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Discussion questions

. Should comparisons with medium-mass data be

used for fitting, or only validation?

. Should we expect the optimal power counting for

few-body systems to be applicable for A ~ 1007
Will it still be optimal?

. Is there anything to be learned from obervables

related to collective phenomena?

Do collective phenomena amplify aspects of the
interaction, or just wash them out?
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1. Many-body method, interactions used
2. Liquid-drop observables

e Energies, So,, radii

3. Beyond liquid drop
FE2 transitions
Gamow-teller transitions
Spectra

Towards direct reactions

4. Questions
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In-Medium Similarity Renormalization Group

SRG In-Medium SRG Magnus form

H(s) = U(S)HUT(S) e Normal order w.r.t. reference |®g)
JE e Transform H to decouple many-body U=e"
R H configurations
M n(s), H(s)
e Flavors H(s) = e
H(0) T

- Single ref: |®g) is a closed shell.
A ' - Multi-ref: |®g) is a correlated state
- Valence space: decouple valence & O(s) = e20e

diagonalize
- . ph excitations
) out of decoupled ground state
' ’ - IMSRG+NCSM: use IMSRG to
“soften” an interaction for NCSM

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 ANN A3N ASRG
EM 500,/400 [1][2] | N°LO | N?LO | 500 MeV | 400 MeV 2.0 fm
NZLOgar [3] | N?LO | N°LO | 450 MeV | 450 MeV o0
EM 1.8/2.0 (et al.) | [1][4] | N°LO | N2LO | 500 MeV | 2.0 fm | 1.8 fm (NN)
N3LO LNL [5] | NLO | N?LO | 500 MeV | 400 MeV 2.0 fm

[1] Entem and Machleidt 2003, [2] Navratil 2007; Gazit, Quaglioni, and Navratil 2009, [3] Ekstrém et al. 2015, [4] Hebeler et al. 2011, [5] Leistenschneider

et al. 2018
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Liquid drop properties: energies

and radii

E/A (MeV)
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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

-200 T T T T T T T T T T T T T T T T
E‘é: T T T T 340 j_u_t Ca .
225F e is 60 e ]
E : r e 1
250 _as0l \*-e- ]
~ E < L ]
= 275 F 0 L P _
L 3 00 " ]
S 300 = a0 *-u-\ﬂ ]
325 F . 440 [ ©0--0 VS-IM-SRG oo ]
E : e, ; of o

350F ©--O VS-M-SRG ‘e‘e-e-_e_ L ¢  Single Ref. - |
FE— AME2012: = -460 - = AME2012 -
0 7 S A U O IO N IO M CL 1o 11111 17

28 30 32 34 36 38 40 42 44 46 40 42 44 46 48 50 52 54

Mass Number A Mass Number A

L e e e I A L B B B Fr—rrr -1 r 1 11717 ]
E o : 20 - _— -
335 —o : r 0 0T-eg. b
ET =, : r 209 1
30E 0 : [ \ ]
~ <F = : ~ BF < E
25 : S [ \ ]
o E -Q‘\ : o L \ ]
= 0F T 2 b Tea ]
A IsE o S L =
10E A E o |
E T, 5 -1
E To F 1
SE : r ]
El ot vt 1 P T E R R B

28 30 32 34 36 38 40 42 44 46 40 42 44 46 48 50 52 54

Mass Number A Mass Number A
Simonis et al. 2017
Ragnar Stroberg (Reed College) Observables in Medium-Mass Nuclei June 4, /29




Energies with EM 1.8/2.0

E (MeV)
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Energies with EM 1.8/2.0
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Energies with EM 1. 0
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Radii—corrections to mean field

4.0 T T T T T T T T T T T 3.60— . . r r . . T T

Garcia-Ruiz et al., Nat. Phys. 12, 594 Ca Garcia—Ruiz et al., Nat. Phys. 12, 594 Ca
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Hergert et al. 2018; Garcia Ruiz et al. 2016
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Radii—corrections to mean field

3.58 .y ,,.A'Ca
& h SO o
3561 - M SR .
3.54 A7
'g 3.52
=
£3.50
o
3.48
N2LOsar
3.46 —®- VS-IMSRG
-49- Sph. HF
3.44 — Exp
—A- CC
3.42
38 40 42 44 46 48 50 52 54
A

Hergert et al. 2018; Garcia Ruiz et al. 2016
Ragnar Stroberg (Reed College) Observables in Medium-Mass Nuclei June 4, 2018 11 /29



~ %«'&"

Radii—corrections to mean field

RCh (fm)
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Beyond the liquid drop model

Beyond liquid drop:

Ragnar Stroberg (Reed College)

e F2 transitions
e Gamow-Teller transitions
e Spectra

e Towards direct reactions

Observables in Medium-Mass Nuclei June 4, 2018
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3 E2—impact of operator evolution
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Ragnar Stroberg (Reed College) Observables in Medium-Mass Nuclei June 4, 2018



E?2 transitions—severe underprediction of strength
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Dependence on choice of interaction
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Dependence on choice of interaction
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Gamow- Teller decays

Ragnar Stroberg (Reed College)

Observables in Medium-Mass Nuclei

“Quenching”
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Light nuclei with

No Core Shell Model
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Gamow-Teller decays

100Sn with Coupled Cluster
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Gamow-Teller decays
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Ensemble normal ordering

Capturing valence 3N effects w/ NN machinery:

NN+NNN  Exp NN
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Navratil 2007; Stroberg et al. 2017
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37-17" level inversion
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37-17" level inversion

EGM EGM
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Towards direct reactions
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Kay, Schiffer, and Freeman 2013; Tostevin and Gade 2014; Barbieri 2009; Jensen et al. 2011b; Vorabbi, Finelli, and Giusti 2016; Rotureau et al. 2017
gnar Stroberg (Reed College) Observables in Medium-Mass Nuclei June 4, 2018 22 /29




Towards direct reactions

week ending
PRL 103, 202502 (2009) PHYSICAL REVIEW LETTERS 13 NOVEMBER 2009

f72 Par2:P1/2:fs/2
Role of Long-Range Correlations in the Quenching of Spectroscopic Factors

C. Barbieri
Theoretical Nuclear Physics Laboratory, RIKEN Nishina Center; 2-1 Hirosawa, Wako, Saitama 351-0198 Japan
(Received 16 September 2009; published 9 November 2009)

d*Ca isotopes.
are necessary for

We consider the proton and neutron quasiparticle orbits around the closed-shell Ni
It is found that large model spaces (beyond the capability of shell model applications
predicting the quenching of spectroscopic factors. The particle-vibration coupling is identiied as the
principal mechanism. Additional ¢ due 10 with several p hole excita- A
tions—are estimated using shell model calculations and generate an extra reduction which i % for -20 -10 0 10
‘most quasiparticle states. The theoretical calculations nicely agree with (e, ¢'p) and inverse kinematics @ [MeV]
knockout experiments. These results open a new path for a microscopic understanding of the shell model.

0.9 T T T T

PRL 107, 032501 (2011) PHYSICAL REVIEW LETTERS

Quenching of Spectroscopic Factors for Proton Removal in Oxygen Isotopes 08 -
@. Jensen,' G. Hagen,”* M. Hjorth-Jensen.,' B. Alex Brown,"* and A. Gade™®
"Department of Physics and Center of Mathematics for Applications, University of Oslo, N-0316 Oslo, Norway 07 -
*Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, USA

*Department of Physics and Astronomy, University of Tennessee, Knoxville, Tennessee 37996, USA &
“National Superconducting Cyclotron Laboratory, Michigan State !m\ul\m East Lansing, Michigan 48824-1321, USA
SDepartment of Physics and Astronomy, Michigan State University, East Lansing, Michigan 48824, USA 0.6 - . |
(Received 8 April 2011; published H July 2011) e-ap,, (1) HF-O0SC
We present microscopic coupled-cl lculations of the factors for proton removal =-ap;, (1) HE-0SC
from the closed-shell oxygen isotopes 4162224330 with a chiral nucleon-nucleon interaction at next-to- 05| eep, (mHF-WS -
leading order. We include coupl degrees of freedom by using a Hartr =—a Dy, (1) HF-WS
Fock basis built from a Woods-Saxon single-particle basis. This basis treats bound and continuum states
on an equal footing. d a significant quenching of spectroscopic factors in the neutron-rich oxygen | L L L L
isotopes. pointing to enhanced many-body correlations induced by strong coupling to the scattering 04 4 16 % 24 28

continuum above the neutron emission thresholds.
Oxygen Isotope (A)

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
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— t,—Q

+[Qa’] + 1[0, [9,a1]] + ...

Jensen et al. 2010; Jensen et al. 2011a; H. Zhang, Reed College senior thesis
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Jensen et al. 2010; Jensen et al. 2011a; H. Zhang, Reed College senior thesis
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Towards direct reactions
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Discussion questions

. Should comparisons with medium-mass data be

used for fitting, or only validation?

. Should we expect the optimal power counting for

few-body systems to be applicable for A ~ 1007
Will it still be optimal?

. Is there anything to be learned from obervables

related to collective phenomena?

. Do collective phenomena amplify aspects of the

interaction, or just wash them out?
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