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n
’ p m systems with strangeness 1250
= composed of nucleons and hyperons 1200 ——— 3o
E+
m lifetime ~ 260 ps 11501
o — A
= use generalized NCSM =1
2
= 1050
2
challenges for ab initio calculations 1000
® strangeness as additional degree of freedom 050 N
50
m account for different rest masses of baryons p
= require realistic baryonic interactions 200
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The hypernuclear Hamiltonian from chiral EFT

H=T+ Vnxn + VNnN
® Vyn: non-local nucleon-nucleon potential at N>LO EMN, Phys. Rev. C 96 024004 (2017)

® Vynn: non-local three-nucleon force at N3LO Hiither et al., Phys. Lett. B 808 135651 (2020)
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H =T+ Vyxn + Vnn + Vin + Vynn

® Vyn: non-local nucleon-nucleon potential at N>LO EMN, Phys. Rev. C 96 024004 (2017)
® Vynn: non-local three-nucleon force at N3LO Hiither et al., Phys. Lett. B 808 135651 (2020)
® Vyn: non-local hyperon-nucleon interaction at LO Polinder et al., Nucl. Phys. A 779 244-266 (2006)

= Vynn: DO initial interaction included but SRG induced forces are considered
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The hypernuclear Hamiltonian from chiral EFT UNIVERSITAT

H=T+ Vxny + Vany + Van + Vann + AM

® Vyn: non-local nucleon-nucleon potential at N>LO EMN, Phys. Rev. C 96 024004 (2017)
® Vynn: non-local three-nucleon force at N3LO Hiither et al., Phys. Lett. B 808 135651 (2020)
® Vyn: non-local hyperon-nucleon interaction at LO Polinder et al., Nucl. Phys. A 779 244-266 (2006)

= Vynn: DO initial interaction included but SRG induced forces are considered

= AM: account for different rest masses
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Gazda et al., Few-Body Syst. 55 857 (2014)

Hypernuclear no-core shell model Wirth et al, Phys. Rev. C 97 064315 (2018)
Wirth, Roth, Phys. Rev. C 100 044313 (2019)
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® expand Hamiltonian on finite Slater determinant basis and diagonalize

= include strangeness S in single-particle basis

|n(ls)]mj, S tmt> modified from Wirth, Roth, Phys. Rev. Lett. 117 182501 (2016)
-39 A7Li —— 12"
YN(600) —4— 32"
® access larger model spaces through >
importance measure (IT-'NCSM) _— #;:::Q
=1
Q41 1

= inclusion of SRG induced YNN forces o induced YNN

is key for accurate description

-43
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Outline

YN interaction constrained on light hypernuclei

uncertainty quantification with artificial neural networks

towards ab initio calculations of medium-mass hypernuclei
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The hyperon-nucleon interaction

= 35 YN scattering data for S-waves + B, ({H)

N@LO 5 LECs m practically no data for P-waves
= higher orders cannot be constrained on YN data only

Polinder et al., Nucl. Phys. A 779 244-266 (2006)

YN @ NLO 23 (10) LECs

Haidenbauer et al., Eur. Phys. J. A 56 (3) 91 (2020)

YN @ N°LO 23 (10) LECs

Haidenbauer et al., Eur. Phys. J. A 59 (3) 63 (2023)
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The hyperon-nucleon interaction
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= 35 YN scattering data for S-waves + B, ({H)

YN@LO 5 LECs = practically no data for P-waves
Polinder et al., Nucl. Phys. A 779 244-266 (2006) = higher orders cannot be constrained on YN data only
164 —  previous work I [16
144 o Exp. rl4
124 r12
101 i L, ™ hyperon in p-shell hypernuclei is overbound
G Ty ' r6 = use precise experimental ground-state and
41 T F4 spectroscopic data as additional constraints
21 r2
04 — &8 [o
sH fHe L 4Be ki

Feb. 29, 2024 | TU Darmstadt | Marco Knéll



LEC sensitivity analysis

m 5 LECs associated with particle species
and partial waves:

CISO C3Sl CISO C3Sl C351
® vary single LECs by “natural” amounts
® most sensitive to Csg A followed by C

® ]imit optimization to these two LECs
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MK, Roth, Phys. Lett. B 846 138258 (2023)
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Optimization of LECs

MK, Roth, Phys. Lett. B 846 138258 (2023)

2 By [MeV AE* [MeV
0.004 X 1000 a [MeV] [MeV]
—  YNou I - r0.7
500 — YNy
| 8 new
0-003 x x x ¢ Exp. - r0.6
300 ' -
0.0021 - l
200 61 i - L0.5
0.001 _ =
55 . 180 — F0.4
S "
0.0001 160 — Lo.3
i .
140
~0.0011 21 L0.2
120
~0.0021 L0.1
° x x 00 ] = i I .
~0.003 , , , , 75 . . : : : : :
0030  -0025 0020 0015 'H  %He ILi 9Be o i 4B
£ £ £ (%*‘ — g+)(g+ N %‘*)(%‘* — %‘*)

AA
CISU

Feb. 29, 2024 | TU Darmstadt | Marco Knéll 8



rHe and ,Li isotopic chains

iHe  jHe  §He  jHe  §He  {He  [He
109 _ (NN+3N)oua + YNoa =2 1
—  (NN+3N)jew + YNoiq -
g4 —  (NN+3N)uew + YNiew I -8
* Exp. = { L
2 o ! £ 0
= -
s - -+ F
4 —% r4
: K
5= _¢ )

MK, Roth, Phys. Lett. B 846 138258 (2023)
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error bands indicate many-body
uncertainties

improved description of light
isotopes

dependence on nucleonic
interaction

difficult experimental situation
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rHe and ,Li isotopic chains
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m error bands indicate many-body
uncertainties

= improved description of light
isotopes

m dependence on nucleonic
interaction

m difficult experimental situation
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Outline

YN interaction constrained on light hypernuclei

~
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uncertainty quantification with artificial neural networks

towards ab initio calculations of medium-mass hypernuclei
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~7.0
hQMeV)
-T2y 3H —— 240
—T7A4F —— 280
—— 320
= —76r ¢ limit
ﬁ —78F Prediction
—8.2F
-84
—8.61
4 8 12 16 20 24 28 32 36 40
NInéLX
MK et. al., Phys. Lett. B 839 137781 (2023) Wolfgruber, MK, Roth, Phys. Rev. C (submitted), arXiv:2310.05256 (2023)
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Training an ANN
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® train on converged Jacobi NCSM
data for ?H, 3H, “He

® training includes 36 different

realistic NN+ 3N interactions

22
from chiral EFT

By [MeV

Nmax
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Training an ANN

i . 735 samples
® train on converged Jacobi NCSM

e e

data for 2H, 3H, ‘He e - 2

_ 722 —— 20 ":722 —— 32
® training includes 36 different = =
. . . . El E
realistic NN+ 3N interactions » .

from chiral EFT . e
: 2 1 6 8 8 10 12 14
Ninax Nina

m construct all possible samples P R
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—— 28 —+ 32
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Training an ANN

® train on converged Jacobi NCSM
data for ?H, 3H, “He e

08 ——u

—— 2

0.6

® training includes 36 different
realistic NN+ 3N interactions
from chiral EFT

04

02
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® construct all possible samples

KO MeV]
— 2
—— 2 08
—— 2

eV
— 2
—— 2
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= normalize data to [0, 1]

= train until deviation from
training data is minimal
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Statistical evaluation

® obtain multitude of predictions from

o the construction of all possible
evaluation samples

o the evaluation with multiple ANNs

= fit Gaussian to extract mean
prediction and uncertainty

1He
1000 ANN

210,000 predictionq

—-29.0 —288

—28.6 —284 ‘ —28.2 —28.0
E [MeV]
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® universality through ANN "
interpolation capabilities i S TR T "
—29.0 ?\Ho —— 14 |
® convergence pattern o —— 16
. —29.5
dominated by -~ B
nucleonic interaction 2 —30.0r
) o &30
® direct application to
hypernuclei SR NN,
315 f >> JEssas| jsmsccanecec-
= sufficiently large
model-spaces required 4 8 12

Ninax
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Predicting hyperon-separation energies UNIVERSITAT
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27327 >> _— =
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-34p ® convergence behavior of By
-36¢ , L is not constrained
38k ALi e
5.8F h [MeV] 2 2 2 = neural network approach can be applied
—e— 14 .
56F o 6 4 to difference-based observables
=54 —— 20
v . .
252 >> = sufficiently large model spaces
9 5.0f >>' required for accurate prediction
4.8F
4.6¢ modified from MK, Roth, Phys. Lett. B 846 138258 (2023)
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Outline

YN interaction constrained on light hypernuclei

E |

uncertainty quantification with artificial neural networks

3 rd

towards ab initio calculations of medium-mass hypernuclei
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Hyperonic natural orbitals

. HO NAT
® increased reach through -24 —24

improved convergence NN-only _1"2”2 L 26
. . . 7*7 4
m optimized basis from 28 - 6 28

second-order corrected —+- 8

AHe
=
<
. . Z, =301 F—30
density matrix ;
L‘J _32<
M 3

® accelerated convergence
rate in NCSM calculations

= frequency independence 14 16 2 24 28 3214 16 20 24 28 32
hQ [MeV] 1 [MeV]
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In-medium no-core shell model

® preprocessing to speed up convergence

= use Magnus formalism

m evolve operators consistently via BCH series
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employ IM-SRG evolved Hamiltonian in subsequent NCSM calculation
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Strange attachments to the IM-NCSM

nucleonic parent

hypernucleus = nucleonic parent + hyperon

Hyd. ——> | Nat. orbs. |—>| NO2B IM-SRG
Qnucl.
— Nat. orbs. — NO2B BCH

thp.7 ohyp.

NCSM
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L —1851
® limitation to small model spaces
~1901
m convergence for HO and NAT =
out of reach < 105
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Preliminary results for {0 UNIVERSITAT
—1801 —— HO
[ ] NN-on]y —— NAT
1851 —4— IM-NCSM
® ]imitation to small model spaces
—190
m convergence for HO and NAT =
out of reach < .
4
m
—200 1
—205 1 T
—210
4 6

N, max

20

Feb. 29, 2024 | TU Darmstadt | Marco Kn6ll



TECHNISCHE

Preliminary results for {0 UNIVERSITAT
—1801 —— HO
[ ] NN-on]y —— NAT
1851 —4— IM-NCSM
® ]imitation to small model spaces
—190 -
m convergence for HO and NAT =
out of reach < .
5
m
—200 -
—205 -
—210 1
4 6

20

Feb. 29, 2024 | TU Darmstadt | Marco Kn6ll



Preliminary results for {0

= NN-only
® limitation to small model spaces

m convergence for HO and NAT
out of reach

m drastically faster convergence
rate with increasing s

® enables ab initio calculations of
medium-mass hypernuclei

MeV]

E,
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—195 1

—200 1

—2051

—2101

—4— HO
—— NAT
—4— IM-NCSM

N, max
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Summary & outlook
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= main bottleneck: lack of high-quality scattering data
= poorly constrained YN interaction

= ground-state and spectroscopic data for p-shell hypernuclei yields additional constraints
= significantly improved description @ LO

= ANNs allow for reliable extrapolation and many-body uncertainty estimates
= crucial for precision calculations

m established convergence accelerators transfer to baryonic sector

= first steps towards ab intio description of medium-mass hypernuclei
in the IM-NCSM framework
= much more work to be done ...
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