
Jose Manuel Alarcón

Nuclear Matter properties from the ladder 
resummation method

Universidad
de Alcalá

Works done in collaboration with J. A. Oller



Introduction



Introduction

•There are many different approaches to the calculation of the EoS:

J. M. Alarcón (UAH) 3/17



Introduction

•There are many different approaches to the calculation of the EoS:
•Ab initio: 

•Quantum Monte Carlo
•Effective Field Theory

J. M. Alarcón (UAH) 3/17



Introduction

•There are many different approaches to the calculation of the EoS:
•Ab initio: 

•Quantum Monte Carlo
•Effective Field Theory

•Phenomenological: 
•Mean-field models

J. M. Alarcón (UAH) 3/17



Introduction

•There are many different approaches to the calculation of the EoS:
•Ab initio: 

•Quantum Monte Carlo
•Effective Field Theory

•Phenomenological: 
•Mean-field models

•We wanted to provide a calculation based on EFT at finite densities

J. M. Alarcón (UAH) 3/17



Introduction

•There are many different approaches to the calculation of the EoS:
•Ab initio: 

•Quantum Monte Carlo
•Effective Field Theory

•Phenomenological: 
•Mean-field models

•We wanted to provide a calculation based on EFT at finite densities
•In-medium effects. 

J. M. Alarcón (UAH) 3/17



Introduction

•There are many different approaches to the calculation of the EoS:
•Ab initio: 

•Quantum Monte Carlo
•Effective Field Theory

•Phenomenological: 
•Mean-field models

•We wanted to provide a calculation based on EFT at finite densities
•In-medium effects

•Non-standard counting of nucleon propagators. 

J. M. Alarcón (UAH) 3/17



Introduction

•There are many different approaches to the calculation of the EoS:
•Ab initio: 

•Quantum Monte Carlo
•Effective Field Theory

•Phenomenological: 
•Mean-field models

•We wanted to provide a calculation based on EFT at finite densities
•In-medium effects

•Non-standard counting of nucleon propagators. 
•Mixing of all partial waves. 

J. M. Alarcón (UAH) 3/17



Introduction

•There are many different approaches to the calculation of the EoS:
•Ab initio: 

•Quantum Monte Carlo
•Effective Field Theory

•Phenomenological: 
•Mean-field models

•We wanted to provide a calculation based on EFT at finite densities
•In-medium effects

•Non-standard counting of nucleon propagators. 
•Mixing of all partial waves. 

J. M. Alarcón (UAH) 3/17

~a ~k
✓(kF � |k� a|)

cos ✓ � k2 + a2 � k2F
2|a||k| a =

p1 + p2

2



Introduction

•There are many different approaches to the calculation of the EoS:
•Ab initio: 

•Quantum Monte Carlo
•Effective Field Theory

•Phenomenological: 
•Mean-field models

•We wanted to provide a calculation based on EFT at finite densities
•In-medium effects

•Non-standard counting of nucleon propagators. 
•Mixing of all partial waves. 

•No regulator.
•No systematics associated to the choice of a regulator or fine tuning of the scale.

J. M. Alarcón (UAH) 3/17

~a ~k
✓(kF � |k� a|)

cos ✓ � k2 + a2 � k2F
2|a||k| a =

p1 + p2

2



Introduction

•There are many different approaches to the calculation of the EoS:
•Ab initio: 
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•Phenomenological: 
•Mean-field models

•We wanted to provide a calculation based on EFT at finite densities
•In-medium effects

•Non-standard counting of nucleon propagators. 
•Mixing of all partial waves. 

•No regulator.
•No systematics associated to the choice of a regulator or fine tuning of the scale.

•Parameter-free
•Based on NN observables.
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•The starting point is the idea of [Kaiser, NPA 860 (2011)]       Resummation 
of in-medium ladder diagrams to all orders with a contact interaction (scatt. length)

•The work was extended to include eff. range in S-wave and P-wave        Off-shell 
effects when reaching the unitary limit. 

•An expansion of the generating functional of in-medium Green 
function obtained in [Oller, PRC 65 (2002)] provides the diagrams to be 
resumed in the ladder approximation. 
•The sum of the Hartree and Fock diagrams gives a contribution 
due to the interaction of 
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2<latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit>

tm(p0, p) = V (p0, p) +
m

(2⇡)2

Z 1

0

k2dk

k2 � p2 � i"
V (p0, k)[Y ⇤Y ]tm(k, p)

<latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit>

6/17



Formalism

•      is found to satisfy the following integral equation in partial 
waves    
•It can be solved exactly if we consider a contact (momentum 
dependent interaction)      Valid up to          
•Vacuum integrals (no Fermi sea insertions) are regularized through 
a cutoff (  )         is sent to infinity at the end. 

J. M. Alarcón (UAH)

tm
<latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit>

kF  M⇡

2<latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit>

⇤
<latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit> ⇤

<latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit>

tm(p0, p) = V (p0, p) +
m

(2⇡)2

Z 1

0

k2dk

k2 � p2 � i"
V (p0, k)[Y ⇤Y ]tm(k, p)

<latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit>
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Formalism

•      is found to satisfy the following integral equation in partial 
waves    
•It can be solved exactly if we consider a contact (momentum 
dependent interaction)      Valid up to          
•Vacuum integrals (no Fermi sea insertions) are regularized through 
a cutoff (  )         is sent to infinity at the end. 
•We solve the integral equation for tm with an arbitrary potential 
(contact terms)

J. M. Alarcón (UAH)

tm
<latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit>

kF  M⇡

2<latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit>

⇤
<latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit> ⇤

<latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit>

tm({Ci},⇤)
<latexit sha1_base64="2NV2bpJBk7meXGxR751sNot34k0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzIuiy2I0LFxXsAzrDkMlk2tAkMyQZoQ7FX3HjQhG3/oc7/8a0nYVWDwQO59zDvTlhyqjSjvNllZaWV1bXyuuVjc2t7R17d6+jkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbjhqTv3uPZGKJuJOj1PiczQQNKYYaSMF9oEOeM3LmwH1JqfejQlG6CSwq07dmQH+JW5BqqBAK7A/vSjBGSdCY4aU6rtOqv0cSU0xI5OKlymSIjxCA9I3VCBOlJ/Prp/AY6NEME6keULDmfozkSOu1JiHZpIjPVSL3lT8z+tnOr70cyrSTBOB54vijEGdwGkVMKKSYM3GhiAsqbkV4iGSCGtTWMWU4C5++S/pnNVdp+7enlcbV0UdZXAIjkANuOACNMA1aIE2wOABPIEX8Go9Ws/Wm/U+Hy1ZRWYf/IL18Q1opZSI</latexit><latexit sha1_base64="2NV2bpJBk7meXGxR751sNot34k0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzIuiy2I0LFxXsAzrDkMlk2tAkMyQZoQ7FX3HjQhG3/oc7/8a0nYVWDwQO59zDvTlhyqjSjvNllZaWV1bXyuuVjc2t7R17d6+jkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbjhqTv3uPZGKJuJOj1PiczQQNKYYaSMF9oEOeM3LmwH1JqfejQlG6CSwq07dmQH+JW5BqqBAK7A/vSjBGSdCY4aU6rtOqv0cSU0xI5OKlymSIjxCA9I3VCBOlJ/Prp/AY6NEME6keULDmfozkSOu1JiHZpIjPVSL3lT8z+tnOr70cyrSTBOB54vijEGdwGkVMKKSYM3GhiAsqbkV4iGSCGtTWMWU4C5++S/pnNVdp+7enlcbV0UdZXAIjkANuOACNMA1aIE2wOABPIEX8Go9Ws/Wm/U+Hy1ZRWYf/IL18Q1opZSI</latexit><latexit sha1_base64="2NV2bpJBk7meXGxR751sNot34k0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzIuiy2I0LFxXsAzrDkMlk2tAkMyQZoQ7FX3HjQhG3/oc7/8a0nYVWDwQO59zDvTlhyqjSjvNllZaWV1bXyuuVjc2t7R17d6+jkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbjhqTv3uPZGKJuJOj1PiczQQNKYYaSMF9oEOeM3LmwH1JqfejQlG6CSwq07dmQH+JW5BqqBAK7A/vSjBGSdCY4aU6rtOqv0cSU0xI5OKlymSIjxCA9I3VCBOlJ/Prp/AY6NEME6keULDmfozkSOu1JiHZpIjPVSL3lT8z+tnOr70cyrSTBOB54vijEGdwGkVMKKSYM3GhiAsqbkV4iGSCGtTWMWU4C5++S/pnNVdp+7enlcbV0UdZXAIjkANuOACNMA1aIE2wOABPIEX8Go9Ws/Wm/U+Hy1ZRWYf/IL18Q1opZSI</latexit><latexit sha1_base64="2NV2bpJBk7meXGxR751sNot34k0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzIuiy2I0LFxXsAzrDkMlk2tAkMyQZoQ7FX3HjQhG3/oc7/8a0nYVWDwQO59zDvTlhyqjSjvNllZaWV1bXyuuVjc2t7R17d6+jkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbjhqTv3uPZGKJuJOj1PiczQQNKYYaSMF9oEOeM3LmwH1JqfejQlG6CSwq07dmQH+JW5BqqBAK7A/vSjBGSdCY4aU6rtOqv0cSU0xI5OKlymSIjxCA9I3VCBOlJ/Prp/AY6NEME6keULDmfozkSOu1JiHZpIjPVSL3lT8z+tnOr70cyrSTBOB54vijEGdwGkVMKKSYM3GhiAsqbkV4iGSCGtTWMWU4C5++S/pnNVdp+7enlcbV0UdZXAIjkANuOACNMA1aIE2wOABPIEX8Go9Ws/Wm/U+Hy1ZRWYf/IL18Q1opZSI</latexit>

tm({a, r, v2, . . . },⇤)
<latexit sha1_base64="cGLAIrABgu6Jh54wMvdIvJdHSpw=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAgVQkmKoMuiGxcuKtgHNCFMJpN26OTBzE2hhO7c+CtuXCji1l9w5984bbPQ1gMDh3PuY+7xU84kWNa3trK6tr6xWdoqb+/s7u3rB4dtmWSC0BZJeCK6PpaUs5i2gAGn3VRQHPmcdvzhzdTvjKiQLIkfYJxSN8L9mIWMYFCSp5+AF1WdHJvCHHl10wkSkM7EdO7UiACfe3rFqlkzGMvELkgFFWh6+pcaQbKIxkA4lrJnWym4ORbACKeTspNJmmIyxH3aUzTGEZVuPrtjYpwpJTDCRKgXgzFTf3fkOJJyHPmqMsIwkIveVPzP62UQXrk5i9MMaEzmi8KMG5AY01CMgAlKgI8VwUQw9VeDDLDABFR0ZRWCvXjyMmnXa7ZVs+8vKo3rIo4SOkanqIpsdIka6BY1UQsR9Iie0St60560F+1d+5iXrmhFzxH6A+3zB1vpmFU=</latexit><latexit sha1_base64="cGLAIrABgu6Jh54wMvdIvJdHSpw=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAgVQkmKoMuiGxcuKtgHNCFMJpN26OTBzE2hhO7c+CtuXCji1l9w5984bbPQ1gMDh3PuY+7xU84kWNa3trK6tr6xWdoqb+/s7u3rB4dtmWSC0BZJeCK6PpaUs5i2gAGn3VRQHPmcdvzhzdTvjKiQLIkfYJxSN8L9mIWMYFCSp5+AF1WdHJvCHHl10wkSkM7EdO7UiACfe3rFqlkzGMvELkgFFWh6+pcaQbKIxkA4lrJnWym4ORbACKeTspNJmmIyxH3aUzTGEZVuPrtjYpwpJTDCRKgXgzFTf3fkOJJyHPmqMsIwkIveVPzP62UQXrk5i9MMaEzmi8KMG5AY01CMgAlKgI8VwUQw9VeDDLDABFR0ZRWCvXjyMmnXa7ZVs+8vKo3rIo4SOkanqIpsdIka6BY1UQsR9Iie0St60560F+1d+5iXrmhFzxH6A+3zB1vpmFU=</latexit><latexit sha1_base64="cGLAIrABgu6Jh54wMvdIvJdHSpw=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAgVQkmKoMuiGxcuKtgHNCFMJpN26OTBzE2hhO7c+CtuXCji1l9w5984bbPQ1gMDh3PuY+7xU84kWNa3trK6tr6xWdoqb+/s7u3rB4dtmWSC0BZJeCK6PpaUs5i2gAGn3VRQHPmcdvzhzdTvjKiQLIkfYJxSN8L9mIWMYFCSp5+AF1WdHJvCHHl10wkSkM7EdO7UiACfe3rFqlkzGMvELkgFFWh6+pcaQbKIxkA4lrJnWym4ORbACKeTspNJmmIyxH3aUzTGEZVuPrtjYpwpJTDCRKgXgzFTf3fkOJJyHPmqMsIwkIveVPzP62UQXrk5i9MMaEzmi8KMG5AY01CMgAlKgI8VwUQw9VeDDLDABFR0ZRWCvXjyMmnXa7ZVs+8vKo3rIo4SOkanqIpsdIka6BY1UQsR9Iie0St60560F+1d+5iXrmhFzxH6A+3zB1vpmFU=</latexit><latexit sha1_base64="cGLAIrABgu6Jh54wMvdIvJdHSpw=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAgVQkmKoMuiGxcuKtgHNCFMJpN26OTBzE2hhO7c+CtuXCji1l9w5984bbPQ1gMDh3PuY+7xU84kWNa3trK6tr6xWdoqb+/s7u3rB4dtmWSC0BZJeCK6PpaUs5i2gAGn3VRQHPmcdvzhzdTvjKiQLIkfYJxSN8L9mIWMYFCSp5+AF1WdHJvCHHl10wkSkM7EdO7UiACfe3rFqlkzGMvELkgFFWh6+pcaQbKIxkA4lrJnWym4ORbACKeTspNJmmIyxH3aUzTGEZVuPrtjYpwpJTDCRKgXgzFTf3fkOJJyHPmqMsIwkIveVPzP62UQXrk5i9MMaEzmi8KMG5AY01CMgAlKgI8VwUQw9VeDDLDABFR0ZRWCvXjyMmnXa7ZVs+8vKo3rIo4SOkanqIpsdIka6BY1UQsR9Iie0St60560F+1d+5iXrmhFzxH6A+3zB1vpmFU=</latexit>

tm(p0, p) = V (p0, p) +
m

(2⇡)2

Z 1

0

k2dk

k2 � p2 � i"
V (p0, k)[Y ⇤Y ]tm(k, p)

<latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit>
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Formalism

•      is found to satisfy the following integral equation in partial 
waves    
•It can be solved exactly if we consider a contact (momentum 
dependent interaction)      Valid up to          
•Vacuum integrals (no Fermi sea insertions) are regularized through 
a cutoff (  )         is sent to infinity at the end. 
•We solve the integral equation for tm with an arbitrary potential 
(contact terms)
•After sending the cutoff to infinity, we recover the     on-shell      
we can use the experimental data on NN scattering to compute     . 

J. M. Alarcón (UAH)

tm
<latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit>

kF  M⇡

2<latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit>

tV
<latexit sha1_base64="XQsWv/7vsbQFh4lRp+chjLaRmRI=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpAfutvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT2sjcE=</latexit><latexit sha1_base64="XQsWv/7vsbQFh4lRp+chjLaRmRI=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpAfutvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT2sjcE=</latexit><latexit sha1_base64="XQsWv/7vsbQFh4lRp+chjLaRmRI=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpAfutvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT2sjcE=</latexit><latexit sha1_base64="XQsWv/7vsbQFh4lRp+chjLaRmRI=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpAfutvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT2sjcE=</latexit>

tm
<latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit>

⇤
<latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit> ⇤

<latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit>

tm({Ci},⇤)
<latexit sha1_base64="2NV2bpJBk7meXGxR751sNot34k0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzIuiy2I0LFxXsAzrDkMlk2tAkMyQZoQ7FX3HjQhG3/oc7/8a0nYVWDwQO59zDvTlhyqjSjvNllZaWV1bXyuuVjc2t7R17d6+jkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbjhqTv3uPZGKJuJOj1PiczQQNKYYaSMF9oEOeM3LmwH1JqfejQlG6CSwq07dmQH+JW5BqqBAK7A/vSjBGSdCY4aU6rtOqv0cSU0xI5OKlymSIjxCA9I3VCBOlJ/Prp/AY6NEME6keULDmfozkSOu1JiHZpIjPVSL3lT8z+tnOr70cyrSTBOB54vijEGdwGkVMKKSYM3GhiAsqbkV4iGSCGtTWMWU4C5++S/pnNVdp+7enlcbV0UdZXAIjkANuOACNMA1aIE2wOABPIEX8Go9Ws/Wm/U+Hy1ZRWYf/IL18Q1opZSI</latexit><latexit sha1_base64="2NV2bpJBk7meXGxR751sNot34k0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzIuiy2I0LFxXsAzrDkMlk2tAkMyQZoQ7FX3HjQhG3/oc7/8a0nYVWDwQO59zDvTlhyqjSjvNllZaWV1bXyuuVjc2t7R17d6+jkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbjhqTv3uPZGKJuJOj1PiczQQNKYYaSMF9oEOeM3LmwH1JqfejQlG6CSwq07dmQH+JW5BqqBAK7A/vSjBGSdCY4aU6rtOqv0cSU0xI5OKlymSIjxCA9I3VCBOlJ/Prp/AY6NEME6keULDmfozkSOu1JiHZpIjPVSL3lT8z+tnOr70cyrSTBOB54vijEGdwGkVMKKSYM3GhiAsqbkV4iGSCGtTWMWU4C5++S/pnNVdp+7enlcbV0UdZXAIjkANuOACNMA1aIE2wOABPIEX8Go9Ws/Wm/U+Hy1ZRWYf/IL18Q1opZSI</latexit><latexit sha1_base64="2NV2bpJBk7meXGxR751sNot34k0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzIuiy2I0LFxXsAzrDkMlk2tAkMyQZoQ7FX3HjQhG3/oc7/8a0nYVWDwQO59zDvTlhyqjSjvNllZaWV1bXyuuVjc2t7R17d6+jkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbjhqTv3uPZGKJuJOj1PiczQQNKYYaSMF9oEOeM3LmwH1JqfejQlG6CSwq07dmQH+JW5BqqBAK7A/vSjBGSdCY4aU6rtOqv0cSU0xI5OKlymSIjxCA9I3VCBOlJ/Prp/AY6NEME6keULDmfozkSOu1JiHZpIjPVSL3lT8z+tnOr70cyrSTBOB54vijEGdwGkVMKKSYM3GhiAsqbkV4iGSCGtTWMWU4C5++S/pnNVdp+7enlcbV0UdZXAIjkANuOACNMA1aIE2wOABPIEX8Go9Ws/Wm/U+Hy1ZRWYf/IL18Q1opZSI</latexit><latexit sha1_base64="2NV2bpJBk7meXGxR751sNot34k0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzIuiy2I0LFxXsAzrDkMlk2tAkMyQZoQ7FX3HjQhG3/oc7/8a0nYVWDwQO59zDvTlhyqjSjvNllZaWV1bXyuuVjc2t7R17d6+jkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbjhqTv3uPZGKJuJOj1PiczQQNKYYaSMF9oEOeM3LmwH1JqfejQlG6CSwq07dmQH+JW5BqqBAK7A/vSjBGSdCY4aU6rtOqv0cSU0xI5OKlymSIjxCA9I3VCBOlJ/Prp/AY6NEME6keULDmfozkSOu1JiHZpIjPVSL3lT8z+tnOr70cyrSTBOB54vijEGdwGkVMKKSYM3GhiAsqbkV4iGSCGtTWMWU4C5++S/pnNVdp+7enlcbV0UdZXAIjkANuOACNMA1aIE2wOABPIEX8Go9Ws/Wm/U+Hy1ZRWYf/IL18Q1opZSI</latexit>

tm({a, r, v2, . . . },⇤)
<latexit sha1_base64="cGLAIrABgu6Jh54wMvdIvJdHSpw=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAgVQkmKoMuiGxcuKtgHNCFMJpN26OTBzE2hhO7c+CtuXCji1l9w5984bbPQ1gMDh3PuY+7xU84kWNa3trK6tr6xWdoqb+/s7u3rB4dtmWSC0BZJeCK6PpaUs5i2gAGn3VRQHPmcdvzhzdTvjKiQLIkfYJxSN8L9mIWMYFCSp5+AF1WdHJvCHHl10wkSkM7EdO7UiACfe3rFqlkzGMvELkgFFWh6+pcaQbKIxkA4lrJnWym4ORbACKeTspNJmmIyxH3aUzTGEZVuPrtjYpwpJTDCRKgXgzFTf3fkOJJyHPmqMsIwkIveVPzP62UQXrk5i9MMaEzmi8KMG5AY01CMgAlKgI8VwUQw9VeDDLDABFR0ZRWCvXjyMmnXa7ZVs+8vKo3rIo4SOkanqIpsdIka6BY1UQsR9Iie0St60560F+1d+5iXrmhFzxH6A+3zB1vpmFU=</latexit><latexit sha1_base64="cGLAIrABgu6Jh54wMvdIvJdHSpw=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAgVQkmKoMuiGxcuKtgHNCFMJpN26OTBzE2hhO7c+CtuXCji1l9w5984bbPQ1gMDh3PuY+7xU84kWNa3trK6tr6xWdoqb+/s7u3rB4dtmWSC0BZJeCK6PpaUs5i2gAGn3VRQHPmcdvzhzdTvjKiQLIkfYJxSN8L9mIWMYFCSp5+AF1WdHJvCHHl10wkSkM7EdO7UiACfe3rFqlkzGMvELkgFFWh6+pcaQbKIxkA4lrJnWym4ORbACKeTspNJmmIyxH3aUzTGEZVuPrtjYpwpJTDCRKgXgzFTf3fkOJJyHPmqMsIwkIveVPzP62UQXrk5i9MMaEzmi8KMG5AY01CMgAlKgI8VwUQw9VeDDLDABFR0ZRWCvXjyMmnXa7ZVs+8vKo3rIo4SOkanqIpsdIka6BY1UQsR9Iie0St60560F+1d+5iXrmhFzxH6A+3zB1vpmFU=</latexit><latexit sha1_base64="cGLAIrABgu6Jh54wMvdIvJdHSpw=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAgVQkmKoMuiGxcuKtgHNCFMJpN26OTBzE2hhO7c+CtuXCji1l9w5984bbPQ1gMDh3PuY+7xU84kWNa3trK6tr6xWdoqb+/s7u3rB4dtmWSC0BZJeCK6PpaUs5i2gAGn3VRQHPmcdvzhzdTvjKiQLIkfYJxSN8L9mIWMYFCSp5+AF1WdHJvCHHl10wkSkM7EdO7UiACfe3rFqlkzGMvELkgFFWh6+pcaQbKIxkA4lrJnWym4ORbACKeTspNJmmIyxH3aUzTGEZVuPrtjYpwpJTDCRKgXgzFTf3fkOJJyHPmqMsIwkIveVPzP62UQXrk5i9MMaEzmi8KMG5AY01CMgAlKgI8VwUQw9VeDDLDABFR0ZRWCvXjyMmnXa7ZVs+8vKo3rIo4SOkanqIpsdIka6BY1UQsR9Iie0St60560F+1d+5iXrmhFzxH6A+3zB1vpmFU=</latexit><latexit sha1_base64="cGLAIrABgu6Jh54wMvdIvJdHSpw=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAgVQkmKoMuiGxcuKtgHNCFMJpN26OTBzE2hhO7c+CtuXCji1l9w5984bbPQ1gMDh3PuY+7xU84kWNa3trK6tr6xWdoqb+/s7u3rB4dtmWSC0BZJeCK6PpaUs5i2gAGn3VRQHPmcdvzhzdTvjKiQLIkfYJxSN8L9mIWMYFCSp5+AF1WdHJvCHHl10wkSkM7EdO7UiACfe3rFqlkzGMvELkgFFWh6+pcaQbKIxkA4lrJnWym4ORbACKeTspNJmmIyxH3aUzTGEZVuPrtjYpwpJTDCRKgXgzFTf3fkOJJyHPmqMsIwkIveVPzP62UQXrk5i9MMaEzmi8KMG5AY01CMgAlKgI8VwUQw9VeDDLDABFR0ZRWCvXjyMmnXa7ZVs+8vKo3rIo4SOkanqIpsdIka6BY1UQsR9Iie0St60560F+1d+5iXrmhFzxH6A+3zB1vpmFU=</latexit>

tm({a, r, v2, . . . }) =
⇣
Ṽ �1 � Lf � Lm

⌘�1
=

�
t̃�1
V � Lm

��1

<latexit sha1_base64="cQXNaXYZLcj+gZ5vIoF/VhwHlqw="></latexit><latexit sha1_base64="cQXNaXYZLcj+gZ5vIoF/VhwHlqw="></latexit><latexit sha1_base64="cQXNaXYZLcj+gZ5vIoF/VhwHlqw="></latexit><latexit sha1_base64="cQXNaXYZLcj+gZ5vIoF/VhwHlqw="></latexit>

tm(p0, p) = V (p0, p) +
m

(2⇡)2

Z 1

0

k2dk

k2 � p2 � i"
V (p0, k)[Y ⇤Y ]tm(k, p)

<latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit>
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Formalism

•      is found to satisfy the following integral equation in partial 
waves    
•It can be solved exactly if we consider a contact (momentum 
dependent interaction)      Valid up to          
•Vacuum integrals (no Fermi sea insertions) are regularized through 
a cutoff (  )         is sent to infinity at the end. 
•We solve the integral equation for tm with an arbitrary potential 
(contact terms)
•After sending the cutoff to infinity, we recover the     on-shell      
we can use the experimental data on NN scattering to compute     . 

•Cutoff and regulator-independent results.

J. M. Alarcón (UAH)

tm
<latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit>

kF  M⇡

2<latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit><latexit sha1_base64="CslrWY3Rt6xJbL8WDBwHUJmxqOI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLosCuJGqGAf0IQwmd60QycPZyZCCXHjr7hxoYhb/8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmlpeWV1rbxe2djc2t4xd/faMk4FhRaNeSy6PpHAWQQtxRSHbiKAhD6Hjj+6nPidBxCSxdGdGifghmQQsYBRorTkmQcj7wo7HO6xEwhCsxvPSVie1XPPrFo1awq8SOyCVFGBpmd+Of2YpiFEinIiZc+2EuVmRChGOeQVJ5WQEDoiA+hpGpEQpJtNP8jxsVb6OIiFrkjhqfp7IiOhlOPQ150hUUM5703E/7xeqoJzN2NRkiqI6GxRkHKsYjyJA/eZAKr4WBNCBdO3YjokOgmlQ6voEOz5lxdJu16zrZp9e1ptXBRxlNEhOkInyEZnqIGuURO1EEWP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz/fWpaE</latexit>

tV
<latexit sha1_base64="XQsWv/7vsbQFh4lRp+chjLaRmRI=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpAfutvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT2sjcE=</latexit><latexit sha1_base64="XQsWv/7vsbQFh4lRp+chjLaRmRI=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpAfutvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT2sjcE=</latexit><latexit sha1_base64="XQsWv/7vsbQFh4lRp+chjLaRmRI=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpAfutvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT2sjcE=</latexit><latexit sha1_base64="XQsWv/7vsbQFh4lRp+chjLaRmRI=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpAfutvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT2sjcE=</latexit>

tm
<latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit><latexit sha1_base64="+O0iIC5mbtyjHYnGd1un1AHzbl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30gD3VK1f8qj8HWSVBTiqQo94rf3X7CcsU18gktbYT+CmGE2pQMMmnpW5meUrZiA54x1FNFbfhZH7qlJw5pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4OpwInWbINVssijNJMCGzv0lfGM5Qjh2hzAh3K2FDaihDl07JhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDAbwDK/w5knvxXv3PhatBS+fOYY/8D5/AGCIjdg=</latexit>

⇤
<latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit> ⇤

<latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit>

tm({Ci},⇤)
<latexit sha1_base64="2NV2bpJBk7meXGxR751sNot34k0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzIuiy2I0LFxXsAzrDkMlk2tAkMyQZoQ7FX3HjQhG3/oc7/8a0nYVWDwQO59zDvTlhyqjSjvNllZaWV1bXyuuVjc2t7R17d6+jkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbjhqTv3uPZGKJuJOj1PiczQQNKYYaSMF9oEOeM3LmwH1JqfejQlG6CSwq07dmQH+JW5BqqBAK7A/vSjBGSdCY4aU6rtOqv0cSU0xI5OKlymSIjxCA9I3VCBOlJ/Prp/AY6NEME6keULDmfozkSOu1JiHZpIjPVSL3lT8z+tnOr70cyrSTBOB54vijEGdwGkVMKKSYM3GhiAsqbkV4iGSCGtTWMWU4C5++S/pnNVdp+7enlcbV0UdZXAIjkANuOACNMA1aIE2wOABPIEX8Go9Ws/Wm/U+Hy1ZRWYf/IL18Q1opZSI</latexit><latexit sha1_base64="2NV2bpJBk7meXGxR751sNot34k0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzIuiy2I0LFxXsAzrDkMlk2tAkMyQZoQ7FX3HjQhG3/oc7/8a0nYVWDwQO59zDvTlhyqjSjvNllZaWV1bXyuuVjc2t7R17d6+jkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbjhqTv3uPZGKJuJOj1PiczQQNKYYaSMF9oEOeM3LmwH1JqfejQlG6CSwq07dmQH+JW5BqqBAK7A/vSjBGSdCY4aU6rtOqv0cSU0xI5OKlymSIjxCA9I3VCBOlJ/Prp/AY6NEME6keULDmfozkSOu1JiHZpIjPVSL3lT8z+tnOr70cyrSTBOB54vijEGdwGkVMKKSYM3GhiAsqbkV4iGSCGtTWMWU4C5++S/pnNVdp+7enlcbV0UdZXAIjkANuOACNMA1aIE2wOABPIEX8Go9Ws/Wm/U+Hy1ZRWYf/IL18Q1opZSI</latexit><latexit sha1_base64="2NV2bpJBk7meXGxR751sNot34k0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzIuiy2I0LFxXsAzrDkMlk2tAkMyQZoQ7FX3HjQhG3/oc7/8a0nYVWDwQO59zDvTlhyqjSjvNllZaWV1bXyuuVjc2t7R17d6+jkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbjhqTv3uPZGKJuJOj1PiczQQNKYYaSMF9oEOeM3LmwH1JqfejQlG6CSwq07dmQH+JW5BqqBAK7A/vSjBGSdCY4aU6rtOqv0cSU0xI5OKlymSIjxCA9I3VCBOlJ/Prp/AY6NEME6keULDmfozkSOu1JiHZpIjPVSL3lT8z+tnOr70cyrSTBOB54vijEGdwGkVMKKSYM3GhiAsqbkV4iGSCGtTWMWU4C5++S/pnNVdp+7enlcbV0UdZXAIjkANuOACNMA1aIE2wOABPIEX8Go9Ws/Wm/U+Hy1ZRWYf/IL18Q1opZSI</latexit><latexit sha1_base64="2NV2bpJBk7meXGxR751sNot34k0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCBSkzIuiy2I0LFxXsAzrDkMlk2tAkMyQZoQ7FX3HjQhG3/oc7/8a0nYVWDwQO59zDvTlhyqjSjvNllZaWV1bXyuuVjc2t7R17d6+jkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbjhqTv3uPZGKJuJOj1PiczQQNKYYaSMF9oEOeM3LmwH1JqfejQlG6CSwq07dmQH+JW5BqqBAK7A/vSjBGSdCY4aU6rtOqv0cSU0xI5OKlymSIjxCA9I3VCBOlJ/Prp/AY6NEME6keULDmfozkSOu1JiHZpIjPVSL3lT8z+tnOr70cyrSTBOB54vijEGdwGkVMKKSYM3GhiAsqbkV4iGSCGtTWMWU4C5++S/pnNVdp+7enlcbV0UdZXAIjkANuOACNMA1aIE2wOABPIEX8Go9Ws/Wm/U+Hy1ZRWYf/IL18Q1opZSI</latexit>

tm({a, r, v2, . . . },⇤)
<latexit sha1_base64="cGLAIrABgu6Jh54wMvdIvJdHSpw=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAgVQkmKoMuiGxcuKtgHNCFMJpN26OTBzE2hhO7c+CtuXCji1l9w5984bbPQ1gMDh3PuY+7xU84kWNa3trK6tr6xWdoqb+/s7u3rB4dtmWSC0BZJeCK6PpaUs5i2gAGn3VRQHPmcdvzhzdTvjKiQLIkfYJxSN8L9mIWMYFCSp5+AF1WdHJvCHHl10wkSkM7EdO7UiACfe3rFqlkzGMvELkgFFWh6+pcaQbKIxkA4lrJnWym4ORbACKeTspNJmmIyxH3aUzTGEZVuPrtjYpwpJTDCRKgXgzFTf3fkOJJyHPmqMsIwkIveVPzP62UQXrk5i9MMaEzmi8KMG5AY01CMgAlKgI8VwUQw9VeDDLDABFR0ZRWCvXjyMmnXa7ZVs+8vKo3rIo4SOkanqIpsdIka6BY1UQsR9Iie0St60560F+1d+5iXrmhFzxH6A+3zB1vpmFU=</latexit><latexit sha1_base64="cGLAIrABgu6Jh54wMvdIvJdHSpw=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAgVQkmKoMuiGxcuKtgHNCFMJpN26OTBzE2hhO7c+CtuXCji1l9w5984bbPQ1gMDh3PuY+7xU84kWNa3trK6tr6xWdoqb+/s7u3rB4dtmWSC0BZJeCK6PpaUs5i2gAGn3VRQHPmcdvzhzdTvjKiQLIkfYJxSN8L9mIWMYFCSp5+AF1WdHJvCHHl10wkSkM7EdO7UiACfe3rFqlkzGMvELkgFFWh6+pcaQbKIxkA4lrJnWym4ORbACKeTspNJmmIyxH3aUzTGEZVuPrtjYpwpJTDCRKgXgzFTf3fkOJJyHPmqMsIwkIveVPzP62UQXrk5i9MMaEzmi8KMG5AY01CMgAlKgI8VwUQw9VeDDLDABFR0ZRWCvXjyMmnXa7ZVs+8vKo3rIo4SOkanqIpsdIka6BY1UQsR9Iie0St60560F+1d+5iXrmhFzxH6A+3zB1vpmFU=</latexit><latexit sha1_base64="cGLAIrABgu6Jh54wMvdIvJdHSpw=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAgVQkmKoMuiGxcuKtgHNCFMJpN26OTBzE2hhO7c+CtuXCji1l9w5984bbPQ1gMDh3PuY+7xU84kWNa3trK6tr6xWdoqb+/s7u3rB4dtmWSC0BZJeCK6PpaUs5i2gAGn3VRQHPmcdvzhzdTvjKiQLIkfYJxSN8L9mIWMYFCSp5+AF1WdHJvCHHl10wkSkM7EdO7UiACfe3rFqlkzGMvELkgFFWh6+pcaQbKIxkA4lrJnWym4ORbACKeTspNJmmIyxH3aUzTGEZVuPrtjYpwpJTDCRKgXgzFTf3fkOJJyHPmqMsIwkIveVPzP62UQXrk5i9MMaEzmi8KMG5AY01CMgAlKgI8VwUQw9VeDDLDABFR0ZRWCvXjyMmnXa7ZVs+8vKo3rIo4SOkanqIpsdIka6BY1UQsR9Iie0St60560F+1d+5iXrmhFzxH6A+3zB1vpmFU=</latexit><latexit sha1_base64="cGLAIrABgu6Jh54wMvdIvJdHSpw=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAgVQkmKoMuiGxcuKtgHNCFMJpN26OTBzE2hhO7c+CtuXCji1l9w5984bbPQ1gMDh3PuY+7xU84kWNa3trK6tr6xWdoqb+/s7u3rB4dtmWSC0BZJeCK6PpaUs5i2gAGn3VRQHPmcdvzhzdTvjKiQLIkfYJxSN8L9mIWMYFCSp5+AF1WdHJvCHHl10wkSkM7EdO7UiACfe3rFqlkzGMvELkgFFWh6+pcaQbKIxkA4lrJnWym4ORbACKeTspNJmmIyxH3aUzTGEZVuPrtjYpwpJTDCRKgXgzFTf3fkOJJyHPmqMsIwkIveVPzP62UQXrk5i9MMaEzmi8KMG5AY01CMgAlKgI8VwUQw9VeDDLDABFR0ZRWCvXjyMmnXa7ZVs+8vKo3rIo4SOkanqIpsdIka6BY1UQsR9Iie0St60560F+1d+5iXrmhFzxH6A+3zB1vpmFU=</latexit>

tm({a, r, v2, . . . }) =
⇣
Ṽ �1 � Lf � Lm

⌘�1
=

�
t̃�1
V � Lm

��1

<latexit sha1_base64="cQXNaXYZLcj+gZ5vIoF/VhwHlqw="></latexit><latexit sha1_base64="cQXNaXYZLcj+gZ5vIoF/VhwHlqw="></latexit><latexit sha1_base64="cQXNaXYZLcj+gZ5vIoF/VhwHlqw="></latexit><latexit sha1_base64="cQXNaXYZLcj+gZ5vIoF/VhwHlqw="></latexit>

tm(p0, p) = V (p0, p) +
m

(2⇡)2

Z 1

0

k2dk

k2 � p2 � i"
V (p0, k)[Y ⇤Y ]tm(k, p)

<latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit><latexit sha1_base64="TInZ7/OtZZxHX2ep1dRGrc+V75s="></latexit>
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J. M. Alarcón (UAH)

Results

•Unitary limit
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[Astrakharchik, Boronat, Casulleras, Giorgini, PRL 93 2004)]

[Chang, Pandharipande, Carlson, Schmidt, PRA 70 (2004)]

[Gezerlis, Carlson, PRC 77 (2008)]

[Lacroix, PRA 94 (2016)]

EV =
8k5F
m⇡3

Z 1

0
dss2

Z p
1�s2

0
d arctan

✓
a0kF I(s,)

1� a0r0k2F
2/2� a0kFR(s,)/⇡

◆
EV =

8k5F
m⇡3

Z 1

0
s2ds

Z p
1�s2

0
d arctan

✓
a0kF I(s,)

1� a0kFR(s,)/⇡

◆

⇠ = 1� 80

⇡

Z 1

0
dss2

Z p
1�s2

0
d arctan

✓
⇡I(s,)

R(s,)

◆
= 0.5066 ⇠(kF ) = 1� 80
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[J. M. Alarcón, J. A. Oller, AOP 437 (2022)]

[Schwenk and Pethick, PRL 95 (2005)]

[Forbes, Gandolfi, Gezerlis, PRL 106 (2011); PRA 86 (2012)]

[Schäfer, Kai, Cotanch, NPA 762 (2005)]
[Lacroix, Boulet, Grasso, Yang, PRC 95 (2017)]
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J. M. Alarcón (UAH)

Results

•Cold atoms [J. M. Alarcón, J. A. Oller, PRC 106 (2022)]

u = tanh

✓
� 1

a1r31

◆

<latexit sha1_base64="tXXunwPl+Ig0pN7CnDBmqvxgYAM=">AAACE3icbVBNS8NAEN34WetX1KOXxSKoYMmqoBeh6MVjBatCE8Nmu2mXbjZhdyKUkP/gxb/ixYMiXr1489+4rT349WDg8d4MM/OiTAoDnvfhTExOTc/MVuaq8wuLS8vuyuqlSXPNeIulMtXXETVcCsVbIEDy60xzmkSSX0X906F/dcu1Eam6gEHGg4R2lYgFo2Cl0N3J8TH2gaqeL3kMW7t+rCkrSFnQkGAdkpv90tei24Pt0K15dW8E/JeQMamhMZqh++53UpYnXAGT1Jg28TIICqpBMMnLqp8bnlHWp13etlTRhJugGP1U4k2rdHCcalsK8Ej9PlHQxJhBEtnOhELP/PaG4n9eO4f4KCiEynLgin0tinOJIcXDgHBHaM5ADiyhTAt7K2Y9akMBG2PVhkB+v/yXXO7ViVcn5we1xsk4jgpaRxtoCxF0iBroDDVRCzF0hx7QE3p27p1H58V5/WqdcMYza+gHnLdPD/udBA==</latexit><latexit sha1_base64="tXXunwPl+Ig0pN7CnDBmqvxgYAM=">AAACE3icbVBNS8NAEN34WetX1KOXxSKoYMmqoBeh6MVjBatCE8Nmu2mXbjZhdyKUkP/gxb/ixYMiXr1489+4rT349WDg8d4MM/OiTAoDnvfhTExOTc/MVuaq8wuLS8vuyuqlSXPNeIulMtXXETVcCsVbIEDy60xzmkSSX0X906F/dcu1Eam6gEHGg4R2lYgFo2Cl0N3J8TH2gaqeL3kMW7t+rCkrSFnQkGAdkpv90tei24Pt0K15dW8E/JeQMamhMZqh++53UpYnXAGT1Jg28TIICqpBMMnLqp8bnlHWp13etlTRhJugGP1U4k2rdHCcalsK8Ej9PlHQxJhBEtnOhELP/PaG4n9eO4f4KCiEynLgin0tinOJIcXDgHBHaM5ADiyhTAt7K2Y9akMBG2PVhkB+v/yXXO7ViVcn5we1xsk4jgpaRxtoCxF0iBroDDVRCzF0hx7QE3p27p1H58V5/WqdcMYza+gHnLdPD/udBA==</latexit><latexit sha1_base64="tXXunwPl+Ig0pN7CnDBmqvxgYAM=">AAACE3icbVBNS8NAEN34WetX1KOXxSKoYMmqoBeh6MVjBatCE8Nmu2mXbjZhdyKUkP/gxb/ixYMiXr1489+4rT349WDg8d4MM/OiTAoDnvfhTExOTc/MVuaq8wuLS8vuyuqlSXPNeIulMtXXETVcCsVbIEDy60xzmkSSX0X906F/dcu1Eam6gEHGg4R2lYgFo2Cl0N3J8TH2gaqeL3kMW7t+rCkrSFnQkGAdkpv90tei24Pt0K15dW8E/JeQMamhMZqh++53UpYnXAGT1Jg28TIICqpBMMnLqp8bnlHWp13etlTRhJugGP1U4k2rdHCcalsK8Ej9PlHQxJhBEtnOhELP/PaG4n9eO4f4KCiEynLgin0tinOJIcXDgHBHaM5ADiyhTAt7K2Y9akMBG2PVhkB+v/yXXO7ViVcn5we1xsk4jgpaRxtoCxF0iBroDDVRCzF0hx7QE3p27p1H58V5/WqdcMYza+gHnLdPD/udBA==</latexit><latexit sha1_base64="tXXunwPl+Ig0pN7CnDBmqvxgYAM=">AAACE3icbVBNS8NAEN34WetX1KOXxSKoYMmqoBeh6MVjBatCE8Nmu2mXbjZhdyKUkP/gxb/ixYMiXr1489+4rT349WDg8d4MM/OiTAoDnvfhTExOTc/MVuaq8wuLS8vuyuqlSXPNeIulMtXXETVcCsVbIEDy60xzmkSSX0X906F/dcu1Eam6gEHGg4R2lYgFo2Cl0N3J8TH2gaqeL3kMW7t+rCkrSFnQkGAdkpv90tei24Pt0K15dW8E/JeQMamhMZqh++53UpYnXAGT1Jg28TIICqpBMMnLqp8bnlHWp13etlTRhJugGP1U4k2rdHCcalsK8Ej9PlHQxJhBEtnOhELP/PaG4n9eO4f4KCiEynLgin0tinOJIcXDgHBHaM5ADiyhTAt7K2Y9akMBG2PVhkB+v/yXXO7ViVcn5we1xsk4jgpaRxtoCxF0iBroDDVRCzF0hx7QE3p27p1H58V5/WqdcMYza+gHnLdPD/udBA==</latexit>

v = tanh

✓
kF
r1

◆

<latexit sha1_base64="k3A66QE1/9GcKLkyd4l438846e4=">AAACDnicbVDLSsNAFJ34rPVVdelmsBTqpiQi6EYoCuKygn1AE8JkOmmHTiZh5qZQQr7Ajb/ixoUibl2782+cPhbaeuDC4Zx7ufeeIBFcg21/Wyura+sbm4Wt4vbO7t5+6eCwpeNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsY3kz89ogpzWP5AOOEeRHpSx5ySsBIfqkywlfYBSIHrmAhVN1QEZoN/ds8U76Tu4r3B3Dql8p2zZ4CLxNnTspojoZf+nJ7MU0jJoEKonXXsRPwMqKAU8HyoptqlhA6JH3WNVSSiGkvm76T44pRejiMlSkJeKr+nshIpPU4CkxnRGCgF72J+J/XTSG89DIukxSYpLNFYSowxHiSDe5xxSiIsSGEKm5uxXRATCBgEiyaEJzFl5dJ66zm2DXn/rxcv57HUUDH6ARVkYMuUB3doQZqIooe0TN6RW/Wk/VivVsfs9YVaz5zhP7A+vwBsb6b4w==</latexit><latexit sha1_base64="k3A66QE1/9GcKLkyd4l438846e4=">AAACDnicbVDLSsNAFJ34rPVVdelmsBTqpiQi6EYoCuKygn1AE8JkOmmHTiZh5qZQQr7Ajb/ixoUibl2782+cPhbaeuDC4Zx7ufeeIBFcg21/Wyura+sbm4Wt4vbO7t5+6eCwpeNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsY3kz89ogpzWP5AOOEeRHpSx5ySsBIfqkywlfYBSIHrmAhVN1QEZoN/ds8U76Tu4r3B3Dql8p2zZ4CLxNnTspojoZf+nJ7MU0jJoEKonXXsRPwMqKAU8HyoptqlhA6JH3WNVSSiGkvm76T44pRejiMlSkJeKr+nshIpPU4CkxnRGCgF72J+J/XTSG89DIukxSYpLNFYSowxHiSDe5xxSiIsSGEKm5uxXRATCBgEiyaEJzFl5dJ66zm2DXn/rxcv57HUUDH6ARVkYMuUB3doQZqIooe0TN6RW/Wk/VivVsfs9YVaz5zhP7A+vwBsb6b4w==</latexit><latexit sha1_base64="k3A66QE1/9GcKLkyd4l438846e4=">AAACDnicbVDLSsNAFJ34rPVVdelmsBTqpiQi6EYoCuKygn1AE8JkOmmHTiZh5qZQQr7Ajb/ixoUibl2782+cPhbaeuDC4Zx7ufeeIBFcg21/Wyura+sbm4Wt4vbO7t5+6eCwpeNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsY3kz89ogpzWP5AOOEeRHpSx5ySsBIfqkywlfYBSIHrmAhVN1QEZoN/ds8U76Tu4r3B3Dql8p2zZ4CLxNnTspojoZf+nJ7MU0jJoEKonXXsRPwMqKAU8HyoptqlhA6JH3WNVSSiGkvm76T44pRejiMlSkJeKr+nshIpPU4CkxnRGCgF72J+J/XTSG89DIukxSYpLNFYSowxHiSDe5xxSiIsSGEKm5uxXRATCBgEiyaEJzFl5dJ66zm2DXn/rxcv57HUUDH6ARVkYMuUB3doQZqIooe0TN6RW/Wk/VivVsfs9YVaz5zhP7A+vwBsb6b4w==</latexit><latexit sha1_base64="k3A66QE1/9GcKLkyd4l438846e4=">AAACDnicbVDLSsNAFJ34rPVVdelmsBTqpiQi6EYoCuKygn1AE8JkOmmHTiZh5qZQQr7Ajb/ixoUibl2782+cPhbaeuDC4Zx7ufeeIBFcg21/Wyura+sbm4Wt4vbO7t5+6eCwpeNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsY3kz89ogpzWP5AOOEeRHpSx5ySsBIfqkywlfYBSIHrmAhVN1QEZoN/ds8U76Tu4r3B3Dql8p2zZ4CLxNnTspojoZf+nJ7MU0jJoEKonXXsRPwMqKAU8HyoptqlhA6JH3WNVSSiGkvm76T44pRejiMlSkJeKr+nshIpPU4CkxnRGCgF72J+J/XTSG89DIukxSYpLNFYSowxHiSDe5xxSiIsSGEKm5uxXRATCBgEiyaEJzFl5dJ66zm2DXn/rxcv57HUUDH6ARVkYMuUB3doQZqIooe0TN6RW/Wk/VivVsfs9YVaz5zhP7A+vwBsb6b4w==</latexit>

Spin-balanced fermonic quantum liquid with P-wave interactions
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J. M. Alarcón (UAH)

Results

•To estimate the uncertainty:
•Multiply the off-shell dependence of Lm 
times the gaussian regulator

•Consider a density-dependence nucleon 
mass 

exp[� (k �M⇡/2)2

�2
]

<latexit sha1_base64="g1a9FkQHK+djZYfgJyT2MM9exn8=">AAACEXicbZC7TsMwFIadcivlFmBksaiQytCSVEgwVrCwIBWJXqQkRI7jtFadxLIdRBX1FVh4FRYGEGJlY+NtcC8DtPySpU//Ocf2+QPOqFSW9W0UlpZXVteK66WNza3tHXN3ry3TTGDSwilLRTdAkjCakJaiipEuFwTFASOdYHA5rnfuiZA0TW7VkBMvRr2ERhQjpS3frLjkgTtVNxII55UBrMJr3+X0pH58Vx/lLtM3hUij55tlq2ZNBBfBnkEZzNT0zS83THEWk0RhhqR0bIsrL0dCUczIqORmknCEB6hHHI0Jion08slGI3iknRBGqdAnUXDi/p7IUSzlMA50Z4xUX87XxuZ/NSdT0bmX04RniiR4+lCUMahSOI4HhlQQrNhQA8KC6r9C3Ec6HKVDLOkQ7PmVF6Fdr9lWzb45LTcuZnEUwQE4BBVggzPQAFegCVoAg0fwDF7Bm/FkvBjvxse0tWDMZvbBHxmfPy9nm/k=</latexit><latexit sha1_base64="g1a9FkQHK+djZYfgJyT2MM9exn8=">AAACEXicbZC7TsMwFIadcivlFmBksaiQytCSVEgwVrCwIBWJXqQkRI7jtFadxLIdRBX1FVh4FRYGEGJlY+NtcC8DtPySpU//Ocf2+QPOqFSW9W0UlpZXVteK66WNza3tHXN3ry3TTGDSwilLRTdAkjCakJaiipEuFwTFASOdYHA5rnfuiZA0TW7VkBMvRr2ERhQjpS3frLjkgTtVNxII55UBrMJr3+X0pH58Vx/lLtM3hUij55tlq2ZNBBfBnkEZzNT0zS83THEWk0RhhqR0bIsrL0dCUczIqORmknCEB6hHHI0Jion08slGI3iknRBGqdAnUXDi/p7IUSzlMA50Z4xUX87XxuZ/NSdT0bmX04RniiR4+lCUMahSOI4HhlQQrNhQA8KC6r9C3Ec6HKVDLOkQ7PmVF6Fdr9lWzb45LTcuZnEUwQE4BBVggzPQAFegCVoAg0fwDF7Bm/FkvBjvxse0tWDMZvbBHxmfPy9nm/k=</latexit><latexit sha1_base64="g1a9FkQHK+djZYfgJyT2MM9exn8=">AAACEXicbZC7TsMwFIadcivlFmBksaiQytCSVEgwVrCwIBWJXqQkRI7jtFadxLIdRBX1FVh4FRYGEGJlY+NtcC8DtPySpU//Ocf2+QPOqFSW9W0UlpZXVteK66WNza3tHXN3ry3TTGDSwilLRTdAkjCakJaiipEuFwTFASOdYHA5rnfuiZA0TW7VkBMvRr2ERhQjpS3frLjkgTtVNxII55UBrMJr3+X0pH58Vx/lLtM3hUij55tlq2ZNBBfBnkEZzNT0zS83THEWk0RhhqR0bIsrL0dCUczIqORmknCEB6hHHI0Jion08slGI3iknRBGqdAnUXDi/p7IUSzlMA50Z4xUX87XxuZ/NSdT0bmX04RniiR4+lCUMahSOI4HhlQQrNhQA8KC6r9C3Ec6HKVDLOkQ7PmVF6Fdr9lWzb45LTcuZnEUwQE4BBVggzPQAFegCVoAg0fwDF7Bm/FkvBjvxse0tWDMZvbBHxmfPy9nm/k=</latexit><latexit sha1_base64="g1a9FkQHK+djZYfgJyT2MM9exn8=">AAACEXicbZC7TsMwFIadcivlFmBksaiQytCSVEgwVrCwIBWJXqQkRI7jtFadxLIdRBX1FVh4FRYGEGJlY+NtcC8DtPySpU//Ocf2+QPOqFSW9W0UlpZXVteK66WNza3tHXN3ry3TTGDSwilLRTdAkjCakJaiipEuFwTFASOdYHA5rnfuiZA0TW7VkBMvRr2ERhQjpS3frLjkgTtVNxII55UBrMJr3+X0pH58Vx/lLtM3hUij55tlq2ZNBBfBnkEZzNT0zS83THEWk0RhhqR0bIsrL0dCUczIqORmknCEB6hHHI0Jion08slGI3iknRBGqdAnUXDi/p7IUSzlMA50Z4xUX87XxuZ/NSdT0bmX04RniiR4+lCUMahSOI4HhlQQrNhQA8KC6r9C3Ec6HKVDLOkQ7PmVF6Fdr9lWzb45LTcuZnEUwQE4BBVggzPQAFegCVoAg0fwDF7Bm/FkvBjvxse0tWDMZvbBHxmfPy9nm/k=</latexit>

� > M⇡
<latexit sha1_base64="4jFK6dcOEXmidPsOemYeEAGUL+I=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiQi6EqKbtwIFewDmhAmk0k7dDIJMxOhhn6JGxeKuPVT3Pk3TtsstPXAwOGcc7l3TphxprTjfFsrq2vrG5uVrer2zu5ezd4/6Kg0l4S2ScpT2QuxopwJ2tZMc9rLJMVJyGk3HN1M/e4jlYql4kGPM+oneCBYzAjWRgrsmsdNOMLoCt0FXsYCu+40nBnQMnFLUocSrcD+8qKU5AkVmnCsVN91Mu0XWGpGOJ1UvVzRDJMRHtC+oQInVPnF7PAJOjFKhOJUmic0mqm/JwqcKDVOQpNMsB6qRW8q/uf1cx1f+gUTWa6pIPNFcc6RTtG0BRQxSYnmY0MwkczcisgQS0y06apqSnAXv7xMOmcN12m49+f15nVZRwWO4BhOwYULaMIttKANBHJ4hld4s56sF+vd+phHV6xy5hD+wPr8AZDOkl0=</latexit><latexit sha1_base64="4jFK6dcOEXmidPsOemYeEAGUL+I=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiQi6EqKbtwIFewDmhAmk0k7dDIJMxOhhn6JGxeKuPVT3Pk3TtsstPXAwOGcc7l3TphxprTjfFsrq2vrG5uVrer2zu5ezd4/6Kg0l4S2ScpT2QuxopwJ2tZMc9rLJMVJyGk3HN1M/e4jlYql4kGPM+oneCBYzAjWRgrsmsdNOMLoCt0FXsYCu+40nBnQMnFLUocSrcD+8qKU5AkVmnCsVN91Mu0XWGpGOJ1UvVzRDJMRHtC+oQInVPnF7PAJOjFKhOJUmic0mqm/JwqcKDVOQpNMsB6qRW8q/uf1cx1f+gUTWa6pIPNFcc6RTtG0BRQxSYnmY0MwkczcisgQS0y06apqSnAXv7xMOmcN12m49+f15nVZRwWO4BhOwYULaMIttKANBHJ4hld4s56sF+vd+phHV6xy5hD+wPr8AZDOkl0=</latexit><latexit sha1_base64="4jFK6dcOEXmidPsOemYeEAGUL+I=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiQi6EqKbtwIFewDmhAmk0k7dDIJMxOhhn6JGxeKuPVT3Pk3TtsstPXAwOGcc7l3TphxprTjfFsrq2vrG5uVrer2zu5ezd4/6Kg0l4S2ScpT2QuxopwJ2tZMc9rLJMVJyGk3HN1M/e4jlYql4kGPM+oneCBYzAjWRgrsmsdNOMLoCt0FXsYCu+40nBnQMnFLUocSrcD+8qKU5AkVmnCsVN91Mu0XWGpGOJ1UvVzRDJMRHtC+oQInVPnF7PAJOjFKhOJUmic0mqm/JwqcKDVOQpNMsB6qRW8q/uf1cx1f+gUTWa6pIPNFcc6RTtG0BRQxSYnmY0MwkczcisgQS0y06apqSnAXv7xMOmcN12m49+f15nVZRwWO4BhOwYULaMIttKANBHJ4hld4s56sF+vd+phHV6xy5hD+wPr8AZDOkl0=</latexit><latexit sha1_base64="4jFK6dcOEXmidPsOemYeEAGUL+I=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiQi6EqKbtwIFewDmhAmk0k7dDIJMxOhhn6JGxeKuPVT3Pk3TtsstPXAwOGcc7l3TphxprTjfFsrq2vrG5uVrer2zu5ezd4/6Kg0l4S2ScpT2QuxopwJ2tZMc9rLJMVJyGk3HN1M/e4jlYql4kGPM+oneCBYzAjWRgrsmsdNOMLoCt0FXsYCu+40nBnQMnFLUocSrcD+8qKU5AkVmnCsVN91Mu0XWGpGOJ1UvVzRDJMRHtC+oQInVPnF7PAJOjFKhOJUmic0mqm/JwqcKDVOQpNMsB6qRW8q/uf1cx1f+gUTWa6pIPNFcc6RTtG0BRQxSYnmY0MwkczcisgQS0y06apqSnAXv7xMOmcN12m49+f15nVZRwWO4BhOwYULaMIttKANBHJ4hld4s56sF+vd+phHV6xy5hD+wPr8AZDOkl0=</latexit>

m⇤
N 2 [0.7mN , 0.9mN ]

<latexit sha1_base64="99++rIVmF/fzuMlVSAhvv4qoEdI=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJDEJHSijC9Db14kgnuBbpa0izdwtK0JKkwyi5e/CpePCji1e/gzW9juvWgm38I/PJ/nofk+QcJo1LZ9rdRWlhcWl4pr1bW1jc2t8ztnZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+FVXm8/ECFpzO/UKCFehPqchhQjpS3f3I/8m/vjLuXQta0a1Dd4Am3rIifPN6u2ZU8E58EpoAoKNXzzq9uLcRoRrjBDUrqOnSgvQ0JRzMi40k0lSRAeoj5xNXIUEellky3G8FA7PRjGQh+u4MT9PZGhSMpRFOjOCKmBnK3l5n81N1XhuZdRnqSKcDx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sFVdAjO7Mrz0Dq1HNtybs+q9csijjLYAwfgCDigBurgGjRAE2DwCJ7BK3gznowX4934mLaWjGJmF/yR8fkDs3uVfA==</latexit><latexit sha1_base64="99++rIVmF/fzuMlVSAhvv4qoEdI=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJDEJHSijC9Db14kgnuBbpa0izdwtK0JKkwyi5e/CpePCji1e/gzW9juvWgm38I/PJ/nofk+QcJo1LZ9rdRWlhcWl4pr1bW1jc2t8ztnZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+FVXm8/ECFpzO/UKCFehPqchhQjpS3f3I/8m/vjLuXQta0a1Dd4Am3rIifPN6u2ZU8E58EpoAoKNXzzq9uLcRoRrjBDUrqOnSgvQ0JRzMi40k0lSRAeoj5xNXIUEellky3G8FA7PRjGQh+u4MT9PZGhSMpRFOjOCKmBnK3l5n81N1XhuZdRnqSKcDx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sFVdAjO7Mrz0Dq1HNtybs+q9csijjLYAwfgCDigBurgGjRAE2DwCJ7BK3gznowX4934mLaWjGJmF/yR8fkDs3uVfA==</latexit><latexit sha1_base64="99++rIVmF/fzuMlVSAhvv4qoEdI=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJDEJHSijC9Db14kgnuBbpa0izdwtK0JKkwyi5e/CpePCji1e/gzW9juvWgm38I/PJ/nofk+QcJo1LZ9rdRWlhcWl4pr1bW1jc2t8ztnZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+FVXm8/ECFpzO/UKCFehPqchhQjpS3f3I/8m/vjLuXQta0a1Dd4Am3rIifPN6u2ZU8E58EpoAoKNXzzq9uLcRoRrjBDUrqOnSgvQ0JRzMi40k0lSRAeoj5xNXIUEellky3G8FA7PRjGQh+u4MT9PZGhSMpRFOjOCKmBnK3l5n81N1XhuZdRnqSKcDx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sFVdAjO7Mrz0Dq1HNtybs+q9csijjLYAwfgCDigBurgGjRAE2DwCJ7BK3gznowX4934mLaWjGJmF/yR8fkDs3uVfA==</latexit><latexit sha1_base64="99++rIVmF/fzuMlVSAhvv4qoEdI=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJDEJHSijC9Db14kgnuBbpa0izdwtK0JKkwyi5e/CpePCji1e/gzW9juvWgm38I/PJ/nofk+QcJo1LZ9rdRWlhcWl4pr1bW1jc2t8ztnZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+FVXm8/ECFpzO/UKCFehPqchhQjpS3f3I/8m/vjLuXQta0a1Dd4Am3rIifPN6u2ZU8E58EpoAoKNXzzq9uLcRoRrjBDUrqOnSgvQ0JRzMi40k0lSRAeoj5xNXIUEellky3G8FA7PRjGQh+u4MT9PZGhSMpRFOjOCKmBnK3l5n81N1XhuZdRnqSKcDx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sFVdAjO7Mrz0Dq1HNtybs+q9csijjLYAwfgCDigBurgGjRAE2DwCJ7BK3gznowX4934mLaWjGJmF/yR8fkDs3uVfA==</latexit>

mN (n) =
mN

1 + n
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⇣
mN
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•Symmetric Nuclear Matter

[Friedman and Pandharipande NPA 361 (1981)]
[Bulagc et al. PRC 97 (2018)]

[J. M. Alarcón, J. A. Oller, PRC 107 (2023)]
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J. M. Alarcón (UAH)

Results

•To estimate the uncertainty:
•Multiply the off-shell dependence of Lm 
times the gaussian regulator

•Consider a density-dependence nucleon 
mass 

exp[� (k �M⇡/2)2

�2
]

<latexit sha1_base64="g1a9FkQHK+djZYfgJyT2MM9exn8=">AAACEXicbZC7TsMwFIadcivlFmBksaiQytCSVEgwVrCwIBWJXqQkRI7jtFadxLIdRBX1FVh4FRYGEGJlY+NtcC8DtPySpU//Ocf2+QPOqFSW9W0UlpZXVteK66WNza3tHXN3ry3TTGDSwilLRTdAkjCakJaiipEuFwTFASOdYHA5rnfuiZA0TW7VkBMvRr2ERhQjpS3frLjkgTtVNxII55UBrMJr3+X0pH58Vx/lLtM3hUij55tlq2ZNBBfBnkEZzNT0zS83THEWk0RhhqR0bIsrL0dCUczIqORmknCEB6hHHI0Jion08slGI3iknRBGqdAnUXDi/p7IUSzlMA50Z4xUX87XxuZ/NSdT0bmX04RniiR4+lCUMahSOI4HhlQQrNhQA8KC6r9C3Ec6HKVDLOkQ7PmVF6Fdr9lWzb45LTcuZnEUwQE4BBVggzPQAFegCVoAg0fwDF7Bm/FkvBjvxse0tWDMZvbBHxmfPy9nm/k=</latexit><latexit sha1_base64="g1a9FkQHK+djZYfgJyT2MM9exn8=">AAACEXicbZC7TsMwFIadcivlFmBksaiQytCSVEgwVrCwIBWJXqQkRI7jtFadxLIdRBX1FVh4FRYGEGJlY+NtcC8DtPySpU//Ocf2+QPOqFSW9W0UlpZXVteK66WNza3tHXN3ry3TTGDSwilLRTdAkjCakJaiipEuFwTFASOdYHA5rnfuiZA0TW7VkBMvRr2ERhQjpS3frLjkgTtVNxII55UBrMJr3+X0pH58Vx/lLtM3hUij55tlq2ZNBBfBnkEZzNT0zS83THEWk0RhhqR0bIsrL0dCUczIqORmknCEB6hHHI0Jion08slGI3iknRBGqdAnUXDi/p7IUSzlMA50Z4xUX87XxuZ/NSdT0bmX04RniiR4+lCUMahSOI4HhlQQrNhQA8KC6r9C3Ec6HKVDLOkQ7PmVF6Fdr9lWzb45LTcuZnEUwQE4BBVggzPQAFegCVoAg0fwDF7Bm/FkvBjvxse0tWDMZvbBHxmfPy9nm/k=</latexit><latexit sha1_base64="g1a9FkQHK+djZYfgJyT2MM9exn8=">AAACEXicbZC7TsMwFIadcivlFmBksaiQytCSVEgwVrCwIBWJXqQkRI7jtFadxLIdRBX1FVh4FRYGEGJlY+NtcC8DtPySpU//Ocf2+QPOqFSW9W0UlpZXVteK66WNza3tHXN3ry3TTGDSwilLRTdAkjCakJaiipEuFwTFASOdYHA5rnfuiZA0TW7VkBMvRr2ERhQjpS3frLjkgTtVNxII55UBrMJr3+X0pH58Vx/lLtM3hUij55tlq2ZNBBfBnkEZzNT0zS83THEWk0RhhqR0bIsrL0dCUczIqORmknCEB6hHHI0Jion08slGI3iknRBGqdAnUXDi/p7IUSzlMA50Z4xUX87XxuZ/NSdT0bmX04RniiR4+lCUMahSOI4HhlQQrNhQA8KC6r9C3Ec6HKVDLOkQ7PmVF6Fdr9lWzb45LTcuZnEUwQE4BBVggzPQAFegCVoAg0fwDF7Bm/FkvBjvxse0tWDMZvbBHxmfPy9nm/k=</latexit><latexit sha1_base64="g1a9FkQHK+djZYfgJyT2MM9exn8=">AAACEXicbZC7TsMwFIadcivlFmBksaiQytCSVEgwVrCwIBWJXqQkRI7jtFadxLIdRBX1FVh4FRYGEGJlY+NtcC8DtPySpU//Ocf2+QPOqFSW9W0UlpZXVteK66WNza3tHXN3ry3TTGDSwilLRTdAkjCakJaiipEuFwTFASOdYHA5rnfuiZA0TW7VkBMvRr2ERhQjpS3frLjkgTtVNxII55UBrMJr3+X0pH58Vx/lLtM3hUij55tlq2ZNBBfBnkEZzNT0zS83THEWk0RhhqR0bIsrL0dCUczIqORmknCEB6hHHI0Jion08slGI3iknRBGqdAnUXDi/p7IUSzlMA50Z4xUX87XxuZ/NSdT0bmX04RniiR4+lCUMahSOI4HhlQQrNhQA8KC6r9C3Ec6HKVDLOkQ7PmVF6Fdr9lWzb45LTcuZnEUwQE4BBVggzPQAFegCVoAg0fwDF7Bm/FkvBjvxse0tWDMZvbBHxmfPy9nm/k=</latexit>

� > M⇡
<latexit sha1_base64="4jFK6dcOEXmidPsOemYeEAGUL+I=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiQi6EqKbtwIFewDmhAmk0k7dDIJMxOhhn6JGxeKuPVT3Pk3TtsstPXAwOGcc7l3TphxprTjfFsrq2vrG5uVrer2zu5ezd4/6Kg0l4S2ScpT2QuxopwJ2tZMc9rLJMVJyGk3HN1M/e4jlYql4kGPM+oneCBYzAjWRgrsmsdNOMLoCt0FXsYCu+40nBnQMnFLUocSrcD+8qKU5AkVmnCsVN91Mu0XWGpGOJ1UvVzRDJMRHtC+oQInVPnF7PAJOjFKhOJUmic0mqm/JwqcKDVOQpNMsB6qRW8q/uf1cx1f+gUTWa6pIPNFcc6RTtG0BRQxSYnmY0MwkczcisgQS0y06apqSnAXv7xMOmcN12m49+f15nVZRwWO4BhOwYULaMIttKANBHJ4hld4s56sF+vd+phHV6xy5hD+wPr8AZDOkl0=</latexit><latexit sha1_base64="4jFK6dcOEXmidPsOemYeEAGUL+I=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiQi6EqKbtwIFewDmhAmk0k7dDIJMxOhhn6JGxeKuPVT3Pk3TtsstPXAwOGcc7l3TphxprTjfFsrq2vrG5uVrer2zu5ezd4/6Kg0l4S2ScpT2QuxopwJ2tZMc9rLJMVJyGk3HN1M/e4jlYql4kGPM+oneCBYzAjWRgrsmsdNOMLoCt0FXsYCu+40nBnQMnFLUocSrcD+8qKU5AkVmnCsVN91Mu0XWGpGOJ1UvVzRDJMRHtC+oQInVPnF7PAJOjFKhOJUmic0mqm/JwqcKDVOQpNMsB6qRW8q/uf1cx1f+gUTWa6pIPNFcc6RTtG0BRQxSYnmY0MwkczcisgQS0y06apqSnAXv7xMOmcN12m49+f15nVZRwWO4BhOwYULaMIttKANBHJ4hld4s56sF+vd+phHV6xy5hD+wPr8AZDOkl0=</latexit><latexit sha1_base64="4jFK6dcOEXmidPsOemYeEAGUL+I=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiQi6EqKbtwIFewDmhAmk0k7dDIJMxOhhn6JGxeKuPVT3Pk3TtsstPXAwOGcc7l3TphxprTjfFsrq2vrG5uVrer2zu5ezd4/6Kg0l4S2ScpT2QuxopwJ2tZMc9rLJMVJyGk3HN1M/e4jlYql4kGPM+oneCBYzAjWRgrsmsdNOMLoCt0FXsYCu+40nBnQMnFLUocSrcD+8qKU5AkVmnCsVN91Mu0XWGpGOJ1UvVzRDJMRHtC+oQInVPnF7PAJOjFKhOJUmic0mqm/JwqcKDVOQpNMsB6qRW8q/uf1cx1f+gUTWa6pIPNFcc6RTtG0BRQxSYnmY0MwkczcisgQS0y06apqSnAXv7xMOmcN12m49+f15nVZRwWO4BhOwYULaMIttKANBHJ4hld4s56sF+vd+phHV6xy5hD+wPr8AZDOkl0=</latexit><latexit sha1_base64="4jFK6dcOEXmidPsOemYeEAGUL+I=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiQi6EqKbtwIFewDmhAmk0k7dDIJMxOhhn6JGxeKuPVT3Pk3TtsstPXAwOGcc7l3TphxprTjfFsrq2vrG5uVrer2zu5ezd4/6Kg0l4S2ScpT2QuxopwJ2tZMc9rLJMVJyGk3HN1M/e4jlYql4kGPM+oneCBYzAjWRgrsmsdNOMLoCt0FXsYCu+40nBnQMnFLUocSrcD+8qKU5AkVmnCsVN91Mu0XWGpGOJ1UvVzRDJMRHtC+oQInVPnF7PAJOjFKhOJUmic0mqm/JwqcKDVOQpNMsB6qRW8q/uf1cx1f+gUTWa6pIPNFcc6RTtG0BRQxSYnmY0MwkczcisgQS0y06apqSnAXv7xMOmcN12m49+f15nVZRwWO4BhOwYULaMIttKANBHJ4hld4s56sF+vd+phHV6xy5hD+wPr8AZDOkl0=</latexit>

m⇤
N 2 [0.7mN , 0.9mN ]

<latexit sha1_base64="99++rIVmF/fzuMlVSAhvv4qoEdI=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJDEJHSijC9Db14kgnuBbpa0izdwtK0JKkwyi5e/CpePCji1e/gzW9juvWgm38I/PJ/nofk+QcJo1LZ9rdRWlhcWl4pr1bW1jc2t8ztnZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+FVXm8/ECFpzO/UKCFehPqchhQjpS3f3I/8m/vjLuXQta0a1Dd4Am3rIifPN6u2ZU8E58EpoAoKNXzzq9uLcRoRrjBDUrqOnSgvQ0JRzMi40k0lSRAeoj5xNXIUEellky3G8FA7PRjGQh+u4MT9PZGhSMpRFOjOCKmBnK3l5n81N1XhuZdRnqSKcDx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sFVdAjO7Mrz0Dq1HNtybs+q9csijjLYAwfgCDigBurgGjRAE2DwCJ7BK3gznowX4934mLaWjGJmF/yR8fkDs3uVfA==</latexit><latexit sha1_base64="99++rIVmF/fzuMlVSAhvv4qoEdI=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJDEJHSijC9Db14kgnuBbpa0izdwtK0JKkwyi5e/CpePCji1e/gzW9juvWgm38I/PJ/nofk+QcJo1LZ9rdRWlhcWl4pr1bW1jc2t8ztnZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+FVXm8/ECFpzO/UKCFehPqchhQjpS3f3I/8m/vjLuXQta0a1Dd4Am3rIifPN6u2ZU8E58EpoAoKNXzzq9uLcRoRrjBDUrqOnSgvQ0JRzMi40k0lSRAeoj5xNXIUEellky3G8FA7PRjGQh+u4MT9PZGhSMpRFOjOCKmBnK3l5n81N1XhuZdRnqSKcDx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sFVdAjO7Mrz0Dq1HNtybs+q9csijjLYAwfgCDigBurgGjRAE2DwCJ7BK3gznowX4934mLaWjGJmF/yR8fkDs3uVfA==</latexit><latexit sha1_base64="99++rIVmF/fzuMlVSAhvv4qoEdI=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJDEJHSijC9Db14kgnuBbpa0izdwtK0JKkwyi5e/CpePCji1e/gzW9juvWgm38I/PJ/nofk+QcJo1LZ9rdRWlhcWl4pr1bW1jc2t8ztnZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+FVXm8/ECFpzO/UKCFehPqchhQjpS3f3I/8m/vjLuXQta0a1Dd4Am3rIifPN6u2ZU8E58EpoAoKNXzzq9uLcRoRrjBDUrqOnSgvQ0JRzMi40k0lSRAeoj5xNXIUEellky3G8FA7PRjGQh+u4MT9PZGhSMpRFOjOCKmBnK3l5n81N1XhuZdRnqSKcDx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sFVdAjO7Mrz0Dq1HNtybs+q9csijjLYAwfgCDigBurgGjRAE2DwCJ7BK3gznowX4934mLaWjGJmF/yR8fkDs3uVfA==</latexit><latexit sha1_base64="99++rIVmF/fzuMlVSAhvv4qoEdI=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJDEJHSijC9Db14kgnuBbpa0izdwtK0JKkwyi5e/CpePCji1e/gzW9juvWgm38I/PJ/nofk+QcJo1LZ9rdRWlhcWl4pr1bW1jc2t8ztnZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+FVXm8/ECFpzO/UKCFehPqchhQjpS3f3I/8m/vjLuXQta0a1Dd4Am3rIifPN6u2ZU8E58EpoAoKNXzzq9uLcRoRrjBDUrqOnSgvQ0JRzMi40k0lSRAeoj5xNXIUEellky3G8FA7PRjGQh+u4MT9PZGhSMpRFOjOCKmBnK3l5n81N1XhuZdRnqSKcDx9KEwZVDHMI4E9KghWbKQBYUH1XyEeIIGw0sFVdAjO7Mrz0Dq1HNtybs+q9csijjLYAwfgCDigBurgGjRAE2DwCJ7BK3gznowX4934mLaWjGJmF/yR8fkDs3uVfA==</latexit>
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mN

1 + n
ns

⇣
mN
m⇤

N
� 1

⌘

•Pure Neutron Matter

[Friedman and Pandharipande NPA 361 (1981)]

[Epelbaum, Krebs, Lee and Meißner, EPJA 40 (2009)]
[Wlazlowski et al., PRL 113 (2014)]

[Gezerlis et al., PRL 111 (2013)]
[Gezerlis and Carlson, PRC 77 (2008)]

[J. M. Alarcón, J. A. Oller, PRC 107 (2023)]

11/17



J. M. Alarcón (UAH)

Results

•To study the properties of nuclear matter at saturation density we 
use the parametization [Gandolfi et al., Mon. Not. Roy. Astron. Soc. 404 (2010)]
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L = 3ns
dS(n)

dn

����
ns
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S(n) = (E/A)PNM (n)� (E/A)SNM (n)

12/17



J. M. Alarcón (UAH)

Results

•To study the properties of nuclear matter at saturation density we 
use the parametization

•We fit this parametrization to our results at low densities. 

[Gandolfi et al., Mon. Not. Roy. Astron. Soc. 404 (2010)]
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L = 3ns
dS(n)

dn

����
ns

<latexit sha1_base64="jqHuC4bawoh+7Y1qrULHA4wdFEM=">AAACFXicbVDLSsNAFJ34tr6iLt0MFqGClEQF3QiiGxcuFO0DmhImk0k7dDIJMzdCifkJN/6KGxeKuBXc+TdOaxfaemDgcM653LknSAXX4Dhf1tT0zOzc/MJiaWl5ZXXNXt+o6yRTlNVoIhLVDIhmgktWAw6CNVPFSBwI1gh65wO/cceU5om8hX7K2jHpSB5xSsBIvr13iU/wgfQ19gSLoOpFitA8vKnI3SIPZeEp3unCvZ+bSOHbZafqDIEniTsiZTTClW9/emFCs5hJoIJo3XKdFNo5UcCpYEXJyzRLCe2RDmsZKknMdDsfXlXgHaOEOEqUeRLwUP09kZNY634cmGRMoKvHvYH4n9fKIDpu51ymGTBJfxZFmcCQ4EFFOOSKURB9QwhV3PwV0y4xvYApsmRKcMdPniT1/arrVN3rw/Lp2aiOBbSFtlEFuegInaILdIVqiKIH9IRe0Kv1aD1bb9b7T3TKGs1soj+wPr4B3JqesQ==</latexit><latexit sha1_base64="jqHuC4bawoh+7Y1qrULHA4wdFEM=">AAACFXicbVDLSsNAFJ34tr6iLt0MFqGClEQF3QiiGxcuFO0DmhImk0k7dDIJMzdCifkJN/6KGxeKuBXc+TdOaxfaemDgcM653LknSAXX4Dhf1tT0zOzc/MJiaWl5ZXXNXt+o6yRTlNVoIhLVDIhmgktWAw6CNVPFSBwI1gh65wO/cceU5om8hX7K2jHpSB5xSsBIvr13iU/wgfQ19gSLoOpFitA8vKnI3SIPZeEp3unCvZ+bSOHbZafqDIEniTsiZTTClW9/emFCs5hJoIJo3XKdFNo5UcCpYEXJyzRLCe2RDmsZKknMdDsfXlXgHaOEOEqUeRLwUP09kZNY634cmGRMoKvHvYH4n9fKIDpu51ymGTBJfxZFmcCQ4EFFOOSKURB9QwhV3PwV0y4xvYApsmRKcMdPniT1/arrVN3rw/Lp2aiOBbSFtlEFuegInaILdIVqiKIH9IRe0Kv1aD1bb9b7T3TKGs1soj+wPr4B3JqesQ==</latexit><latexit sha1_base64="jqHuC4bawoh+7Y1qrULHA4wdFEM=">AAACFXicbVDLSsNAFJ34tr6iLt0MFqGClEQF3QiiGxcuFO0DmhImk0k7dDIJMzdCifkJN/6KGxeKuBXc+TdOaxfaemDgcM653LknSAXX4Dhf1tT0zOzc/MJiaWl5ZXXNXt+o6yRTlNVoIhLVDIhmgktWAw6CNVPFSBwI1gh65wO/cceU5om8hX7K2jHpSB5xSsBIvr13iU/wgfQ19gSLoOpFitA8vKnI3SIPZeEp3unCvZ+bSOHbZafqDIEniTsiZTTClW9/emFCs5hJoIJo3XKdFNo5UcCpYEXJyzRLCe2RDmsZKknMdDsfXlXgHaOEOEqUeRLwUP09kZNY634cmGRMoKvHvYH4n9fKIDpu51ymGTBJfxZFmcCQ4EFFOOSKURB9QwhV3PwV0y4xvYApsmRKcMdPniT1/arrVN3rw/Lp2aiOBbSFtlEFuegInaILdIVqiKIH9IRe0Kv1aD1bb9b7T3TKGs1soj+wPr4B3JqesQ==</latexit><latexit sha1_base64="jqHuC4bawoh+7Y1qrULHA4wdFEM=">AAACFXicbVDLSsNAFJ34tr6iLt0MFqGClEQF3QiiGxcuFO0DmhImk0k7dDIJMzdCifkJN/6KGxeKuBXc+TdOaxfaemDgcM653LknSAXX4Dhf1tT0zOzc/MJiaWl5ZXXNXt+o6yRTlNVoIhLVDIhmgktWAw6CNVPFSBwI1gh65wO/cceU5om8hX7K2jHpSB5xSsBIvr13iU/wgfQ19gSLoOpFitA8vKnI3SIPZeEp3unCvZ+bSOHbZafqDIEniTsiZTTClW9/emFCs5hJoIJo3XKdFNo5UcCpYEXJyzRLCe2RDmsZKknMdDsfXlXgHaOEOEqUeRLwUP09kZNY634cmGRMoKvHvYH4n9fKIDpu51ymGTBJfxZFmcCQ4EFFOOSKURB9QwhV3PwV0y4xvYApsmRKcMdPniT1/arrVN3rw/Lp2aiOBbSFtlEFuegInaILdIVqiKIH9IRe0Kv1aD1bb9b7T3TKGs1soj+wPr4B3JqesQ==</latexit>

Cs = 34.77(15) MeV
<latexit sha1_base64="mLdFlKX1HpnJp7gcPUytcEAxX9U=">AAACA3icbVDJSgNBEO1xjXGLetNLYxDiJcxoJF6EYC5ehAhmgSSEnk4ladKz0F0jhiHixV/x4kERr/6EN//GznLQxAcFj/eqqKrnhlJotO1va2FxaXllNbGWXN/Y3NpO7exWdBApDmUeyEDVXKZBCh/KKFBCLVTAPFdC1e0XR371DpQWgX+LgxCaHuv6oiM4QyO1UvvFlqYX9DSXzeczztnxQwPhHuNrqAxbqbSdtceg88SZkjSZotRKfTXaAY888JFLpnXdsUNsxkyh4BKGyUakIWS8z7pQN9RnHuhmPP5hSI+M0qadQJnykY7V3xMx87QeeK7p9Bj29Kw3Ev/z6hF2zpux8MMIweeTRZ1IUgzoKBDaFgo4yoEhjCthbqW8xxTjaGJLmhCc2ZfnSeUk69hZ5yaXLlxO40iQA3JIMsQheVIgV6REyoSTR/JMXsmb9WS9WO/Wx6R1wZrO7JE/sD5/AJzKlZo=</latexit><latexit sha1_base64="mLdFlKX1HpnJp7gcPUytcEAxX9U=">AAACA3icbVDJSgNBEO1xjXGLetNLYxDiJcxoJF6EYC5ehAhmgSSEnk4ladKz0F0jhiHixV/x4kERr/6EN//GznLQxAcFj/eqqKrnhlJotO1va2FxaXllNbGWXN/Y3NpO7exWdBApDmUeyEDVXKZBCh/KKFBCLVTAPFdC1e0XR371DpQWgX+LgxCaHuv6oiM4QyO1UvvFlqYX9DSXzeczztnxQwPhHuNrqAxbqbSdtceg88SZkjSZotRKfTXaAY888JFLpnXdsUNsxkyh4BKGyUakIWS8z7pQN9RnHuhmPP5hSI+M0qadQJnykY7V3xMx87QeeK7p9Bj29Kw3Ev/z6hF2zpux8MMIweeTRZ1IUgzoKBDaFgo4yoEhjCthbqW8xxTjaGJLmhCc2ZfnSeUk69hZ5yaXLlxO40iQA3JIMsQheVIgV6REyoSTR/JMXsmb9WS9WO/Wx6R1wZrO7JE/sD5/AJzKlZo=</latexit><latexit sha1_base64="mLdFlKX1HpnJp7gcPUytcEAxX9U=">AAACA3icbVDJSgNBEO1xjXGLetNLYxDiJcxoJF6EYC5ehAhmgSSEnk4ladKz0F0jhiHixV/x4kERr/6EN//GznLQxAcFj/eqqKrnhlJotO1va2FxaXllNbGWXN/Y3NpO7exWdBApDmUeyEDVXKZBCh/KKFBCLVTAPFdC1e0XR371DpQWgX+LgxCaHuv6oiM4QyO1UvvFlqYX9DSXzeczztnxQwPhHuNrqAxbqbSdtceg88SZkjSZotRKfTXaAY888JFLpnXdsUNsxkyh4BKGyUakIWS8z7pQN9RnHuhmPP5hSI+M0qadQJnykY7V3xMx87QeeK7p9Bj29Kw3Ev/z6hF2zpux8MMIweeTRZ1IUgzoKBDaFgo4yoEhjCthbqW8xxTjaGJLmhCc2ZfnSeUk69hZ5yaXLlxO40iQA3JIMsQheVIgV6REyoSTR/JMXsmb9WS9WO/Wx6R1wZrO7JE/sD5/AJzKlZo=</latexit><latexit sha1_base64="mLdFlKX1HpnJp7gcPUytcEAxX9U=">AAACA3icbVDJSgNBEO1xjXGLetNLYxDiJcxoJF6EYC5ehAhmgSSEnk4ladKz0F0jhiHixV/x4kERr/6EN//GznLQxAcFj/eqqKrnhlJotO1va2FxaXllNbGWXN/Y3NpO7exWdBApDmUeyEDVXKZBCh/KKFBCLVTAPFdC1e0XR371DpQWgX+LgxCaHuv6oiM4QyO1UvvFlqYX9DSXzeczztnxQwPhHuNrqAxbqbSdtceg88SZkjSZotRKfTXaAY888JFLpnXdsUNsxkyh4BKGyUakIWS8z7pQN9RnHuhmPP5hSI+M0qadQJnykY7V3xMx87QeeK7p9Bj29Kw3Ev/z6hF2zpux8MMIweeTRZ1IUgzoKBDaFgo4yoEhjCthbqW8xxTjaGJLmhCc2ZfnSeUk69hZ5yaXLlxO40iQA3JIMsQheVIgV6REyoSTR/JMXsmb9WS9WO/Wx6R1wZrO7JE/sD5/AJzKlZo=</latexit>

�s = 0.667(3)
<latexit sha1_base64="vktkk8W7chqVtmVFY1WpG95mXCg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyFRad0IRTcuK9gHtCFMptN26MwkzEyEEOqvuHGhiFs/xJ1/47TNQlsPXDiccy/33hPGjCrtut9WYW19Y3OruF3a2d3bP7APj9oqSiQmLRyxSHZDpAijgrQ01Yx0Y0kQDxnphJPbmd95JFLRSDzoNCY+RyNBhxQjbaTALvdHiHMUKHgNXadWq1cvzgK74jruHHCVeDmpgBzNwP7qDyKccCI0ZkipnufG2s+Q1BQzMi31E0VihCdoRHqGCsSJ8rP58VN4apQBHEbSlNBwrv6eyBBXKuWh6eRIj9WyNxP/83qJHl75GRVxoonAi0XDhEEdwVkScEAlwZqlhiAsqbkV4jGSCGuTV8mE4C2/vEra547nOt79ZaVxk8dRBMfgBFSBB+qgAe5AE7QABil4Bq/gzXqyXqx362PRWrDymTL4A+vzB1uWkpw=</latexit><latexit sha1_base64="vktkk8W7chqVtmVFY1WpG95mXCg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyFRad0IRTcuK9gHtCFMptN26MwkzEyEEOqvuHGhiFs/xJ1/47TNQlsPXDiccy/33hPGjCrtut9WYW19Y3OruF3a2d3bP7APj9oqSiQmLRyxSHZDpAijgrQ01Yx0Y0kQDxnphJPbmd95JFLRSDzoNCY+RyNBhxQjbaTALvdHiHMUKHgNXadWq1cvzgK74jruHHCVeDmpgBzNwP7qDyKccCI0ZkipnufG2s+Q1BQzMi31E0VihCdoRHqGCsSJ8rP58VN4apQBHEbSlNBwrv6eyBBXKuWh6eRIj9WyNxP/83qJHl75GRVxoonAi0XDhEEdwVkScEAlwZqlhiAsqbkV4jGSCGuTV8mE4C2/vEra547nOt79ZaVxk8dRBMfgBFSBB+qgAe5AE7QABil4Bq/gzXqyXqx362PRWrDymTL4A+vzB1uWkpw=</latexit><latexit sha1_base64="vktkk8W7chqVtmVFY1WpG95mXCg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyFRad0IRTcuK9gHtCFMptN26MwkzEyEEOqvuHGhiFs/xJ1/47TNQlsPXDiccy/33hPGjCrtut9WYW19Y3OruF3a2d3bP7APj9oqSiQmLRyxSHZDpAijgrQ01Yx0Y0kQDxnphJPbmd95JFLRSDzoNCY+RyNBhxQjbaTALvdHiHMUKHgNXadWq1cvzgK74jruHHCVeDmpgBzNwP7qDyKccCI0ZkipnufG2s+Q1BQzMi31E0VihCdoRHqGCsSJ8rP58VN4apQBHEbSlNBwrv6eyBBXKuWh6eRIj9WyNxP/83qJHl75GRVxoonAi0XDhEEdwVkScEAlwZqlhiAsqbkV4jGSCGuTV8mE4C2/vEra547nOt79ZaVxk8dRBMfgBFSBB+qgAe5AE7QABil4Bq/gzXqyXqx362PRWrDymTL4A+vzB1uWkpw=</latexit><latexit sha1_base64="vktkk8W7chqVtmVFY1WpG95mXCg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyFRad0IRTcuK9gHtCFMptN26MwkzEyEEOqvuHGhiFs/xJ1/47TNQlsPXDiccy/33hPGjCrtut9WYW19Y3OruF3a2d3bP7APj9oqSiQmLRyxSHZDpAijgrQ01Yx0Y0kQDxnphJPbmd95JFLRSDzoNCY+RyNBhxQjbaTALvdHiHMUKHgNXadWq1cvzgK74jruHHCVeDmpgBzNwP7qDyKccCI0ZkipnufG2s+Q1BQzMi31E0VihCdoRHqGCsSJ8rP58VN4apQBHEbSlNBwrv6eyBBXKuWh6eRIj9WyNxP/83qJHl75GRVxoonAi0XDhEEdwVkScEAlwZqlhiAsqbkV4jGSCGuTV8mE4C2/vEra547nOt79ZaVxk8dRBMfgBFSBB+qgAe5AE7QABil4Bq/gzXqyXqx362PRWrDymTL4A+vzB1uWkpw=</latexit>

31.10  S0  36.57 MeV
<latexit sha1_base64="I2f7Fg/mC2vgP6GkQxiWTnSidMM=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKux6i2XQxkaIaGIgu4TZyUkcnL04c1YMS3wAG1/FxkIRW3s738ZJsoVGfxj4+M85nDm/H0uh0ba/rInJqemZ2dxcfn5hcWm5sLJa11GiONR4JCPV8JkGKUKooUAJjVgBC3wJl/718aB+eQtKiyi8wF4MXsC6oegIztBYrcLmrlNybOpKuKHnrQx2D0r75XsX4Q7TU6j3W4WiXbKHon/ByaBIMlVbhU+3HfEkgBC5ZFo3HTtGL2UKBZfQz7uJhpjxa9aFpsGQBaC9dHhNn24Zp007kTIvRDp0f06kLNC6F/imM2B4pcdrA/O/WjPBzqGXijBOEEI+WtRJJMWIDqKhbaGAo+wZYFwJ81fKr5hiHE2AeROCM37yX6jvmDhLztlesXKUxZEj62SDbBOHlEmFnJAqqRFOHsgTeSGv1qP1bL1Z76PWCSubWSO/ZH18A2M4mUY=</latexit><latexit sha1_base64="I2f7Fg/mC2vgP6GkQxiWTnSidMM=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKux6i2XQxkaIaGIgu4TZyUkcnL04c1YMS3wAG1/FxkIRW3s738ZJsoVGfxj4+M85nDm/H0uh0ba/rInJqemZ2dxcfn5hcWm5sLJa11GiONR4JCPV8JkGKUKooUAJjVgBC3wJl/718aB+eQtKiyi8wF4MXsC6oegIztBYrcLmrlNybOpKuKHnrQx2D0r75XsX4Q7TU6j3W4WiXbKHon/ByaBIMlVbhU+3HfEkgBC5ZFo3HTtGL2UKBZfQz7uJhpjxa9aFpsGQBaC9dHhNn24Zp007kTIvRDp0f06kLNC6F/imM2B4pcdrA/O/WjPBzqGXijBOEEI+WtRJJMWIDqKhbaGAo+wZYFwJ81fKr5hiHE2AeROCM37yX6jvmDhLztlesXKUxZEj62SDbBOHlEmFnJAqqRFOHsgTeSGv1qP1bL1Z76PWCSubWSO/ZH18A2M4mUY=</latexit><latexit sha1_base64="I2f7Fg/mC2vgP6GkQxiWTnSidMM=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKux6i2XQxkaIaGIgu4TZyUkcnL04c1YMS3wAG1/FxkIRW3s738ZJsoVGfxj4+M85nDm/H0uh0ba/rInJqemZ2dxcfn5hcWm5sLJa11GiONR4JCPV8JkGKUKooUAJjVgBC3wJl/718aB+eQtKiyi8wF4MXsC6oegIztBYrcLmrlNybOpKuKHnrQx2D0r75XsX4Q7TU6j3W4WiXbKHon/ByaBIMlVbhU+3HfEkgBC5ZFo3HTtGL2UKBZfQz7uJhpjxa9aFpsGQBaC9dHhNn24Zp007kTIvRDp0f06kLNC6F/imM2B4pcdrA/O/WjPBzqGXijBOEEI+WtRJJMWIDqKhbaGAo+wZYFwJ81fKr5hiHE2AeROCM37yX6jvmDhLztlesXKUxZEj62SDbBOHlEmFnJAqqRFOHsgTeSGv1qP1bL1Z76PWCSubWSO/ZH18A2M4mUY=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="qsknTvrVyp06xU35E5j0hCoVOW0=">AAACAnicbZDLSgMxFIbPeK31Vt26CVbBVZlRtC4FN26EivYCbSmZ9NSGZi4mZ8Qy1Adw46u4caGID+HOtzG9LLT1h8DH/yecnN+PlTTkut/O3PzC4tJyZiW7ura+sZnbWquYKNECyyJSka753KCSIZZJksJarJEHvsKq3zsf5tV71EZG4Q31Y2wG/DaUHSk4WauV2zvyCp7LGgrv2HVrAkcnhePiY4PwgdJLrAxaubxbcEdis+BNIA8TlVq5r0Y7EkmAIQnFjal7bkzNlGuSQuEg20gMxlz0+C3WLYY8QNNMR9sM2L512qwTaXtCYiP394uUB8b0A9/eDDh1zXQ2NP/L6gl1TpupDOOEMBTjQZ1EMYrYsBrWlhoFqb4FLrS0f2WiyzUXZAvM2hK86ZVnoXJo6yx4Vy5kYAd24QA8KMIZXEAJyiDgCV7gDd6dZ+fV+RjXNedMetuGP3I+fwDN+5fO</latexit><latexit sha1_base64="qsknTvrVyp06xU35E5j0hCoVOW0=">AAACAnicbZDLSgMxFIbPeK31Vt26CVbBVZlRtC4FN26EivYCbSmZ9NSGZi4mZ8Qy1Adw46u4caGID+HOtzG9LLT1h8DH/yecnN+PlTTkut/O3PzC4tJyZiW7ura+sZnbWquYKNECyyJSka753KCSIZZJksJarJEHvsKq3zsf5tV71EZG4Q31Y2wG/DaUHSk4WauV2zvyCp7LGgrv2HVrAkcnhePiY4PwgdJLrAxaubxbcEdis+BNIA8TlVq5r0Y7EkmAIQnFjal7bkzNlGuSQuEg20gMxlz0+C3WLYY8QNNMR9sM2L512qwTaXtCYiP394uUB8b0A9/eDDh1zXQ2NP/L6gl1TpupDOOEMBTjQZ1EMYrYsBrWlhoFqb4FLrS0f2WiyzUXZAvM2hK86ZVnoXJo6yx4Vy5kYAd24QA8KMIZXEAJyiDgCV7gDd6dZ+fV+RjXNedMetuGP3I+fwDN+5fO</latexit><latexit sha1_base64="NTqiqkyZCOg8FI+JlWIUbfSXsKY=">AAACDXicbZC7TgJBFIZnvSLeUEubiWhiRXYliiXRxsYEo1wSIGR2OMCE2YszZ41kgw9g46vYWGiMrb2db+MAWyj4J5N8+c85OXN+N5RCo21/W3PzC4tLy6mV9Ora+sZmZmu7ooNIcSjzQAaq5jINUvhQRoESaqEC5rkSqm7/fFSv3oHSIvBvcBBC02NdX3QEZ2isVmY/7+QcmzYk3NLrVgL5k9xx4aGBcI/xJVSGrUzWztlj0VlwEsiSRKVW5qvRDnjkgY9cMq3rjh1iM2YKBZcwTDciDSHjfdaFukGfeaCb8fiaIT0wTpt2AmWej3Ts/p6Imaf1wHNNp8ewp6drI/O/Wj3CzmkzFn4YIfh8sqgTSYoBHUVD20IBRzkwwLgS5q+U95hiHE2AaROCM33yLFSOTJw558rOFs+SOFJkl+yRQ+KQAimSC1IiZcLJI3kmr+TNerJerHfrY9I6ZyUzO+SPrM8fYfiZQg==</latexit><latexit sha1_base64="I2f7Fg/mC2vgP6GkQxiWTnSidMM=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKux6i2XQxkaIaGIgu4TZyUkcnL04c1YMS3wAG1/FxkIRW3s738ZJsoVGfxj4+M85nDm/H0uh0ba/rInJqemZ2dxcfn5hcWm5sLJa11GiONR4JCPV8JkGKUKooUAJjVgBC3wJl/718aB+eQtKiyi8wF4MXsC6oegIztBYrcLmrlNybOpKuKHnrQx2D0r75XsX4Q7TU6j3W4WiXbKHon/ByaBIMlVbhU+3HfEkgBC5ZFo3HTtGL2UKBZfQz7uJhpjxa9aFpsGQBaC9dHhNn24Zp007kTIvRDp0f06kLNC6F/imM2B4pcdrA/O/WjPBzqGXijBOEEI+WtRJJMWIDqKhbaGAo+wZYFwJ81fKr5hiHE2AeROCM37yX6jvmDhLztlesXKUxZEj62SDbBOHlEmFnJAqqRFOHsgTeSGv1qP1bL1Z76PWCSubWSO/ZH18A2M4mUY=</latexit><latexit sha1_base64="I2f7Fg/mC2vgP6GkQxiWTnSidMM=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKux6i2XQxkaIaGIgu4TZyUkcnL04c1YMS3wAG1/FxkIRW3s738ZJsoVGfxj4+M85nDm/H0uh0ba/rInJqemZ2dxcfn5hcWm5sLJa11GiONR4JCPV8JkGKUKooUAJjVgBC3wJl/718aB+eQtKiyi8wF4MXsC6oegIztBYrcLmrlNybOpKuKHnrQx2D0r75XsX4Q7TU6j3W4WiXbKHon/ByaBIMlVbhU+3HfEkgBC5ZFo3HTtGL2UKBZfQz7uJhpjxa9aFpsGQBaC9dHhNn24Zp007kTIvRDp0f06kLNC6F/imM2B4pcdrA/O/WjPBzqGXijBOEEI+WtRJJMWIDqKhbaGAo+wZYFwJ81fKr5hiHE2AeROCM37yX6jvmDhLztlesXKUxZEj62SDbBOHlEmFnJAqqRFOHsgTeSGv1qP1bL1Z76PWCSubWSO/ZH18A2M4mUY=</latexit><latexit sha1_base64="I2f7Fg/mC2vgP6GkQxiWTnSidMM=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKux6i2XQxkaIaGIgu4TZyUkcnL04c1YMS3wAG1/FxkIRW3s738ZJsoVGfxj4+M85nDm/H0uh0ba/rInJqemZ2dxcfn5hcWm5sLJa11GiONR4JCPV8JkGKUKooUAJjVgBC3wJl/718aB+eQtKiyi8wF4MXsC6oegIztBYrcLmrlNybOpKuKHnrQx2D0r75XsX4Q7TU6j3W4WiXbKHon/ByaBIMlVbhU+3HfEkgBC5ZFo3HTtGL2UKBZfQz7uJhpjxa9aFpsGQBaC9dHhNn24Zp007kTIvRDp0f06kLNC6F/imM2B4pcdrA/O/WjPBzqGXijBOEEI+WtRJJMWIDqKhbaGAo+wZYFwJ81fKr5hiHE2AeROCM37yX6jvmDhLztlesXKUxZEj62SDbBOHlEmFnJAqqRFOHsgTeSGv1qP1bL1Z76PWCSubWSO/ZH18A2M4mUY=</latexit><latexit sha1_base64="I2f7Fg/mC2vgP6GkQxiWTnSidMM=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKux6i2XQxkaIaGIgu4TZyUkcnL04c1YMS3wAG1/FxkIRW3s738ZJsoVGfxj4+M85nDm/H0uh0ba/rInJqemZ2dxcfn5hcWm5sLJa11GiONR4JCPV8JkGKUKooUAJjVgBC3wJl/718aB+eQtKiyi8wF4MXsC6oegIztBYrcLmrlNybOpKuKHnrQx2D0r75XsX4Q7TU6j3W4WiXbKHon/ByaBIMlVbhU+3HfEkgBC5ZFo3HTtGL2UKBZfQz7uJhpjxa9aFpsGQBaC9dHhNn24Zp007kTIvRDp0f06kLNC6F/imM2B4pcdrA/O/WjPBzqGXijBOEEI+WtRJJMWIDqKhbaGAo+wZYFwJ81fKr5hiHE2AeROCM37yX6jvmDhLztlesXKUxZEj62SDbBOHlEmFnJAqqRFOHsgTeSGv1qP1bL1Z76PWCSubWSO/ZH18A2M4mUY=</latexit><latexit sha1_base64="I2f7Fg/mC2vgP6GkQxiWTnSidMM=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKux6i2XQxkaIaGIgu4TZyUkcnL04c1YMS3wAG1/FxkIRW3s738ZJsoVGfxj4+M85nDm/H0uh0ba/rInJqemZ2dxcfn5hcWm5sLJa11GiONR4JCPV8JkGKUKooUAJjVgBC3wJl/718aB+eQtKiyi8wF4MXsC6oegIztBYrcLmrlNybOpKuKHnrQx2D0r75XsX4Q7TU6j3W4WiXbKHon/ByaBIMlVbhU+3HfEkgBC5ZFo3HTtGL2UKBZfQz7uJhpjxa9aFpsGQBaC9dHhNn24Zp007kTIvRDp0f06kLNC6F/imM2B4pcdrA/O/WjPBzqGXijBOEEI+WtRJJMWIDqKhbaGAo+wZYFwJ81fKr5hiHE2AeROCM37yX6jvmDhLztlesXKUxZEj62SDbBOHlEmFnJAqqRFOHsgTeSGv1qP1bL1Z76PWCSubWSO/ZH18A2M4mUY=</latexit><latexit sha1_base64="I2f7Fg/mC2vgP6GkQxiWTnSidMM=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKux6i2XQxkaIaGIgu4TZyUkcnL04c1YMS3wAG1/FxkIRW3s738ZJsoVGfxj4+M85nDm/H0uh0ba/rInJqemZ2dxcfn5hcWm5sLJa11GiONR4JCPV8JkGKUKooUAJjVgBC3wJl/718aB+eQtKiyi8wF4MXsC6oegIztBYrcLmrlNybOpKuKHnrQx2D0r75XsX4Q7TU6j3W4WiXbKHon/ByaBIMlVbhU+3HfEkgBC5ZFo3HTtGL2UKBZfQz7uJhpjxa9aFpsGQBaC9dHhNn24Zp007kTIvRDp0f06kLNC6F/imM2B4pcdrA/O/WjPBzqGXijBOEEI+WtRJJMWIDqKhbaGAo+wZYFwJ81fKr5hiHE2AeROCM37yX6jvmDhLztlesXKUxZEj62SDbBOHlEmFnJAqqRFOHsgTeSGv1qP1bL1Z76PWCSubWSO/ZH18A2M4mUY=</latexit>
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[J. M. Alarcón, J. A. Oller, PRC 107 (2023)]

S(n) = (E/A)PNM (n)� (E/A)SNM (n)
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Results

•Using astrophysical data to constrain the EoS
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MTOV  2.7M�
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Summary and Conclusions



•We develop a method to compute the energy per particle in 
nuclear matter at low densities. 
•E/A is directly related to in-vacuum NN scattering amplitude. 
•Regularizator-independent results
•Can be used to study:

•Unitary limit
•Cold atoms
•Equation of state of symmetric nuclear matter and pure neutron matter.

•EoS of PNM constraints equation of state of neutron stars at low 
densities        Determination of the EoS of a NS

•Astrophysical applications.
•Dark Matter searches in compact objects. 

   
J. M. Alarcón (UAH)

Summary and Conclusions
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