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IMSRG (Magnus formulation)

H(s) = e2OH(0)e~2®) o= By g
ds p k!

= H+[Q H]+5- [Q[QH]| + ...

| IMSRG(2): Truncate all operators at 2 level

\

|2, [Q,H]| = Q0. [0, Hoplop o
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Can IMSRG(3) fix this?
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Naive Dimensionless Analysis
Normal ordering:

3N
V - _Zpapbpc abcabeT 71 Zpapb ablab{a al} + Zpa Ualma{a a a al} + l]klmn{a a. a]janamal}

abc a

(VN) ~ A%+ APngp + Anjp +nj)p

nQP &

,f Increasing particle rank suppressed by powers of

lwhen evaluated in wave function. |

see e.g. Friman & Schwenk, “Three-body interactions in Fermi systems” 2011
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Conjecture:
“Genuine” induced 3N forces are relatively
unimportant. The main effect of 3N operators is

as an intermediate which subsequently
modifies 0b,1b,2b forces.
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Intermediate 3N operators
are clearly important!



e®He™® = H + [Q, H]+5- [Q.[Q. H]| +

/

| Qo [0, il 1b.2b
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e®He™® = H + [Q, H]+5- [Q.[Q. H]| +

/

| Qo [0, il 1b.2b

[QZb’ HZb] 3b
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e®He™® = H + [Q, H]+5- [Q.[Q. H]| +

/

| Qo [0, il 1b.2b
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e®He™® = H + [Q, H]+5- [Q.[Q. H]| +

/

| Qo [0, il 1b.2b

—)
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[QZb’ HZb] 3b
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eHe™

= H+[Q, H]+5- [Q.[Q H]| +

[sza (€251, H.

/

—)

[QZb’ [QZb’ H2b] 3b] )

~n'+n’
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Leading genuine 3N force in 2nd order PT*

—)

N7N34
n nhp

Arises from [ng, [0, sz]3b] 0b

*This can get formally messy for VS-IMSRG, but cavalierly using an ensemble reference | @)
captures the main effect pretty well.
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Introducing IMSRG(3f

IMSRG(3f) = IMSRG(2)
+ [Q, [€2, H]3b] 11 o, W/ 1b intermediates during IMSRG flow

+[Q, [Q2, H] ] w/ 2b intermediates at s = o0
351 1b,2b

pert
3b °’

For LGM model, IMSRG(3f) reproduces IMSRG(3n7) exactly

Perturbative triples =[5, H3 ], at s = o0

Implementation of these corrections was aided immensely by the amc code
A. Tichai, R. Wirth, J. Ripoche, T. Duguet arXiv:2002.05011
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VS-IMSRG p-shell (NN only)
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VS-IMSRG p-shell (NN only)
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Tichai, Demol, Duguet arXiv:2307.15619
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A peek under the hood

"YUPIT;S;STILLTHERE"
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Not all diagrams contribute equally

\

Also important for
realistic potentials
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Dominant

Not all diagrams contribute equally

Also important for
realistic potentials
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H
propagator vertex
renormalization renormalization
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Why does that topology dominate?

d
g UK ~ Z Qciaanbcdejkl
abcd
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Why does that topology dominate?

d
ikl Z Qciaanbcdejkl

ds abcd | T

fori =d, thisis — | Q,, |
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Why does that topology dominate?

d
ikl Z Qciaanbcdejkl

ds abcd | T

fori =d,thisis —|Q, |

d 2
g ikl T Hjjpy X Z | €254
abcd
all terms contribute with same sign!
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Histogram of individual terms in the sum
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Can we do even better? Probably.
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Can we do even better? Probably.

1
Next missing 1b,2b terms: 31 [Q [Q €2, H]3b] 3b,4b] 1b.2b

Oh

IMSRG(4) diagram
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Can we do even better? Probably.

1
Next missing 1b,2b terms: 31 [Q [Q €2, H]3b] 3b,4b] 1b.2b

A

IMSRG(4) diagram
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Can we do even better? Probably.

1
Next missing 1b,2b terms: 31 [Q [Q [€2, H]3b] 3b,4b] 1b.2b

IMSRG(4) diagram
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Can we do even better? Probably.

1
Next missing 1b,2b terms: 30 [Q [Q [$2, H ]3b] 3b,4b] 1b.2b

n+n +nd —— >+ n’+nt

IMSRG(4) diagram
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Can we do even better? Probably.

1
Next missing 1b,2b terms: 31 [Q [Q [€2, H]3b] 3b,4b] 1b.2b

n+n +nd —— >+ n’+nt

oy

AH;; ~ Z QQOQH —— Monte Carlo?
abcdef

IMSRG(4) diagram
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Thank you!

This work also benefitted from
conversations with many people, =
especially Matthias Heinz and

Takayuki Miyagi. & .
Bingcheng He  Titus Morris
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Additional slides
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O~C
With random matrices, this is
a H small, but for realistic H, the
¢ H ;. tend to be negative.

l]l] 2 Qzabjgb]za cicj T Z cjcj X Z |Qlabj

abc
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