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In-medium similarity renormalization group

Hebeler 2020; figure credit Heiko Hergert
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IMSRG formalism

Hpsq “ UpsqHU :psq

dU

ds
“ ηpsqUpsq

dH

ds
“ rηpsq, Hpsqs

Hpsq “ Hdpsq `Hodpsq

Hodpsq Ñ 0 as sÑ8
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dE0

ds
“ rηpsq, Hpsqs0b

df

ds
“ rηpsq, Hpsqs1b

dΓ

ds
“ rηpsq, Hpsqs2b

dW

ds
“ rηpsq, Hpsqs3b

Flow equations:

IMSRG(2)
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IMSRG for the effective interaction

P Q
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As sÑ 8, P space is decoupled from Q space.

Output is a shell model effective interaction
Ñ diagonalize with NuShellX, Antoine, Kshell etc.

Stroberg et al. 2019

Ragnar Stroberg (University of Washington) IMSRG(3) June 20, 2019 4 / 20



Magnus formulation of IMSRG

Upsq “ eΩpsq , Magnus operator Ω

Hpsq “ eΩpsqHe´Ωpsq

“ H ` rΩ, Hs “
1

2
rΩ, rΩ, Hss ` . . .

“

8
ÿ

k“0

1

k!
rΩ, Hsk

Flow eq. for Ω:
dΩ

ds
“

8
ÿ

k“0

Bk

k!
rΩ, ηsk

T.D. Morris PhD Thesis
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IMSRG
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IMSRG(2) failings: overbinding

Sun et al. 2018
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IMSRG(2) failings: excitation energies

Simonis et al. 2017
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IMSRG(2) failings: E2 transitions
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Parzuchowski et al. 2017
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IMSRG(2) failings: multi-shell decoupling
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IMSRG(2) failings: reference dependence
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IMSRG(3) corrections to IMSRG(2) flow

d
dsE0 “

d
dsf “

d
dsΓ “

d
dsW “

r3, 3sÑ0

„ n6

r2, 3sÑ1

„ n6

r3, 3sÑ1

„ n7

`

r1, 3sÑ2

„ n6

r2, 3sÑ2

„ n7

`

r3, 3sÑ2

„ n8

`

r2, 2sÑ3

„ n7

r1, 3sÑ3

„ n7

`

r2, 3sÑ3

„ n8

`

r3, 3sÑ3

„ n9

`

Error, keeping only n7 terms:

• E0 „ 5th order

• f „ 4th order

• Γ „ 4th order

• W „ 3rd order
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Goose Tanks

rΩ, rΩ, Hs3bs2b
T.D. Morris PhD Thesis
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Goose Tanks, and IMSRG(2*) approximation

Missing Included

Remedy: rΩ, rΩ, Hss Ñ rΩ, rΩ, Hss ` rΩ, χs where χ “

[IMSRG(2*) approx]
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12C ground state
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12C ground state
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6He excited states
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2` energies: sulfur isotopes
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Multi-shell valence spaces and the intruder problem
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Thank you!

Summary

• 3-body contributions can help stabilize IMSRG flow (e.g. 12C), and
improve excitation energies

• Multi-shell decoupling leads to rapid growth of 3-body terms and loss of
cluster hierarchy. Keeping 3 body terms is no help.

• Main effects appear to come from n7 scaling terms

• To do:
• Optimize, factorize nested commutator terms to n6

• How best to use IMSRG(3) to assess uncertainty?

Thanks to Titus Morris, Takayuki Miyagi, Julien Ripoche, Alex Tichai, and
Roland Wirth for helpful discussions.

Ragnar Stroberg (University of Washington) IMSRG(3) June 20, 2019 20 / 20



Appendix

Additional figures
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