CSfJHkxiQUNR1U13lxsLrtCyvo3C0vLK6lpxvbSxubW9U97da6ookQwaLBKRbLtUgeAhNJCjgHYsgQaugJY7vB77rUeQikfhPY5icALaD7nPGUUtObe9tIvwhGldZFmvXLGq1gTmIrFzUiE56r3yT9eLWBJAiExQpTq2FaOTUomcCchK3URBTNmQ9qGjaUgDUE46OTozj7TimX4kdYVoTtS/EykNlBoFru4MKA7UvDcW//M6CfqXTsrDOEEI2XSRnwgTI3OcgOlxCQzFSBPKJNe3mmxAJWWoc5rZ4rrBidKPDcDLSjodez6LRdI8rdrnVevurFK7ynMqkgNySI6JTS5IjdyQOmkQRh7IC3klb8az8W58GJ/T1oKRz+yTGRhfv3GAnMg=</latexit>

MPl

<latexit sha1_base64="EUwuaTJ06AmEmYq4eJyChHLmxGg=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTwmYB6QLGF2tjcZMjO7zMwKYcnJo1f9CG/i1S/xG/wJJ8keTGJBQ1HVTXdXkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwbuK3nkBpFstHM0rAF6QvWcQoMVaq3/dKZbfiToGXiZeTMspR65V+umFMUwHSUE607nhuYvyMKMMoh3Gxm2pICB2SPnQslUSA9rPpoWN8apUQR7GyJQ2eqn8nMiK0HonAdgpiBnrRm4j/eZ3URDd+xmSSGpB0tihKOTYxnnyNQ6aAGj6yhFDF7K2YDogi1Nhs5rYEgTjX9rEBhOOiTcdbzGKZNC8q3lXFrV+Wq7d5TgV0jE7QGfLQNaqiB1RDDUQRoBf0it6cZ+fd+XA+Z60rTj5zhObgfP0CMeCXHQ==</latexit>

F

<latexit sha1_base64="6rQVaXe0BXy5FhDrB52rQTVCmRE=">AAACA3icbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTxGNA9IljA725sMmZldZmaFsOTo0at+hDfx6of4Df6Ek2QPJrGgoajqprsrSDjTxnW/naXlldW19cJGcXNre2e3tLff0HGqKNRpzGPVCogGziTUDTMcWokCIgIOzWBwM/abT6A0i+WjGSbgC9KTLGKUGCs93HbdbqnsVtwJ8CLxclJGOWrd0k8njGkqQBrKidZtz02MnxFlGOUwKnZSDQmhA9KDtqWSCNB+Njl1hI+tEuIoVrakwRP170RGhNZDEdhOQUxfz3tj8T+vnZroys+YTFIDkk4XRSnHJsbjv3HIFFDDh5YQqpi9FdM+UYQam87MliAQp9o+1odwVLTpePNZLJLGWcW7qLj35+XqdZ5TAR2iI3SCPHSJqugO1VAdUdRDL+gVvTnPzrvz4XxOW5ecfOYAzcD5+gVjiZfA</latexit>

F0

gravitino

super-partners

Standard Model

<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃
<latexit sha1_base64="vT8zrVBG83mobO+32kwT/zoM4nc="></latexit>m

W̃ ,H̃

SUSY-breaking hidden sectors 

<latexit sha1_base64="QVsUkCjiPhyl/8yTmXWBgOzU9zY=">AAACAnicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEYxTwgWcLsbG8yZGZ2mZkVQtibR6/6Ed7Eqz/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ66Ga9csWtulPgZeLlpIJy1Hvln24Y01SANJQTrTuemxh/TJRhlENW6qYaEkKHpA8dSyURoP3x9NIMn1glxFGsbEmDp+rfiTERWo9EYDsFMQO96E3E/7xOaqJrf8xkkhqQdLYoSjk2MZ68jUOmgBo+soRQxeytmA6IItTYcOa2BIE40/axAYRZyabjLWaxTJrnVe+y6t5fVGo3eU5FdISO0Sny0BWqoTtURw1EUYRe0Ct6c56dd+fD+Zy1Fpx85hDNwfn6BURvl7o=</latexit>

} <latexit sha1_base64="yslhod1m2SIkKyrewWPwzXZQ2PY="></latexit>

F/F0 . 10�2

✓
F

107 GeV

◆✓
0.1

gM

◆

to avoid gravitino thermalization

<latexit sha1_base64="bTkmsTBt7VBBdL0MqUTV6q8fpus=">AAACCHicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEiRDAPSJYwO9ubDJmZXWZmhbDkBzx61Y/wJl79C7/Bn3CS7MEkFjQUVd10dwUJZ9q47rdTWFldW98obpa2tnd298r7B00dp4pCg8Y8Vu2AaOBMQsMww6GdKCAi4NAKhrcTv/UESrNYPppRAr4gfckiRomxUrvfu+9yjr1eueJW3SnwMvFyUkE56r3yTzeMaSpAGsqJ1h3PTYyfEWUY5TAudVMNCaFD0oeOpZII0H42vXeMT6wS4ihWtqTBU/XvREaE1iMR2E5BzEAvehPxP6+Tmujaz5hMUgOSzhZFKccmxpPnccgUUMNHlhCqmL0V0wFRhBob0dyWIBBn2j42gHBcsul4i1ksk+Z51busug8XldpNnlMRHaFjdIo8dIVq6A7VUQNRxNELekVvzrPz7nw4n7PWgpPPHKI5OF+//bOZtQ==</latexit>

gM ⌧ 1

<latexit sha1_base64="yomf9qOq9acK7NWUDJ5rniR4Ifg=">AAACE3icbVDLSgNBEJz1GeNro0cvi0HwIHFXRD0GBfEiRDAPSMIyO+kkQ2YfzPSqYdnP8OhVP8KbePUD/AZ/wkmyB5NY0FBUddPd5UWCK7Ttb2NhcWl5ZTW3ll/f2NzaNgs7NRXGkkGVhSKUDY8qEDyAKnIU0IgkUN8TUPcGVyO//gBS8TC4x2EEbZ/2At7ljKKWXLNw7drHt27SQnjCpCLS1DWLdskew5onTkaKJEPFNX9anZDFPgTIBFWq6dgRthMqkTMBab4VK4goG9AeNDUNqA+qnYxPT60DrXSsbih1BWiN1b8TCfWVGvqe7vQp9tWsNxL/85oxdi/aCQ+iGCFgk0XdWFgYWqMcrA6XwFAMNaFMcn2rxfpUUoY6raktnucfKf1YHzppXqfjzGYxT2onJeesZN+dFsuXWU45skf2ySFxyDkpkxtSIVXCyCN5Ia/kzXg23o0P43PSumBkM7tkCsbXLzNvniU=</latexit>

F0/MPl

For a fixed gluino mass the UV produced gravitino 

can match the relic abundance today

standard gauge mediation!
<latexit sha1_base64="n76SNqePaqYHbHinKBXjgIJ3Br4=">AAACJnicbVDLSsNAFJ3Ud31VXboZrIILKYmIuhQFcSMoWBWaEiaT23boTBJnboQS8gN+iUu3+hHuRNy59yec1i609cDA4Zx7OXNPmEph0HU/nNLE5NT0zOxceX5hcWm5srJ6bZJMc6jzRCb6NmQGpIihjgIl3KYamAol3ITdk75/cw/aiCS+wl4KTcXasWgJztBKQWVTBbmPQkaQt4vCN0LRdnBuFQWG+uZOY35aBJWqW3MHoOPEG5IqGeIiqHz5UcIzBTFyyYxpeG6KzZxpFFxCUfYzAynjXdaGhqUxs2nNfHBNQbesEtFWou2LkQ7U3xs5U8b0VGgnFcOOGfX64n9eI8PWYTMXcZohxPwnqJVJigntV0MjoYGj7FnCuBb2r5R3mGYcbYF/UsJQ7Rh7WAeiomzb8Ua7GCfXuzVvv+Ze7lWPjoc9zZJ1skG2iUcOyBE5IxekTjh5IE/kmbw4j86r8+a8/4yWnOHOGvkD5/MblNCm0Q==</latexit>

mg̃ ⇠ gM ⇥
p
F



Gravitino Dark Matter

<latexit sha1_base64="jZqFmc8jMW8tXuhcHc9Gn4ymRqM=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLsbG8yZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ6EL1Br1xxq+4UeJl4OamgHPVe+acbxjQVIA3lROuO5ybGz4gyjHIYl7qphoTQIelDx1JJBGg/m546xidWCXEUK1vS4Kn6dyIjQuuRCGynIGagF72J+J/XSU107WdMJqkBSWeLopRjE+PJ3zhkCqjhI0sIVczeiumAKEKNTWduSxCIM20fG0A4Ltl0vMUslknzvOpdVt37i0rtJs+piI7QMTpFHrpCNXSH6qiBKOqjF/SK3pxn5935cD5nrQUnnzlEc3C+fgH9Gpgf</latexit>mh

<latexit sha1_base64="npIFELs1bd6XW4/3zbRWS50JMaw=">AAACDXicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoMevEiRDAPSJYwO9ubDJl9ONMrhmW/waNX/Qhv4tVv8Bv8CSfJHkxiQUNR1U13lxsLrtCyvo3C0vLK6lpxvbSxubW9U97da6ookQwaLBKRbLtUgeAhNJCjgHYsgQaugJY7vB77rUeQikfhPY5icALaD7nPGUUtObe9tIvwhGldZFmvXLGq1gTmIrFzUiE56r3yT9eLWBJAiExQpTq2FaOTUomcCchK3URBTNmQ9qGjaUgDUE46OTozj7TimX4kdYVoTtS/EykNlBoFru4MKA7UvDcW//M6CfqXTsrDOEEI2XSRnwgTI3OcgOlxCQzFSBPKJNe3mmxAJWWoc5rZ4rrBidKPDcDLSjodez6LRdI8rdrnVevurFK7ynMqkgNySI6JTS5IjdyQOmkQRh7IC3klb8az8W58GJ/T1oKRz+yTGRhfv3GAnMg=</latexit>

MPl

<latexit sha1_base64="EUwuaTJ06AmEmYq4eJyChHLmxGg=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTwmYB6QLGF2tjcZMjO7zMwKYcnJo1f9CG/i1S/xG/wJJ8keTGJBQ1HVTXdXkHCmjet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwbuK3nkBpFstHM0rAF6QvWcQoMVaq3/dKZbfiToGXiZeTMspR65V+umFMUwHSUE607nhuYvyMKMMoh3Gxm2pICB2SPnQslUSA9rPpoWN8apUQR7GyJQ2eqn8nMiK0HonAdgpiBnrRm4j/eZ3URDd+xmSSGpB0tihKOTYxnnyNQ6aAGj6yhFDF7K2YDogi1Nhs5rYEgTjX9rEBhOOiTcdbzGKZNC8q3lXFrV+Wq7d5TgV0jE7QGfLQNaqiB1RDDUQRoBf0it6cZ+fd+XA+Z60rTj5zhObgfP0CMeCXHQ==</latexit>

F

<latexit sha1_base64="6rQVaXe0BXy5FhDrB52rQTVCmRE=">AAACA3icbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BQTxGNA9IljA725sMmZldZmaFsOTo0at+hDfx6of4Df6Ek2QPJrGgoajqprsrSDjTxnW/naXlldW19cJGcXNre2e3tLff0HGqKNRpzGPVCogGziTUDTMcWokCIgIOzWBwM/abT6A0i+WjGSbgC9KTLGKUGCs93HbdbqnsVtwJ8CLxclJGOWrd0k8njGkqQBrKidZtz02MnxFlGOUwKnZSDQmhA9KDtqWSCNB+Njl1hI+tEuIoVrakwRP170RGhNZDEdhOQUxfz3tj8T+vnZroys+YTFIDkk4XRSnHJsbjv3HIFFDDh5YQqpi9FdM+UYQam87MliAQp9o+1odwVLTpePNZLJLGWcW7qLj35+XqdZ5TAR2iI3SCPHSJqugO1VAdUdRDL+gVvTnPzrvz4XxOW5ecfOYAzcD5+gVjiZfA</latexit>

F0

gravitino

super-partners

Standard Model

<latexit sha1_base64="SKlz91kS5MLADE3NUM9Faw5SnFg=">AAACDXicdVDLSgNBEJz1GeMr6tHLYBA8yDJrTKK3oBePCiYKyRJmZzvJ4MzuOjMrhGW/waNX/Qhv4tVv8Bv8CScxghEtaCiquunuChLBtSHk3ZmZnZtfWCwsFZdXVtfWSxubLR2nikGTxSJW1wHVIHgETcONgOtEAZWBgKvg5nTkX92B0jyOLs0wAV/SfsR7nFFjJV92s47hIoSsn+fdUpm4x169fnyAiVutVao1YolXOaoTD3suGaOMJjjvlj46YcxSCZFhgmrd9khi/Iwqw5mAvNhJNSSU3dA+tC2NqATtZ+Ojc7xrlRD3YmUrMnis/pzIqNR6KAPbKakZ6N/eSPzLa6emd+RnPEpSAxH7WtRLBTYxHiWAQ66AGTG0hDLF7a2YDaiizNicprYEgdzX9rEBhHnRpvMdAf6ftA5cr+aSi8Ny42SSUwFtox20hzxURw10hs5REzF0ix7QI3py7p1n58V5/WqdcSYzW2gKztsnFZ+dMA==</latexit>mg̃
<latexit sha1_base64="vT8zrVBG83mobO+32kwT/zoM4nc="></latexit>m

W̃ ,H̃

SUSY-breaking hidden sectors 

<latexit sha1_base64="QVsUkCjiPhyl/8yTmXWBgOzU9zY=">AAACAnicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEYxTwgWcLsbG8yZGZ2mZkVQtibR6/6Ed7Eqz/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ66Ga9csWtulPgZeLlpIJy1Hvln24Y01SANJQTrTuemxh/TJRhlENW6qYaEkKHpA8dSyURoP3x9NIMn1glxFGsbEmDp+rfiTERWo9EYDsFMQO96E3E/7xOaqJrf8xkkhqQdLYoSjk2MZ68jUOmgBo+soRQxeytmA6IItTYcOa2BIE40/axAYRZyabjLWaxTJrnVe+y6t5fVGo3eU5FdISO0Sny0BWqoTtURw1EUYRe0Ct6c56dd+fD+Zy1Fpx85hDNwfn6BURvl7o=</latexit>

} <latexit sha1_base64="yslhod1m2SIkKyrewWPwzXZQ2PY="></latexit>

F/F0 . 10�2

✓
F

107 GeV

◆✓
0.1

gM

◆

to avoid gravitino thermalization

<latexit sha1_base64="bTkmsTBt7VBBdL0MqUTV6q8fpus=">AAACCHicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEiRDAPSJYwO9ubDJmZXWZmhbDkBzx61Y/wJl79C7/Bn3CS7MEkFjQUVd10dwUJZ9q47rdTWFldW98obpa2tnd298r7B00dp4pCg8Y8Vu2AaOBMQsMww6GdKCAi4NAKhrcTv/UESrNYPppRAr4gfckiRomxUrvfu+9yjr1eueJW3SnwMvFyUkE56r3yTzeMaSpAGsqJ1h3PTYyfEWUY5TAudVMNCaFD0oeOpZII0H42vXeMT6wS4ihWtqTBU/XvREaE1iMR2E5BzEAvehPxP6+Tmujaz5hMUgOSzhZFKccmxpPnccgUUMNHlhCqmL0V0wFRhBob0dyWIBBn2j42gHBcsul4i1ksk+Z51busug8XldpNnlMRHaFjdIo8dIVq6A7VUQNRxNELekVvzrPz7nw4n7PWgpPPHKI5OF+//bOZtQ==</latexit>

gM ⌧ 1

<latexit sha1_base64="yomf9qOq9acK7NWUDJ5rniR4Ifg=">AAACE3icbVDLSgNBEJz1GeNro0cvi0HwIHFXRD0GBfEiRDAPSMIyO+kkQ2YfzPSqYdnP8OhVP8KbePUD/AZ/wkmyB5NY0FBUddPd5UWCK7Ttb2NhcWl5ZTW3ll/f2NzaNgs7NRXGkkGVhSKUDY8qEDyAKnIU0IgkUN8TUPcGVyO//gBS8TC4x2EEbZ/2At7ljKKWXLNw7drHt27SQnjCpCLS1DWLdskew5onTkaKJEPFNX9anZDFPgTIBFWq6dgRthMqkTMBab4VK4goG9AeNDUNqA+qnYxPT60DrXSsbih1BWiN1b8TCfWVGvqe7vQp9tWsNxL/85oxdi/aCQ+iGCFgk0XdWFgYWqMcrA6XwFAMNaFMcn2rxfpUUoY6raktnucfKf1YHzppXqfjzGYxT2onJeesZN+dFsuXWU45skf2ySFxyDkpkxtSIVXCyCN5Ia/kzXg23o0P43PSumBkM7tkCsbXLzNvniU=</latexit>

F0/MPl

For a fixed gluino mass the UV produced gravitino 

can match the relic abundance today

we wanna live here!
<latexit sha1_base64="9rGPSAEGq4/b7TYbvHn1n0PPqLI=">AAACJHicbZDJSgNBEIZ74h63qEcvTYLgQcKMuB08iIJ6VDALJGPo6VSSxp6F7hoxDHP3STx61YfwJh68+AK+hJ3lkMUfGn6+qqK6fi+SQqNtf1uZmdm5+YXFpezyyuraem5js6zDWHEo8VCGquoxDVIEUEKBEqqRAuZ7Eirew0WvXnkEpUUY3GE3Atdn7UC0BGdoUCOXd+z7wzrCEyb0Csrp6eUpNehkBDVyBbto90WnjTM0BTLUTSP3W2+GPPYhQC6Z1jXHjtBNmELBJaTZeqwhYvyBtaFmbMB80G7SvyWlO4Y0aStU5gVI+3R0ImG+1l3fM50+w46erPXgf7VajK0TNxFBFCMEfLCoFUuKIe0FQ5tCAUfZNYZxJcxfKe8wxTia+Ma2eJ6/p81hHWimWZOOM5nFtCnvF52jon17UDg7H+a0SLZJnuwShxyTM3JNbkiJcPJMXskbebderA/r0/oatGas4cwWGZP18wfgyqOR</latexit>

105 GeV < F < 108 GeV

standard gauge mediation!
<latexit sha1_base64="n76SNqePaqYHbHinKBXjgIJ3Br4=">AAACJnicbVDLSsNAFJ3Ud31VXboZrIILKYmIuhQFcSMoWBWaEiaT23boTBJnboQS8gN+iUu3+hHuRNy59yec1i609cDA4Zx7OXNPmEph0HU/nNLE5NT0zOxceX5hcWm5srJ6bZJMc6jzRCb6NmQGpIihjgIl3KYamAol3ITdk75/cw/aiCS+wl4KTcXasWgJztBKQWVTBbmPQkaQt4vCN0LRdnBuFQWG+uZOY35aBJWqW3MHoOPEG5IqGeIiqHz5UcIzBTFyyYxpeG6KzZxpFFxCUfYzAynjXdaGhqUxs2nNfHBNQbesEtFWou2LkQ7U3xs5U8b0VGgnFcOOGfX64n9eI8PWYTMXcZohxPwnqJVJigntV0MjoYGj7FnCuBb2r5R3mGYcbYF/UsJQ7Rh7WAeiomzb8Ua7GCfXuzVvv+Ze7lWPjoc9zZJ1skG2iUcOyBE5IxekTjh5IE/kmbw4j86r8+a8/4yWnOHOGvkD5/MblNCm0Q==</latexit>

mg̃ ⇠ gM ⇥
p
F



The pseudomodulus phase transition 

Goldstino SUSY-breaking 

scale 

the complex pseudomoduls 

The R-axion a is the Goldstone of R-symmetry broken spontaneously  

The radial mode x is massless at tree-level 
<latexit sha1_base64="1YPw8VRPVmcgXnp+PIjuCY/7jKc=">AAACBXicbVBNSwMxEM36WetX1aOXYBE8SNkVUS9CURCPFdy20C4lm51tQ5PskmSFUnr26FV/hDfx6u/wN/gnTNs92NYHA4/3ZpiZF6acaeO6387S8srq2npho7i5tb2zW9rbr+skUxR8mvBENUOigTMJvmGGQzNVQETIoRH2b8d+4wmUZol8NIMUAkG6ksWMEmMlv3F9h5udUtmtuBPgReLlpIxy1Dqln3aU0EyANJQTrVuem5pgSJRhlMOo2M40pIT2SRdalkoiQAfDybEjfGyVCMeJsiUNnqh/J4ZEaD0Qoe0UxPT0vDcW//NamYmvgiGTaWZA0umiOOPYJHj8OY6YAmr4wBJCFbO3YtojilBj85nZEobiVNvHehCNijYdbz6LRVI/q3gXFffhvFy9yXMqoEN0hE6Qhy5RFd2jGvIRRQy9oFf05jw7786H8zltXXLymQM0A+frF3kZmFE=</latexit>

W = FX

<latexit sha1_base64="fkziYLDBi89olas9lQ+2sCdwQ/g="></latexit>

mx ⇠ �2

16⇡2
F/m⇤

<latexit sha1_base64="lhp9trKtW/asFwV7EqD78Z0+ocM=">AAACCnicbVDLSgNBEOyNrxhfUY9eBoMgImFXRD0GvXiMYB6YLMvs7CQZMjO7zMyKIeQPPHrVj/AmXv0Jv8GfcJLswSQWNBRV3XR3hQln2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR2nitAaiXmsmiHWlDNJa4YZTpuJoliEnDbC/s3YbzxSpVks780gob7AXck6jGBjpQcRPLU5RyI4CYolt+xOgBaJl5ESZKgGxZ92FJNUUGkIx1q3PDcx/hArwwino0I71TTBpI+7tGWpxIJqfzi5eISOrBKhTqxsSYMm6t+JIRZaD0RoOwU2PT3vjcX/vFZqOlf+kMkkNVSS6aJOypGJ0fh9FDFFieEDSzBRzN6KSA8rTIwNaWZLGIpTbR/r0WhUsOl481kskvpZ2bsou3fnpcp1llMeDuAQjsGDS6jALVShBgQkvMArvDnPzrvz4XxOW3NONrMPM3C+fgHcMZq/</latexit>

mx ⌧ m⇤ at weak coupling



The pseudomodulus phase transition 

Goldstino SUSY-breaking 

scale 

the complex pseudomoduls 

The R-axion a is the Goldstone of R-symmetry broken spontaneously  

The radial mode x is massless at tree-level 
<latexit sha1_base64="1YPw8VRPVmcgXnp+PIjuCY/7jKc=">AAACBXicbVBNSwMxEM36WetX1aOXYBE8SNkVUS9CURCPFdy20C4lm51tQ5PskmSFUnr26FV/hDfx6u/wN/gnTNs92NYHA4/3ZpiZF6acaeO6387S8srq2npho7i5tb2zW9rbr+skUxR8mvBENUOigTMJvmGGQzNVQETIoRH2b8d+4wmUZol8NIMUAkG6ksWMEmMlv3F9h5udUtmtuBPgReLlpIxy1Dqln3aU0EyANJQTrVuem5pgSJRhlMOo2M40pIT2SRdalkoiQAfDybEjfGyVCMeJsiUNnqh/J4ZEaD0Qoe0UxPT0vDcW//NamYmvgiGTaWZA0umiOOPYJHj8OY6YAmr4wBJCFbO3YtojilBj85nZEobiVNvHehCNijYdbz6LRVI/q3gXFffhvFy9yXMqoEN0hE6Qhy5RFd2jGvIRRQy9oFf05jw7786H8zltXXLymQM0A+frF3kZmFE=</latexit>

W = FX

<latexit sha1_base64="Rr71gBzuruVvAjqaIPmtFx/O6lk=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgQcKuiHoMevEY0TwgWcLs7GwyZGZ2mZkVwpKjR6/6Ed7Eqx/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO8CaciZpwzDDaTtRFIuA01YwvJ34rSeqNIvloxkl1Be4L1nECDZWeoh6uFeuuFV3CrRMvJxUIEe9V/7phjFJBZWGcKx1x3MT42dYGUY4HZe6qaYJJkPcpx1LJRZU+9n01DE6sUqIoljZkgZN1b8TGRZaj0RgOwU2A73oTcT/vE5qoms/YzJJDZVktihKOTIxmvyNQqYoMXxkCSaK2VsRGWCFibHpzG0JAnGm7WMDGo5LNh1vMYtl0jyvepdV9/6iUrvJcyrCERzDKXhwBTW4gzo0gEAfXuAV3pxn5935cD5nrQUnnzmEOThfv+Z2mBE=</latexit>

fa
<latexit sha1_base64="uen8OsoCkN0G4Esx2NkIGhcG2Gk=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BLx4TMA9IljA725sMmZldZmbFsOTk0at+hDfx6pf4Df6Ek2QPJrGgoajqprsrSDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4N/Fbj6A0i+WDGSXgC9KXLGKUGCvVn3qlsltxp8DLxMtJGeWo9Uo/3TCmqQBpKCdadzw3MX5GlGGUw7jYTTUkhA5JHzqWSiJA+9n00DE+tUqIo1jZkgZP1b8TGRFaj0RgOwUxA73oTcT/vE5qohs/YzJJDUg6WxSlHJsYT77GIVNADR9ZQqhi9lZMB0QRamw2c1uCQJxr+9gAwnHRpuMtZrFMmhcV76ri1i/L1ds8pwI6RifoDHnoGlXRPaqhBqII0At6RW/Os/PufDifs9YVJ585QnNwvn4BgoqXTw==</latexit>x

and the R-symmetry breaking vacuum*
tunnelling between the origin

* breaking R-symmetry is necessary 

to have Majorana gaugino masses

<latexit sha1_base64="fkziYLDBi89olas9lQ+2sCdwQ/g="></latexit>

mx ⇠ �2

16⇡2
F/m⇤

<latexit sha1_base64="lhp9trKtW/asFwV7EqD78Z0+ocM=">AAACCnicbVDLSgNBEOyNrxhfUY9eBoMgImFXRD0GvXiMYB6YLMvs7CQZMjO7zMyKIeQPPHrVj/AmXv0Jv8GfcJLswSQWNBRV3XR3hQln2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR2nitAaiXmsmiHWlDNJa4YZTpuJoliEnDbC/s3YbzxSpVks780gob7AXck6jGBjpQcRPLU5RyI4CYolt+xOgBaJl5ESZKgGxZ92FJNUUGkIx1q3PDcx/hArwwino0I71TTBpI+7tGWpxIJqfzi5eISOrBKhTqxsSYMm6t+JIRZaD0RoOwU2PT3vjcX/vFZqOlf+kMkkNVSS6aJOypGJ0fh9FDFFieEDSzBRzN6KSA8rTIwNaWZLGIpTbR/r0WhUsOl481kskvpZ2bsou3fnpcp1llMeDuAQjsGDS6jALVShBgQkvMArvDnPzrvz4XxOW3NONrMPM3C+fgHcMZq/</latexit>

mx ⌧ m⇤ at weak coupling



1st order Phase Transitions

Let me assume that the SUSY-breaking sector 

produces a first order phase transition (later we will see how) 

If thermal fluctuations dominate, 

the tunnelling probability is encoded in 

<latexit sha1_base64="WIUSLGxQyhRlmxdXJw0j8+6VwJ0=">AAACBXicbVA9SwNBEJ3zM8avqKXNYhAsJNyJqI0QtLGMkEsCyRH2NnvJkt29Y3dPCEdqS1v9EXZi6+/wN/gn3CRXmMQHA4/3ZpiZFyacaeO6387K6tr6xmZhq7i9s7u3Xzo4bOg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw/uJ33yiSrNY1s0ooYHAfckiRrCxkl+/rXdJt1R2K+4UaJl4OSlDjlq39NPpxSQVVBrCsdZtz01MkGFlGOF0XOykmiaYDHGfti2VWFAdZNNjx+jUKj0UxcqWNGiq/p3IsNB6JELbKbAZ6EVvIv7ntVMT3QQZk0lqqCSzRVHKkYnR5HPUY4oSw0eWYKKYvRWRAVaYGJvP3JYwFOfaPjagvXHRpuMtZrFMGhcV76riPl6Wq3d5TgU4hhM4Aw+uoQoPUAMfCDB4gVd4c56dd+fD+Zy1rjj5zBHMwfn6BQKYmKY=</latexit>

T = Tc

<latexit sha1_base64="4PPOb2dWJ9NRZx1PefD1h7zCJrc=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTq60LoejGZcW+oB1KJpNpQzMPkoxQhi5dutWPcCdu/RC/wZ8w045gRQ9cOJxzL/fe40ScSYXQh5FbWl5ZXcuvFzY2t7Z3irt7bRnGgtAWCXkoug6WlLOAthRTnHYjQbHvcNpxxtep37mnQrIwaKpJRG0fDwPmMYKVlu6al2hQLCHzApVPawgiE82QkrNKFVWglSklkKExKH723ZDEPg0U4VjKnoUiZSdYKEY4nRb6saQRJmM8pD1NA+xTaSezU6fwSCsu9EKhK1Bwpv6cSLAv5cR3dKeP1Uj+9lLxL68XK69mJyyIYkUDMl/kxRyqEKZ/Q5cJShSfaIKJYPpWSEZYYKJ0OgtbHMc/kfqxEXWnBZ3OdwTwf9Ium9a5iW4rpfpVllMeHIBDcAwsUAV1cAMaoAUIGIJH8ASejQfjxXg13uatOSOb2QcLMN6/AIQ6l9Y=</latexit>

T = 0

<latexit sha1_base64="AXdZojdU6X8YdnW+rwMQRnJLDT0=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevGYgHlAsoTZ2d5kyMzsMjMrhCUnj171I7yJV7/Eb/AnnCR7MIkFDUVVN91dQcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epotCkMY9VJyAaOJPQNMxw6CQKiAg4tIPR/dRvP4HSLJaPZpyAL8hAsohRYqzUaPXLFbfqzoBXiZeTCspR75d/emFMUwHSUE607npuYvyMKMMoh0mpl2pICB2RAXQtlUSA9rPZoRN8ZpUQR7GyJQ2eqX8nMiK0HovAdgpihnrZm4r/ed3URLd+xmSSGpB0vihKOTYxnn6NQ6aAGj62hFDF7K2YDoki1NhsFrYEgbjQ9rEhhJOSTcdbzmKVtC6r3nXVbVxVand5TkV0gk7ROfLQDaqhB1RHTUQRoBf0it6cZ+fd+XA+560FJ585Rgtwvn4BS7CXLQ==</latexit>

V

<latexit sha1_base64="uen8OsoCkN0G4Esx2NkIGhcG2Gk=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BLx4TMA9IljA725sMmZldZmbFsOTk0at+hDfx6pf4Df6Ek2QPJrGgoajqprsrSDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4N/Fbj6A0i+WDGSXgC9KXLGKUGCvVn3qlsltxp8DLxMtJGeWo9Uo/3TCmqQBpKCdadzw3MX5GlGGUw7jYTTUkhA5JHzqWSiJA+9n00DE+tUqIo1jZkgZP1b8TGRFaj0RgOwUxA73oTcT/vE5qohs/YzJJDUg6WxSlHJsYT77GIVNADR9ZQqhi9lZMB0QRamw2c1uCQJxr+9gAwnHRpuMtZrFMmhcV76ri1i/L1ds8pwI6RifoDHnoGlXRPaqhBqII0At6RW/Os/PufDifs9YVJ585QnNwvn4BgoqXTw==</latexit>x

<latexit sha1_base64="7LGjnJt2BvF4htd8/S1sXeNVOCI=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SE1U1GPRi8eKTVtoQ9lsNu3S3U3Y3Qgl9OzRq/4Ib+LV3+Fv8E+4bXOwrQ8GHu/NMDMvSBhV2nG+raXlldW19cJGcXNre2e3tLffUHEqMfFwzGLZCpAijAriaaoZaSWSIB4w0gwGd2O/+USkorGo62FCfI56gkYUI20k77F7cVbvlspOxZnAXiRuTsqQo9Yt/XTCGKecCI0ZUqrtOon2MyQ1xYyMip1UkQThAeqRtqECcaL8bHLsyD42SmhHsTQltD1R/05kiCs15IHp5Ej31bw3Fv/z2qmObvyMiiTVRODpoihlto7t8ed2SCXBmg0NQVhSc6uN+0girE0+M1uCgJ8q81ifhKOiScedz2KRNM4r7lXFebgsV2/znApwCEdwAi5cQxXuoQYeYKDwAq/wZj1b79aH9TltXbLymQOYgfX1C5zWmGc=</latexit>

S3/T

<latexit sha1_base64="258i8ukApSAhFAyMWwM13GfzJ5U=">AAACAXicbVA9SwNBEN2LXzF+RS1tFoNgIeFORC2DNpYJJDGQHGFvby5Zsrt37O4J4Uhlaas/wk5s/SX+Bv+Em+QKk/hg4PHeDDPzgoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRaFFYx6rTkA0cCahZZjh0EkUEBFweAxG91P/8QmUZrFsmnECviADySJGibFSo9kvV9yqOwNeJV5OKihHvV/+6YUxTQVIQznRuuu5ifEzogyjHCalXqohIXREBtC1VBIB2s9mh07wmVVCHMXKljR4pv6dyIjQeiwC2ymIGeplbyr+53VTE936GZNJakDS+aIo5djEePo1DpkCavjYEkIVs7diOiSKUGOzWdgSBOJC28eGEE5KNh1vOYtV0r6setdVt3FVqd3lORXRCTpF58hDN6iGHlAdtRBFgF7QK3pznp1358P5nLcWnHzmGC3A+foFSHaXKw==</latexit>

T
<latexit sha1_base64="ldRUrSCNZXvE7rjdahqaxrzdHas=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNgVUY9BLx4j5gXJEmZnZ5MhM7PLzKwQlhw9etWP8CZe/RC/wZ9wkuzBJBY0FFXddHcFCWfauO63s7K6tr6xWdgqbu/s7u2XDg6bOk4VoQ0S81i1A6wpZ5I2DDOcthNFsQg4bQXDu4nfeqJKs1jWzSihvsB9ySJGsLHSY71HeqWyW3GnQMvEy0kZctR6pZ9uGJNUUGkIx1p3PDcxfoaVYYTTcbGbappgMsR92rFUYkG1n01PHaNTq4QoipUtadBU/TuRYaH1SAS2U2Az0IveRPzP66QmuvEzJpPUUElmi6KUIxOjyd8oZIoSw0eWYKKYvRWRAVaYGJvO3JYgEOfaPjag4bho0/EWs1gmzYuKd1VxHy7L1ds8pwIcwwmcgQfXUIV7qEEDCPThBV7hzXl23p0P53PWuuLkM0cwB+frF8yCmAE=</latexit>

Tc

<latexit sha1_base64="WyAHv1Oavo5dtIuFTqyb3uVSaqY=">AAACEnicdZDLSgMxFIYz9V5voy7dBIvgQspUvG0E0Y1LhVYLbSmZ9NSGJpkhOSOWYd7CpVt9CHfi1hfwGXwJ03YEK/pD4Oc753BO/jCWwmIQfHiFqemZ2bn5heLi0vLKqr+2fm2jxHCo8UhGph4yC1JoqKFACfXYAFOhhJuwfz6s39yBsSLSVRzE0FLsVouu4Awdavt+9aTaTpsI95gqobOs7ZeC8kEwFA3KwbfJSSUnJZLrsu1/NjsRTxRo5JJZ26gEMbZSZlBwCVmxmViIGe+zW2g4q5kC20pHl2d025EO7UbGPY10RH9OpExZO1Ch61QMe/Z3bQj/qjUS7B63UqHjBEHz8aJuIilGdBgD7QgDHOXAGcaNcLdS3mOGcXRhTWwJQ7Vr3cd60MmKLp3vCOj/5nqvXDksB1f7pdOzPKd5skm2yA6pkCNySi7IJakRTu7II3kiz96D9+K9em/j1oKXz2yQCXnvX0pcnkE=</latexit>

T = Tmin

<latexit sha1_base64="v91NoUoxL/Orks99Umn7WLgLXHg=">AAACDnicdZDLSgMxFIYz3q23qks3wSK4kDIVb8uiG5cKrQrtWDLpaRuaZIbkjFiGeQeXbvUh3IlbX8Fn8CXM1BFU9IfAz3fO4Zz8YSyFRd9/8yYmp6ZnZufmSwuLS8sr5dW1CxslhkOTRzIyVyGzIIWGJgqUcBUbYCqUcBkOT/L65Q0YKyLdwFEMgWJ9LXqCM3ToutFJ2wi3mCqhs6xTrvjVfT8X9av+lylIrSAVUuisU35vdyOeKNDIJbO2VfNjDFJmUHAJWamdWIgZH7I+tJzVTIEN0vHVGd1ypEt7kXFPIx3T7xMpU9aOVOg6FcOB/V3L4V+1VoK9oyAVOk4QNP9c1EskxYjmEdCuMMBRjpxh3Ah3K+UDZhhHF9SPLWGodqz72AC6Wcml8xUB/d9c7FZrB1X/fK9SPy5ymiMbZJNskxo5JHVySs5Ik3BiyD15II/enffkPXsvn60TXjGzTn7Ie/0AkwSdaw==</latexit>

Tmin

<latexit sha1_base64="aikqoq57k4rhsNwr0AtY6wQ95GY=">AAACBXicdVDLSgMxFM3UV62vqks3wSK4kCGtnXa6EIpuXFbotIW2lEyatqGZzJBkhDJ07dKtfoQ7cet3+A3+hOlDsKIHLhzOuZd77/EjzpRG6MNKra1vbG6ltzM7u3v7B9nDo4YKY0moR0IeypaPFeVMUE8zzWkrkhQHPqdNf3wz85v3VCoWirqeRLQb4KFgA0awNpJXv6r3RC+bQzYqlV3Xgch2HOeyWDSkUnEdVIB5G82RA0vUetnPTj8kcUCFJhwr1c6jSHcTLDUjnE4znVjRCJMxHtK2oQIHVHWT+bFTeGaUPhyE0pTQcK7+nEhwoNQk8E1ngPVI/fZm4l9eO9YDt5swEcWaCrJYNIg51CGcfQ77TFKi+cQQTCQzt0IywhITbfJZ2eL7wYUyj41of5ox6XxHAP8njYKdL9norpirXi9zSoMTcArOQR6UQRXcghrwAAEMPIIn8Gw9WC/Wq/W2aE1Zy5ljsALr/QukI5kO</latexit>

T = Tn



1st order Phase Transitions

Let me assume that the SUSY-breaking sector 

produces a first order phase transition (later we will see how) 

If thermal fluctuations dominate, 

the tunnelling probability is encoded in 

<latexit sha1_base64="WIUSLGxQyhRlmxdXJw0j8+6VwJ0=">AAACBXicbVA9SwNBEJ3zM8avqKXNYhAsJNyJqI0QtLGMkEsCyRH2NnvJkt29Y3dPCEdqS1v9EXZi6+/wN/gn3CRXmMQHA4/3ZpiZFyacaeO6387K6tr6xmZhq7i9s7u3Xzo4bOg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw/uJ33yiSrNY1s0ooYHAfckiRrCxkl+/rXdJt1R2K+4UaJl4OSlDjlq39NPpxSQVVBrCsdZtz01MkGFlGOF0XOykmiaYDHGfti2VWFAdZNNjx+jUKj0UxcqWNGiq/p3IsNB6JELbKbAZ6EVvIv7ntVMT3QQZk0lqqCSzRVHKkYnR5HPUY4oSw0eWYKKYvRWRAVaYGJvP3JYwFOfaPjagvXHRpuMtZrFMGhcV76riPl6Wq3d5TgU4hhM4Aw+uoQoPUAMfCDB4gVd4c56dd+fD+Zy1rjj5zBHMwfn6BQKYmKY=</latexit>

T = Tc

<latexit sha1_base64="4PPOb2dWJ9NRZx1PefD1h7zCJrc=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTq60LoejGZcW+oB1KJpNpQzMPkoxQhi5dutWPcCdu/RC/wZ8w045gRQ9cOJxzL/fe40ScSYXQh5FbWl5ZXcuvFzY2t7Z3irt7bRnGgtAWCXkoug6WlLOAthRTnHYjQbHvcNpxxtep37mnQrIwaKpJRG0fDwPmMYKVlu6al2hQLCHzApVPawgiE82QkrNKFVWglSklkKExKH723ZDEPg0U4VjKnoUiZSdYKEY4nRb6saQRJmM8pD1NA+xTaSezU6fwSCsu9EKhK1Bwpv6cSLAv5cR3dKeP1Uj+9lLxL68XK69mJyyIYkUDMl/kxRyqEKZ/Q5cJShSfaIKJYPpWSEZYYKJ0OgtbHMc/kfqxEXWnBZ3OdwTwf9Ium9a5iW4rpfpVllMeHIBDcAwsUAV1cAMaoAUIGIJH8ASejQfjxXg13uatOSOb2QcLMN6/AIQ6l9Y=</latexit>

T = 0

<latexit sha1_base64="AXdZojdU6X8YdnW+rwMQRnJLDT0=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevGYgHlAsoTZ2d5kyMzsMjMrhCUnj171I7yJV7/Eb/AnnCR7MIkFDUVVN91dQcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epotCkMY9VJyAaOJPQNMxw6CQKiAg4tIPR/dRvP4HSLJaPZpyAL8hAsohRYqzUaPXLFbfqzoBXiZeTCspR75d/emFMUwHSUE607npuYvyMKMMoh0mpl2pICB2RAXQtlUSA9rPZoRN8ZpUQR7GyJQ2eqX8nMiK0HovAdgpihnrZm4r/ed3URLd+xmSSGpB0vihKOTYxnn6NQ6aAGj62hFDF7K2YDoki1NhsFrYEgbjQ9rEhhJOSTcdbzmKVtC6r3nXVbVxVand5TkV0gk7ROfLQDaqhB1RHTUQRoBf0it6cZ+fd+XA+560FJ585Rgtwvn4BS7CXLQ==</latexit>

V

<latexit sha1_base64="uen8OsoCkN0G4Esx2NkIGhcG2Gk=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BLx4TMA9IljA725sMmZldZmbFsOTk0at+hDfx6pf4Df6Ek2QPJrGgoajqprsrSDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4N/Fbj6A0i+WDGSXgC9KXLGKUGCvVn3qlsltxp8DLxMtJGeWo9Uo/3TCmqQBpKCdadzw3MX5GlGGUw7jYTTUkhA5JHzqWSiJA+9n00DE+tUqIo1jZkgZP1b8TGRFaj0RgOwUxA73oTcT/vE5qohs/YzJJDUg6WxSlHJsYT77GIVNADR9ZQqhi9lZMB0QRamw2c1uCQJxr+9gAwnHRpuMtZrFMmhcV76ri1i/L1ds8pwI6RifoDHnoGlXRPaqhBqII0At6RW/Os/PufDifs9YVJ585QnNwvn4BgoqXTw==</latexit>x

<latexit sha1_base64="7LGjnJt2BvF4htd8/S1sXeNVOCI=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SE1U1GPRi8eKTVtoQ9lsNu3S3U3Y3Qgl9OzRq/4Ib+LV3+Fv8E+4bXOwrQ8GHu/NMDMvSBhV2nG+raXlldW19cJGcXNre2e3tLffUHEqMfFwzGLZCpAijAriaaoZaSWSIB4w0gwGd2O/+USkorGo62FCfI56gkYUI20k77F7cVbvlspOxZnAXiRuTsqQo9Yt/XTCGKecCI0ZUqrtOon2MyQ1xYyMip1UkQThAeqRtqECcaL8bHLsyD42SmhHsTQltD1R/05kiCs15IHp5Ej31bw3Fv/z2qmObvyMiiTVRODpoihlto7t8ed2SCXBmg0NQVhSc6uN+0girE0+M1uCgJ8q81ifhKOiScedz2KRNM4r7lXFebgsV2/znApwCEdwAi5cQxXuoQYeYKDwAq/wZj1b79aH9TltXbLymQOYgfX1C5zWmGc=</latexit>

S3/T

<latexit sha1_base64="258i8ukApSAhFAyMWwM13GfzJ5U=">AAACAXicbVA9SwNBEN2LXzF+RS1tFoNgIeFORC2DNpYJJDGQHGFvby5Zsrt37O4J4Uhlaas/wk5s/SX+Bv+Em+QKk/hg4PHeDDPzgoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRaFFYx6rTkA0cCahZZjh0EkUEBFweAxG91P/8QmUZrFsmnECviADySJGibFSo9kvV9yqOwNeJV5OKihHvV/+6YUxTQVIQznRuuu5ifEzogyjHCalXqohIXREBtC1VBIB2s9mh07wmVVCHMXKljR4pv6dyIjQeiwC2ymIGeplbyr+53VTE936GZNJakDS+aIo5djEePo1DpkCavjYEkIVs7diOiSKUGOzWdgSBOJC28eGEE5KNh1vOYtV0r6setdVt3FVqd3lORXRCTpF58hDN6iGHlAdtRBFgF7QK3pznp1358P5nLcWnHzmGC3A+foFSHaXKw==</latexit>

T
<latexit sha1_base64="ldRUrSCNZXvE7rjdahqaxrzdHas=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNgVUY9BLx4j5gXJEmZnZ5MhM7PLzKwQlhw9etWP8CZe/RC/wZ9wkuzBJBY0FFXddHcFCWfauO63s7K6tr6xWdgqbu/s7u2XDg6bOk4VoQ0S81i1A6wpZ5I2DDOcthNFsQg4bQXDu4nfeqJKs1jWzSihvsB9ySJGsLHSY71HeqWyW3GnQMvEy0kZctR6pZ9uGJNUUGkIx1p3PDcxfoaVYYTTcbGbappgMsR92rFUYkG1n01PHaNTq4QoipUtadBU/TuRYaH1SAS2U2Az0IveRPzP66QmuvEzJpPUUElmi6KUIxOjyd8oZIoSw0eWYKKYvRWRAVaYGJvO3JYgEOfaPjag4bho0/EWs1gmzYuKd1VxHy7L1ds8pwIcwwmcgQfXUIV7qEEDCPThBV7hzXl23p0P53PWuuLkM0cwB+frF8yCmAE=</latexit>

Tc

<latexit sha1_base64="WyAHv1Oavo5dtIuFTqyb3uVSaqY=">AAACEnicdZDLSgMxFIYz9V5voy7dBIvgQspUvG0E0Y1LhVYLbSmZ9NSGJpkhOSOWYd7CpVt9CHfi1hfwGXwJ03YEK/pD4Oc753BO/jCWwmIQfHiFqemZ2bn5heLi0vLKqr+2fm2jxHCo8UhGph4yC1JoqKFACfXYAFOhhJuwfz6s39yBsSLSVRzE0FLsVouu4Awdavt+9aTaTpsI95gqobOs7ZeC8kEwFA3KwbfJSSUnJZLrsu1/NjsRTxRo5JJZ26gEMbZSZlBwCVmxmViIGe+zW2g4q5kC20pHl2d025EO7UbGPY10RH9OpExZO1Ch61QMe/Z3bQj/qjUS7B63UqHjBEHz8aJuIilGdBgD7QgDHOXAGcaNcLdS3mOGcXRhTWwJQ7Vr3cd60MmKLp3vCOj/5nqvXDksB1f7pdOzPKd5skm2yA6pkCNySi7IJakRTu7II3kiz96D9+K9em/j1oKXz2yQCXnvX0pcnkE=</latexit>

T = Tmin

<latexit sha1_base64="v91NoUoxL/Orks99Umn7WLgLXHg=">AAACDnicdZDLSgMxFIYz3q23qks3wSK4kDIVb8uiG5cKrQrtWDLpaRuaZIbkjFiGeQeXbvUh3IlbX8Fn8CXM1BFU9IfAz3fO4Zz8YSyFRd9/8yYmp6ZnZufmSwuLS8sr5dW1CxslhkOTRzIyVyGzIIWGJgqUcBUbYCqUcBkOT/L65Q0YKyLdwFEMgWJ9LXqCM3ToutFJ2wi3mCqhs6xTrvjVfT8X9av+lylIrSAVUuisU35vdyOeKNDIJbO2VfNjDFJmUHAJWamdWIgZH7I+tJzVTIEN0vHVGd1ypEt7kXFPIx3T7xMpU9aOVOg6FcOB/V3L4V+1VoK9oyAVOk4QNP9c1EskxYjmEdCuMMBRjpxh3Ah3K+UDZhhHF9SPLWGodqz72AC6Wcml8xUB/d9c7FZrB1X/fK9SPy5ymiMbZJNskxo5JHVySs5Ik3BiyD15II/enffkPXsvn60TXjGzTn7Ie/0AkwSdaw==</latexit>

Tmin

When one bubble per Hubble volume nucleates  

<latexit sha1_base64="zAd2JHD4f4o+WPYoJzrmysKdcLk=">AAACIHicbVDLSgMxFM34tr5GXQoSLIKClBkVdVl041KxrYVOGTLpHRuaZMYkI5Rhdn6JS7f6Ee7Epf6CP2H6WPg6kHA4517uvSdKOdPG896dicmp6ZnZufnSwuLS8oq7utbQSaYo1GnCE9WMiAbOJNQNMxyaqQIiIg7XUe9s4F/fgdIskTXTT6EtyI1kMaPEWCl0N4NYEZpfhQc7tVDuFrn9i0AzAbfY97zQLXsVbwj8l/hjUkZjXITuZ9BJaCZAGsqJ1i3fS007J8owyqEoBZmGlNAeuYGWpZII0O18eEeBt63SwXGi7JMGD9XvHTkRWvdFZCsFMV392xuI/3mtzMQn7ZzJNDMg6WhQnHFsEjwIBXeYAmp43xJCFbO7YtolNhhjo/sxJYrEnraHdaFTlGw6/u8s/pLGfsU/qniXh+Xq6TinObSBttAO8tExqqJzdIHqiKJ79Iie0LPz4Lw4r87bqHTCGfesox9wPr4AFiiitg==</latexit>

S3(Tn)

Tn
' 100

<latexit sha1_base64="saK5H5EP/pIZOzulLbSINGomcjY=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsmJf0A4lk6ZtaCYzJBmhlC5dutWPcCdu/RC/wZ8wfQhW9MCFwzn3cu89QcyZ0gh9WKm19Y3NrfR2Zmd3b/8ge3jUUFEiCa2TiEeyFWBFORO0rpnmtBVLisOA02Ywup75zXsqFYtETY9j6od4IFifEayNdFfrim42h2xULHmeC5Htuu5loWBIuey5KA8dG82RA0tUu9nPTi8iSUiFJhwr1XZQrP0JlpoRTqeZTqJojMkID2jbUIFDqvzJ/NQpPDNKD/YjaUpoOFd/TkxwqNQ4DExniPVQ/fZm4l9eO9F9z58wESeaCrJY1E841BGc/Q17TFKi+dgQTCQzt0IyxBITbdJZ2RIE4YUyjw1pb5ox6XxHAP8njbztFG10W8hVrpY5pcEJOAXnwAElUAE3oArqgIABeARP4Nl6sF6sV+tt0ZqyljPHYAXW+xduHJhp</latexit>

Tn

<latexit sha1_base64="5auoAssncXgiBJgGKjuxUb5o84s=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsqKthXYomUymDc08SDJCGbp06VY/wp249UP8Bn/C9CFY0QMXDufcy733eAlnUiH0YeRWVtfWN/Kbha3tnd294v5BW8apILRFYh6Ljocl5SyiLcUUp51EUBx6nN55o8upf3dPhWRxdKvGCXVDPIhYwAhWWrqxEOoXS8hE1Zrj2BCZtm2fVyqa1OuOjcrQMtEMJbBAs1/87PkxSUMaKcKxlF0LJcrNsFCMcDop9FJJE0xGeEC7mkY4pNLNZqdO4IlWfBjEQlek4Ez9OZHhUMpx6OnOEKuh/O1Nxb+8bqoCx81YlKSKRmS+KEg5VDGc/g19JihRfKwJJoLpWyEZYoGJ0uksbfG88Ezqx4bUnxR0Ot8RwP9Ju2xaVRNdV0qNi0VOeXAEjsEpsEANNMAVaIIWIGAAHsETeDYejBfj1Xibt+aMxcwhWILx/gWFSJfZ</latexit>

100

<latexit sha1_base64="aikqoq57k4rhsNwr0AtY6wQ95GY=">AAACBXicdVDLSgMxFM3UV62vqks3wSK4kCGtnXa6EIpuXFbotIW2lEyatqGZzJBkhDJ07dKtfoQ7cet3+A3+hOlDsKIHLhzOuZd77/EjzpRG6MNKra1vbG6ltzM7u3v7B9nDo4YKY0moR0IeypaPFeVMUE8zzWkrkhQHPqdNf3wz85v3VCoWirqeRLQb4KFgA0awNpJXv6r3RC+bQzYqlV3Xgch2HOeyWDSkUnEdVIB5G82RA0vUetnPTj8kcUCFJhwr1c6jSHcTLDUjnE4znVjRCJMxHtK2oQIHVHWT+bFTeGaUPhyE0pTQcK7+nEhwoNQk8E1ngPVI/fZm4l9eO9YDt5swEcWaCrJYNIg51CGcfQ77TFKi+cQQTCQzt0IywhITbfJZ2eL7wYUyj41of5ox6XxHAP8njYKdL9norpirXi9zSoMTcArOQR6UQRXcghrwAAEMPIIn8Gw9WC/Wq/W2aE1Zy5ljsALr/QukI5kO</latexit>

T = Tn



<latexit sha1_base64="WIUSLGxQyhRlmxdXJw0j8+6VwJ0=">AAACBXicbVA9SwNBEJ3zM8avqKXNYhAsJNyJqI0QtLGMkEsCyRH2NnvJkt29Y3dPCEdqS1v9EXZi6+/wN/gn3CRXmMQHA4/3ZpiZFyacaeO6387K6tr6xmZhq7i9s7u3Xzo4bOg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw/uJ33yiSrNY1s0ooYHAfckiRrCxkl+/rXdJt1R2K+4UaJl4OSlDjlq39NPpxSQVVBrCsdZtz01MkGFlGOF0XOykmiaYDHGfti2VWFAdZNNjx+jUKj0UxcqWNGiq/p3IsNB6JELbKbAZ6EVvIv7ntVMT3QQZk0lqqCSzRVHKkYnR5HPUY4oSw0eWYKKYvRWRAVaYGJvP3JYwFOfaPjagvXHRpuMtZrFMGhcV76riPl6Wq3d5TgU4hhM4Aw+uoQoPUAMfCDB4gVd4c56dd+fD+Zy1rjj5zBHMwfn6BQKYmKY=</latexit>

T = Tc

<latexit sha1_base64="4PPOb2dWJ9NRZx1PefD1h7zCJrc=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTq60LoejGZcW+oB1KJpNpQzMPkoxQhi5dutWPcCdu/RC/wZ8w045gRQ9cOJxzL/fe40ScSYXQh5FbWl5ZXcuvFzY2t7Z3irt7bRnGgtAWCXkoug6WlLOAthRTnHYjQbHvcNpxxtep37mnQrIwaKpJRG0fDwPmMYKVlu6al2hQLCHzApVPawgiE82QkrNKFVWglSklkKExKH723ZDEPg0U4VjKnoUiZSdYKEY4nRb6saQRJmM8pD1NA+xTaSezU6fwSCsu9EKhK1Bwpv6cSLAv5cR3dKeP1Uj+9lLxL68XK69mJyyIYkUDMl/kxRyqEKZ/Q5cJShSfaIKJYPpWSEZYYKJ0OgtbHMc/kfqxEXWnBZ3OdwTwf9Ium9a5iW4rpfpVllMeHIBDcAwsUAV1cAMaoAUIGIJH8ASejQfjxXg13uatOSOb2QcLMN6/AIQ6l9Y=</latexit>

T = 0

<latexit sha1_base64="AXdZojdU6X8YdnW+rwMQRnJLDT0=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevGYgHlAsoTZ2d5kyMzsMjMrhCUnj171I7yJV7/Eb/AnnCR7MIkFDUVVN91dQcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epotCkMY9VJyAaOJPQNMxw6CQKiAg4tIPR/dRvP4HSLJaPZpyAL8hAsohRYqzUaPXLFbfqzoBXiZeTCspR75d/emFMUwHSUE607npuYvyMKMMoh0mpl2pICB2RAXQtlUSA9rPZoRN8ZpUQR7GyJQ2eqX8nMiK0HovAdgpihnrZm4r/ed3URLd+xmSSGpB0vihKOTYxnn6NQ6aAGj62hFDF7K2YDoki1NhsFrYEgbjQ9rEhhJOSTcdbzmKVtC6r3nXVbVxVand5TkV0gk7ROfLQDaqhB1RHTUQRoBf0it6cZ+fd+XA+560FJ585Rgtwvn4BS7CXLQ==</latexit>

V

<latexit sha1_base64="uen8OsoCkN0G4Esx2NkIGhcG2Gk=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BLx4TMA9IljA725sMmZldZmbFsOTk0at+hDfx6pf4Df6Ek2QPJrGgoajqprsrSDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4N/Fbj6A0i+WDGSXgC9KXLGKUGCvVn3qlsltxp8DLxMtJGeWo9Uo/3TCmqQBpKCdadzw3MX5GlGGUw7jYTTUkhA5JHzqWSiJA+9n00DE+tUqIo1jZkgZP1b8TGRFaj0RgOwUxA73oTcT/vE5qohs/YzJJDUg6WxSlHJsYT77GIVNADR9ZQqhi9lZMB0QRamw2c1uCQJxr+9gAwnHRpuMtZrFMmhcV76ri1i/L1ds8pwI6RifoDHnoGlXRPaqhBqII0At6RW/Os/PufDifs9YVJ585QnNwvn4BgoqXTw==</latexit>x

<latexit sha1_base64="7LGjnJt2BvF4htd8/S1sXeNVOCI=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SE1U1GPRi8eKTVtoQ9lsNu3S3U3Y3Qgl9OzRq/4Ib+LV3+Fv8E+4bXOwrQ8GHu/NMDMvSBhV2nG+raXlldW19cJGcXNre2e3tLffUHEqMfFwzGLZCpAijAriaaoZaSWSIB4w0gwGd2O/+USkorGo62FCfI56gkYUI20k77F7cVbvlspOxZnAXiRuTsqQo9Yt/XTCGKecCI0ZUqrtOon2MyQ1xYyMip1UkQThAeqRtqECcaL8bHLsyD42SmhHsTQltD1R/05kiCs15IHp5Ej31bw3Fv/z2qmObvyMiiTVRODpoihlto7t8ed2SCXBmg0NQVhSc6uN+0girE0+M1uCgJ8q81ifhKOiScedz2KRNM4r7lXFebgsV2/znApwCEdwAi5cQxXuoQYeYKDwAq/wZj1b79aH9TltXbLymQOYgfX1C5zWmGc=</latexit>

S3/T

<latexit sha1_base64="258i8ukApSAhFAyMWwM13GfzJ5U=">AAACAXicbVA9SwNBEN2LXzF+RS1tFoNgIeFORC2DNpYJJDGQHGFvby5Zsrt37O4J4Uhlaas/wk5s/SX+Bv+Em+QKk/hg4PHeDDPzgoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRaFFYx6rTkA0cCahZZjh0EkUEBFweAxG91P/8QmUZrFsmnECviADySJGibFSo9kvV9yqOwNeJV5OKihHvV/+6YUxTQVIQznRuuu5ifEzogyjHCalXqohIXREBtC1VBIB2s9mh07wmVVCHMXKljR4pv6dyIjQeiwC2ymIGeplbyr+53VTE936GZNJakDS+aIo5djEePo1DpkCavjYEkIVs7diOiSKUGOzWdgSBOJC28eGEE5KNh1vOYtV0r6setdVt3FVqd3lORXRCTpF58hDN6iGHlAdtRBFgF7QK3pznp1358P5nLcWnHzmGC3A+foFSHaXKw==</latexit>

T
<latexit sha1_base64="ldRUrSCNZXvE7rjdahqaxrzdHas=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNgVUY9BLx4j5gXJEmZnZ5MhM7PLzKwQlhw9etWP8CZe/RC/wZ9wkuzBJBY0FFXddHcFCWfauO63s7K6tr6xWdgqbu/s7u2XDg6bOk4VoQ0S81i1A6wpZ5I2DDOcthNFsQg4bQXDu4nfeqJKs1jWzSihvsB9ySJGsLHSY71HeqWyW3GnQMvEy0kZctR6pZ9uGJNUUGkIx1p3PDcxfoaVYYTTcbGbappgMsR92rFUYkG1n01PHaNTq4QoipUtadBU/TuRYaH1SAS2U2Az0IveRPzP66QmuvEzJpPUUElmi6KUIxOjyd8oZIoSw0eWYKKYvRWRAVaYGJvO3JYgEOfaPjag4bho0/EWs1gmzYuKd1VxHy7L1ds8pwIcwwmcgQfXUIV7qEEDCPThBV7hzXl23p0P53PWuuLkM0cwB+frF8yCmAE=</latexit>

Tc

<latexit sha1_base64="WyAHv1Oavo5dtIuFTqyb3uVSaqY=">AAACEnicdZDLSgMxFIYz9V5voy7dBIvgQspUvG0E0Y1LhVYLbSmZ9NSGJpkhOSOWYd7CpVt9CHfi1hfwGXwJ03YEK/pD4Oc753BO/jCWwmIQfHiFqemZ2bn5heLi0vLKqr+2fm2jxHCo8UhGph4yC1JoqKFACfXYAFOhhJuwfz6s39yBsSLSVRzE0FLsVouu4Awdavt+9aTaTpsI95gqobOs7ZeC8kEwFA3KwbfJSSUnJZLrsu1/NjsRTxRo5JJZ26gEMbZSZlBwCVmxmViIGe+zW2g4q5kC20pHl2d025EO7UbGPY10RH9OpExZO1Ch61QMe/Z3bQj/qjUS7B63UqHjBEHz8aJuIilGdBgD7QgDHOXAGcaNcLdS3mOGcXRhTWwJQ7Vr3cd60MmKLp3vCOj/5nqvXDksB1f7pdOzPKd5skm2yA6pkCNySi7IJakRTu7II3kiz96D9+K9em/j1oKXz2yQCXnvX0pcnkE=</latexit>

T = Tmin

<latexit sha1_base64="v91NoUoxL/Orks99Umn7WLgLXHg=">AAACDnicdZDLSgMxFIYz3q23qks3wSK4kDIVb8uiG5cKrQrtWDLpaRuaZIbkjFiGeQeXbvUh3IlbX8Fn8CXM1BFU9IfAz3fO4Zz8YSyFRd9/8yYmp6ZnZufmSwuLS8sr5dW1CxslhkOTRzIyVyGzIIWGJgqUcBUbYCqUcBkOT/L65Q0YKyLdwFEMgWJ9LXqCM3ToutFJ2wi3mCqhs6xTrvjVfT8X9av+lylIrSAVUuisU35vdyOeKNDIJbO2VfNjDFJmUHAJWamdWIgZH7I+tJzVTIEN0vHVGd1ypEt7kXFPIx3T7xMpU9aOVOg6FcOB/V3L4V+1VoK9oyAVOk4QNP9c1EskxYjmEdCuMMBRjpxh3Ah3K+UDZhhHF9SPLWGodqz72AC6Wcml8xUB/d9c7FZrB1X/fK9SPy5ymiMbZJNskxo5JHVySs5Ik3BiyD15II/enffkPXsvn60TXjGzTn7Ie/0AkwSdaw==</latexit>

Tmin

<latexit sha1_base64="5auoAssncXgiBJgGKjuxUb5o84s=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsqKthXYomUymDc08SDJCGbp06VY/wp249UP8Bn/C9CFY0QMXDufcy733eAlnUiH0YeRWVtfWN/Kbha3tnd294v5BW8apILRFYh6Ljocl5SyiLcUUp51EUBx6nN55o8upf3dPhWRxdKvGCXVDPIhYwAhWWrqxEOoXS8hE1Zrj2BCZtm2fVyqa1OuOjcrQMtEMJbBAs1/87PkxSUMaKcKxlF0LJcrNsFCMcDop9FJJE0xGeEC7mkY4pNLNZqdO4IlWfBjEQlek4Ez9OZHhUMpx6OnOEKuh/O1Nxb+8bqoCx81YlKSKRmS+KEg5VDGc/g19JihRfKwJJoLpWyEZYoGJ0uksbfG88Ezqx4bUnxR0Ot8RwP9Ju2xaVRNdV0qNi0VOeXAEjsEpsEANNMAVaIIWIGAAHsETeDYejBfj1Xibt+aMxcwhWILx/gWFSJfZ</latexit>

100

<latexit sha1_base64="aikqoq57k4rhsNwr0AtY6wQ95GY=">AAACBXicdVDLSgMxFM3UV62vqks3wSK4kCGtnXa6EIpuXFbotIW2lEyatqGZzJBkhDJ07dKtfoQ7cet3+A3+hOlDsKIHLhzOuZd77/EjzpRG6MNKra1vbG6ltzM7u3v7B9nDo4YKY0moR0IeypaPFeVMUE8zzWkrkhQHPqdNf3wz85v3VCoWirqeRLQb4KFgA0awNpJXv6r3RC+bQzYqlV3Xgch2HOeyWDSkUnEdVIB5G82RA0vUetnPTj8kcUCFJhwr1c6jSHcTLDUjnE4znVjRCJMxHtK2oQIHVHWT+bFTeGaUPhyE0pTQcK7+nEhwoNQk8E1ngPVI/fZm4l9eO9YDt5swEcWaCrJYNIg51CGcfQ77TFKi+cQQTCQzt0IywhITbfJZ2eL7wYUyj41of5ox6XxHAP8njYKdL9norpirXi9zSoMTcArOQR6UQRXcghrwAAEMPIIn8Gw9WC/Wq/W2aE1Zy5ljsALr/QukI5kO</latexit>

T = Tn

Gravitational Waves signal from 1st order Phase Transitions

The detectability of the GWs signal depends on: 

<latexit sha1_base64="saK5H5EP/pIZOzulLbSINGomcjY=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsmJf0A4lk6ZtaCYzJBmhlC5dutWPcCdu/RC/wZ8wfQhW9MCFwzn3cu89QcyZ0gh9WKm19Y3NrfR2Zmd3b/8ge3jUUFEiCa2TiEeyFWBFORO0rpnmtBVLisOA02Ywup75zXsqFYtETY9j6od4IFifEayNdFfrim42h2xULHmeC5Htuu5loWBIuey5KA8dG82RA0tUu9nPTi8iSUiFJhwr1XZQrP0JlpoRTqeZTqJojMkID2jbUIFDqvzJ/NQpPDNKD/YjaUpoOFd/TkxwqNQ4DExniPVQ/fZm4l9eO9F9z58wESeaCrJY1E841BGc/Q17TFKi+dgQTCQzt0IyxBITbdJZ2RIE4YUyjw1pb5ox6XxHAP8njbztFG10W8hVrpY5pcEJOAXnwAElUAE3oArqgIABeARP4Nl6sF6sV+tt0ZqyljPHYAXW+xduHJhp</latexit>

Tn



<latexit sha1_base64="WIUSLGxQyhRlmxdXJw0j8+6VwJ0=">AAACBXicbVA9SwNBEJ3zM8avqKXNYhAsJNyJqI0QtLGMkEsCyRH2NnvJkt29Y3dPCEdqS1v9EXZi6+/wN/gn3CRXmMQHA4/3ZpiZFyacaeO6387K6tr6xmZhq7i9s7u3Xzo4bOg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw/uJ33yiSrNY1s0ooYHAfckiRrCxkl+/rXdJt1R2K+4UaJl4OSlDjlq39NPpxSQVVBrCsdZtz01MkGFlGOF0XOykmiaYDHGfti2VWFAdZNNjx+jUKj0UxcqWNGiq/p3IsNB6JELbKbAZ6EVvIv7ntVMT3QQZk0lqqCSzRVHKkYnR5HPUY4oSw0eWYKKYvRWRAVaYGJvP3JYwFOfaPjagvXHRpuMtZrFMGhcV76riPl6Wq3d5TgU4hhM4Aw+uoQoPUAMfCDB4gVd4c56dd+fD+Zy1rjj5zBHMwfn6BQKYmKY=</latexit>

T = Tc

<latexit sha1_base64="4PPOb2dWJ9NRZx1PefD1h7zCJrc=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTq60LoejGZcW+oB1KJpNpQzMPkoxQhi5dutWPcCdu/RC/wZ8w045gRQ9cOJxzL/fe40ScSYXQh5FbWl5ZXcuvFzY2t7Z3irt7bRnGgtAWCXkoug6WlLOAthRTnHYjQbHvcNpxxtep37mnQrIwaKpJRG0fDwPmMYKVlu6al2hQLCHzApVPawgiE82QkrNKFVWglSklkKExKH723ZDEPg0U4VjKnoUiZSdYKEY4nRb6saQRJmM8pD1NA+xTaSezU6fwSCsu9EKhK1Bwpv6cSLAv5cR3dKeP1Uj+9lLxL68XK69mJyyIYkUDMl/kxRyqEKZ/Q5cJShSfaIKJYPpWSEZYYKJ0OgtbHMc/kfqxEXWnBZ3OdwTwf9Ium9a5iW4rpfpVllMeHIBDcAwsUAV1cAMaoAUIGIJH8ASejQfjxXg13uatOSOb2QcLMN6/AIQ6l9Y=</latexit>

T = 0

<latexit sha1_base64="AXdZojdU6X8YdnW+rwMQRnJLDT0=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevGYgHlAsoTZ2d5kyMzsMjMrhCUnj171I7yJV7/Eb/AnnCR7MIkFDUVVN91dQcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epotCkMY9VJyAaOJPQNMxw6CQKiAg4tIPR/dRvP4HSLJaPZpyAL8hAsohRYqzUaPXLFbfqzoBXiZeTCspR75d/emFMUwHSUE607npuYvyMKMMoh0mpl2pICB2RAXQtlUSA9rPZoRN8ZpUQR7GyJQ2eqX8nMiK0HovAdgpihnrZm4r/ed3URLd+xmSSGpB0vihKOTYxnn6NQ6aAGj62hFDF7K2YDoki1NhsFrYEgbjQ9rEhhJOSTcdbzmKVtC6r3nXVbVxVand5TkV0gk7ROfLQDaqhB1RHTUQRoBf0it6cZ+fd+XA+560FJ585Rgtwvn4BS7CXLQ==</latexit>

V

<latexit sha1_base64="uen8OsoCkN0G4Esx2NkIGhcG2Gk=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BLx4TMA9IljA725sMmZldZmbFsOTk0at+hDfx6pf4Df6Ek2QPJrGgoajqprsrSDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4N/Fbj6A0i+WDGSXgC9KXLGKUGCvVn3qlsltxp8DLxMtJGeWo9Uo/3TCmqQBpKCdadzw3MX5GlGGUw7jYTTUkhA5JHzqWSiJA+9n00DE+tUqIo1jZkgZP1b8TGRFaj0RgOwUxA73oTcT/vE5qohs/YzJJDUg6WxSlHJsYT77GIVNADR9ZQqhi9lZMB0QRamw2c1uCQJxr+9gAwnHRpuMtZrFMmhcV76ri1i/L1ds8pwI6RifoDHnoGlXRPaqhBqII0At6RW/Os/PufDifs9YVJ585QnNwvn4BgoqXTw==</latexit>x

<latexit sha1_base64="7LGjnJt2BvF4htd8/S1sXeNVOCI=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SE1U1GPRi8eKTVtoQ9lsNu3S3U3Y3Qgl9OzRq/4Ib+LV3+Fv8E+4bXOwrQ8GHu/NMDMvSBhV2nG+raXlldW19cJGcXNre2e3tLffUHEqMfFwzGLZCpAijAriaaoZaSWSIB4w0gwGd2O/+USkorGo62FCfI56gkYUI20k77F7cVbvlspOxZnAXiRuTsqQo9Yt/XTCGKecCI0ZUqrtOon2MyQ1xYyMip1UkQThAeqRtqECcaL8bHLsyD42SmhHsTQltD1R/05kiCs15IHp5Ej31bw3Fv/z2qmObvyMiiTVRODpoihlto7t8ed2SCXBmg0NQVhSc6uN+0girE0+M1uCgJ8q81ifhKOiScedz2KRNM4r7lXFebgsV2/znApwCEdwAi5cQxXuoQYeYKDwAq/wZj1b79aH9TltXbLymQOYgfX1C5zWmGc=</latexit>

S3/T

<latexit sha1_base64="258i8ukApSAhFAyMWwM13GfzJ5U=">AAACAXicbVA9SwNBEN2LXzF+RS1tFoNgIeFORC2DNpYJJDGQHGFvby5Zsrt37O4J4Uhlaas/wk5s/SX+Bv+Em+QKk/hg4PHeDDPzgoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRaFFYx6rTkA0cCahZZjh0EkUEBFweAxG91P/8QmUZrFsmnECviADySJGibFSo9kvV9yqOwNeJV5OKihHvV/+6YUxTQVIQznRuuu5ifEzogyjHCalXqohIXREBtC1VBIB2s9mh07wmVVCHMXKljR4pv6dyIjQeiwC2ymIGeplbyr+53VTE936GZNJakDS+aIo5djEePo1DpkCavjYEkIVs7diOiSKUGOzWdgSBOJC28eGEE5KNh1vOYtV0r6setdVt3FVqd3lORXRCTpF58hDN6iGHlAdtRBFgF7QK3pznp1358P5nLcWnHzmGC3A+foFSHaXKw==</latexit>

T
<latexit sha1_base64="ldRUrSCNZXvE7rjdahqaxrzdHas=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNgVUY9BLx4j5gXJEmZnZ5MhM7PLzKwQlhw9etWP8CZe/RC/wZ9wkuzBJBY0FFXddHcFCWfauO63s7K6tr6xWdgqbu/s7u2XDg6bOk4VoQ0S81i1A6wpZ5I2DDOcthNFsQg4bQXDu4nfeqJKs1jWzSihvsB9ySJGsLHSY71HeqWyW3GnQMvEy0kZctR6pZ9uGJNUUGkIx1p3PDcxfoaVYYTTcbGbappgMsR92rFUYkG1n01PHaNTq4QoipUtadBU/TuRYaH1SAS2U2Az0IveRPzP66QmuvEzJpPUUElmi6KUIxOjyd8oZIoSw0eWYKKYvRWRAVaYGJvO3JYgEOfaPjag4bho0/EWs1gmzYuKd1VxHy7L1ds8pwIcwwmcgQfXUIV7qEEDCPThBV7hzXl23p0P53PWuuLkM0cwB+frF8yCmAE=</latexit>

Tc

<latexit sha1_base64="WyAHv1Oavo5dtIuFTqyb3uVSaqY=">AAACEnicdZDLSgMxFIYz9V5voy7dBIvgQspUvG0E0Y1LhVYLbSmZ9NSGJpkhOSOWYd7CpVt9CHfi1hfwGXwJ03YEK/pD4Oc753BO/jCWwmIQfHiFqemZ2bn5heLi0vLKqr+2fm2jxHCo8UhGph4yC1JoqKFACfXYAFOhhJuwfz6s39yBsSLSVRzE0FLsVouu4Awdavt+9aTaTpsI95gqobOs7ZeC8kEwFA3KwbfJSSUnJZLrsu1/NjsRTxRo5JJZ26gEMbZSZlBwCVmxmViIGe+zW2g4q5kC20pHl2d025EO7UbGPY10RH9OpExZO1Ch61QMe/Z3bQj/qjUS7B63UqHjBEHz8aJuIilGdBgD7QgDHOXAGcaNcLdS3mOGcXRhTWwJQ7Vr3cd60MmKLp3vCOj/5nqvXDksB1f7pdOzPKd5skm2yA6pkCNySi7IJakRTu7II3kiz96D9+K9em/j1oKXz2yQCXnvX0pcnkE=</latexit>

T = Tmin

<latexit sha1_base64="v91NoUoxL/Orks99Umn7WLgLXHg=">AAACDnicdZDLSgMxFIYz3q23qks3wSK4kDIVb8uiG5cKrQrtWDLpaRuaZIbkjFiGeQeXbvUh3IlbX8Fn8CXM1BFU9IfAz3fO4Zz8YSyFRd9/8yYmp6ZnZufmSwuLS8sr5dW1CxslhkOTRzIyVyGzIIWGJgqUcBUbYCqUcBkOT/L65Q0YKyLdwFEMgWJ9LXqCM3ToutFJ2wi3mCqhs6xTrvjVfT8X9av+lylIrSAVUuisU35vdyOeKNDIJbO2VfNjDFJmUHAJWamdWIgZH7I+tJzVTIEN0vHVGd1ypEt7kXFPIx3T7xMpU9aOVOg6FcOB/V3L4V+1VoK9oyAVOk4QNP9c1EskxYjmEdCuMMBRjpxh3Ah3K+UDZhhHF9SPLWGodqz72AC6Wcml8xUB/d9c7FZrB1X/fK9SPy5ymiMbZJNskxo5JHVySs5Ik3BiyD15II/enffkPXsvn60TXjGzTn7Ie/0AkwSdaw==</latexit>

Tmin

<latexit sha1_base64="5auoAssncXgiBJgGKjuxUb5o84s=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsqKthXYomUymDc08SDJCGbp06VY/wp249UP8Bn/C9CFY0QMXDufcy733eAlnUiH0YeRWVtfWN/Kbha3tnd294v5BW8apILRFYh6Ljocl5SyiLcUUp51EUBx6nN55o8upf3dPhWRxdKvGCXVDPIhYwAhWWrqxEOoXS8hE1Zrj2BCZtm2fVyqa1OuOjcrQMtEMJbBAs1/87PkxSUMaKcKxlF0LJcrNsFCMcDop9FJJE0xGeEC7mkY4pNLNZqdO4IlWfBjEQlek4Ez9OZHhUMpx6OnOEKuh/O1Nxb+8bqoCx81YlKSKRmS+KEg5VDGc/g19JihRfKwJJoLpWyEZYoGJ0uksbfG88Ezqx4bUnxR0Ot8RwP9Ju2xaVRNdV0qNi0VOeXAEjsEpsEANNMAVaIIWIGAAHsETeDYejBfj1Xibt+aMxcwhWILx/gWFSJfZ</latexit>

100

<latexit sha1_base64="aikqoq57k4rhsNwr0AtY6wQ95GY=">AAACBXicdVDLSgMxFM3UV62vqks3wSK4kCGtnXa6EIpuXFbotIW2lEyatqGZzJBkhDJ07dKtfoQ7cet3+A3+hOlDsKIHLhzOuZd77/EjzpRG6MNKra1vbG6ltzM7u3v7B9nDo4YKY0moR0IeypaPFeVMUE8zzWkrkhQHPqdNf3wz85v3VCoWirqeRLQb4KFgA0awNpJXv6r3RC+bQzYqlV3Xgch2HOeyWDSkUnEdVIB5G82RA0vUetnPTj8kcUCFJhwr1c6jSHcTLDUjnE4znVjRCJMxHtK2oQIHVHWT+bFTeGaUPhyE0pTQcK7+nEhwoNQk8E1ngPVI/fZm4l9eO9YDt5swEcWaCrJYNIg51CGcfQ77TFKi+cQQTCQzt0IywhITbfJZ2eL7wYUyj41of5ox6XxHAP8njYKdL9norpirXi9zSoMTcArOQR6UQRXcghrwAAEMPIIn8Gw9WC/Wq/W2aE1Zy5ljsALr/QukI5kO</latexit>

T = Tn

Gravitational Waves signal from 1st order Phase Transitions

The detectability of the GWs signal depends on: 

The energy released during the PTs
<latexit sha1_base64="Vk7IOWTSrT//oRs+hpe+0rGfORc="></latexit>

↵(Tn) ⇠
�V (Tn)

⇢R(Tn)

<latexit sha1_base64="T8S3/Zl9KUtFj6GXuuGm6SMXzs4="></latexit>

�V (Tn)

<latexit sha1_base64="saK5H5EP/pIZOzulLbSINGomcjY=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsmJf0A4lk6ZtaCYzJBmhlC5dutWPcCdu/RC/wZ8wfQhW9MCFwzn3cu89QcyZ0gh9WKm19Y3NrfR2Zmd3b/8ge3jUUFEiCa2TiEeyFWBFORO0rpnmtBVLisOA02Ywup75zXsqFYtETY9j6od4IFifEayNdFfrim42h2xULHmeC5Htuu5loWBIuey5KA8dG82RA0tUu9nPTi8iSUiFJhwr1XZQrP0JlpoRTqeZTqJojMkID2jbUIFDqvzJ/NQpPDNKD/YjaUpoOFd/TkxwqNQ4DExniPVQ/fZm4l9eO9F9z58wESeaCrJY1E841BGc/Q17TFKi+dgQTCQzt0IyxBITbdJZ2RIE4YUyjw1pb5ox6XxHAP8njbztFG10W8hVrpY5pcEJOAXnwAElUAE3oArqgIABeARP4Nl6sF6sV+tt0ZqyljPHYAXW+xduHJhp</latexit>

Tn



The duration of the PTs

<latexit sha1_base64="WIUSLGxQyhRlmxdXJw0j8+6VwJ0=">AAACBXicbVA9SwNBEJ3zM8avqKXNYhAsJNyJqI0QtLGMkEsCyRH2NnvJkt29Y3dPCEdqS1v9EXZi6+/wN/gn3CRXmMQHA4/3ZpiZFyacaeO6387K6tr6xmZhq7i9s7u3Xzo4bOg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw/uJ33yiSrNY1s0ooYHAfckiRrCxkl+/rXdJt1R2K+4UaJl4OSlDjlq39NPpxSQVVBrCsdZtz01MkGFlGOF0XOykmiaYDHGfti2VWFAdZNNjx+jUKj0UxcqWNGiq/p3IsNB6JELbKbAZ6EVvIv7ntVMT3QQZk0lqqCSzRVHKkYnR5HPUY4oSw0eWYKKYvRWRAVaYGJvP3JYwFOfaPjagvXHRpuMtZrFMGhcV76riPl6Wq3d5TgU4hhM4Aw+uoQoPUAMfCDB4gVd4c56dd+fD+Zy1rjj5zBHMwfn6BQKYmKY=</latexit>

T = Tc

<latexit sha1_base64="4PPOb2dWJ9NRZx1PefD1h7zCJrc=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTq60LoejGZcW+oB1KJpNpQzMPkoxQhi5dutWPcCdu/RC/wZ8w045gRQ9cOJxzL/fe40ScSYXQh5FbWl5ZXcuvFzY2t7Z3irt7bRnGgtAWCXkoug6WlLOAthRTnHYjQbHvcNpxxtep37mnQrIwaKpJRG0fDwPmMYKVlu6al2hQLCHzApVPawgiE82QkrNKFVWglSklkKExKH723ZDEPg0U4VjKnoUiZSdYKEY4nRb6saQRJmM8pD1NA+xTaSezU6fwSCsu9EKhK1Bwpv6cSLAv5cR3dKeP1Uj+9lLxL68XK69mJyyIYkUDMl/kxRyqEKZ/Q5cJShSfaIKJYPpWSEZYYKJ0OgtbHMc/kfqxEXWnBZ3OdwTwf9Ium9a5iW4rpfpVllMeHIBDcAwsUAV1cAMaoAUIGIJH8ASejQfjxXg13uatOSOb2QcLMN6/AIQ6l9Y=</latexit>

T = 0

<latexit sha1_base64="AXdZojdU6X8YdnW+rwMQRnJLDT0=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevGYgHlAsoTZ2d5kyMzsMjMrhCUnj171I7yJV7/Eb/AnnCR7MIkFDUVVN91dQcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epotCkMY9VJyAaOJPQNMxw6CQKiAg4tIPR/dRvP4HSLJaPZpyAL8hAsohRYqzUaPXLFbfqzoBXiZeTCspR75d/emFMUwHSUE607npuYvyMKMMoh0mpl2pICB2RAXQtlUSA9rPZoRN8ZpUQR7GyJQ2eqX8nMiK0HovAdgpihnrZm4r/ed3URLd+xmSSGpB0vihKOTYxnn6NQ6aAGj62hFDF7K2YDoki1NhsFrYEgbjQ9rEhhJOSTcdbzmKVtC6r3nXVbVxVand5TkV0gk7ROfLQDaqhB1RHTUQRoBf0it6cZ+fd+XA+560FJ585Rgtwvn4BS7CXLQ==</latexit>

V

<latexit sha1_base64="uen8OsoCkN0G4Esx2NkIGhcG2Gk=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BLx4TMA9IljA725sMmZldZmbFsOTk0at+hDfx6pf4Df6Ek2QPJrGgoajqprsrSDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4N/Fbj6A0i+WDGSXgC9KXLGKUGCvVn3qlsltxp8DLxMtJGeWo9Uo/3TCmqQBpKCdadzw3MX5GlGGUw7jYTTUkhA5JHzqWSiJA+9n00DE+tUqIo1jZkgZP1b8TGRFaj0RgOwUxA73oTcT/vE5qohs/YzJJDUg6WxSlHJsYT77GIVNADR9ZQqhi9lZMB0QRamw2c1uCQJxr+9gAwnHRpuMtZrFMmhcV76ri1i/L1ds8pwI6RifoDHnoGlXRPaqhBqII0At6RW/Os/PufDifs9YVJ585QnNwvn4BgoqXTw==</latexit>x

<latexit sha1_base64="7LGjnJt2BvF4htd8/S1sXeNVOCI=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SE1U1GPRi8eKTVtoQ9lsNu3S3U3Y3Qgl9OzRq/4Ib+LV3+Fv8E+4bXOwrQ8GHu/NMDMvSBhV2nG+raXlldW19cJGcXNre2e3tLffUHEqMfFwzGLZCpAijAriaaoZaSWSIB4w0gwGd2O/+USkorGo62FCfI56gkYUI20k77F7cVbvlspOxZnAXiRuTsqQo9Yt/XTCGKecCI0ZUqrtOon2MyQ1xYyMip1UkQThAeqRtqECcaL8bHLsyD42SmhHsTQltD1R/05kiCs15IHp5Ej31bw3Fv/z2qmObvyMiiTVRODpoihlto7t8ed2SCXBmg0NQVhSc6uN+0girE0+M1uCgJ8q81ifhKOiScedz2KRNM4r7lXFebgsV2/znApwCEdwAi5cQxXuoQYeYKDwAq/wZj1b79aH9TltXbLymQOYgfX1C5zWmGc=</latexit>

S3/T

<latexit sha1_base64="258i8ukApSAhFAyMWwM13GfzJ5U=">AAACAXicbVA9SwNBEN2LXzF+RS1tFoNgIeFORC2DNpYJJDGQHGFvby5Zsrt37O4J4Uhlaas/wk5s/SX+Bv+Em+QKk/hg4PHeDDPzgoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRaFFYx6rTkA0cCahZZjh0EkUEBFweAxG91P/8QmUZrFsmnECviADySJGibFSo9kvV9yqOwNeJV5OKihHvV/+6YUxTQVIQznRuuu5ifEzogyjHCalXqohIXREBtC1VBIB2s9mh07wmVVCHMXKljR4pv6dyIjQeiwC2ymIGeplbyr+53VTE936GZNJakDS+aIo5djEePo1DpkCavjYEkIVs7diOiSKUGOzWdgSBOJC28eGEE5KNh1vOYtV0r6setdVt3FVqd3lORXRCTpF58hDN6iGHlAdtRBFgF7QK3pznp1358P5nLcWnHzmGC3A+foFSHaXKw==</latexit>

T
<latexit sha1_base64="ldRUrSCNZXvE7rjdahqaxrzdHas=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNgVUY9BLx4j5gXJEmZnZ5MhM7PLzKwQlhw9etWP8CZe/RC/wZ9wkuzBJBY0FFXddHcFCWfauO63s7K6tr6xWdgqbu/s7u2XDg6bOk4VoQ0S81i1A6wpZ5I2DDOcthNFsQg4bQXDu4nfeqJKs1jWzSihvsB9ySJGsLHSY71HeqWyW3GnQMvEy0kZctR6pZ9uGJNUUGkIx1p3PDcxfoaVYYTTcbGbappgMsR92rFUYkG1n01PHaNTq4QoipUtadBU/TuRYaH1SAS2U2Az0IveRPzP66QmuvEzJpPUUElmi6KUIxOjyd8oZIoSw0eWYKKYvRWRAVaYGJvO3JYgEOfaPjag4bho0/EWs1gmzYuKd1VxHy7L1ds8pwIcwwmcgQfXUIV7qEEDCPThBV7hzXl23p0P53PWuuLkM0cwB+frF8yCmAE=</latexit>

Tc

<latexit sha1_base64="WyAHv1Oavo5dtIuFTqyb3uVSaqY=">AAACEnicdZDLSgMxFIYz9V5voy7dBIvgQspUvG0E0Y1LhVYLbSmZ9NSGJpkhOSOWYd7CpVt9CHfi1hfwGXwJ03YEK/pD4Oc753BO/jCWwmIQfHiFqemZ2bn5heLi0vLKqr+2fm2jxHCo8UhGph4yC1JoqKFACfXYAFOhhJuwfz6s39yBsSLSVRzE0FLsVouu4Awdavt+9aTaTpsI95gqobOs7ZeC8kEwFA3KwbfJSSUnJZLrsu1/NjsRTxRo5JJZ26gEMbZSZlBwCVmxmViIGe+zW2g4q5kC20pHl2d025EO7UbGPY10RH9OpExZO1Ch61QMe/Z3bQj/qjUS7B63UqHjBEHz8aJuIilGdBgD7QgDHOXAGcaNcLdS3mOGcXRhTWwJQ7Vr3cd60MmKLp3vCOj/5nqvXDksB1f7pdOzPKd5skm2yA6pkCNySi7IJakRTu7II3kiz96D9+K9em/j1oKXz2yQCXnvX0pcnkE=</latexit>

T = Tmin

<latexit sha1_base64="v91NoUoxL/Orks99Umn7WLgLXHg=">AAACDnicdZDLSgMxFIYz3q23qks3wSK4kDIVb8uiG5cKrQrtWDLpaRuaZIbkjFiGeQeXbvUh3IlbX8Fn8CXM1BFU9IfAz3fO4Zz8YSyFRd9/8yYmp6ZnZufmSwuLS8sr5dW1CxslhkOTRzIyVyGzIIWGJgqUcBUbYCqUcBkOT/L65Q0YKyLdwFEMgWJ9LXqCM3ToutFJ2wi3mCqhs6xTrvjVfT8X9av+lylIrSAVUuisU35vdyOeKNDIJbO2VfNjDFJmUHAJWamdWIgZH7I+tJzVTIEN0vHVGd1ypEt7kXFPIx3T7xMpU9aOVOg6FcOB/V3L4V+1VoK9oyAVOk4QNP9c1EskxYjmEdCuMMBRjpxh3Ah3K+UDZhhHF9SPLWGodqz72AC6Wcml8xUB/d9c7FZrB1X/fK9SPy5ymiMbZJNskxo5JHVySs5Ik3BiyD15II/enffkPXsvn60TXjGzTn7Ie/0AkwSdaw==</latexit>

Tmin

<latexit sha1_base64="5auoAssncXgiBJgGKjuxUb5o84s=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsqKthXYomUymDc08SDJCGbp06VY/wp249UP8Bn/C9CFY0QMXDufcy733eAlnUiH0YeRWVtfWN/Kbha3tnd294v5BW8apILRFYh6Ljocl5SyiLcUUp51EUBx6nN55o8upf3dPhWRxdKvGCXVDPIhYwAhWWrqxEOoXS8hE1Zrj2BCZtm2fVyqa1OuOjcrQMtEMJbBAs1/87PkxSUMaKcKxlF0LJcrNsFCMcDop9FJJE0xGeEC7mkY4pNLNZqdO4IlWfBjEQlek4Ez9OZHhUMpx6OnOEKuh/O1Nxb+8bqoCx81YlKSKRmS+KEg5VDGc/g19JihRfKwJJoLpWyEZYoGJ0uksbfG88Ezqx4bUnxR0Ot8RwP9Ju2xaVRNdV0qNi0VOeXAEjsEpsEANNMAVaIIWIGAAHsETeDYejBfj1Xibt+aMxcwhWILx/gWFSJfZ</latexit>

100

<latexit sha1_base64="aikqoq57k4rhsNwr0AtY6wQ95GY=">AAACBXicdVDLSgMxFM3UV62vqks3wSK4kCGtnXa6EIpuXFbotIW2lEyatqGZzJBkhDJ07dKtfoQ7cet3+A3+hOlDsKIHLhzOuZd77/EjzpRG6MNKra1vbG6ltzM7u3v7B9nDo4YKY0moR0IeypaPFeVMUE8zzWkrkhQHPqdNf3wz85v3VCoWirqeRLQb4KFgA0awNpJXv6r3RC+bQzYqlV3Xgch2HOeyWDSkUnEdVIB5G82RA0vUetnPTj8kcUCFJhwr1c6jSHcTLDUjnE4znVjRCJMxHtK2oQIHVHWT+bFTeGaUPhyE0pTQcK7+nEhwoNQk8E1ngPVI/fZm4l9eO9YDt5swEcWaCrJYNIg51CGcfQ77TFKi+cQQTCQzt0IywhITbfJZ2eL7wYUyj41of5ox6XxHAP8njYKdL9norpirXi9zSoMTcArOQR6UQRXcghrwAAEMPIIn8Gw9WC/Wq/W2aE1Zy5ljsALr/QukI5kO</latexit>

T = Tn

Gravitational Waves signal from 1st order Phase Transitions

The detectability of the GWs signal depends on: 

The energy released during the PTs
<latexit sha1_base64="Vk7IOWTSrT//oRs+hpe+0rGfORc="></latexit>

↵(Tn) ⇠
�V (Tn)

⇢R(Tn)

<latexit sha1_base64="T8S3/Zl9KUtFj6GXuuGm6SMXzs4="></latexit>

�V (Tn)

<latexit sha1_base64="saK5H5EP/pIZOzulLbSINGomcjY=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsmJf0A4lk6ZtaCYzJBmhlC5dutWPcCdu/RC/wZ8wfQhW9MCFwzn3cu89QcyZ0gh9WKm19Y3NrfR2Zmd3b/8ge3jUUFEiCa2TiEeyFWBFORO0rpnmtBVLisOA02Ywup75zXsqFYtETY9j6od4IFifEayNdFfrim42h2xULHmeC5Htuu5loWBIuey5KA8dG82RA0tUu9nPTi8iSUiFJhwr1XZQrP0JlpoRTqeZTqJojMkID2jbUIFDqvzJ/NQpPDNKD/YjaUpoOFd/TkxwqNQ4DExniPVQ/fZm4l9eO9F9z58wESeaCrJY1E841BGc/Q17TFKi+dgQTCQzt0IyxBITbdJZ2RIE4YUyjw1pb5ox6XxHAP8njbztFG10W8hVrpY5pcEJOAXnwAElUAE3oArqgIABeARP4Nl6sF6sV+tt0ZqyljPHYAXW+xduHJhp</latexit>

Tn



The duration of the PTs

<latexit sha1_base64="WIUSLGxQyhRlmxdXJw0j8+6VwJ0=">AAACBXicbVA9SwNBEJ3zM8avqKXNYhAsJNyJqI0QtLGMkEsCyRH2NnvJkt29Y3dPCEdqS1v9EXZi6+/wN/gn3CRXmMQHA4/3ZpiZFyacaeO6387K6tr6xmZhq7i9s7u3Xzo4bOg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw/uJ33yiSrNY1s0ooYHAfckiRrCxkl+/rXdJt1R2K+4UaJl4OSlDjlq39NPpxSQVVBrCsdZtz01MkGFlGOF0XOykmiaYDHGfti2VWFAdZNNjx+jUKj0UxcqWNGiq/p3IsNB6JELbKbAZ6EVvIv7ntVMT3QQZk0lqqCSzRVHKkYnR5HPUY4oSw0eWYKKYvRWRAVaYGJvP3JYwFOfaPjagvXHRpuMtZrFMGhcV76riPl6Wq3d5TgU4hhM4Aw+uoQoPUAMfCDB4gVd4c56dd+fD+Zy1rjj5zBHMwfn6BQKYmKY=</latexit>

T = Tc

<latexit sha1_base64="4PPOb2dWJ9NRZx1PefD1h7zCJrc=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTq60LoejGZcW+oB1KJpNpQzMPkoxQhi5dutWPcCdu/RC/wZ8w045gRQ9cOJxzL/fe40ScSYXQh5FbWl5ZXcuvFzY2t7Z3irt7bRnGgtAWCXkoug6WlLOAthRTnHYjQbHvcNpxxtep37mnQrIwaKpJRG0fDwPmMYKVlu6al2hQLCHzApVPawgiE82QkrNKFVWglSklkKExKH723ZDEPg0U4VjKnoUiZSdYKEY4nRb6saQRJmM8pD1NA+xTaSezU6fwSCsu9EKhK1Bwpv6cSLAv5cR3dKeP1Uj+9lLxL68XK69mJyyIYkUDMl/kxRyqEKZ/Q5cJShSfaIKJYPpWSEZYYKJ0OgtbHMc/kfqxEXWnBZ3OdwTwf9Ium9a5iW4rpfpVllMeHIBDcAwsUAV1cAMaoAUIGIJH8ASejQfjxXg13uatOSOb2QcLMN6/AIQ6l9Y=</latexit>

T = 0

<latexit sha1_base64="AXdZojdU6X8YdnW+rwMQRnJLDT0=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevGYgHlAsoTZ2d5kyMzsMjMrhCUnj171I7yJV7/Eb/AnnCR7MIkFDUVVN91dQcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epotCkMY9VJyAaOJPQNMxw6CQKiAg4tIPR/dRvP4HSLJaPZpyAL8hAsohRYqzUaPXLFbfqzoBXiZeTCspR75d/emFMUwHSUE607npuYvyMKMMoh0mpl2pICB2RAXQtlUSA9rPZoRN8ZpUQR7GyJQ2eqX8nMiK0HovAdgpihnrZm4r/ed3URLd+xmSSGpB0vihKOTYxnn6NQ6aAGj62hFDF7K2YDoki1NhsFrYEgbjQ9rEhhJOSTcdbzmKVtC6r3nXVbVxVand5TkV0gk7ROfLQDaqhB1RHTUQRoBf0it6cZ+fd+XA+560FJ585Rgtwvn4BS7CXLQ==</latexit>

V

<latexit sha1_base64="uen8OsoCkN0G4Esx2NkIGhcG2Gk=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BLx4TMA9IljA725sMmZldZmbFsOTk0at+hDfx6pf4Df6Ek2QPJrGgoajqprsrSDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4N/Fbj6A0i+WDGSXgC9KXLGKUGCvVn3qlsltxp8DLxMtJGeWo9Uo/3TCmqQBpKCdadzw3MX5GlGGUw7jYTTUkhA5JHzqWSiJA+9n00DE+tUqIo1jZkgZP1b8TGRFaj0RgOwUxA73oTcT/vE5qohs/YzJJDUg6WxSlHJsYT77GIVNADR9ZQqhi9lZMB0QRamw2c1uCQJxr+9gAwnHRpuMtZrFMmhcV76ri1i/L1ds8pwI6RifoDHnoGlXRPaqhBqII0At6RW/Os/PufDifs9YVJ585QnNwvn4BgoqXTw==</latexit>x

<latexit sha1_base64="7LGjnJt2BvF4htd8/S1sXeNVOCI=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SE1U1GPRi8eKTVtoQ9lsNu3S3U3Y3Qgl9OzRq/4Ib+LV3+Fv8E+4bXOwrQ8GHu/NMDMvSBhV2nG+raXlldW19cJGcXNre2e3tLffUHEqMfFwzGLZCpAijAriaaoZaSWSIB4w0gwGd2O/+USkorGo62FCfI56gkYUI20k77F7cVbvlspOxZnAXiRuTsqQo9Yt/XTCGKecCI0ZUqrtOon2MyQ1xYyMip1UkQThAeqRtqECcaL8bHLsyD42SmhHsTQltD1R/05kiCs15IHp5Ej31bw3Fv/z2qmObvyMiiTVRODpoihlto7t8ed2SCXBmg0NQVhSc6uN+0girE0+M1uCgJ8q81ifhKOiScedz2KRNM4r7lXFebgsV2/znApwCEdwAi5cQxXuoQYeYKDwAq/wZj1b79aH9TltXbLymQOYgfX1C5zWmGc=</latexit>

S3/T

<latexit sha1_base64="258i8ukApSAhFAyMWwM13GfzJ5U=">AAACAXicbVA9SwNBEN2LXzF+RS1tFoNgIeFORC2DNpYJJDGQHGFvby5Zsrt37O4J4Uhlaas/wk5s/SX+Bv+Em+QKk/hg4PHeDDPzgoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRaFFYx6rTkA0cCahZZjh0EkUEBFweAxG91P/8QmUZrFsmnECviADySJGibFSo9kvV9yqOwNeJV5OKihHvV/+6YUxTQVIQznRuuu5ifEzogyjHCalXqohIXREBtC1VBIB2s9mh07wmVVCHMXKljR4pv6dyIjQeiwC2ymIGeplbyr+53VTE936GZNJakDS+aIo5djEePo1DpkCavjYEkIVs7diOiSKUGOzWdgSBOJC28eGEE5KNh1vOYtV0r6setdVt3FVqd3lORXRCTpF58hDN6iGHlAdtRBFgF7QK3pznp1358P5nLcWnHzmGC3A+foFSHaXKw==</latexit>

T
<latexit sha1_base64="ldRUrSCNZXvE7rjdahqaxrzdHas=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNgVUY9BLx4j5gXJEmZnZ5MhM7PLzKwQlhw9etWP8CZe/RC/wZ9wkuzBJBY0FFXddHcFCWfauO63s7K6tr6xWdgqbu/s7u2XDg6bOk4VoQ0S81i1A6wpZ5I2DDOcthNFsQg4bQXDu4nfeqJKs1jWzSihvsB9ySJGsLHSY71HeqWyW3GnQMvEy0kZctR6pZ9uGJNUUGkIx1p3PDcxfoaVYYTTcbGbappgMsR92rFUYkG1n01PHaNTq4QoipUtadBU/TuRYaH1SAS2U2Az0IveRPzP66QmuvEzJpPUUElmi6KUIxOjyd8oZIoSw0eWYKKYvRWRAVaYGJvO3JYgEOfaPjag4bho0/EWs1gmzYuKd1VxHy7L1ds8pwIcwwmcgQfXUIV7qEEDCPThBV7hzXl23p0P53PWuuLkM0cwB+frF8yCmAE=</latexit>

Tc

<latexit sha1_base64="WyAHv1Oavo5dtIuFTqyb3uVSaqY=">AAACEnicdZDLSgMxFIYz9V5voy7dBIvgQspUvG0E0Y1LhVYLbSmZ9NSGJpkhOSOWYd7CpVt9CHfi1hfwGXwJ03YEK/pD4Oc753BO/jCWwmIQfHiFqemZ2bn5heLi0vLKqr+2fm2jxHCo8UhGph4yC1JoqKFACfXYAFOhhJuwfz6s39yBsSLSVRzE0FLsVouu4Awdavt+9aTaTpsI95gqobOs7ZeC8kEwFA3KwbfJSSUnJZLrsu1/NjsRTxRo5JJZ26gEMbZSZlBwCVmxmViIGe+zW2g4q5kC20pHl2d025EO7UbGPY10RH9OpExZO1Ch61QMe/Z3bQj/qjUS7B63UqHjBEHz8aJuIilGdBgD7QgDHOXAGcaNcLdS3mOGcXRhTWwJQ7Vr3cd60MmKLp3vCOj/5nqvXDksB1f7pdOzPKd5skm2yA6pkCNySi7IJakRTu7II3kiz96D9+K9em/j1oKXz2yQCXnvX0pcnkE=</latexit>

T = Tmin

<latexit sha1_base64="v91NoUoxL/Orks99Umn7WLgLXHg=">AAACDnicdZDLSgMxFIYz3q23qks3wSK4kDIVb8uiG5cKrQrtWDLpaRuaZIbkjFiGeQeXbvUh3IlbX8Fn8CXM1BFU9IfAz3fO4Zz8YSyFRd9/8yYmp6ZnZufmSwuLS8sr5dW1CxslhkOTRzIyVyGzIIWGJgqUcBUbYCqUcBkOT/L65Q0YKyLdwFEMgWJ9LXqCM3ToutFJ2wi3mCqhs6xTrvjVfT8X9av+lylIrSAVUuisU35vdyOeKNDIJbO2VfNjDFJmUHAJWamdWIgZH7I+tJzVTIEN0vHVGd1ypEt7kXFPIx3T7xMpU9aOVOg6FcOB/V3L4V+1VoK9oyAVOk4QNP9c1EskxYjmEdCuMMBRjpxh3Ah3K+UDZhhHF9SPLWGodqz72AC6Wcml8xUB/d9c7FZrB1X/fK9SPy5ymiMbZJNskxo5JHVySs5Ik3BiyD15II/enffkPXsvn60TXjGzTn7Ie/0AkwSdaw==</latexit>

Tmin

<latexit sha1_base64="5auoAssncXgiBJgGKjuxUb5o84s=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsqKthXYomUymDc08SDJCGbp06VY/wp249UP8Bn/C9CFY0QMXDufcy733eAlnUiH0YeRWVtfWN/Kbha3tnd294v5BW8apILRFYh6Ljocl5SyiLcUUp51EUBx6nN55o8upf3dPhWRxdKvGCXVDPIhYwAhWWrqxEOoXS8hE1Zrj2BCZtm2fVyqa1OuOjcrQMtEMJbBAs1/87PkxSUMaKcKxlF0LJcrNsFCMcDop9FJJE0xGeEC7mkY4pNLNZqdO4IlWfBjEQlek4Ez9OZHhUMpx6OnOEKuh/O1Nxb+8bqoCx81YlKSKRmS+KEg5VDGc/g19JihRfKwJJoLpWyEZYoGJ0uksbfG88Ezqx4bUnxR0Ot8RwP9Ju2xaVRNdV0qNi0VOeXAEjsEpsEANNMAVaIIWIGAAHsETeDYejBfj1Xibt+aMxcwhWILx/gWFSJfZ</latexit>

100

<latexit sha1_base64="aikqoq57k4rhsNwr0AtY6wQ95GY=">AAACBXicdVDLSgMxFM3UV62vqks3wSK4kCGtnXa6EIpuXFbotIW2lEyatqGZzJBkhDJ07dKtfoQ7cet3+A3+hOlDsKIHLhzOuZd77/EjzpRG6MNKra1vbG6ltzM7u3v7B9nDo4YKY0moR0IeypaPFeVMUE8zzWkrkhQHPqdNf3wz85v3VCoWirqeRLQb4KFgA0awNpJXv6r3RC+bQzYqlV3Xgch2HOeyWDSkUnEdVIB5G82RA0vUetnPTj8kcUCFJhwr1c6jSHcTLDUjnE4znVjRCJMxHtK2oQIHVHWT+bFTeGaUPhyE0pTQcK7+nEhwoNQk8E1ngPVI/fZm4l9eO9YDt5swEcWaCrJYNIg51CGcfQ77TFKi+cQQTCQzt0IywhITbfJZ2eL7wYUyj41of5ox6XxHAP8njYKdL9norpirXi9zSoMTcArOQR6UQRXcghrwAAEMPIIn8Gw9WC/Wq/W2aE1Zy5ljsALr/QukI5kO</latexit>

T = Tn

Gravitational Waves signal from 1st order Phase Transitions

The detectability of the GWs signal depends on: 

The energy released during the PTs
<latexit sha1_base64="Vk7IOWTSrT//oRs+hpe+0rGfORc="></latexit>

↵(Tn) ⇠
�V (Tn)

⇢R(Tn)

<latexit sha1_base64="T8S3/Zl9KUtFj6GXuuGm6SMXzs4="></latexit>

�V (Tn)

<latexit sha1_base64="saK5H5EP/pIZOzulLbSINGomcjY=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsmJf0A4lk6ZtaCYzJBmhlC5dutWPcCdu/RC/wZ8wfQhW9MCFwzn3cu89QcyZ0gh9WKm19Y3NrfR2Zmd3b/8ge3jUUFEiCa2TiEeyFWBFORO0rpnmtBVLisOA02Ywup75zXsqFYtETY9j6od4IFifEayNdFfrim42h2xULHmeC5Htuu5loWBIuey5KA8dG82RA0tUu9nPTi8iSUiFJhwr1XZQrP0JlpoRTqeZTqJojMkID2jbUIFDqvzJ/NQpPDNKD/YjaUpoOFd/TkxwqNQ4DExniPVQ/fZm4l9eO9F9z58wESeaCrJY1E841BGc/Q17TFKi+dgQTCQzt0IyxBITbdJZ2RIE4YUyjw1pb5ox6XxHAP8njbztFG10W8hVrpY5pcEJOAXnwAElUAE3oArqgIABeARP4Nl6sF6sV+tt0ZqyljPHYAXW+xduHJhp</latexit>

Tn

*

* in PTs with a mass gap 

there is always a T s.t 

<latexit sha1_base64="b1yQ6KmRgKM5Xa26tmEmvlOVz5U=">AAACG3icdZDLSgMxFIYz3q23qitxEyyCgpRUvG0E0Y1LBatCW4ZMemqDSWZIzohlGHwSl271IdyJWxc+gy9hqiOo6A+Bn++cw8n5o0RJh4y9BgODQ8Mjo2PjpYnJqemZ8uzcqYtTK6AuYhXb84g7UNJAHSUqOE8scB0pOIsuD/r1syuwTsbmBHsJtDS/MLIjBUePwvJCMwLk4eHKSZg1Ea4x09Lk+eouC8sVVt1kfVFWZV+mILWCVEiho7D81mzHItVgUCjuXKPGEmxl3KIUCvJSM3WQcHHJL6DhreEaXCv7OCGny560aSe2/hmkH/T7RMa1cz0d+U7Nset+1/rwr1ojxc5OK5MmSRGM+FzUSRXFmPbzoG1pQaDqecOFlf6vVHS55QJ9aj+2RJFec/6wLrTzkk/nKwL6vzldr9a2qux4o7K3X+Q0RhbJElkhNbJN9sghOSJ1IsgNuSP35CG4DR6Dp+D5s3UgKGbmyQ8FL+9hgqFn</latexit>

�H(Tmin) = 0



The duration of the PTs

<latexit sha1_base64="WIUSLGxQyhRlmxdXJw0j8+6VwJ0=">AAACBXicbVA9SwNBEJ3zM8avqKXNYhAsJNyJqI0QtLGMkEsCyRH2NnvJkt29Y3dPCEdqS1v9EXZi6+/wN/gn3CRXmMQHA4/3ZpiZFyacaeO6387K6tr6xmZhq7i9s7u3Xzo4bOg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw/uJ33yiSrNY1s0ooYHAfckiRrCxkl+/rXdJt1R2K+4UaJl4OSlDjlq39NPpxSQVVBrCsdZtz01MkGFlGOF0XOykmiaYDHGfti2VWFAdZNNjx+jUKj0UxcqWNGiq/p3IsNB6JELbKbAZ6EVvIv7ntVMT3QQZk0lqqCSzRVHKkYnR5HPUY4oSw0eWYKKYvRWRAVaYGJvP3JYwFOfaPjagvXHRpuMtZrFMGhcV76riPl6Wq3d5TgU4hhM4Aw+uoQoPUAMfCDB4gVd4c56dd+fD+Zy1rjj5zBHMwfn6BQKYmKY=</latexit>

T = Tc

<latexit sha1_base64="4PPOb2dWJ9NRZx1PefD1h7zCJrc=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTq60LoejGZcW+oB1KJpNpQzMPkoxQhi5dutWPcCdu/RC/wZ8w045gRQ9cOJxzL/fe40ScSYXQh5FbWl5ZXcuvFzY2t7Z3irt7bRnGgtAWCXkoug6WlLOAthRTnHYjQbHvcNpxxtep37mnQrIwaKpJRG0fDwPmMYKVlu6al2hQLCHzApVPawgiE82QkrNKFVWglSklkKExKH723ZDEPg0U4VjKnoUiZSdYKEY4nRb6saQRJmM8pD1NA+xTaSezU6fwSCsu9EKhK1Bwpv6cSLAv5cR3dKeP1Uj+9lLxL68XK69mJyyIYkUDMl/kxRyqEKZ/Q5cJShSfaIKJYPpWSEZYYKJ0OgtbHMc/kfqxEXWnBZ3OdwTwf9Ium9a5iW4rpfpVllMeHIBDcAwsUAV1cAMaoAUIGIJH8ASejQfjxXg13uatOSOb2QcLMN6/AIQ6l9Y=</latexit>

T = 0

<latexit sha1_base64="AXdZojdU6X8YdnW+rwMQRnJLDT0=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevGYgHlAsoTZ2d5kyMzsMjMrhCUnj171I7yJV7/Eb/AnnCR7MIkFDUVVN91dQcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epotCkMY9VJyAaOJPQNMxw6CQKiAg4tIPR/dRvP4HSLJaPZpyAL8hAsohRYqzUaPXLFbfqzoBXiZeTCspR75d/emFMUwHSUE607npuYvyMKMMoh0mpl2pICB2RAXQtlUSA9rPZoRN8ZpUQR7GyJQ2eqX8nMiK0HovAdgpihnrZm4r/ed3URLd+xmSSGpB0vihKOTYxnn6NQ6aAGj62hFDF7K2YDoki1NhsFrYEgbjQ9rEhhJOSTcdbzmKVtC6r3nXVbVxVand5TkV0gk7ROfLQDaqhB1RHTUQRoBf0it6cZ+fd+XA+560FJ585Rgtwvn4BS7CXLQ==</latexit>

V

<latexit sha1_base64="uen8OsoCkN0G4Esx2NkIGhcG2Gk=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BLx4TMA9IljA725sMmZldZmbFsOTk0at+hDfx6pf4Df6Ek2QPJrGgoajqprsrSDjTxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4N/Fbj6A0i+WDGSXgC9KXLGKUGCvVn3qlsltxp8DLxMtJGeWo9Uo/3TCmqQBpKCdadzw3MX5GlGGUw7jYTTUkhA5JHzqWSiJA+9n00DE+tUqIo1jZkgZP1b8TGRFaj0RgOwUxA73oTcT/vE5qohs/YzJJDUg6WxSlHJsYT77GIVNADR9ZQqhi9lZMB0QRamw2c1uCQJxr+9gAwnHRpuMtZrFMmhcV76ri1i/L1ds8pwI6RifoDHnoGlXRPaqhBqII0At6RW/Os/PufDifs9YVJ585QnNwvn4BgoqXTw==</latexit>x

<latexit sha1_base64="7LGjnJt2BvF4htd8/S1sXeNVOCI=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SE1U1GPRi8eKTVtoQ9lsNu3S3U3Y3Qgl9OzRq/4Ib+LV3+Fv8E+4bXOwrQ8GHu/NMDMvSBhV2nG+raXlldW19cJGcXNre2e3tLffUHEqMfFwzGLZCpAijAriaaoZaSWSIB4w0gwGd2O/+USkorGo62FCfI56gkYUI20k77F7cVbvlspOxZnAXiRuTsqQo9Yt/XTCGKecCI0ZUqrtOon2MyQ1xYyMip1UkQThAeqRtqECcaL8bHLsyD42SmhHsTQltD1R/05kiCs15IHp5Ej31bw3Fv/z2qmObvyMiiTVRODpoihlto7t8ed2SCXBmg0NQVhSc6uN+0girE0+M1uCgJ8q81ifhKOiScedz2KRNM4r7lXFebgsV2/znApwCEdwAi5cQxXuoQYeYKDwAq/wZj1b79aH9TltXbLymQOYgfX1C5zWmGc=</latexit>

S3/T

<latexit sha1_base64="258i8ukApSAhFAyMWwM13GfzJ5U=">AAACAXicbVA9SwNBEN2LXzF+RS1tFoNgIeFORC2DNpYJJDGQHGFvby5Zsrt37O4J4Uhlaas/wk5s/SX+Bv+Em+QKk/hg4PHeDDPzgoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRaFFYx6rTkA0cCahZZjh0EkUEBFweAxG91P/8QmUZrFsmnECviADySJGibFSo9kvV9yqOwNeJV5OKihHvV/+6YUxTQVIQznRuuu5ifEzogyjHCalXqohIXREBtC1VBIB2s9mh07wmVVCHMXKljR4pv6dyIjQeiwC2ymIGeplbyr+53VTE936GZNJakDS+aIo5djEePo1DpkCavjYEkIVs7diOiSKUGOzWdgSBOJC28eGEE5KNh1vOYtV0r6setdVt3FVqd3lORXRCTpF58hDN6iGHlAdtRBFgF7QK3pznp1358P5nLcWnHzmGC3A+foFSHaXKw==</latexit>

T
<latexit sha1_base64="ldRUrSCNZXvE7rjdahqaxrzdHas=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNgVUY9BLx4j5gXJEmZnZ5MhM7PLzKwQlhw9etWP8CZe/RC/wZ9wkuzBJBY0FFXddHcFCWfauO63s7K6tr6xWdgqbu/s7u2XDg6bOk4VoQ0S81i1A6wpZ5I2DDOcthNFsQg4bQXDu4nfeqJKs1jWzSihvsB9ySJGsLHSY71HeqWyW3GnQMvEy0kZctR6pZ9uGJNUUGkIx1p3PDcxfoaVYYTTcbGbappgMsR92rFUYkG1n01PHaNTq4QoipUtadBU/TuRYaH1SAS2U2Az0IveRPzP66QmuvEzJpPUUElmi6KUIxOjyd8oZIoSw0eWYKKYvRWRAVaYGJvO3JYgEOfaPjag4bho0/EWs1gmzYuKd1VxHy7L1ds8pwIcwwmcgQfXUIV7qEEDCPThBV7hzXl23p0P53PWuuLkM0cwB+frF8yCmAE=</latexit>

Tc

<latexit sha1_base64="WyAHv1Oavo5dtIuFTqyb3uVSaqY=">AAACEnicdZDLSgMxFIYz9V5voy7dBIvgQspUvG0E0Y1LhVYLbSmZ9NSGJpkhOSOWYd7CpVt9CHfi1hfwGXwJ03YEK/pD4Oc753BO/jCWwmIQfHiFqemZ2bn5heLi0vLKqr+2fm2jxHCo8UhGph4yC1JoqKFACfXYAFOhhJuwfz6s39yBsSLSVRzE0FLsVouu4Awdavt+9aTaTpsI95gqobOs7ZeC8kEwFA3KwbfJSSUnJZLrsu1/NjsRTxRo5JJZ26gEMbZSZlBwCVmxmViIGe+zW2g4q5kC20pHl2d025EO7UbGPY10RH9OpExZO1Ch61QMe/Z3bQj/qjUS7B63UqHjBEHz8aJuIilGdBgD7QgDHOXAGcaNcLdS3mOGcXRhTWwJQ7Vr3cd60MmKLp3vCOj/5nqvXDksB1f7pdOzPKd5skm2yA6pkCNySi7IJakRTu7II3kiz96D9+K9em/j1oKXz2yQCXnvX0pcnkE=</latexit>

T = Tmin

<latexit sha1_base64="v91NoUoxL/Orks99Umn7WLgLXHg=">AAACDnicdZDLSgMxFIYz3q23qks3wSK4kDIVb8uiG5cKrQrtWDLpaRuaZIbkjFiGeQeXbvUh3IlbX8Fn8CXM1BFU9IfAz3fO4Zz8YSyFRd9/8yYmp6ZnZufmSwuLS8sr5dW1CxslhkOTRzIyVyGzIIWGJgqUcBUbYCqUcBkOT/L65Q0YKyLdwFEMgWJ9LXqCM3ToutFJ2wi3mCqhs6xTrvjVfT8X9av+lylIrSAVUuisU35vdyOeKNDIJbO2VfNjDFJmUHAJWamdWIgZH7I+tJzVTIEN0vHVGd1ypEt7kXFPIx3T7xMpU9aOVOg6FcOB/V3L4V+1VoK9oyAVOk4QNP9c1EskxYjmEdCuMMBRjpxh3Ah3K+UDZhhHF9SPLWGodqz72AC6Wcml8xUB/d9c7FZrB1X/fK9SPy5ymiMbZJNskxo5JHVySs5Ik3BiyD15II/enffkPXsvn60TXjGzTn7Ie/0AkwSdaw==</latexit>

Tmin

<latexit sha1_base64="5auoAssncXgiBJgGKjuxUb5o84s=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsqKthXYomUymDc08SDJCGbp06VY/wp249UP8Bn/C9CFY0QMXDufcy733eAlnUiH0YeRWVtfWN/Kbha3tnd294v5BW8apILRFYh6Ljocl5SyiLcUUp51EUBx6nN55o8upf3dPhWRxdKvGCXVDPIhYwAhWWrqxEOoXS8hE1Zrj2BCZtm2fVyqa1OuOjcrQMtEMJbBAs1/87PkxSUMaKcKxlF0LJcrNsFCMcDop9FJJE0xGeEC7mkY4pNLNZqdO4IlWfBjEQlek4Ez9OZHhUMpx6OnOEKuh/O1Nxb+8bqoCx81YlKSKRmS+KEg5VDGc/g19JihRfKwJJoLpWyEZYoGJ0uksbfG88Ezqx4bUnxR0Ot8RwP9Ju2xaVRNdV0qNi0VOeXAEjsEpsEANNMAVaIIWIGAAHsETeDYejBfj1Xibt+aMxcwhWILx/gWFSJfZ</latexit>

100

<latexit sha1_base64="aikqoq57k4rhsNwr0AtY6wQ95GY=">AAACBXicdVDLSgMxFM3UV62vqks3wSK4kCGtnXa6EIpuXFbotIW2lEyatqGZzJBkhDJ07dKtfoQ7cet3+A3+hOlDsKIHLhzOuZd77/EjzpRG6MNKra1vbG6ltzM7u3v7B9nDo4YKY0moR0IeypaPFeVMUE8zzWkrkhQHPqdNf3wz85v3VCoWirqeRLQb4KFgA0awNpJXv6r3RC+bQzYqlV3Xgch2HOeyWDSkUnEdVIB5G82RA0vUetnPTj8kcUCFJhwr1c6jSHcTLDUjnE4znVjRCJMxHtK2oQIHVHWT+bFTeGaUPhyE0pTQcK7+nEhwoNQk8E1ngPVI/fZm4l9eO9YDt5swEcWaCrJYNIg51CGcfQ77TFKi+cQQTCQzt0IywhITbfJZ2eL7wYUyj41of5ox6XxHAP8njYKdL9norpirXi9zSoMTcArOQR6UQRXcghrwAAEMPIIn8Gw9WC/Wq/W2aE1Zy5ljsALr/QukI5kO</latexit>

T = Tn

Gravitational Waves signal from 1st order Phase Transitions

The detectability of the GWs signal depends on: 

The energy released during the PTs
<latexit sha1_base64="Vk7IOWTSrT//oRs+hpe+0rGfORc="></latexit>

↵(Tn) ⇠
�V (Tn)

⇢R(Tn)

<latexit sha1_base64="T8S3/Zl9KUtFj6GXuuGm6SMXzs4="></latexit>

�V (Tn)

<latexit sha1_base64="saK5H5EP/pIZOzulLbSINGomcjY=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsmJf0A4lk6ZtaCYzJBmhlC5dutWPcCdu/RC/wZ8wfQhW9MCFwzn3cu89QcyZ0gh9WKm19Y3NrfR2Zmd3b/8ge3jUUFEiCa2TiEeyFWBFORO0rpnmtBVLisOA02Ywup75zXsqFYtETY9j6od4IFifEayNdFfrim42h2xULHmeC5Htuu5loWBIuey5KA8dG82RA0tUu9nPTi8iSUiFJhwr1XZQrP0JlpoRTqeZTqJojMkID2jbUIFDqvzJ/NQpPDNKD/YjaUpoOFd/TkxwqNQ4DExniPVQ/fZm4l9eO9F9z58wESeaCrJY1E841BGc/Q17TFKi+dgQTCQzt0IyxBITbdJZ2RIE4YUyjw1pb5ox6XxHAP8njbztFG10W8hVrpY5pcEJOAXnwAElUAE3oArqgIABeARP4Nl6sF6sV+tt0ZqyljPHYAXW+xduHJhp</latexit>

Tn

*

* in PTs with a mass gap 

there is always a T s.t 

<latexit sha1_base64="b1yQ6KmRgKM5Xa26tmEmvlOVz5U=">AAACG3icdZDLSgMxFIYz3q23qitxEyyCgpRUvG0E0Y1LBatCW4ZMemqDSWZIzohlGHwSl271IdyJWxc+gy9hqiOo6A+Bn++cw8n5o0RJh4y9BgODQ8Mjo2PjpYnJqemZ8uzcqYtTK6AuYhXb84g7UNJAHSUqOE8scB0pOIsuD/r1syuwTsbmBHsJtDS/MLIjBUePwvJCMwLk4eHKSZg1Ea4x09Lk+eouC8sVVt1kfVFWZV+mILWCVEiho7D81mzHItVgUCjuXKPGEmxl3KIUCvJSM3WQcHHJL6DhreEaXCv7OCGny560aSe2/hmkH/T7RMa1cz0d+U7Nset+1/rwr1ojxc5OK5MmSRGM+FzUSRXFmPbzoG1pQaDqecOFlf6vVHS55QJ9aj+2RJFec/6wLrTzkk/nKwL6vzldr9a2qux4o7K3X+Q0RhbJElkhNbJN9sghOSJ1IsgNuSP35CG4DR6Dp+D5s3UgKGbmyQ8FL+9hgqFn</latexit>
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<latexit sha1_base64="fB4eecHfAuIN0nHOf3/hAOO2whY=">AAACLHicbVDLSgMxFM3UV62vqks3wSKISJ0RUZdFNy4rtFXolJJJb9vQZGZM7ohlmH/wS1y61Y9wI+LWjT9hWiv4OhA4nHMuN/cEsRQGXffZyU1Nz8zO5ecLC4tLyyvF1bWGiRLNoc4jGenLgBmQIoQ6CpRwGWtgKpBwEQxOR/7FNWgjorCGwxhaivVC0RWcoZXaxR2/x5Ri7dRHuMEUrrLMN0JR9aWgTiDL9mptGy65ZXcM+pd4E1IiE1TbxXe/E/FEQYhcMmOanhtjK2UaBZeQFfzEQMz4gPWgaWnIFJhWOr4po1tW6dBupO0LkY7V7xMpU8YMVWCTimHf/PZG4n9eM8HucSsVYZwghPxzUTeRFCM6Koh2hAaOcmgJ41rYv1LeZ5pxtDX+2BIEatfYw/rQyQq2He93F39JY7/sHZbd84NS5WTSU55skE2yTTxyRCrkjFRJnXByS+7JA3l07pwn58V5/YzmnMnMOvkB5+0Dkdup+Q==</latexit>

�eq ⇠ mtrue/Tn

As a result of heavy state friction 

https://inspirehep.net/authors/1011762
https://inspirehep.net/authors/1018121
https://inspirehep.net/authors/1011762
https://inspirehep.net/authors/1018121


GW signal 

Using the nucleation condition the duration of the PT can be written as 



GW signal 

Using the nucleation condition the duration of the PT can be written as 

<latexit sha1_base64="M3chSnKYCTsWIGFaGkYNF7DCUqk=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4kJIRUZdFNy4r2Fpoh5LJ3GlDk8yQZIRS+gMu3epHuBO3/oXf4E+YtrOwrQcuHM65l3vvCVPBjSXk2yusrK6tbxQ3S1vbO7t75f2DpkkyzaDBEpHoVkgNCK6gYbkV0Eo1UBkKeAwHtxP/8Qm04Yl6sMMUAkl7isecUeukVsdwiX1CuuUKqZIp8DLxc1JBOerd8k8nSlgmQVkmqDFtn6Q2GFFtORMwLnUyAyllA9qDtqOKSjDBaHrvGJ84JcJxol0pi6fq34kRlcYMZeg6JbV9s+hNxP+8dmbj62DEVZpZUGy2KM4EtgmePI8jroFZMXSEMs3drZj1qabMuojmtoShPDPusT5E45JLx1/MYpk0z6v+ZZXcX1RqN3lORXSEjtEp8tEVqqE7VEcNxJBAL+gVvXnP3rv34X3OWgtePnOI5uB9/QKS6plz</latexit>⇠ 100 unless I tune the two terms to partially cancel



GW signal 

Using the nucleation condition the duration of the PT can be written as 

<latexit sha1_base64="M3chSnKYCTsWIGFaGkYNF7DCUqk=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4kJIRUZdFNy4r2Fpoh5LJ3GlDk8yQZIRS+gMu3epHuBO3/oXf4E+YtrOwrQcuHM65l3vvCVPBjSXk2yusrK6tbxQ3S1vbO7t75f2DpkkyzaDBEpHoVkgNCK6gYbkV0Eo1UBkKeAwHtxP/8Qm04Yl6sMMUAkl7isecUeukVsdwiX1CuuUKqZIp8DLxc1JBOerd8k8nSlgmQVkmqDFtn6Q2GFFtORMwLnUyAyllA9qDtqOKSjDBaHrvGJ84JcJxol0pi6fq34kRlcYMZeg6JbV9s+hNxP+8dmbj62DEVZpZUGy2KM4EtgmePI8jroFZMXSEMs3drZj1qabMuojmtoShPDPusT5E45JLx1/MYpk0z6v+ZZXcX1RqN3lORXSEjtEp8tEVqqE7VEcNxJBAL+gVvXnP3rv34X3OWgtePnOI5uB9/QKS6plz</latexit>⇠ 100 unless I tune the two terms to partially cancel

Having a very small duration seems to be a highly non-generic prediction of any PT 

this “beta-tuning” can be computed 

in a model a’ la Giudice-Barbieri 



How we will discover Low Energy SUSY breaking

The pseudomodulus PTs we considered have a mass gap

The typical scale affecting the potential is the SUSY-breaking scale F

<latexit sha1_base64="PcMRFFO8V/Ddl4xEw/QxgGEER9I=">AAACE3icbVDLSsNAFJ34rPXV6tJNsAgupCQi6rIoiMsKfUETymR60w6dmaQzE6WEfIZLt/oR7sStH+A3+BNOHwvbeuDC4Zx7ufeeIGZUacf5tlZW19Y3NnNb+e2d3b39QvGgoaJEEqiTiEWyFWAFjAqoa6oZtGIJmAcMmsHgduw3H0EqGomaHsXgc9wTNKQEayN1CsVaR3iKchh6aih1epd1CiWn7ExgLxN3Rkpohmqn8ON1I5JwEJowrFTbdWLtp1hqShhkeS9REGMywD1oGyowB+Wnk9Mz+8QoXTuMpCmh7Yn6dyLFXKkRD0wnx7qvFr2x+J/XTnR47adUxIkGQaaLwoTZOrLHOdhdKoFoNjIEE0nNrTbpY4mJNmnNbQkCfqbMY33oZnmTjruYxTJpnJfdy7LzcFGq3MxyyqEjdIxOkYuuUAXdoyqqI4Ke0At6RW/Ws/VufVif09YVazZziOZgff0CDwieqA==</latexit>

Tn '
p
F

<latexit sha1_base64="QVsUkCjiPhyl/8yTmXWBgOzU9zY=">AAACAnicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevEYxTwgWcLsbG8yZGZ2mZkVQtibR6/6Ed7Eqz/iN/gTTpI9mMSChqKqm+6uIOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUWjQmMeqHRANnEloGGY4tBMFRAQcWsHwduK3nkBpFstHM0rAF6QvWcQoMVZ66Ga9csWtulPgZeLlpIJy1Hvln24Y01SANJQTrTuemxh/TJRhlENW6qYaEkKHpA8dSyURoP3x9NIMn1glxFGsbEmDp+rfiTERWo9EYDsFMQO96E3E/7xOaqJrf8xkkhqQdLYoSjk2MZ68jUOmgBo+soRQxeytmA6IItTYcOa2BIE40/axAYRZyabjLWaxTJrnVe+y6t5fVGo3eU5FdISO0Sny0BWqoTtURw1EUYRe0Ct6c56dd+fD+Zy1Fpx85hDNwfn6BURvl7o=</latexit>

}
Because of efficient friction most of the energy goes into the plasma



How we will discover Low Energy SUSY breaking

GRAVITINO DM:

Calculable models live at high F

They will be fully tested at FCC-hh! 

The gravitino problem bounds the GWs frequency 

to be always within reach of A-LIGO, CE and ET



How we will discover Low Energy SUSY breaking

GRAVITINO DM:

Calculable models live at high F

They will be fully tested at FCC-hh! 

The gravitino problem bounds the GWs frequency 

to be always within reach of A-LIGO, CE and ET

here is 

where the calculable


models

I will present have 


to leave  




The nature of the pseudomodulus PT: Goals 

How depends qualitatively with temperature? 

high-T expansion

supercooling

low-T expansion

<latexit sha1_base64="7LGjnJt2BvF4htd8/S1sXeNVOCI=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SE1U1GPRi8eKTVtoQ9lsNu3S3U3Y3Qgl9OzRq/4Ib+LV3+Fv8E+4bXOwrQ8GHu/NMDMvSBhV2nG+raXlldW19cJGcXNre2e3tLffUHEqMfFwzGLZCpAijAriaaoZaSWSIB4w0gwGd2O/+USkorGo62FCfI56gkYUI20k77F7cVbvlspOxZnAXiRuTsqQo9Yt/XTCGKecCI0ZUqrtOon2MyQ1xYyMip1UkQThAeqRtqECcaL8bHLsyD42SmhHsTQltD1R/05kiCs15IHp5Ej31bw3Fv/z2qmObvyMiiTVRODpoihlto7t8ed2SCXBmg0NQVhSc6uN+0girE0+M1uCgJ8q81ifhKOiScedz2KRNM4r7lXFebgsV2/znApwCEdwAi5cQxXuoQYeYKDwAq/wZj1b79aH9TltXbLymQOYgfX1C5zWmGc=</latexit>

S3/T
<latexit sha1_base64="PRhj2Z7YOH74tREuxCvo1p2wJlQ=">AAACFHicbVC7TsMwFHXKq5RXKCOLRYXEgEoCCBgrWBiL6EtqQuQ4TmvVTiLbQVRRf4ORFT6CDbGy8w38BG6bgbYc6UpH59yre+/xE0alsqxvo7C0vLK6VlwvbWxube+Yu+WWjFOBSRPHLBYdH0nCaESaiipGOokgiPuMtP3BzdhvPxIhaRw11DAhLke9iIYUI6Ulzyzfe2cnDUdSDhsPDmJJH3lmxapaE8BFYuekAnLUPfPHCWKcchIpzJCUXdtKlJshoShmZFRyUkkShAeoR7qaRogT6WaT20fwUCsBDGOhK1Jwov6dyBCXcsh93cmR6st5byz+53VTFV65GY2SVJEITxeFKYMqhuMgYEAFwYoNNUFYUH0rxH0kEFY6rpktvs+PpX6sT4JRSadjz2exSFqnVfuiat2dV2rXeU5FsA8OwBGwwSWogVtQB02AwRN4Aa/gzXg23o0P43PaWjDymT0wA+PrF/tLnfM=</latexit>

S3/T ⇠ T↵

<latexit sha1_base64="xU7+4dUPqfhys1whz10TFLD2Zp4=">AAACHXicbVDLTgJBEJz1ifhCPXKZSEw8KOyqUY9ELx4xLo+EBTI7NDBhZnczM2tCNhz8Eo9e9SO8Ga/Gb/AnHB4HASvppFLVne4uP+JMadv+tpaWV1bX1lMb6c2t7Z3dzN5+RYWxpFCmIQ9lzScKOAugrJnmUIskEOFzqPr925FffQSpWBi4ehBBQ5BuwDqMEm2kVib70DovuJ5iArtNj/CoRzA0k1NRcIetTM7O22PgReJMSQ5NUWplfrx2SGMBgaacKFV37Eg3EiI1oxyGaS9WEBHaJ12oGxoQAaqRjJ8Y4iOjtHEnlKYCjcfq34mECKUGwjedguiemvdG4n9ePdad60bCgijWENDJok7MsQ7xKBHcZhKo5gNDCJXM3Ippj0hCtcltZovvixNlHutBe5g26TjzWSySylneuczb9xe54s00pxTKokN0jBx0hYroDpVQGVH0hF7QK3qznq1368P6nLQuWdOZAzQD6+sXWJahRQ==</latexit>

S3/T ⇠ T↵e�m/Tpseudomodulus

dilaton

Higgs

<latexit sha1_base64="x0zgqaha7dZ2cRV0gboJrpTornA=">AAACFnicbVC7TsMwFHXKq5RXeGwsFhUSA2oTQMBYwcJYRF9SE0WO47RW7SSyHaQS9T8YWeEj2BArK9/AT+C2GWjLka50dM69uvceP2FUKsv6NgpLyyura8X10sbm1vaOubvXknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB377UciJI2jhhomxOWoF9GQYqS05JkHD955teFIyqFddVjcg7za8MyyVbEmgIvEzkkZ5Kh75o8TxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSbXj+CxVgIYxkJXpOBE/TuRIS7lkPu6kyPVl/PeWPzP66YqvHYzGiWpIhGeLgpTBlUMx1HAgAqCFRtqgrCg+laI+0ggrHRgM1t8n59K/VifBKOSTseez2KRtM4q9mXFur8o127ynIrgEByBE2CDK1ADd6AOmgCDJ/ACXsGb8Wy8Gx/G57S1YOQz+2AGxtcvRZWeAQ==</latexit>

S3/T ⇠ 1/ logm/T

in terms of theory parameters?

trying to answer the question how generic is a strong first order PT

for a given class of models 

Can we extract a parametric dependence of 
<latexit sha1_base64="7LGjnJt2BvF4htd8/S1sXeNVOCI=">AAACBXicbVBNS8NAEJ34WetX1aOXYBE8SE1U1GPRi8eKTVtoQ9lsNu3S3U3Y3Qgl9OzRq/4Ib+LV3+Fv8E+4bXOwrQ8GHu/NMDMvSBhV2nG+raXlldW19cJGcXNre2e3tLffUHEqMfFwzGLZCpAijAriaaoZaSWSIB4w0gwGd2O/+USkorGo62FCfI56gkYUI20k77F7cVbvlspOxZnAXiRuTsqQo9Yt/XTCGKecCI0ZUqrtOon2MyQ1xYyMip1UkQThAeqRtqECcaL8bHLsyD42SmhHsTQltD1R/05kiCs15IHp5Ej31bw3Fv/z2qmObvyMiiTVRODpoihlto7t8ed2SCXBmg0NQVhSc6uN+0girE0+M1uCgJ8q81ifhKOiScedz2KRNM4r7lXFebgsV2/znApwCEdwAi5cQxXuoQYeYKDwAq/wZj1b79aH9TltXbLymQOYgfX1C5zWmGc=</latexit>

S3/T



The pseudomodulus potential at T=0
<latexit sha1_base64="fkziYLDBi89olas9lQ+2sCdwQ/g="></latexit>

mx ⇠ �2

16⇡2
F/m⇤

<latexit sha1_base64="lhp9trKtW/asFwV7EqD78Z0+ocM=">AAACCnicbVDLSgNBEOyNrxhfUY9eBoMgImFXRD0GvXiMYB6YLMvs7CQZMjO7zMyKIeQPPHrVj/AmXv0Jv8GfcJLswSQWNBRV3XR3hQln2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR2nitAaiXmsmiHWlDNJa4YZTpuJoliEnDbC/s3YbzxSpVks780gob7AXck6jGBjpQcRPLU5RyI4CYolt+xOgBaJl5ESZKgGxZ92FJNUUGkIx1q3PDcx/hArwwino0I71TTBpI+7tGWpxIJqfzi5eISOrBKhTqxsSYMm6t+JIRZaD0RoOwU2PT3vjcX/vFZqOlf+kMkkNVSS6aJOypGJ0fh9FDFFieEDSzBRzN6KSA8rTIwNaWZLGIpTbR/r0WhUsOl481kskvpZ2bsou3fnpcp1llMeDuAQjsGDS6jALVShBgQkvMArvDnPzrvz4XxOW3NONrMPM3C+fgHcMZq/</latexit>

mx ⌧ m⇤
at weak coupling

<latexit sha1_base64="hi3e9plN7uS3OvaOzNKBd+0DMZc=">AAACFXicbVDJSgNBEO1xjXGL5uilMQgRJMyIqBch6MVjBLNAEkJPpyZp0rPQXSMJw3yHR6/6Ed7Eq2e/wZ+wsxxM4oOCx3tVVNVzIyk02va3tbK6tr6xmdnKbu/s7u3nDg5rOowVhyoPZagaLtMgRQBVFCihESlgviuh7g7uxn79CZQWYfCIowjaPusFwhOcoZE6uXytk7QQhpiA56VpcXh6Qzu5gl2yJ6DLxJmRApmh0sn9tLohj30IkEumddOxI2wnTKHgEtJsK9YQMT5gPWgaGjAfdDuZHJ/SE6N0qRcqUwHSifp3ImG+1iPfNZ0+w75e9Mbif14zRu+6nYggihECPl3kxZJiSMdJ0K5QwFGODGFcCXMr5X2mGEeT19wW1/XPtHmsD900a9JxFrNYJrXzknNZsh8uCuXbWU4ZckSOSZE45IqUyT2pkCrhZEReyCt5s56td+vD+py2rlizmTyZg/X1C5eQntk=</latexit>

Ve↵(x) =
<latexit sha1_base64="s8sdpiSazvi2A5ZwK6aTlq5I63M=">AAACBnicbVBNS8NAEN3Ur1q/qh69LBahgpRERD0WvXisYNNCG8pmM2lXd5OwuxFL6N2jV/0R3sSrf8Pf4J9w2+ZgWx8MPN6bYWaen3CmtG1/W4Wl5ZXVteJ6aWNza3unvLvnqjiVFJo05rFs+0QBZxE0NdMc2okEInwOLf/heuy3HkEqFkd3epiAJ0g/YiGjRBvJdXt29em4V67YNXsCvEicnFRQjkav/NMNYpoKiDTlRKmOYyfay4jUjHIYlbqpgoTQB9KHjqEREaC8bHLtCB8ZJcBhLE1FGk/UvxMZEUoNhW86BdEDNe+Nxf+8TqrDSy9jUZJqiOh0UZhyrGM8fh0HTALVfGgIoZKZWzEdEEmoNgHNbPF9caLMYwMIRiWTjjOfxSJxT2vOec2+PavUr/KciugAHaIqctAFqqMb1EBNRNE9ekGv6M16tt6tD+tz2lqw8pl9NAPr6xc0XJi3</latexit>

V0(x)

<latexit sha1_base64="UdZXg6+xH3dpu2jgKchF3JtBavg=">AAACCnicbVDLSgNBEJyNrxhfUY9eFoMQQeJuEPUYFMRjBPPAZA2zsx0zZGZ2mZkVw5I/8OhVP8KbePUn/AZ/wkmyB5NY0FBUddPd5UeMKu0431ZmYXFpeSW7mltb39jcym/v1FUYSwI1ErJQNn2sgFEBNU01g2YkAXOfQcPvX478xiNIRUNxqwcReBw/CNqlBGsj3dU7TvHp8PjqvtzJF5ySM4Y9T9yUFFCKaif/0w5CEnMQmjCsVMt1Iu0lWGpKGAxz7VhBhEkfP0DLUIE5KC8ZXzy0D4wS2N1QmhLaHqt/JxLMlRpw33RyrHtq1huJ/3mtWHfPvYSKKNYgyGRRN2a2Du3R+3ZAJRDNBoZgIqm51SY9LDHRJqSpLb7Pj5R5rAfBMGfScWezmCf1csk9LTk3J4XKRZpTFu2hfVRELjpDFXSNqqiGCBLoBb2iN+vZerc+rM9Ja8ZKZ3bRFKyvX3XimeQ=</latexit>

V0(x)/F
2

<latexit sha1_base64="97h8saVZ8+cZyo2XSl7aRGqU1yc=">AAACCnicbVDLSsNAFJ3UV62vqks3g0WoKCURUZdFNy4r9IVtKJPJTTt0MgkzE7GE/IFLt/oR7sStP+E3+BNOHwtbPXDhcM693HuPF3OmtG1/Wbml5ZXVtfx6YWNza3unuLvXVFEiKTRoxCPZ9ogCzgQ0NNMc2rEEEnocWt7wZuy3HkAqFom6HsXghqQvWMAo0Ua6P8HNXlrPyo/HvWLJrtgT4L/EmZESmqHWK353/YgmIQhNOVGq49ixdlMiNaMcskI3URATOiR96BgqSAjKTScXZ/jIKD4OImlKaDxRf0+kJFRqFHqmMyR6oBa9sfif10l0cOWmTMSJBkGni4KEYx3h8fvYZxKo5iNDCJXM3IrpgEhCtQlpbovnhafKPDYAPyuYdJzFLP6S5lnFuajYd+el6vUspzw6QIeojBx0iaroFtVQA1Ek0DN6Qa/Wk/VmvVsf09acNZvZR3OwPn8AFGeaRg==</latexit>

+VT (x)

The barrier is small 
<latexit sha1_base64="dm9pNyrJUQrd71O0Gi9GvfCsFxs=">AAACKHicbVBNS8NAEN34bf2qevQSLIqClEREPYpevFnBtkITymYzsYu7SdidiCXkH/hLPHrVH+FNevXqn3Db5mDVBwOP92aYmRekgmt0nIE1NT0zOze/sFhZWl5ZXauub7R0kikGTZaIRN0GVIPgMTSRo4DbVAGVgYB2cH8x9NsPoDRP4hvsp+BLehfziDOKRupWdz1hmkPazT2ER8whiorC01x6kmKPUZFfFXvufrdac+rOCPZf4pakRko0utUvL0xYJiFGJqjWHddJ0c+pQs4EFBUv05BSdk/voGNoTCVoPx/9U9g7RgntKFGmYrRH6s+JnEqt+zIwncMr9W9vKP7ndTKMTv2cx2mGELPxoigTNib2MBw75AoYir4hlClubrVZjyrK0EQ4sSUI5IE2j/UgLComHfd3Fn9J67DuHted66Pa2XmZ0wLZIttkj7jkhJyRS9IgTcLIE3khr+TNerberQ9rMG6dssqZTTIB6/Mb9RmnfA==</latexit>

�e↵ ⇠ O(1)

The potential is flat
<latexit sha1_base64="0Y/LRUzgPWbPEIfdZpoopNaJxMM=">AAACE3icbVDLSsNAFJ3UV62vVpduBovgQkoiRV0WdeGygn1AG8NkcpMOnTyYmSgl9DNcutWPcCdu/QC/wZ9w2mZhWw9cOJxzL/fe4yacSWWa30ZhZXVtfaO4Wdra3tndK1f22zJOBYUWjXksui6RwFkELcUUh24igIQuh447vJ74nUcQksXRvRolYIckiJjPKFFacsoV3yEP9X4Q4P4NcEVw2ylXzZo5BV4mVk6qKEfTKf/0vZimIUSKciJlzzITZWdEKEY5jEv9VEJC6JAE0NM0IiFIO5uePsbHWvGwHwtdkcJT9e9ERkIpR6GrO0OiBnLRm4j/eb1U+Zd2xqIkVRDR2SI/5VjFeJID9pgAqvhIE0IF07diOiCCUKXTmtviuuGp1I8NwBuXdDrWYhbLpH1Ws85r5l292rjKcyqiQ3SETpCFLlAD3aImaiGKntALekVvxrPxbnwYn7PWgpHPHKA5GF+//+idZg==</latexit>

f4
a � �V loop corrections asymptote to a Log at large field value 

The position of the barrier does not affect the bounce much (see later)



The pseudomodulus potential at finite T
<latexit sha1_base64="fkziYLDBi89olas9lQ+2sCdwQ/g="></latexit>

mx ⇠ �2

16⇡2
F/m⇤

<latexit sha1_base64="lhp9trKtW/asFwV7EqD78Z0+ocM=">AAACCnicbVDLSgNBEOyNrxhfUY9eBoMgImFXRD0GvXiMYB6YLMvs7CQZMjO7zMyKIeQPPHrVj/AmXv0Jv8GfcJLswSQWNBRV3XR3hQln2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR2nitAaiXmsmiHWlDNJa4YZTpuJoliEnDbC/s3YbzxSpVks780gob7AXck6jGBjpQcRPLU5RyI4CYolt+xOgBaJl5ESZKgGxZ92FJNUUGkIx1q3PDcx/hArwwino0I71TTBpI+7tGWpxIJqfzi5eISOrBKhTqxsSYMm6t+JIRZaD0RoOwU2PT3vjcX/vFZqOlf+kMkkNVSS6aJOypGJ0fh9FDFFieEDSzBRzN6KSA8rTIwNaWZLGIpTbR/r0WhUsOl481kskvpZ2bsou3fnpcp1llMeDuAQjsGDS6jALVShBgQkvMArvDnPzrvz4XxOW3NONrMPM3C+fgHcMZq/</latexit>

mx ⌧ m⇤
at weak coupling

<latexit sha1_base64="hi3e9plN7uS3OvaOzNKBd+0DMZc=">AAACFXicbVDJSgNBEO1xjXGL5uilMQgRJMyIqBch6MVjBLNAEkJPpyZp0rPQXSMJw3yHR6/6Ed7Eq2e/wZ+wsxxM4oOCx3tVVNVzIyk02va3tbK6tr6xmdnKbu/s7u3nDg5rOowVhyoPZagaLtMgRQBVFCihESlgviuh7g7uxn79CZQWYfCIowjaPusFwhOcoZE6uXytk7QQhpiA56VpcXh6Qzu5gl2yJ6DLxJmRApmh0sn9tLohj30IkEumddOxI2wnTKHgEtJsK9YQMT5gPWgaGjAfdDuZHJ/SE6N0qRcqUwHSifp3ImG+1iPfNZ0+w75e9Mbif14zRu+6nYggihECPl3kxZJiSMdJ0K5QwFGODGFcCXMr5X2mGEeT19wW1/XPtHmsD900a9JxFrNYJrXzknNZsh8uCuXbWU4ZckSOSZE45IqUyT2pkCrhZEReyCt5s56td+vD+py2rlizmTyZg/X1C5eQntk=</latexit>

Ve↵(x) =
<latexit sha1_base64="s8sdpiSazvi2A5ZwK6aTlq5I63M=">AAACBnicbVBNS8NAEN3Ur1q/qh69LBahgpRERD0WvXisYNNCG8pmM2lXd5OwuxFL6N2jV/0R3sSrf8Pf4J9w2+ZgWx8MPN6bYWaen3CmtG1/W4Wl5ZXVteJ6aWNza3unvLvnqjiVFJo05rFs+0QBZxE0NdMc2okEInwOLf/heuy3HkEqFkd3epiAJ0g/YiGjRBvJdXt29em4V67YNXsCvEicnFRQjkav/NMNYpoKiDTlRKmOYyfay4jUjHIYlbqpgoTQB9KHjqEREaC8bHLtCB8ZJcBhLE1FGk/UvxMZEUoNhW86BdEDNe+Nxf+8TqrDSy9jUZJqiOh0UZhyrGM8fh0HTALVfGgIoZKZWzEdEEmoNgHNbPF9caLMYwMIRiWTjjOfxSJxT2vOec2+PavUr/KciugAHaIqctAFqqMb1EBNRNE9ekGv6M16tt6tD+tz2lqw8pl9NAPr6xc0XJi3</latexit>

V0(x)
<latexit sha1_base64="97h8saVZ8+cZyo2XSl7aRGqU1yc=">AAACCnicbVDLSsNAFJ3UV62vqks3g0WoKCURUZdFNy4r9IVtKJPJTTt0MgkzE7GE/IFLt/oR7sStP+E3+BNOHwtbPXDhcM693HuPF3OmtG1/Wbml5ZXVtfx6YWNza3unuLvXVFEiKTRoxCPZ9ogCzgQ0NNMc2rEEEnocWt7wZuy3HkAqFom6HsXghqQvWMAo0Ua6P8HNXlrPyo/HvWLJrtgT4L/EmZESmqHWK353/YgmIQhNOVGq49ixdlMiNaMcskI3URATOiR96BgqSAjKTScXZ/jIKD4OImlKaDxRf0+kJFRqFHqmMyR6oBa9sfif10l0cOWmTMSJBkGni4KEYx3h8fvYZxKo5iNDCJXM3IrpgEhCtQlpbovnhafKPDYAPyuYdJzFLP6S5lnFuajYd+el6vUspzw6QIeojBx0iaroFtVQA1Ek0DN6Qa/Wk/VmvVsf09acNZvZR3OwPn8AFGeaRg==</latexit>

+VT (x)

By construction, the scale setting the potential 

is below the cutoff

<latexit sha1_base64="dsEcOPcJ/cinpLHZXT/00KizAN0=">AAACHnicbVDLSgNBEJyNrxhfUY96GAyCiIRdEfUYFMRjhLwgG5bZSScZMjO7zswKYcnFL/HoVT/Cm3jVb/AnnDwOJlrQUFR1090Vxpxp47pfTmZhcWl5JbuaW1vf2NzKb+/UdJQoClUa8Ug1QqKBMwlVwwyHRqyAiJBDPexfj/z6AyjNIlkxgxhagnQl6zBKjJWC/H4lkL5mAvv6Xpn0Zuhz0HokiOA4yBfcojsG/ku8KSmgKcpB/ttvRzQRIA3lROum58amlRJlGOUwzPmJhpjQPulC01JJBOhWOv5iiA+t0sadSNmSBo/V3xMpEVoPRGg7BTE9Pe+NxP+8ZmI6l62UyTgxIOlkUSfh2ER4FAluMwXU8IElhCpmb8W0RxShxgY3syUMxYm2j/WgPczZdLz5LP6S2mnROy+6d2eF0tU0pyzaQwfoCHnoApXQLSqjKqLoET2jF/TqPDlvzrvzMWnNONOZXTQD5/MHDO2i0g==</latexit>

Tn ⇠
p
F . m⇤

the low-T expansion applies at nucleation 



The pseudomodulus potential at finite T
<latexit sha1_base64="fkziYLDBi89olas9lQ+2sCdwQ/g="></latexit>

mx ⇠ �2

16⇡2
F/m⇤

<latexit sha1_base64="lhp9trKtW/asFwV7EqD78Z0+ocM=">AAACCnicbVDLSgNBEOyNrxhfUY9eBoMgImFXRD0GvXiMYB6YLMvs7CQZMjO7zMyKIeQPPHrVj/AmXv0Jv8GfcJLswSQWNBRV3XR3hQln2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR2nitAaiXmsmiHWlDNJa4YZTpuJoliEnDbC/s3YbzxSpVks780gob7AXck6jGBjpQcRPLU5RyI4CYolt+xOgBaJl5ESZKgGxZ92FJNUUGkIx1q3PDcx/hArwwino0I71TTBpI+7tGWpxIJqfzi5eISOrBKhTqxsSYMm6t+JIRZaD0RoOwU2PT3vjcX/vFZqOlf+kMkkNVSS6aJOypGJ0fh9FDFFieEDSzBRzN6KSA8rTIwNaWZLGIpTbR/r0WhUsOl481kskvpZ2bsou3fnpcp1llMeDuAQjsGDS6jALVShBgQkvMArvDnPzrvz4XxOW3NONrMPM3C+fgHcMZq/</latexit>

mx ⌧ m⇤
at weak coupling

<latexit sha1_base64="hi3e9plN7uS3OvaOzNKBd+0DMZc=">AAACFXicbVDJSgNBEO1xjXGL5uilMQgRJMyIqBch6MVjBLNAEkJPpyZp0rPQXSMJw3yHR6/6Ed7Eq2e/wZ+wsxxM4oOCx3tVVNVzIyk02va3tbK6tr6xmdnKbu/s7u3nDg5rOowVhyoPZagaLtMgRQBVFCihESlgviuh7g7uxn79CZQWYfCIowjaPusFwhOcoZE6uXytk7QQhpiA56VpcXh6Qzu5gl2yJ6DLxJmRApmh0sn9tLohj30IkEumddOxI2wnTKHgEtJsK9YQMT5gPWgaGjAfdDuZHJ/SE6N0qRcqUwHSifp3ImG+1iPfNZ0+w75e9Mbif14zRu+6nYggihECPl3kxZJiSMdJ0K5QwFGODGFcCXMr5X2mGEeT19wW1/XPtHmsD900a9JxFrNYJrXzknNZsh8uCuXbWU4ZckSOSZE45IqUyT2pkCrhZEReyCt5s56td+vD+py2rlizmTyZg/X1C5eQntk=</latexit>

Ve↵(x) =
<latexit sha1_base64="s8sdpiSazvi2A5ZwK6aTlq5I63M=">AAACBnicbVBNS8NAEN3Ur1q/qh69LBahgpRERD0WvXisYNNCG8pmM2lXd5OwuxFL6N2jV/0R3sSrf8Pf4J9w2+ZgWx8MPN6bYWaen3CmtG1/W4Wl5ZXVteJ6aWNza3unvLvnqjiVFJo05rFs+0QBZxE0NdMc2okEInwOLf/heuy3HkEqFkd3epiAJ0g/YiGjRBvJdXt29em4V67YNXsCvEicnFRQjkav/NMNYpoKiDTlRKmOYyfay4jUjHIYlbqpgoTQB9KHjqEREaC8bHLtCB8ZJcBhLE1FGk/UvxMZEUoNhW86BdEDNe+Nxf+8TqrDSy9jUZJqiOh0UZhyrGM8fh0HTALVfGgIoZKZWzEdEEmoNgHNbPF9caLMYwMIRiWTjjOfxSJxT2vOec2+PavUr/KciugAHaIqctAFqqMb1EBNRNE9ekGv6M16tt6tD+tz2lqw8pl9NAPr6xc0XJi3</latexit>

V0(x)
<latexit sha1_base64="97h8saVZ8+cZyo2XSl7aRGqU1yc=">AAACCnicbVDLSsNAFJ3UV62vqks3g0WoKCURUZdFNy4r9IVtKJPJTTt0MgkzE7GE/IFLt/oR7sStP+E3+BNOHwtbPXDhcM693HuPF3OmtG1/Wbml5ZXVtfx6YWNza3unuLvXVFEiKTRoxCPZ9ogCzgQ0NNMc2rEEEnocWt7wZuy3HkAqFom6HsXghqQvWMAo0Ua6P8HNXlrPyo/HvWLJrtgT4L/EmZESmqHWK353/YgmIQhNOVGq49ixdlMiNaMcskI3URATOiR96BgqSAjKTScXZ/jIKD4OImlKaDxRf0+kJFRqFHqmMyR6oBa9sfif10l0cOWmTMSJBkGni4KEYx3h8fvYZxKo5iNDCJXM3IrpgEhCtQlpbovnhafKPDYAPyuYdJzFLP6S5lnFuajYd+el6vUspzw6QIeojBx0iaroFtVQA1Ek0DN6Qa/Wk/VmvVsf09acNZvZR3OwPn8AFGeaRg==</latexit>

+VT (x)

By construction, the scale setting the potential 

is below the cutoff

<latexit sha1_base64="KfDk9eHKyfSMlj2XgSYJVQDRHdU=">AAACKXicbZDLSgNBEEV7fBtfUZduBoMoKGFGRN0IohtXIYJRIQmhp1NjmvRj6K4RwzCf4Je4dKsf4U7duvQn7MQgvi40XE5VUV03SgS3GAQv3sjo2PjE5NR0YWZ2bn6huLh0bnVqGNSYFtpcRtSC4ApqyFHAZWKAykjARdQ97tcvrsFYrtUZ9hJoSnqleMwZRYdaxfXKQaWVNRBuMIu01crm+eYXicFIPmCtYikoBwP5f004NCUyVLVVfG+0NUslKGSCWlsPgwSbGTXImYC80EgtJJR16RXUnVVUgm1mg4Nyf82Rth9r455Cf0C/T2RUWtuTkeuUFDv2d60P/6vVU4z3mxlXSYqg2OeiOBU+ar+fjt/mBhiKnjOUGe7+6rMONZShy/DHliiSW9Yd1oF2XnDphL+z+GvOt8vhbjk43SkdHg1zmiIrZJVskJDskUNyQqqkRhi5JffkgTx6d96T9+y9fraOeMOZZfJD3tsH/nGorQ==</latexit>

N = Nbosons +Nfermions

<latexit sha1_base64="dsEcOPcJ/cinpLHZXT/00KizAN0=">AAACHnicbVDLSgNBEJyNrxhfUY96GAyCiIRdEfUYFMRjhLwgG5bZSScZMjO7zswKYcnFL/HoVT/Cm3jVb/AnnDwOJlrQUFR1090Vxpxp47pfTmZhcWl5JbuaW1vf2NzKb+/UdJQoClUa8Ug1QqKBMwlVwwyHRqyAiJBDPexfj/z6AyjNIlkxgxhagnQl6zBKjJWC/H4lkL5mAvv6Xpn0Zuhz0HokiOA4yBfcojsG/ku8KSmgKcpB/ttvRzQRIA3lROum58amlRJlGOUwzPmJhpjQPulC01JJBOhWOv5iiA+t0sadSNmSBo/V3xMpEVoPRGg7BTE9Pe+NxP+8ZmI6l62UyTgxIOlkUSfh2ER4FAluMwXU8IElhCpmb8W0RxShxgY3syUMxYm2j/WgPczZdLz5LP6S2mnROy+6d2eF0tU0pyzaQwfoCHnoApXQLSqjKqLoET2jF/TqPDlvzrvzMWnNONOZXTQD5/MHDO2i0g==</latexit>

Tn ⇠
p
F . m⇤

the low-T expansion applies at nucleation 



The pseudomodulus potential at finite T
<latexit sha1_base64="fkziYLDBi89olas9lQ+2sCdwQ/g="></latexit>

mx ⇠ �2

16⇡2
F/m⇤

<latexit sha1_base64="lhp9trKtW/asFwV7EqD78Z0+ocM=">AAACCnicbVDLSgNBEOyNrxhfUY9eBoMgImFXRD0GvXiMYB6YLMvs7CQZMjO7zMyKIeQPPHrVj/AmXv0Jv8GfcJLswSQWNBRV3XR3hQln2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR2nitAaiXmsmiHWlDNJa4YZTpuJoliEnDbC/s3YbzxSpVks780gob7AXck6jGBjpQcRPLU5RyI4CYolt+xOgBaJl5ESZKgGxZ92FJNUUGkIx1q3PDcx/hArwwino0I71TTBpI+7tGWpxIJqfzi5eISOrBKhTqxsSYMm6t+JIRZaD0RoOwU2PT3vjcX/vFZqOlf+kMkkNVSS6aJOypGJ0fh9FDFFieEDSzBRzN6KSA8rTIwNaWZLGIpTbR/r0WhUsOl481kskvpZ2bsou3fnpcp1llMeDuAQjsGDS6jALVShBgQkvMArvDnPzrvz4XxOW3NONrMPM3C+fgHcMZq/</latexit>

mx ⌧ m⇤
at weak coupling

<latexit sha1_base64="hi3e9plN7uS3OvaOzNKBd+0DMZc=">AAACFXicbVDJSgNBEO1xjXGL5uilMQgRJMyIqBch6MVjBLNAEkJPpyZp0rPQXSMJw3yHR6/6Ed7Eq2e/wZ+wsxxM4oOCx3tVVNVzIyk02va3tbK6tr6xmdnKbu/s7u3nDg5rOowVhyoPZagaLtMgRQBVFCihESlgviuh7g7uxn79CZQWYfCIowjaPusFwhOcoZE6uXytk7QQhpiA56VpcXh6Qzu5gl2yJ6DLxJmRApmh0sn9tLohj30IkEumddOxI2wnTKHgEtJsK9YQMT5gPWgaGjAfdDuZHJ/SE6N0qRcqUwHSifp3ImG+1iPfNZ0+w75e9Mbif14zRu+6nYggihECPl3kxZJiSMdJ0K5QwFGODGFcCXMr5X2mGEeT19wW1/XPtHmsD900a9JxFrNYJrXzknNZsh8uCuXbWU4ZckSOSZE45IqUyT2pkCrhZEReyCt5s56td+vD+py2rlizmTyZg/X1C5eQntk=</latexit>

Ve↵(x) =
<latexit sha1_base64="s8sdpiSazvi2A5ZwK6aTlq5I63M=">AAACBnicbVBNS8NAEN3Ur1q/qh69LBahgpRERD0WvXisYNNCG8pmM2lXd5OwuxFL6N2jV/0R3sSrf8Pf4J9w2+ZgWx8MPN6bYWaen3CmtG1/W4Wl5ZXVteJ6aWNza3unvLvnqjiVFJo05rFs+0QBZxE0NdMc2okEInwOLf/heuy3HkEqFkd3epiAJ0g/YiGjRBvJdXt29em4V67YNXsCvEicnFRQjkav/NMNYpoKiDTlRKmOYyfay4jUjHIYlbqpgoTQB9KHjqEREaC8bHLtCB8ZJcBhLE1FGk/UvxMZEUoNhW86BdEDNe+Nxf+8TqrDSy9jUZJqiOh0UZhyrGM8fh0HTALVfGgIoZKZWzEdEEmoNgHNbPF9caLMYwMIRiWTjjOfxSJxT2vOec2+PavUr/KciugAHaIqctAFqqMb1EBNRNE9ekGv6M16tt6tD+tz2lqw8pl9NAPr6xc0XJi3</latexit>

V0(x)
<latexit sha1_base64="97h8saVZ8+cZyo2XSl7aRGqU1yc=">AAACCnicbVDLSsNAFJ3UV62vqks3g0WoKCURUZdFNy4r9IVtKJPJTTt0MgkzE7GE/IFLt/oR7sStP+E3+BNOHwtbPXDhcM693HuPF3OmtG1/Wbml5ZXVtfx6YWNza3unuLvXVFEiKTRoxCPZ9ogCzgQ0NNMc2rEEEnocWt7wZuy3HkAqFom6HsXghqQvWMAo0Ua6P8HNXlrPyo/HvWLJrtgT4L/EmZESmqHWK353/YgmIQhNOVGq49ixdlMiNaMcskI3URATOiR96BgqSAjKTScXZ/jIKD4OImlKaDxRf0+kJFRqFHqmMyR6oBa9sfif10l0cOWmTMSJBkGni4KEYx3h8fvYZxKo5iNDCJXM3IrpgEhCtQlpbovnhafKPDYAPyuYdJzFLP6S5lnFuajYd+el6vUspzw6QIeojBx0iaroFtVQA1Ek0DN6Qa/Wk/VmvVsf09acNZvZR3OwPn8AFGeaRg==</latexit>

+VT (x)

By construction, the scale setting the potential 

is below the cutoff

<latexit sha1_base64="KfDk9eHKyfSMlj2XgSYJVQDRHdU=">AAACKXicbZDLSgNBEEV7fBtfUZduBoMoKGFGRN0IohtXIYJRIQmhp1NjmvRj6K4RwzCf4Je4dKsf4U7duvQn7MQgvi40XE5VUV03SgS3GAQv3sjo2PjE5NR0YWZ2bn6huLh0bnVqGNSYFtpcRtSC4ApqyFHAZWKAykjARdQ97tcvrsFYrtUZ9hJoSnqleMwZRYdaxfXKQaWVNRBuMIu01crm+eYXicFIPmCtYikoBwP5f004NCUyVLVVfG+0NUslKGSCWlsPgwSbGTXImYC80EgtJJR16RXUnVVUgm1mg4Nyf82Rth9r455Cf0C/T2RUWtuTkeuUFDv2d60P/6vVU4z3mxlXSYqg2OeiOBU+ar+fjt/mBhiKnjOUGe7+6rMONZShy/DHliiSW9Yd1oF2XnDphL+z+GvOt8vhbjk43SkdHg1zmiIrZJVskJDskUNyQqqkRhi5JffkgTx6d96T9+y9fraOeMOZZfJD3tsH/nGorQ==</latexit>

N = Nbosons +Nfermions

Thermal corrections only make the origin deeper in this limit  

<latexit sha1_base64="dsEcOPcJ/cinpLHZXT/00KizAN0=">AAACHnicbVDLSgNBEJyNrxhfUY96GAyCiIRdEfUYFMRjhLwgG5bZSScZMjO7zswKYcnFL/HoVT/Cm3jVb/AnnDwOJlrQUFR1090Vxpxp47pfTmZhcWl5JbuaW1vf2NzKb+/UdJQoClUa8Ug1QqKBMwlVwwyHRqyAiJBDPexfj/z6AyjNIlkxgxhagnQl6zBKjJWC/H4lkL5mAvv6Xpn0Zuhz0HokiOA4yBfcojsG/ku8KSmgKcpB/ttvRzQRIA3lROum58amlRJlGOUwzPmJhpjQPulC01JJBOhWOv5iiA+t0sadSNmSBo/V3xMpEVoPRGg7BTE9Pe+NxP+8ZmI6l62UyTgxIOlkUSfh2ER4FAluMwXU8IElhCpmb8W0RxShxgY3syUMxYm2j/WgPczZdLz5LP6S2mnROy+6d2eF0tU0pyzaQwfoCHnoApXQLSqjKqLoET2jF/TqPDlvzrvzMWnNONOZXTQD5/MHDO2i0g==</latexit>

Tn ⇠
p
F . m⇤

the low-T expansion applies at nucleation 



The pseudomodulus bounce action I

A simple triangular barrier 

approximates the full bounce quite well



The pseudomodulus bounce action I

A simple triangular barrier 

approximates the full bounce quite well

For a fully analytical treatment 

we expand for 


flat potential + small barrier



The pseudomodulus bounce action I

A simple triangular barrier 

approximates the full bounce quite well

For a fully analytical treatment 

we expand for 


flat potential + small barrier

The bounce is independent on the position 

of the barrier in this limit! 

<latexit sha1_base64="1WgThWqeamuMqk65Zya9iCsKgX4=">AAACA3icbVDLSgNBEJz1GeMr6tHLYBA8SNgVUY9BLx4jmgckS5id7U2GzMwuM7NiWHL06FU/wpt49UP8Bn/CSbIHk1jQUFR1090VJJxp47rfztLyyuraemGjuLm1vbNb2ttv6DhVFOo05rFqBUQDZxLqhhkOrUQBEQGHZjC4GfvNR1CaxfLBDBPwBelJFjFKjJXun7q1bqnsVtwJ8CLxclJGOWz/TyeMaSpAGsqJ1m3PTYyfEWUY5TAqdlINCaED0oO2pZII0H42OXWEj60S4ihWtqTBE/XvREaE1kMR2E5BTF/Pe2PxP6+dmujKz5hMUgOSThdFKccmxuO/ccgUUMOHlhCqmL0V0z5RhBqbzsyWIBCn2j7Wh3BUtOl481ksksZZxbuouHfn5ep1nlMBHaIjdII8dImq6BbVUB1R1EMv6BW9Oc/Ou/PhfE5bl5x85gDNwPn6Beg3mBI=</latexit>xP -independent!



The pseudomodulus bounce action II

In the same approximation we can 

get the nucleation temperature analytically

in a systematic expansion

<latexit sha1_base64="kSd0hxH7BZrhrkJZGuVcqoqydd4=">AAACDnicbVDLTsJAFJ36RHyhLt1MJCYuDLbGqEuiG5eYQCGB0kynF5gwnTYzUxPS8A8u3epHuDNu/QW/wZ9wgC4EPMlNTs65N/feEyScKW3b39bK6tr6xmZhq7i9s7u3Xzo4dFWcSgoNGvNYtgKigDMBDc00h1YigUQBh2YwvJ/4zSeQisWirkcJeBHpC9ZjlGgjdV2/duH69a7d4dzBfqlsV+wp8DJxclJGOWp+6acTxjSNQGjKiVJtx060lxGpGeUwLnZSBQmhQ9KHtqGCRKC8bHr1GJ8aJcS9WJoSGk/VvxMZiZQaRYHpjIgeqEVvIv7ntVPdu/UyJpJUg6CzRb2UYx3jSQQ4ZBKo5iNDCJXM3IrpgEhCtQlqbksQROfKPDaAcFw06TiLWSwT97LiXFfsx6ty9S7PqYCO0Qk6Qw66QVX0gGqogSiS6AW9ojfr2Xq3PqzPWeuKlc8coTlYX7+1Mpup</latexit>

VP /V
0
T ⌧ 1

where

<latexit sha1_base64="ldRUrSCNZXvE7rjdahqaxrzdHas=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNgVUY9BLx4j5gXJEmZnZ5MhM7PLzKwQlhw9etWP8CZe/RC/wZ9wkuzBJBY0FFXddHcFCWfauO63s7K6tr6xWdgqbu/s7u2XDg6bOk4VoQ0S81i1A6wpZ5I2DDOcthNFsQg4bQXDu4nfeqJKs1jWzSihvsB9ySJGsLHSY71HeqWyW3GnQMvEy0kZctR6pZ9uGJNUUGkIx1p3PDcxfoaVYYTTcbGbappgMsR92rFUYkG1n01PHaNTq4QoipUtadBU/TuRYaH1SAS2U2Az0IveRPzP66QmuvEzJpPUUElmi6KUIxOjyd8oZIoSw0eWYKKYvRWRAVaYGJvO3JYgEOfaPjag4bho0/EWs1gmzYuKd1VxHy7L1ds8pwIcwwmcgQfXUIV7qEEDCPThBV7hzXl23p0P53PWuuLkM0cwB+frF8yCmAE=</latexit>

Tc
<latexit sha1_base64="v91NoUoxL/Orks99Umn7WLgLXHg=">AAACDnicdZDLSgMxFIYz3q23qks3wSK4kDIVb8uiG5cKrQrtWDLpaRuaZIbkjFiGeQeXbvUh3IlbX8Fn8CXM1BFU9IfAz3fO4Zz8YSyFRd9/8yYmp6ZnZufmSwuLS8sr5dW1CxslhkOTRzIyVyGzIIWGJgqUcBUbYCqUcBkOT/L65Q0YKyLdwFEMgWJ9LXqCM3ToutFJ2wi3mCqhs6xTrvjVfT8X9av+lylIrSAVUuisU35vdyOeKNDIJbO2VfNjDFJmUHAJWamdWIgZH7I+tJzVTIEN0vHVGd1ypEt7kXFPIx3T7xMpU9aOVOg6FcOB/V3L4V+1VoK9oyAVOk4QNP9c1EskxYjmEdCuMMBRjpxh3Ah3K+UDZhhHF9SPLWGodqz72AC6Wcml8xUB/d9c7FZrB1X/fK9SPy5ymiMbZJNskxo5JHVySs5Ik3BiyD15II/enffkPXsvn60TXjGzTn7Ie/0AkwSdaw==</latexit>

Tmin

<latexit sha1_base64="saK5H5EP/pIZOzulLbSINGomcjY=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsmJf0A4lk6ZtaCYzJBmhlC5dutWPcCdu/RC/wZ8wfQhW9MCFwzn3cu89QcyZ0gh9WKm19Y3NrfR2Zmd3b/8ge3jUUFEiCa2TiEeyFWBFORO0rpnmtBVLisOA02Ywup75zXsqFYtETY9j6od4IFifEayNdFfrim42h2xULHmeC5Htuu5loWBIuey5KA8dG82RA0tUu9nPTi8iSUiFJhwr1XZQrP0JlpoRTqeZTqJojMkID2jbUIFDqvzJ/NQpPDNKD/YjaUpoOFd/TkxwqNQ4DExniPVQ/fZm4l9eO9F9z58wESeaCrJY1E841BGc/Q17TFKi+dgQTCQzt0IyxBITbdJZ2RIE4YUyjw1pb5ox6XxHAP8njbztFG10W8hVrpY5pcEJOAXnwAElUAE3oArqgIABeARP4Nl6sF6sV+tt0ZqyljPHYAXW+xduHJhp</latexit>

Tn

<latexit sha1_base64="lPcgGmk3RGGynvOM8HNDfjGTdEo=">AAACEXicbVDLSsNAFJ3UV62PRl26GSyCiNSkiLosunFZoS9oY5hMJu3QmUmYmQgl9CtcutWPcCdu/QK/wZ9w2mZhqwcuHM65l3vvCRJGlXacL6uwsrq2vlHcLG1t7+yW7b39topTiUkLxyyW3QApwqggLU01I91EEsQDRjrB6Hbqdx6JVDQWTT1OiMfRQNCIYqSN5Nvlpi8enL6iHHL/9Lzm2xWn6swA/xI3JxWQo+Hb3/0wxiknQmOGlOq5TqK9DElNMSOTUj9VJEF4hAakZ6hAnCgvmx0+gcdGCWEUS1NCw5n6eyJDXKkxD0wnR3qolr2p+J/XS3V07WVUJKkmAs8XRSmDOobTFGBIJcGajQ1BWFJzK8RDJBHWJquFLUHAz5R5bEjCScmk4y5n8Ze0a1X3surcX1TqN3lORXAIjsAJcMEVqIM70AAtgEEKnsELeLWerDfr3fqYtxasfOYALMD6/AEjAZxf</latexit>

T 0
n ⇠ m⇤/2



The pseudomodulus bounce action II

In the same approximation we can 

get the nucleation temperature analytically

in a systematic expansion

<latexit sha1_base64="kSd0hxH7BZrhrkJZGuVcqoqydd4=">AAACDnicbVDLTsJAFJ36RHyhLt1MJCYuDLbGqEuiG5eYQCGB0kynF5gwnTYzUxPS8A8u3epHuDNu/QW/wZ9wgC4EPMlNTs65N/feEyScKW3b39bK6tr6xmZhq7i9s7u3Xzo4dFWcSgoNGvNYtgKigDMBDc00h1YigUQBh2YwvJ/4zSeQisWirkcJeBHpC9ZjlGgjdV2/duH69a7d4dzBfqlsV+wp8DJxclJGOWp+6acTxjSNQGjKiVJtx060lxGpGeUwLnZSBQmhQ9KHtqGCRKC8bHr1GJ8aJcS9WJoSGk/VvxMZiZQaRYHpjIgeqEVvIv7ntVPdu/UyJpJUg6CzRb2UYx3jSQQ4ZBKo5iNDCJXM3IrpgEhCtQlqbksQROfKPDaAcFw06TiLWSwT97LiXFfsx6ty9S7PqYCO0Qk6Qw66QVX0gGqogSiS6AW9ojfr2Xq3PqzPWeuKlc8coTlYX7+1Mpup</latexit>

VP /V
0
T ⌧ 1

where

The competition of the two terms shows that the nucleation temperature 

can be diminished down to the minimal temperature by increasing the barrier 

or the distance in field space 

<latexit sha1_base64="ldRUrSCNZXvE7rjdahqaxrzdHas=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNgVUY9BLx4j5gXJEmZnZ5MhM7PLzKwQlhw9etWP8CZe/RC/wZ9wkuzBJBY0FFXddHcFCWfauO63s7K6tr6xWdgqbu/s7u2XDg6bOk4VoQ0S81i1A6wpZ5I2DDOcthNFsQg4bQXDu4nfeqJKs1jWzSihvsB9ySJGsLHSY71HeqWyW3GnQMvEy0kZctR6pZ9uGJNUUGkIx1p3PDcxfoaVYYTTcbGbappgMsR92rFUYkG1n01PHaNTq4QoipUtadBU/TuRYaH1SAS2U2Az0IveRPzP66QmuvEzJpPUUElmi6KUIxOjyd8oZIoSw0eWYKKYvRWRAVaYGJvO3JYgEOfaPjag4bho0/EWs1gmzYuKd1VxHy7L1ds8pwIcwwmcgQfXUIV7qEEDCPThBV7hzXl23p0P53PWuuLkM0cwB+frF8yCmAE=</latexit>

Tc
<latexit sha1_base64="v91NoUoxL/Orks99Umn7WLgLXHg=">AAACDnicdZDLSgMxFIYz3q23qks3wSK4kDIVb8uiG5cKrQrtWDLpaRuaZIbkjFiGeQeXbvUh3IlbX8Fn8CXM1BFU9IfAz3fO4Zz8YSyFRd9/8yYmp6ZnZufmSwuLS8sr5dW1CxslhkOTRzIyVyGzIIWGJgqUcBUbYCqUcBkOT/L65Q0YKyLdwFEMgWJ9LXqCM3ToutFJ2wi3mCqhs6xTrvjVfT8X9av+lylIrSAVUuisU35vdyOeKNDIJbO2VfNjDFJmUHAJWamdWIgZH7I+tJzVTIEN0vHVGd1ypEt7kXFPIx3T7xMpU9aOVOg6FcOB/V3L4V+1VoK9oyAVOk4QNP9c1EskxYjmEdCuMMBRjpxh3Ah3K+UDZhhHF9SPLWGodqz72AC6Wcml8xUB/d9c7FZrB1X/fK9SPy5ymiMbZJNskxo5JHVySs5Ik3BiyD15II/enffkPXsvn60TXjGzTn7Ie/0AkwSdaw==</latexit>

Tmin

<latexit sha1_base64="saK5H5EP/pIZOzulLbSINGomcjY=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsmJf0A4lk6ZtaCYzJBmhlC5dutWPcCdu/RC/wZ8wfQhW9MCFwzn3cu89QcyZ0gh9WKm19Y3NrfR2Zmd3b/8ge3jUUFEiCa2TiEeyFWBFORO0rpnmtBVLisOA02Ywup75zXsqFYtETY9j6od4IFifEayNdFfrim42h2xULHmeC5Htuu5loWBIuey5KA8dG82RA0tUu9nPTi8iSUiFJhwr1XZQrP0JlpoRTqeZTqJojMkID2jbUIFDqvzJ/NQpPDNKD/YjaUpoOFd/TkxwqNQ4DExniPVQ/fZm4l9eO9F9z58wESeaCrJY1E841BGc/Q17TFKi+dgQTCQzt0IyxBITbdJZ2RIE4YUyjw1pb5ox6XxHAP8njbztFG10W8hVrpY5pcEJOAXnwAElUAE3oArqgIABeARP4Nl6sF6sV+tt0ZqyljPHYAXW+xduHJhp</latexit>

Tn

<latexit sha1_base64="lPcgGmk3RGGynvOM8HNDfjGTdEo=">AAACEXicbVDLSsNAFJ3UV62PRl26GSyCiNSkiLosunFZoS9oY5hMJu3QmUmYmQgl9CtcutWPcCdu/QK/wZ9w2mZhqwcuHM65l3vvCRJGlXacL6uwsrq2vlHcLG1t7+yW7b39topTiUkLxyyW3QApwqggLU01I91EEsQDRjrB6Hbqdx6JVDQWTT1OiMfRQNCIYqSN5Nvlpi8enL6iHHL/9Lzm2xWn6swA/xI3JxWQo+Hb3/0wxiknQmOGlOq5TqK9DElNMSOTUj9VJEF4hAakZ6hAnCgvmx0+gcdGCWEUS1NCw5n6eyJDXKkxD0wnR3qolr2p+J/XS3V07WVUJKkmAs8XRSmDOobTFGBIJcGajQ1BWFJzK8RDJBHWJquFLUHAz5R5bEjCScmk4y5n8Ze0a1X3surcX1TqN3lORXAIjsAJcMEVqIM70AAtgEEKnsELeLWerDfr3fqYtxasfOYALMD6/AEjAZxf</latexit>

T 0
n ⇠ m⇤/2



The pseudomodulus bounce action II

In the same approximation we can 

get the nucleation temperature analytically

in a systematic expansion

<latexit sha1_base64="kSd0hxH7BZrhrkJZGuVcqoqydd4=">AAACDnicbVDLTsJAFJ36RHyhLt1MJCYuDLbGqEuiG5eYQCGB0kynF5gwnTYzUxPS8A8u3epHuDNu/QW/wZ9wgC4EPMlNTs65N/feEyScKW3b39bK6tr6xmZhq7i9s7u3Xzo4dFWcSgoNGvNYtgKigDMBDc00h1YigUQBh2YwvJ/4zSeQisWirkcJeBHpC9ZjlGgjdV2/duH69a7d4dzBfqlsV+wp8DJxclJGOWp+6acTxjSNQGjKiVJtx060lxGpGeUwLnZSBQmhQ9KHtqGCRKC8bHr1GJ8aJcS9WJoSGk/VvxMZiZQaRYHpjIgeqEVvIv7ntVPdu/UyJpJUg6CzRb2UYx3jSQQ4ZBKo5iNDCJXM3IrpgEhCtQlqbksQROfKPDaAcFw06TiLWSwT97LiXFfsx6ty9S7PqYCO0Qk6Qw66QVX0gGqogSiS6AW9ojfr2Xq3PqzPWeuKlc8coTlYX7+1Mpup</latexit>

VP /V
0
T ⌧ 1

where

The competition of the two terms shows that the nucleation temperature 

can be diminished down to the minimal temperature by increasing the barrier 

or the distance in field space 

<latexit sha1_base64="ldRUrSCNZXvE7rjdahqaxrzdHas=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8SNgVUY9BLx4j5gXJEmZnZ5MhM7PLzKwQlhw9etWP8CZe/RC/wZ9wkuzBJBY0FFXddHcFCWfauO63s7K6tr6xWdgqbu/s7u2XDg6bOk4VoQ0S81i1A6wpZ5I2DDOcthNFsQg4bQXDu4nfeqJKs1jWzSihvsB9ySJGsLHSY71HeqWyW3GnQMvEy0kZctR6pZ9uGJNUUGkIx1p3PDcxfoaVYYTTcbGbappgMsR92rFUYkG1n01PHaNTq4QoipUtadBU/TuRYaH1SAS2U2Az0IveRPzP66QmuvEzJpPUUElmi6KUIxOjyd8oZIoSw0eWYKKYvRWRAVaYGJvO3JYgEOfaPjag4bho0/EWs1gmzYuKd1VxHy7L1ds8pwIcwwmcgQfXUIV7qEEDCPThBV7hzXl23p0P53PWuuLkM0cwB+frF8yCmAE=</latexit>

Tc
<latexit sha1_base64="v91NoUoxL/Orks99Umn7WLgLXHg=">AAACDnicdZDLSgMxFIYz3q23qks3wSK4kDIVb8uiG5cKrQrtWDLpaRuaZIbkjFiGeQeXbvUh3IlbX8Fn8CXM1BFU9IfAz3fO4Zz8YSyFRd9/8yYmp6ZnZufmSwuLS8sr5dW1CxslhkOTRzIyVyGzIIWGJgqUcBUbYCqUcBkOT/L65Q0YKyLdwFEMgWJ9LXqCM3ToutFJ2wi3mCqhs6xTrvjVfT8X9av+lylIrSAVUuisU35vdyOeKNDIJbO2VfNjDFJmUHAJWamdWIgZH7I+tJzVTIEN0vHVGd1ypEt7kXFPIx3T7xMpU9aOVOg6FcOB/V3L4V+1VoK9oyAVOk4QNP9c1EskxYjmEdCuMMBRjpxh3Ah3K+UDZhhHF9SPLWGodqz72AC6Wcml8xUB/d9c7FZrB1X/fK9SPy5ymiMbZJNskxo5JHVySs5Ik3BiyD15II/enffkPXsvn60TXjGzTn7Ie/0AkwSdaw==</latexit>

Tmin

<latexit sha1_base64="saK5H5EP/pIZOzulLbSINGomcjY=">AAACA3icdVDLSgMxFM3UV62vqks3wSK4kCFTO+10V3TjsmJf0A4lk6ZtaCYzJBmhlC5dutWPcCdu/RC/wZ8wfQhW9MCFwzn3cu89QcyZ0gh9WKm19Y3NrfR2Zmd3b/8ge3jUUFEiCa2TiEeyFWBFORO0rpnmtBVLisOA02Ywup75zXsqFYtETY9j6od4IFifEayNdFfrim42h2xULHmeC5Htuu5loWBIuey5KA8dG82RA0tUu9nPTi8iSUiFJhwr1XZQrP0JlpoRTqeZTqJojMkID2jbUIFDqvzJ/NQpPDNKD/YjaUpoOFd/TkxwqNQ4DExniPVQ/fZm4l9eO9F9z58wESeaCrJY1E841BGc/Q17TFKi+dgQTCQzt0IyxBITbdJZ2RIE4YUyjw1pb5ox6XxHAP8njbztFG10W8hVrpY5pcEJOAXnwAElUAE3oArqgIABeARP4Nl6sF6sV+tt0ZqyljPHYAXW+xduHJhp</latexit>

Tn

at the boundary of nucleation the signal is enhanced!

<latexit sha1_base64="awfD2d4AT5ntF2rjPFeAOg3w8Ks=">AAACG3icbVDLSgNBEJyN7/iKehIvg0HwIHFXgnoU9eBRwTwgG0PvpJMMmZldZmaFEIJf4tGrfoQ38erBb/AnnDwOaixoKKq66e6KEsGN9f1PLzMzOze/sLiUXV5ZXVvPbWyWTZxqhiUWi1hXIzAouMKS5VZgNdEIMhJYiboXQ79yj9rwWN3aXoJ1CW3FW5yBdVIjtx2CSDoQGi5peInCAi0f3jbUXbGRy/sFfwQ6TYIJyZMJrhu5r7AZs1SiskyAMbXAT2y9D9pyJnCQDVODCbAutLHmqAKJpt4fvTCge05p0lasXSlLR+rPiT5IY3oycp0SbMf89Ybif14tta3Tep+rJLWo2HhRKxXUxnSYB21yjcyKniPANHe3UtYBDcy61H5tiSJ5YNxjHWwOsi6d4G8W06R8VAiOC/5NMX92PslpkeyQXbJPAnJCzsgVuSYlwsgDeSLP5MV79F69N+993JrxJjNb5Be8j29MkKC9</latexit>

↵ ⇠ �V/T 4
nSince

<latexit sha1_base64="lPcgGmk3RGGynvOM8HNDfjGTdEo=">AAACEXicbVDLSsNAFJ3UV62PRl26GSyCiNSkiLosunFZoS9oY5hMJu3QmUmYmQgl9CtcutWPcCdu/QK/wZ9w2mZhqwcuHM65l3vvCRJGlXacL6uwsrq2vlHcLG1t7+yW7b39topTiUkLxyyW3QApwqggLU01I91EEsQDRjrB6Hbqdx6JVDQWTT1OiMfRQNCIYqSN5Nvlpi8enL6iHHL/9Lzm2xWn6swA/xI3JxWQo+Hb3/0wxiknQmOGlOq5TqK9DElNMSOTUj9VJEF4hAakZ6hAnCgvmx0+gcdGCWEUS1NCw5n6eyJDXKkxD0wnR3qolr2p+J/XS3V07WVUJKkmAs8XRSmDOobTFGBIJcGajQ1BWFJzK8RDJBHWJquFLUHAz5R5bEjCScmk4y5n8Ze0a1X3surcX1TqN3lORXAIjsAJcMEVqIM70AAtgEEKnsELeLWerDfr3fqYtxasfOYALMD6/AEjAZxf</latexit>

T 0
n ⇠ m⇤/2



A toy model



A toy model

* never singular = mass gap

* pure log at 
<latexit sha1_base64="2N5bJOdgg4C2995D05MMhSMDHXI=">AAACC3icbVDLSsNAFJ3UV62vqks3g0VwISURUZdFNy4r2AckoUwmk3boPMLMRAyln+DSrX6EO3HrR/gN/oTTNgvbeuDC4dx7ufecKGVUG9f9dkorq2vrG+XNytb2zu5edf+grWWmMGlhyaTqRkgTRgVpGWoY6aaKIB4x0omGt5N+55EoTaV4MHlKQo76giYUI2Ml/ykwEgZUJCbvVWtu3Z0CLhOvIDVQoNmr/gSxxBknwmCGtPY9NzXhCClDMSPjSpBpkiI8RH3iWyoQJzocTV8ewxOrxDCRypYwcKr+3RghrnXOIzvJkRnoxd5E/K/nZya5DkdUpJkhAs8OJRmD1ufEP4ypItiw3BKEFbW/QjxACmFjU5q7EkX8TFtjAxKPKzYdbzGLZdI+r3uXdff+ota4KXIqgyNwDE6BB65AA9yBJmgBDCR4Aa/gzXl23p0P53M2WnKKnUMwB+frF1L+m5g=</latexit>

x ! 1

<latexit sha1_base64="ypVGRfZWfSB7wR8G6UzsDmUIxd8="></latexit>

✏/R < 1/
p
D

to ensure flatness

<latexit sha1_base64="Ff6zs0PivpSu5YF812ODxaJCwBk=">AAACCnicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoRgnrwGME8MFnC7GxvMmRmdpiZFcKSP/DoVT/Cm3j1J/wGf8LJ42ASCxqKqm66u0LJqDae9+3klpZXVtfy64WNza3tneLuXl0nqSJQIwlLVDPEGhgVUDPUMGhKBZiHDBph/2bkN55AaZqIBzOQEHDcFTSmBBsrPbb7WErcub3yO8WSV/bGcBeJPyUlNEW1U/xpRwlJOQhDGNa65XvSBBlWhhIGw0I71SAx6eMutCwVmIMOsvHFQ/fIKpEbJ8qWMO5Y/TuRYa71gIe2k2PT0/PeSPzPa6UmvgwyKmRqQJDJojhlrknc0ftuRBUQwwaWYKKovdUlPawwMTakmS1hyE+0fawH0bBg0/Hns1gk9dOyf1727s9KletpTnl0gA7RMfLRBaqgO1RFNUSQQC/oFb05z8678+F8TlpzznRmH83A+foFu7yaqw==</latexit>

D = 1
*single scale 


SUSY-breaking

*



A toy model

* never singular = mass gap

* pure log at 
<latexit sha1_base64="2N5bJOdgg4C2995D05MMhSMDHXI=">AAACC3icbVDLSsNAFJ3UV62vqks3g0VwISURUZdFNy4r2AckoUwmk3boPMLMRAyln+DSrX6EO3HrR/gN/oTTNgvbeuDC4dx7ufecKGVUG9f9dkorq2vrG+XNytb2zu5edf+grWWmMGlhyaTqRkgTRgVpGWoY6aaKIB4x0omGt5N+55EoTaV4MHlKQo76giYUI2Ml/ykwEgZUJCbvVWtu3Z0CLhOvIDVQoNmr/gSxxBknwmCGtPY9NzXhCClDMSPjSpBpkiI8RH3iWyoQJzocTV8ewxOrxDCRypYwcKr+3RghrnXOIzvJkRnoxd5E/K/nZya5DkdUpJkhAs8OJRmD1ufEP4ypItiw3BKEFbW/QjxACmFjU5q7EkX8TFtjAxKPKzYdbzGLZdI+r3uXdff+ota4KXIqgyNwDE6BB65AA9yBJmgBDCR4Aa/gzXl23p0P53M2WnKKnUMwB+frF1L+m5g=</latexit>

x ! 1

<latexit sha1_base64="ypVGRfZWfSB7wR8G6UzsDmUIxd8="></latexit>

✏/R < 1/
p
D

to ensure flatness

<latexit sha1_base64="Ff6zs0PivpSu5YF812ODxaJCwBk=">AAACCnicbVDLSgNBEJyNrxhfUY9eFoPgQcKuiHoRgnrwGME8MFnC7GxvMmRmdpiZFcKSP/DoVT/Cm3j1J/wGf8LJ42ASCxqKqm66u0LJqDae9+3klpZXVtfy64WNza3tneLuXl0nqSJQIwlLVDPEGhgVUDPUMGhKBZiHDBph/2bkN55AaZqIBzOQEHDcFTSmBBsrPbb7WErcub3yO8WSV/bGcBeJPyUlNEW1U/xpRwlJOQhDGNa65XvSBBlWhhIGw0I71SAx6eMutCwVmIMOsvHFQ/fIKpEbJ8qWMO5Y/TuRYa71gIe2k2PT0/PeSPzPa6UmvgwyKmRqQJDJojhlrknc0ftuRBUQwwaWYKKovdUlPawwMTakmS1hyE+0fawH0bBg0/Hns1gk9dOyf1727s9KletpTnl0gA7RMfLRBaqgO1RFNUSQQC/oFb05z8678+F8TlpzznRmH83A+foFu7yaqw==</latexit>

D = 1
*single scale 


SUSY-breaking

*



A toy model

2 SUSY-breaking scales 

are needed to have large

alpha!

<latexit sha1_base64="fE7seUhWxJqXNQt6hLUHan2dnQU=">AAACDXicbVDLSgNBEOyNrxhfUY9eBoMgInE3iHoMevEYIS9IlmV2MpsMmZldZ2aFEPINHr3qR3gTr36D3+BPOHkcTGJBQ1HVTXdXmHCmjet+O5mV1bX1jexmbmt7Z3cvv39Q13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSPs3439xhNVmsWyagYJ9QXuShYxgo2V/Gog25oJJIKzi1KQL7hFdwK0TLwZKcAMlSD/0+7EJBVUGsKx1i3PTYw/xMowwuko1041TTDp4y5tWSqxoNofTo4eoROrdFAUK1vSoIn6d2KIhdYDEdpOgU1PL3pj8T+vlZroxh8ymaSGSjJdFKUcmRiNE0AdpigxfGAJJorZWxHpYYWJsTnNbQlDca7tYz3aGeVsOt5iFsukXip6V0X34bJQvp3llIUjOIZT8OAaynAPFagBgUd4gVd4c56dd+fD+Zy2ZpzZzCHMwfn6BXC5m4w=</latexit>

Tn ⇠ m⇤/2

no-tuning

* never singular = mass gap

* pure log at 
<latexit sha1_base64="2N5bJOdgg4C2995D05MMhSMDHXI=">AAACC3icbVDLSsNAFJ3UV62vqks3g0VwISURUZdFNy4r2AckoUwmk3boPMLMRAyln+DSrX6EO3HrR/gN/oTTNgvbeuDC4dx7ufecKGVUG9f9dkorq2vrG+XNytb2zu5edf+grWWmMGlhyaTqRkgTRgVpGWoY6aaKIB4x0omGt5N+55EoTaV4MHlKQo76giYUI2Ml/ykwEgZUJCbvVWtu3Z0CLhOvIDVQoNmr/gSxxBknwmCGtPY9NzXhCClDMSPjSpBpkiI8RH3iWyoQJzocTV8ewxOrxDCRypYwcKr+3RghrnXOIzvJkRnoxd5E/K/nZya5DkdUpJkhAs8OJRmD1ufEP4ypItiw3BKEFbW/QjxACmFjU5q7EkX8TFtjAxKPKzYdbzGLZdI+r3uXdff+ota4KXIqgyNwDE6BB65AA9yBJmgBDCR4Aa/gzXl23p0P53M2WnKKnUMwB+frF1L+m5g=</latexit>

x ! 1
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✏/R < 1/
p
D

to ensure flatness
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D = 1
*single scale 


SUSY-breaking

*



What did we learn

As long as the barrier is small and the potential is flat 

the bounce is independent on the position of the barrier  


At the boundary of nucleation the signal is enhanced if we allow for cancellations

For a generic nucleation temperature, 2 SUSY-breaking scales are needed 

to get a sizeable GW signal




What did we learn

As long as the barrier is small and the potential is flat 

the bounce is independent on the position of the barrier  


At the boundary of nucleation the signal is enhanced if we allow for cancellations

For a generic nucleation temperature, 2 SUSY-breaking scales are needed 

to get a sizeable GW signal


We will now see these features in explicit SUSY-breaking sectors



The O’Raifeartaigh phase diagram
see also A. Katz (2009)

https://inspirehep.net/authors/1011762
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thermal and loop corrections

https://inspirehep.net/authors/1011762


The O’Raifeartaigh phase diagram
see also A. Katz (2009)

we stick to this phase to avoid

complications

competition between 

thermal and loop corrections

https://inspirehep.net/authors/1011762


A full model of Low Energy SUSY breaking

Same field content that O’Raifeartaigh

The flavor symmetry is gauged with an abelian gauge field with a Fayet-Iliopoulos*

* *A similar model can be obtained 

without F.I. splitting the 


masses of the matter fields 
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A full model of Low Energy SUSY breaking

Prediction for the superpatner spectrum 

Prediction for GWs
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SU(6)/U(1)D � SU(5) and messengers in the 
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5 + 5̄
*

* gaugino screening is unavoidable 

since we want to avoid massless


messengers along the pseudomodulus 



How we will discover SUSY?
Future colliders can possibly nail unnatural SUSY scenarios

The frequency of GWs expected from the hidden sector 

correlates with the SUSY spectrum

Which QFTs give rise to Gravitational Waves?
The SUSY-breaking pseudomodulus features  


a new type of 1st order PTs

*low-T expansion
*pressure from Boltzmann suppressed states 

*GWs are unlikely to be detectable in single scale models  



Model building extras 



An example of beta-tuning 

O’Raifeartaigh

+ R-breaking

the numerically computed fine-tuning is even larger than the naive parametric we derived 



The F vs D interplay 



The F vs D interplay 

the potentially is flat in the origin and the 

it runs down into a runaway direction where 
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D ! 0



The F vs D interplay 

the potentially is flat in the origin and the 

it runs down into a runaway direction where 
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D ! 0

Loop corrections generate the barrier 

and the true vacuum 


