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• Brief review of In-Medium SRG
 Closed/Open Shell results
 Challenges to meet

• Magnus Expansion
 Computational Efficiency
 Effective Observables
 Approximations to 3 body induced effects





































Challenges within IM-SRG(2)

• Evolving H is technical and expensive itself

• Consistent but expensive evolution of 
observables ݏ݀݀ ܱ ൌ ሾߟ, ܱሿ

• No handle on induced 3-(higher body) forces



Magnus expansion within the 
IM-SRG

T.D.M., N. Parzuchowski, S.K. Bogner, in preparation
W. Magnus. Comm. Pure and Appl. Math., VII:649–673, 1954.

F. Evangelista. J. Chem. Phys. 141, 054109 (2014)





SRG Unitary Transformation



SRG Unitary Transformation

Kehrein calls attempting to form U “both 
difficult and not helpful.” 
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SRG Unitary Transformation

Denote this as Magnus(2) for the 
remainder of this talk



Magnus(2) PBC Electron Gas

J.J. Shepherd, G.H. Booth, A. Alavi, J. Chem. Phys. 136, 244101 (2012)
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J.J. Shepherd, G.H. Booth, A. Alavi, J. Chem. Phys. 136, 244101 (2012)



Magnus(2) 16O

N3LO E.M. NN ߣ ൌ 2.0, emax=8
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Magnus(2) 16O  C.O.M. Diagnostic

G. Hagen, T. Papenbrock, D. J. Dean, and M. Hjorth-Jensen, Phys. Rev. C 82, 034330

N3LO E.M. NN ߣ ൌ 2.0, emax=8



Magnus(2) Observations

• G.S. decoupling, ற
• CPU time, Magnus(2) IMSRG(2)

• has similar cost as one timestep
 Can be done after calculation
 This is especially useful for Shell Model (R. Stroberg)

• MR-MAGNUS(2) is similarly successful

• Allows for approximation of Magnus(3)
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• G.S. decoupling, ற
• CPU time, Magnus(2) IMSRG(2)

• has similar cost as one timestep
 Can be done after calculation
 This is especially useful for Shell Model (R. Stroberg)

• MR-MAGNUS(2) is similarly successful

• Allows for approximation of Magnus(3)
 What separates Magnus(2) from Magnus(3)?







Puzzling Chemistry results

S.R. White, J. Chem. Phys. 117, 7472 (2002)

This result is 
actually dramatically 
overbound by 
chemistry 
standards!

H2O, equilibrium 
DZP basis

FCI



Puzzling Chemistry results

M.E./M.B. results calculated with Psi4
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Fixing Missing MBPT4

12 Δܧଷସ ൅ Δܧଷହ ൅ Δܧଷଽ ൅ Δܧସ଴ ⊂ Δܧூெௌோீ ଶ , Δܧெ஺ீே௎ௌሺଶሻ



Missing MBPT(4) content

Restoring this term to all commutators 
makes the method Magnus(2/3) agree 
with CCSD!
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Magnus(2/3) solves puzzle

M.E./M.B. results calculated with Psi4
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Magnus(2/3)[T]

Get same expression using MBPT2 with W.  But using commutator, 
these corrections can be carried out for observables as well with 
minimal change in code! Maybe applicable MR-MAGNUS!
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M.E./M.B. results calculated with Psi4
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Magnus(2/3)[T] 4He

N3LO E.M. NN ߣ ൌ 2.0



Magnus(2/3)[T] Observations

• CCSD[T] cost

• More robust than CCSD[T] in chemistry

• PT analysis for shell model?

• Scuseria et al.

 MR-MAGNUS(2/3)[T] computed at N6 

• All results are applicable to generic operators

• Past triple zero body

1∆௣ଵ௣ଶ௣ଷ௛ଵ௛ଶ௛ଷ ൌ െන ݁ି௫∆೛భ೛మ೛య೓భ೓మ೓య݀ݔஶ
଴
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