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Background/ Motivation: What is IMSRG?
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In Medium Similarity Renormalization Group (IMSRG) is a method used to decouple
states or band diagonalize Hamiltonians via continuous unitary transformations.
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What is IMSRG?

*"IMSRG does this by working on second quantized operators.
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*The time complexity here is roughly N*6 if we truncate at 2-body,
where N is the size of the single particle basis.
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Purpose of IMSRG: Vanilla IMSRG

» IMSRG often works as a mediator to soften or
decouple Hamiltonians so that we can extract

observables.

» However, In vanilla IMSRG to get these observables,
we have to either do a separate evolution and save

the generator values.

d ~ ) A
d—O(S) = [11(s), O(s)] ,
§

= Or, coevolve the observable with the Hamiltonian,
leading to a doubling of computational cost.

* The last thing we need is to have to STORE values for
our generator and do a SECOND (or even third or

fourth) evolution.
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Purpose of IMSRG: Magnus IMSRG

* |n order to avoid these problem, we can use
the Magnus Formulation. :
define

U (s) = &%) reference

a2 B, )
— Zgadg ()

ds
k=0
: evolve
= Allows us to obtain any observable we want operators
from just one evolution of one operator by

doing a simple similarity transformation. Less Work
O(c0) = %) 0 (0)e (>

extract
observables
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Purpose of IMSRG: Magnus IMSRG

* |n order to avoid these problem, we can use

the Magnus Formulation. :
. A define
U(s) = e reference
N Faster?
A2 <Bi , ..
= Z k—!ﬂdﬁ (1)
k=0
evolve
= Allows us to obtain any observable we want operators
from just one evolution of one operator by
doing a simple similarity transformation. Less Work
O(00) = () (0)e (>
* This is the method we will emulate in the extract
talk. observables
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Outline

Emulation Techniques
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Dynamic Mode Decomposition (DMD) for emulating Vanilla IMSRG
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DMD for Magnus IMSRG
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Solution: Modeling an Operator as an Eigenvector

ﬂactically, when solving the IMSRG\
equations, the matrices are vectorized

\_

to be used in an ODE solver.
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Solution: Modeling an Operator as an Eigenvector

ﬂactically, when solving the IMSRG\
equations, the matrices are vectorized

to be used in an ODE solver.
O~ Q0 1ol 4 )
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k=0 Original
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m model |Q) as the flow-dependQ

ground-state eigenvector |¢p(s)) of a
“Hamiltonian”

d
—y(s)B rain
dSZU(S) T

P(s)|o(s)) = As)|o(s))
Q(s)) ~ |¢(s))

Where y(s) is a function fit to ||Q(s))|?

P(‘-}) — ATrain +

And we can Use the loss function:
\@ = 3219 I = 1 (el 1)
Emulator
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Outline

Preliminary Results

ﬂ‘ Facility for Rare Isotope Beams
‘ U.S. Department of Energy Office of Science | Michigan State University
640 South Shaw Lane « East Lansing, MI 48824, USA B.R. Clark, February 2026 TRIUMF, Slide 13

FRIB frib.msu.edu



FRIB

Pairing Model (with Pair Breaking)

ﬁpairing = 52@ - 1)(1;0(1.?5 - q Z p+"1 —Qq—Cqg+

po pq
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Pairing Model (with Pair Breaking)
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Pairing Model (with Pair Breaking)
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FRIB

Results using the Pairing Model (with pair breaking)

Correlation Plot Magnus Operator
(start = 0.4 stop = 2.3)
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Reconstructing the Hamiltonian
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IMSRG Flow Matrix Elements

FRIB

Using PMM to Evolve S*2 Operator

Correlation Plot S~2 Operator
(s =0.0) (start = 0.4 stop = 2.3)
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Interpolating the PMMs
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Results with Realistic Interaction (EM 1.8 / 2.0)
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Conclusions/ Future Work

Conclusions
define
reference

= PMMs seem to strike a balance between the
speed and simplicity of DMD with flexibility Faster

and accuracy of other methods.

= Can Accurately Predict the Flow of The evolve
operators

Magnus Operator.

Less Work

= Can interpolate the Magnus operator,
allowing for more information-per-flow. extract

observables
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Neural Network Emulation of Magnus

«-ro0s neural network
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DMD struggles with The Magnus Operator
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How PMMs can help

* The Solution to the Dyson series of a time-dependent Hamiltonian can be
found by simply finding the ground-state eigenvector of the Hamiltonian at
time H(t). This is impractical for large Hamiltonians, but perfectly feasible if
we find a small-space approximation of the Hamiltonian.

H(t) [4o(t)) = Eo(t) [¢o(1))

or
&0 AN T
) = —— dty --- dit,H (t1) H (ta)---H (t,) [t
o) == (—5) [t [T deart ) 021 ) o0
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IMSRG Magnus
Observable Values Cl IMSRG DMD Magnus PMM

First Excited State No

PB 2 2 2 2.000002 2.00000203
First Excited State PB 2 1.999461 1.9997867 1.99928 1.99927903
Ground State No PB 0 0 0 0.000856 0.000854
Ground State PB 0 0 0 0.001356 0.001357
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Background/ Motivation: What is IMSRG?
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In Medium Similarity Renormalization Group (IMSRG) is a method used to decouple
states or band diagonalize Hamiltonians via continuous unitary transformations.

Heiko Hergert, et. al. In-Medium Similarity
Renormalization Group Approach to the Nuclear Many-

Body Problem, pages477-570. Springer International )
Publishing, Cham, 2017. B.R. Clark, February 2026 TRIUMF, Slide 28
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