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Setting the stage...

ADb Initio ingredients:

o5 & Confirmed dripline Mn e
 Hamiltonian with 2B and 3B forces 0 testloom v
20 -
o Systematically improvable many-body E
method E 15
IMSRG: § 10 1 g 0.6
* Polynomially scaling many-body method _ <
 Open-shell systems via MR-IMSRG and 0 e 3 30 i 0
VS-IMSRG Neutron number IV

Stroberg et al., PRL 126 (2021)
e Standard: truncate at IMSRG(2) level
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The problem: 2" energy of calcium-48

5.05_ Ca, 1.8/2.0 (EM) ‘\ ~®: VS-IMSRG(2)
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4.0 F \ EOM-CCSD(T) 4 o _
. ~ 1 * Success: Description of 2" energies
Z O0F oA 1  across isotopic chain
> 3.0 F ! \ ® -
S - ! \ '\\ : . o
=25k ! \ 7,1 ¢ Failure: Overprediction of closed-shell
" 20F i v /=1  structure at calcium-48
1.5 [ M— l' ‘\ [I —_
& _g__ =T \ 4 : : : -
LoE ¢ —_ 7 « Can improvements in the IMSRG bring this
12 44 16 48 50 52 B4 down into better agreement with

Mass number A

experiment and other theories?
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The IMSRG

 IMSRG generates unitary
transformation of Hamiltonian

dH_[ H
ds_n’

 Normal order with respect to | D)

approximately handles induced
many-body forces

Tsukiyama et al., PRL 106 (2011)
Hergert et al., Phys. Rep. 621 (2016)
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initial H transformed H
Hergert et al., Phys. Rep. 621 (2016)
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Tsukiyama et al., PRL 106 (2011)
Th I M S RG Hergert et al., Phys. Rep. 621 (2016)

- @) @) |PF) | DY ®) D7) | DL) | Pabe
 IMSRG generates unitary N ) R,
transformation of Hamiltonian S S
dH & 5
— = [n, H] -~ ~
> 5 &
& &

 Normal order with respect to | D)

approximately handles induced o
many-body forces initial H transformed H

Hergert et al., Phys. Rep. 621 (2016)
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Truncation necessary!

. Standard = IMSRG(2) (2-particle excitations, scales like (0 + u)° = N
e More refined = IMSRG(3) (N7 - N9) Heinz et al., PRC 103 (2021)
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Many-body expansion (ab initio picture)

mBpT(3) APCE) Heinz et al., PRC 103 (2021)
MBPT(2) IMSRG(2) IMSRG(3)

mean field ADC(2) CCSD CCSDT exact

e

computational cost

e Systematic expansion to exact result in some limit
 Probe many-body uncertainty by varying many-body truncation

 IMSRG(3) is a key ingredient here!
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The IMSRG(3) difference

Truncation scheme (computational) Truncation scheme (perturbative)
1 | | | | | | I | | | | | | 3
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02F = =
0.1F - F -
T et —— e
S T :
— —0.1F — m—
= - — T -
3 —02F 160, HF T — =
03 : hQ = 24 MeV T :
e E Emax = 2 EE === extrap. FCI E
—0.4F + EMN 450
_05 - 4 IMSRG(2): —4.618 MeV + e FEMN 500
CE | | | | | | L £ | | | | | | | L =
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Heinz et al., PRC 103 (2021)
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The technical detalls...

e Hamiltonian: EM 1.8/2.0

+ NAT basis: enyhy = 16, Ex21 = 22

e Truncate to smaller e, 45 for IMSRG

e NO2B initial Hamiltonian

o Capture induced 3B interactions
via IMSRG(3): ¢max.3b E3max

 Employ II\/ISRG(S)—N7 truncation
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The technical detalls...

e Hamiltonian: EM 1.8/2.0

+ NAT basis: epyhy = 16, Ex21 =22

Pragmatic approach:

e Truncate to smaller e, 45 for IMSRG
Work with converged IMSRG(2) and try

e NO2B initial Hamiltonian to capture 3B effects at minimal

computational cost

 Capture induced 3B interactions
via IMSRG(3): epax 3b» E3max Goal: Converge 3B w.rt. epax 3b, E3max

 Employ IMSRG(S)—N7 truncation
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IMSRG(2) as a solid NO2B base

280 F 125 emax =14 I [_g Lma (EG), = 28)
. . ok 1.8/2.0 EM 1 |e= Jmox (BE), = 28)
» NAT basis = efficient T b tomey  F lie- Imer(EE), = 18)
computational basis z E T |-e- Jii (B =18)
S
Lﬂo —300 - “
—305 F T
* New treatment of 3N forces _310 £
iINn NO2B approximation allow O ST TS S, £
Iarge/noE cut 12 16 20 24 28 12 11 10 9 8 7
3max 7 max / 7max
Eggx Lcm /‘]tot
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Oxygen-16: The easy case

—125.5 | e
_k €max,3b — 4
€max,3b — D
+ €max,3b — 6

—1260F "\ . IMSRG(2)

— = A-CCSD(T)

o IMSRG(2) converged at ey4x = 10

—126.5
« Nice convergence in E3max

Energy (MeV)

_1270 ................. ) A2 NIRRT T T
| * €max,3b S€ems converged to ~100 keV

—127.5

« Apparent consistency with A-CCSD(T)

J—IE N N I NN D N D NN D NN N NN D N D N N N D D S .

—1928.0 | | | | | | | | | |
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Calcium-48: Not so easy...

—412 | -
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The VS-IMSRG
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The VS-IMSRG
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The VS-IMSRG

1 g core valence outside core valence outside

—_— —_ 180

__ (49 __ (40 %Puz :
, = = § q,
S fs, % : :
= 28 28 9 T
E’ — ~~  decouple 172 -?:’ é
C 20 T z VS-IMSRG %

- — Upn g 3 3

- P % initial H transformed H
decouple ] ] g Figure: T. Miyagi
S :  Decouple core, valence, and outside spaces
= P3p £
= Z 2 o
o | : .y
5 — 00— —— i  Obtain nucleus-dependent ab initio

IMSRG VS-IMSRG

shell model Hamiltonian

e (Can use existing shell model machinery
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2" energies of calcium-48
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VS-IMSRG(3) convergence: calcium-48

5.50 ——— N —
B _k‘ €max,3b — 1
5.25 _— €max,3b — 5
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27 energy (MeV)

3.75 I~

Exp.

3.50 b——

Matthias Heinz (TU Darmstadt)

« Corrections improve description of 27 energy

« But slow convergence in €max.3b
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VS-IMSRG(3) convergence: calcium-48

5.50 B I | | | ! I | |
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Matthias Heinz (TU Darmstadt)

« Corrections improve description of 27 energy

« But slow convergence in €max.3b

emax.3b> £3max S€em to be inefficient.

Investigate improved bases
for 3-body operators
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Conclusions and outlook

« Approaching realistic IMSRG(3) calculations B /S R
of medium-mass nuclei 525 & =
500 F c+++ VSIMSRG(2) -
* Small corrections for ground-state energies; . T Egﬁ:ggggmj
Larger corrections for 2™ energies = Exp :
IS
 Further optimization needed - :
(basis, numerical implementation) : :
3508_ | 1|0 | 1|2 | 1|4 | 1|6
e Impact of IMSRG(3) in neutron-rich isotopes? Famax
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