
Implement a routine that allows to solve the SRG flow equations. 
For this you can use the NumPy routine odeint. You can use the 
upper limit                    as an upper limit for the resolution scale.

Familiarize yourself with the first version of the code. This code 
allows you to read in matrix elements                     and visualise 
them. Take a look at different coupled and uncoupled channels. 
In addition, a routine for computing the deuteron binding energy 
and phase shifts is included. Reproduce the experimental 
observables using the provided interaction matrix elements.

The SRG transformation of the 
Hamiltonian is defined by: 

Show that the flow equation is 
given by:

<latexit sha1_base64="glR6P1DhYVscO5GdPIHiJVT0NYQ=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoiim6EopsuK5i20MYymUzaoZNJmJkIJXTpxl9x40IRt36CO//GSZqFth643MM59zJzjxczKpVlfRulpeWV1bXyemVjc2t7x9zda8soEZg4OGKR6HpIEkY5cRRVjHRjQVDoMdLxxjeZ33kgQtKI36lJTNwQDTkNKEZKSwPzsAlr8gReQSfvTejcp30fDYdETDNlYFatupUDLhK7IFVQoDUwv/p+hJOQcIUZkrJnW7FyUyQUxYxMK/1EkhjhMRqSnqYchUS6aX7IFB5rxYdBJHRxBXP190aKQiknoacnQ6RGct7LxP+8XqKCSzelPE4U4Xj2UJAwqCKYpQJ9KghWbKIJwoLqv0I8QgJhpbOr6BDs+ZMXSfu0bp/XrduzauO6iKMMDsARqAEbXIAGaIIWcAAGj+AZvII348l4Md6Nj9loySh29sEfGJ8/uZGWpA==</latexit>

H(s) = U(s)HU
†(s)

with the unitary operator        ,
the Hamiltonian 
and the resolution scale    .

<latexit sha1_base64="t5T8EaqO3Oo5avh79nbiDsvI5ik=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiih6LXjxWMG2hDWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpk4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR3cxvPaHSPJGPZpxiENOB5BFn1FjJ90lVn/fKFbfmzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYluggmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXNu6q5D5eV+m0eRxFO4BSq4ME11OEeGuADAw7P8ApvjnRenHfnY9FacPKZY/gD5/MHokCN6Q==</latexit>

U(s)
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with the anti-unitary generator
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⌘(s) =
dU(s)

ds
U†(s) = �⌘†(s)
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dH(s)

ds
= [⌘(s), H(s)]

The generator specifies the RG 
transformation and can be chosen 
suitably, such that the desired 
decoupling is achieved. The by far 
most common choice is:

<latexit sha1_base64="v0wtyRsqJCrOgyYZy8ilYurPRsE=">AAACEHicbVBNS8NAEN34WetX1aOXxSJWkJKIohdB9OKxQqtCEsJmO2kXNx/sToQS+hO8+Fe8eFDEq0dv/hs3tQetPhh4vDfDzLwwk0KjbX9aU9Mzs3PzlYXq4tLyymptbf1Kp7ni0OGpTNVNyDRIkUAHBUq4yRSwOJRwHd6el/71HSgt0qSNgwz8mPUSEQnO0EhBbccDZLShd+kJ9SRE6NJ2UCiQwz16UcqeEr0++kGtbjftEehf4oxJnYzRCmofXjfleQwJcsm0dh07Q79gCgWXMKx6uYaM8VvWA9fQhMWg/WL00JBuG6VLo1SZSpCO1J8TBYu1HsSh6YwZ9vWkV4r/eW6O0bFfiCTLERL+vSjKJcWUlunQrlDAUQ4MYVwJcyvlfaYYR5Nh1YTgTL78l1ztN53Dpn15UD89G8dRIZtkizSIQ47IKbkgLdIhnNyTR/JMXqwH68l6td6+W6es8cwG+QXr/QtbFJrr</latexit>

⌘(s) = [Trel, H(s)]

Where the kinetic energy operator 
is diagonal and hence hermitian. 
Show that the resulting generator 
is anti-unitary.

<latexit sha1_base64="86ETrRpeUdISNhbbRRj/yBtwIls=">AAACL3icbVDLSgMxFM3Ud31VXboJFkFByowouhGKgnRZoVWhM5RM5k4bmnmQ3BHKMH/kxl9xI6KIW//C9CH4OhBy7rnnktzjp1JotO1nqzQzOze/sLhUXl5ZXVuvbGxe6yRTHNo8kYm69ZkGKWJoo0AJt6kCFvkSbvzBxah/cwdKiyRu4TAFL2K9WISCMzRSt3LphorxPKCNPb1f5IEu6Bl1JYTY+bpa3VyBLA7GFuoq0eujZyr6rexWqnbNHoP+Jc6UVMkUzW7l0Q0SnkUQI5dM645jp+jlTKHgEoqym2lIGR+wHnQMjVkE2svH+xZ01ygBDRNlTox0rH6fyFmk9TDyjTNi2Ne/eyPxv14nw/DUy0WcZggxnzwUZpJiQkfh0UAo4CiHhjCuhPkr5X1mAkQTcdmE4Pxe+S+5Pqw5xzX76qhaP5/GsUi2yQ7ZIw45IXXSIE3SJpzck0fyQl6tB+vJerPeJ9aSNZ3ZIj9gfXwCi+um5w==</latexit>

dH(s)

ds
= [[Trel, H(s)] , H(s)]

<latexit sha1_base64="9mgoOGQ3tT6RzISv2HW6LfA1qTY=">AAACC3icbVDJSgNBEO1xjXGLevTSJAiKEGZE0YsQ9JJTiJBFSIahp1OjjT0L3TViGObuxV/x4kERr/6AN//GznJwe1DweK+Kqnp+IoVG2/60Zmbn5hcWC0vF5ZXVtfXSxmZHx6ni0OaxjNWlzzRIEUEbBUq4TBSw0JfQ9W/OR373FpQWcdTCYQJuyK4iEQjO0EheqVzf1Xv0lLa8TIHM6T7teFkf4Q6zRiPPqXG9UsWu2mPQv8SZkgqZoumVPvqDmKchRMgl07rn2Am6GVMouIS82E81JIzfsCvoGRqxELSbjX/J6Y5RBjSIlakI6Vj9PpGxUOth6JvOkOG1/u2NxP+8XorBiZuJKEkRIj5ZFKSSYkxHwdCBUMBRDg1hXAlzK+XXTDGOJr6iCcH5/fJf0jmoOkdV++KwUjubxlEg26RMdolDjkmN1EmTtAkn9+SRPJMX68F6sl6tt0nrjDWd2SI/YL1/AQp6mSs=</latexit>

H(s) = Trel + VNN(s)

<latexit sha1_base64="JS2VO4fZjCXCwri6c2zoaMWDM+Y=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURRTdC0Y2rUsE+oA1hMp22QycPZm7EEOKvuHGhiFs/xJ1/47TNQlsPXDiccy/33uNFgiuwrG+jsLK6tr5R3Cxtbe/s7pn7B20VxpKyFg1FKLseUUzwgLWAg2DdSDLie4J1vMnN1O88MKl4GNxDEjHHJ6OADzkloCXXLLfdtA/sEdJGI8twVV1ZJ65ZsWrWDHiZ2DmpoBxN1/zqD0Ia+ywAKohSPduKwEmJBE4Fy0r9WLGI0AkZsZ6mAfGZctLZ8Rk+1soAD0OpKwA8U39PpMRXKvE93ekTGKtFbyr+5/ViGF46KQ+iGFhA54uGscAQ4mkSeMAloyASTQiVXN+K6ZhIQkHnVdIh2IsvL5P2ac0+r1l3Z5X6dR5HER2iI1RFNrpAdXSLmqiFKErQM3pFb8aT8WK8Gx/z1oKRz5TRHxifP65BlCA=</latexit>

VNN(s = 0)

<latexit sha1_base64="PaeSu+Uwl3UWsk4VAJ8Q4GiWBcQ=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgKiRSUVwV3bisYB/QxDKZTtqhM0mYuRFLKG78FTcuFHHrV7jzb5w+Ftp64MLhnHu5954wFVyD635bC4tLyyurhbXi+sbm1ra9s1vXSaYoq9FEJKoZEs0Ej1kNOAjWTBUjMhSsEfavRn7jninNk/gWBikLJOnGPOKUgJHa9r7GvuYSu46H/QvsA3uAPJLDu3LbLrmOOwaeJ96UlNAU1bb95XcSmkkWAxVE65bnphDkRAGngg2LfqZZSmifdFnL0JhIpoN8/MIQHxmlg6NEmYoBj9XfEzmRWg9kaDolgZ6e9Ubif14rg+g8yHmcZsBiOlkUZQJDgkd54A5XjIIYGEKo4uZWTHtEEQomtaIJwZt9eZ7UTxzv1HFvyqXK5TSOAjpAh+gYeegMVdA1qqIaougRPaNX9GY9WS/Wu/UxaV2wpjN76A+szx/46ZXk</latexit>

s ⇠ 0.1 fm4

Visualize the SRG-evolved interaction matrix elements using 
coloured contour plots and verify that the off-diagonal matrix 
elements get successively suppressed with increasing flow 
parameter. Verify that the deuteron binding energy remains 
invariant during the SRG evolution within numerical accuracy.

Modify the routine for the deuteron binding energy such that you 
can control the momentum range of the matrices. Show that you 
can reduce the dimensionality of the eigenvalue problem by cutting 
away high-momentum modes, without changing the binding energy 
for sufficiently large flow parameter values   .<latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

Compare the results and run times of the code for the two 
interactions AV18 und EM500.
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Verify that also the phase shifts remain invariant under SRG 
transformations.5


