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SRG Fundamentals

We need a method to simplify the EFT
potentials

= ldeally, low energy physics will be insensitive
to the short distance details of a Hamiltonian

= SRG provides a means to systematically
evolve computationally difficult Hamiltonians
toward diagonalized form

= Based on unitary transformations!

= Get a lower acceptable cutoff to simplify short
distance physics
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General formulation

s Transform an initial hamiltonian: H0 =7 ]—I— V
rel

S H=U(s)HU'(s)=T,,+ V,

s where s is the flow parameter. Then, differentiating wrt

e tos [fm~™4]:

- dH _ dU(s) .+, v _
=[N iy MO = g V) )



= Choosingn(s) specifies the transformation . . . for
example, using the relative kinetic energy

[ rel Hs]

gives the flow equation,

dH [

T H]H]
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= For an NN potential, project onto partial-wave

momentum basis |k > using 5 [
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= The evolution of s of any operator O Is given by the
same unitary transformation, O .= U(s) O % (s)

which means that O evolves according to

qu
dS - [n(S)a O(S)] o [[T;e[’ I/S]’ OS] =
dO (k, k') -
; = 2| ¢ dg [ (£ =)V (k )0 (g, k)
ds T ’ ’

0
+-@2—qﬂo(hQWW%kW]

hY A



Potential Evolution

— [[Trel’ HS]’ Hs] - [[Trel’ I/b]’ Hs]
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. 1L
Operator Evolution L]

do_
o = In(s), O(s) [ = [[ T V] O]
dO (k, k') N

SdS 2J qdq[(kz—q)V(k q)O (g, k')
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Observations - Recap

= Potentials are indeed evolving towards
diagonalized form

--> The coupling of high and low momentum
matrix elements is being eliminated

= Operator flow remains smooth as they
are evolved

= Deuteron integrand flow of probability
IS toward low momentum In new space



Confirmations

= Numerical verification of Unitarity

= Compared computation of Deuteron
Eigenvalues using unevolved potential, and
SRG evolved potential -- matches ~ 10-°

= Also compared expectation value of Deuteron
for various momentum values

= Verified that evolved U is same as U
calculated directly from eigenvectors of H




SRG vs. Non-SRG Computations
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SRG vs. Non-SRG Computations
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Future Explorations /  [giile
Applications SIAIE

UNIVERSITY

o Study evolution of additional operators
Unitary — look for factorization

o Look for better transformations —
something other than T

o Analyze 3-body Iinteractions



The End

See us on the web at: www.physics.ohio-state.edu/~ntag/srg/

Or just Gooqgle:

Similarity Renormalization Group, SRG evolve, etc.
(We'll be at the top)
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SRG Evolution Equations



SRG Evolution Movies



