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Discussion questions

1. Should comparisons with medium-mass data be
used for fitting, or only validation?

2. Should we expect the optimal power counting for
few-body systems to be applicable for A „ 100?
Will it still be optimal?

3. Is there anything to be learned from obervables
related to collective phenomena?

4. Do collective phenomena amplify aspects of the
interaction, or just wash them out?
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Outline

Outline

1. Many-body method, interactions used

2. Liquid-drop observables
• Energies, S2n, radii

3. Beyond liquid drop
• E2 transitions
• Gamow-teller transitions
• Spectra
• Towards direct reactions

4. Questions

Veff
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In-Medium Similarity Renormalization Group

SRG

Hpsq ” UpsqHU :psq

dH

ds
“ rηpsq, Hpsqs

In-Medium SRG

• Normal order w.r.t. reference |Φ0y

• Transform H to decouple many-body
configurations

• Flavors

- Single ref: |Φ0y is a closed shell.
- Multi-ref: |Φ0y is a correlated state
- Valence space: decouple valence &

diagonalize
- Equations of Motion: ph excitations

out of decoupled ground state
- IMSRG+NCSM: use IMSRG to

“soften” an interaction for NCSM

Magnus form

U ” eΩ

Hpsq “ eΩHe´Ω

Opsq “ eΩOe´Ω

Wegner 1994; Glazek and Wilson 1994; Bogner, Furnstahl, and Perry 2007; Tsukiyama, Bogner, and Schwenk 2011; Tsukiyama, Bogner, and Schwenk
2012; Morris 2016; Parzuchowski, Morris, and Bogner 2017; Gebrerufael et al. 2017
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Chiral interactions

Name Ref. NN 3N ΛNN Λ3N ΛSRG
EM 500/400 [1][2] N3LO N2LO 500 MeV 400 MeV 2.0 fm

N2LOSAT [3] N2LO N2LO 450 MeV 450 MeV 8

EM 1.8/2.0 (et al.) [1][4] N3LO N2LO 500 MeV 2.0 fm 1.8 fm (NN)
N3LO LNL [5] N3LO N2LO 500 MeV 400 MeV 2.0 fm

[1] Entem and Machleidt 2003, [2] Navrátil 2007; Gazit, Quaglioni, and Navrátil 2009, [3] Ekström et al. 2015, [4] Hebeler et al. 2011, [5] Leistenschneider
et al. 2018
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Liquid drop properties: energies and radii

Hebeler et al. 2011; Simonis et al. 2017
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Liquid drop properties: energies and radii
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Energies with EM 1.8/2.0

Simonis et al. 2017
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Energies with EM 1.8/2.0

Simonis et al. 2017
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Energies with EM 1.8/2.0

Simonis et al. 2017
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Energies with EM 1.8/2.0
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Radii—corrections to mean field
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Hergert et al. 2018; Garcia Ruiz et al. 2016
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Radii—corrections to mean field
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Beyond the liquid drop model

Beyond liquid drop:
• E2 transitions

• Gamow-Teller transitions

• Spectra

• Towards direct reactions
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E2—impact of operator evolution
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E2 transitions—severe underprediction of strength
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Dependence on choice of interaction

exp th0
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Entem and Machleidt 2003; Navrátil 2007; Gazit, Quaglioni, and Navrátil 2009; Ekström et al. 2015; Simonis et al. 2017
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Gamow-Teller decays

“Quenching”

~K

LO, στ

~K

Heavy meson
exchange

cD

π
~K

Pion exchange
c3, c4

Mart́ınez-Pinedo et al. 1996

Ragnar Stroberg (Reed College) Observables in Medium-Mass Nuclei June 4, 2018 17 / 29



Gamow-Teller decays

Light nuclei with
No Core Shell Model
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Ensemble normal ordering

Capturing valence 3N effects w/ NN machinery:
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Navrátil 2007; Stroberg et al. 2017
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3`-1` level inversion
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3`-1` level inversion

Calci and Roth 2016
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Towards direct reactions

fast-beam
knockout

σth “ σsp
loomoon

single-particle

cross section

ˆ |xΨA}a:}ΨA´1y|2
looooooooomooooooooon

spectroscopic

factor0 2 4 6 8 10 12
r (fm)

(r)

0d5/2

0d5/2

Kay, Schiffer, and Freeman 2013; Tostevin and Gade 2014; Barbieri 2009; Jensen et al. 2011b; Vorabbi, Finelli, and Giusti 2016; Rotureau et al. 2017
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Towards direct reactions

σth “ σsp ˆ |xΨA}a:}ΨA´1y|2

xΨA}a:}ΨA´1y “ xΨA}U :Ua:U :U}ΨA´1y

“ xΨA
SM}a

:

SM}Ψ
A´1
SM y

a:SM “eΩa:e´Ω

“ a: ` rΩ, a:s ` 1
2 rΩ, rΩ, a

:ss ` . . .

a:SM „ ` ` . . .

[very preliminary]
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0 1
SF/(2J + 1)

0p3/2

Jensen et al. 2010; Jensen et al. 2011a; H. Zhang, Reed College senior thesis
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Summary

Thank you!
Veff

Collaborators:

A. Calci, J. Holt, P. Navrátil

NSCL/MSU S. Bogner, H. Hergert

OSU N. Parzuchowski

LLNL S. Quaglioni, K. Wendt

ORNL/UT G. Hagen, G. Jansen,
T. Morris, T. Papenbrock

TU Darmstadt K. Hebeler, A. Schwenk,
J. Simonis

Reed College H. Zhang
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Discussion questions

1. Should comparisons with medium-mass data be
used for fitting, or only validation?

2. Should we expect the optimal power counting for
few-body systems to be applicable for A „ 100?
Will it still be optimal?

3. Is there anything to be learned from obervables
related to collective phenomena?

4. Do collective phenomena amplify aspects of the
interaction, or just wash them out?
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