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What theory needs
Efficient many-body methods

Accurate interactions



WHY LOW-RESOLUTION INTERACTIONS?

Sufficient to describe bulk properties of nuclei

» Better convergence properties through softened interaction
» Proved successful for binding energies with the 1.8/2.0 (EM)
[Hebeler et al., PRC 83 (2011)]

The 1.8/2.0 approach
* NN force SRG-evolved to 1.8 fm-
« 3N force with ¢, ¢, refitted with a cutoff of 2.0 fm-1

Revisit this approach

» Goal: Obtain good description of binding energy and radii
« Target: From light to heavy systems
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[Simonis et al., PRC 96 (2017)]
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INTERACTIONS ANCHORED IN MANY-BODY DATA

Hither et al. family Non-implausible, ANNLOgo

I6O 240 36Ca4()Ca4XCa 52Ca48Ni 56Ni 68Ni 78Ni
T T T T T T T T

_6' : :
o -4 == b :
= -5F i i z | - b
S —6f o S N -
~ =T E4se _"_: o | 3 < | - s
—QF . : : E [ T 5
= 8 —Expt R "ol : L
= 9t . : Ly [
P ] -10f—
- [ : : | ! ] 4 ]
D Rty R B B % B 2 idas ; 0.1 0.2 0.3
a4 ~04H ¢ NNLO,, | | & | ‘(o] : Rskin(2°8Pb) [fm]
—0.6'4 | :SI_.I : 11'(: ! 16.0 :40.C ] °<25_j_ = :
‘He e *Ca Sp 1
i A=450MeV ] [Hu et al., Nat. Phys. 18 (2022)]
2

: I6IO 24'0 36|Ca 4"1Ca 48‘Ca SZICa 481Ni 561Ni 68[Ni 78|Ni
[Ekstrom et al., PRC 91 (2015)]
[Hlather et al., PLB 808 (2020)]

01.03.2024 TRIUMF Workshop 2024 | TU Darmstadt | Pierre Arthuis 4



TECHNISCHE

UNIVERSITAT
ANCHORING THE INTERACTIONS ON 160 PARMSTADT
- = —===S2 - ] 2.8 27
1200wz TT=a — - moa="
125} 2.7}
— —130} [ 2
> [ = 26¢ 14 |
2 _y35 = +
) - I G //
& - 1 = I ¢ ]
N i —m— EM 500 ] 25F 22 —m EM 500 ]
—140 | --@- NNLOsim 450 I -@®- NNLOsim 450 ]
! -@ - NNLOsim 500 | 4@ - NNLOsim 500 1
—145| —®— NNLOsim 550 1 94l —®— NNLOsim 550 ]
: EMN 450 i EMN 450
1ol — - EMN 500 — - EMN 500
i EMN 550 i EMN 550
i I T T T S [N TN TN S SN [N SN TR SO SN [N ST TN ST TN [N SN TN SO SN [N SN TN ST TN (NN SR T TN T NN SR ST S S M 2.3—l||||l||||l||||l||||l||||l||||l||||l||||l
-100 -75 -50 -25 00 25 50 75 100 ~-10.0 -75 -50 -25 0.0 2.5 5.0 7.5  10.0
CD €D
Binding energy Charge radius
e NNLOsims and EM 500 stay close to exp. value e Quasi-linear evolution with ¢,
 EMNs only close for very negative ¢y, e ¢y = 1.5 yields very good radius for NNLOsims and EM
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Similar reproduction
 Excellent reproduction of binding energy for ¢, = 7.5
e Almost unchanged picture for the charge radius
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e Reasonable reproduction of experimental values » Quasi-exact reproduction over complete mass range
 Slight improvement for heavy systems w.r.t. 1.8/2.0 (EM) e Excellent combined reproduction of charge and mass
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NEUTRON SKIN AND HEAVY SYSTEMS
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[Aumann et al., PRL 119 (2017)]

Neutron removal off Sn isotopes @ R3B/GSI
e Access L through the cross-section, need for theory input
e | correlated to neutron skin too: Great test case
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AB INITIO DENSITIE
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Excellent reproduction of 120Sn densities
e Consistent picture over the different interactions

e Very moderate uncertainties
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ON NEUTRON SKINS

Evolution w.r.t. isospin : _ . ___ :
Linear relation confirmed on ab initio basis
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LOW-RANK DECOMPOSITION OF
THREE-BODY FORCES
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FACTORISATION TECHNIQUES FOR ME STORAGE ARMBTA
Motivation 99% accuracy with 5% of the data
* Matrix element storage: NN costly, 3N bottleneck - Systematic convergence w.r.t. rank
» Can we reduce it with a tiny error? * Quality independent of mass number
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FACTORISATION TECHNIQUES FOR ME STORAGE DARMSTADT
Needs
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A GLIMPSE AT THE FUTURE

CONCLUSION AND OUTLOOK

Accurate interactions over the nuclear chart

*Novel interactions with good convergence properties

*Very good reproduction of binding energy, radii, neutron skins
*Now to extend to open-shell nuclei and infinite matter

Neutron skin dependence on isospin
* Enhanced dependance on system at the most neutron-rich

* Highlight differences in the interactions
e Neutron-rich nuclei to be more accessible with new RIB facilities
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