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Exploring chiral interactions with good saturation properties
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Nuclear landscape based on a chiral NN+3N interaction including
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Improved nuclear matter calculations and

first N3LO calculations of medium-mass nuclei
with C. Drischler, K. Hebeler, J. Hoppe, J. Simonis

Recent chiral EFT applications:

Equation of state at finite temperature

with A. Carbone, H. Yasin, S. Schéafer, A. Arcones

First limits on WIMP-pion interactions

with M. Hoferichter, J. Menéndez, P. Klos and XENON collaboration



Ab 1nitio calculations of neutron-rich oxygen 1sotopes

based on same NN+3N interactions with different many-body methods
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Many-body calculations of medium-mass nuclei have smaller
uncertainty compared to uncertainties in nuclear forces



Tsukiyama, Bogner, AS, Hergert, Holt, Stroberg, Simonis,.

-100
-150

RN
G D
S 3

-300

Energy (MeV)

-350
-400
-450 &

50
45
40
35
30
25
20
15
10

S, (MeV)

Great progress from medium to heavy nucle1
VS-IMSRG with ensemble normal orderlng from NN+3N 1.8/2.0 (EM)

rrT I T I LI | I 1T I LI I LI I LI I LI

N=40

O —

(0]

-0 IM-SRG :
AME 2012

TTT II I TTT II TTT I TTT II TTTT II TTT I TTT

28 32 36 40 44 48 52 56 60
Mass Number A

o
o)

\

o
Q

ag:

LLI

Q

‘B

. O0%%eca,
: oy

(o]

"Coaoag

IllllllIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0

28 32 36 40 44 48 52 56 60
Mass Number A

S (MeV)

n

A ® MeV)

_______ —
18| = = | |
=ll ] A
3() [ I L I LI I T ! I LI I LI I 1 14 =Il|
5 : -
25 :_ ,Q\ o : N 10 ..Ell
20 f_O o} (o] \ 6 ==I. e N=ze
: bo\bc : it
15 | 95
10 F = )
: bqene%q\ ;
S5E %0 E
0 - oQ ]
- o]
_ 1 I L1l | L1 I L1 l | L1l I L1l I L1l I L1l I L1l I—
28 32 36 40 44 48 52 56 60
Mass Number A
3 -I I LI | LI I LI I | LI I LI | LU I LI LILELI I—
B Q Q i
| 1”1 R o |
2 n lsl —
FRent 8 f :
| / " . .
[ oiin i ]
| I R o - i
L uul'.lv‘lg,'z“-_'_,"l o © :o_
L o \,':0°OQ_QQ' Lo i
- ‘l' ‘é 6: ! ||° l’l !‘\ ,’ .
- $ 9= 6 X o ,' i
= * " -
0 1 I L1l l L1l I L1 'l L1l I L1l I I?l&l Ll l é

28 32 36 40 44 48 52 56 60
Mass Number A




VS-IMSRG with ensemble normal orderlng from NN-+3N 1. 8/2 0 (EM)

Great progress from medium to heavy nucle1

Tsukiyama, Bogner, AS, Hergert, Holt, Stroberg, Simonis,. o
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Important for medium-mass nuclei:
Consider nuclear forces with good (nuclear matter) saturation properties
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Nuclear forces and nuclear matter

Monte-Carlo calculation of all energy diagrams

up to 4th order in MBPT
Drischler, Hebeler, AS, PRL (2019), automated 5th and 6th order calculation, Drischler et al.
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Importance of saturation for nuclear forces simonis, Stroberg et al. (2017)

IM-SRG calculations of closed shell nucle1 follow nuclear matter
saturation trends
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Importance of saturation for nuclear forces simonis, Stroberg et al. (2017)

IM-SRG calculations of closed shell nucle1 follow nuclear matter

saturation trends
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Simple uncertainty estimates W] M ClZ=) s,
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Nuclear landscape based on a chiral NN+3N interaction
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Nuclear forces and nuclear matter
Monte-Carlo calculation of all energy diagrams

up to 4th order in MBPT
Drischler, Hebeler, AS, PRL (2019)

including NN, 3N, 4N
3N fit to 3H and saturation
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systematic improvement
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first full N3LO Hamiltonians
for use in nuclear structure
and EOS calculations
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First N3LO results for medium-mass nuclei Hoppe, Simonis et al.
NLO, N2LO, N’LO (EMN 450) with EFT uncertainty bands
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First N3LO results for medium-mass nuclei Hoppe, Simonis et al.
NLO, N2LO, N’LO (EMN 450) with EFT uncertainty bands
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Exploring sensitivities to 3N force couplings Hoppe. Simonis et al.

vary all LECs by =+ 1 for 40°2Ca [ NLO EMN 450 MeV ]
largest sensitivity to cg T ]
(but cg variation breaks *H fit)
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Exploring sensitivities to 3N force COuplingS Hoppe, Simonis et al.

vary all LECs by %=1 for 4->2Ca e e T
e e a || —@— central value cg + 0.4 ]
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ab 1nitio calcs of EOS at finite T Carbone, Rios, Polls,... Holt, Wellenhofer, Weise,...
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Equation of state at finite temperature

ab 1nitio calcs of EOS at finite T Carbone, Rios, Polls,... Holt, Wellenhofer, Weise,...
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Impact on core-collapse supernova simulations

Yasin, Schéifer, Arcones, AS, 1812.02002
constructed EOS that systematically

vary nuclear matter properties 70

between LS and Shen et al. EOS 60
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80
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LS220| 1.0 220 29.6 73.7 | 0.155 16.0
Shen | 0.634 281 36.9* 110.8 | 0.145 16.3
Theo. | 0.9(2) 215(40) 32(4) 51(19)]0.164(7) 15.86(57)
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Impact on core-collapse supernova simulations
Yasin, Schéifer, Arcones, AS, 1812.02002
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First limits for WIMP-pion interactions

1n collaboration with XENONIT Aprile et al., PRL last week
based on chiral EFT for WIMP-nucleon/pion interactions
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