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NN and 3N Forces
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* Predict N=28 closure . .
» Disagree on N=34 * NN-only interactions greatly

NN-only Forces: overbind! o
e NN predict large N=32 * Need repulsive 3N contribution

closure
e No N=28 shell closure!
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. Chiral EFT

resolution scale / cut-off 3 body forces!

Explains Hierarchy: Van > Van > Van ™ Systematic
expansion in Q/A
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Previous Work at N=32,34

Selection of results:
* Good agreement on excitation energies
* B(E2)’s leave something to be desired A
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Previous Work at N=32,34
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Previous Work at N=32,34
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Recent Ca + 3N Forces

week endin

PRL 109, 032502 (2012) PHYSICAL REVIEW LETTERS 20 JULY 20

Evolution of Shell Structure in Neutron-Rich Calcium Isotopes

G. Hagcn.l'2 M. I-ljonh-Jenscn,3"I G.R. Jansen,” R. Machleidt,® and T. Papenbrockl'2
'Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, USA

Department of Physics and Astronomy, University of Tennessee, Knoxville, Tennessee 37996, USA (

3Department of Physics and Center of Mathematics for Applications, University of Oslo, N-0316 Oslo, Norway
*National Superconducting Cyclotron Laboratory and Department of Physics and Astronomy,
Michigan State University, East Lansing, Michigan 48824, USA
Department of Physics, University of Idaho, Moscow, ldaho 83844, USA
(Received 16 April 2012; published 17 July 2012)

We employ interactions from chiral effective field theory and compute the binding energies and low-lying
excitations of calcium isotopes with the coupled-cluster method. Effects of three-nucleon forces are included
phenomenologically as in-medium two-nucleon interactions, and the coupling to the particle continuum is
taken into account using a Berggren basis. The computed ground-state energies and the low-lying J™ = 2"
states for the isotopes “***%52Ca are in good agreement with data, and we predict the excitation energy of
the first J™ = 2" state in **Ca at 1.9 MeV, displaying only a weak subshell closure. In the odd-mass nuclei

535561Ca we find that the positive parity states deviate strongly from the naive shell model.

DOIL 10.1103/PhysRevLett.109.032502 PACS numbers: 21.10.—k, 21.30.—x, 21.60.—n, 27.40.+z

A.T. Gallant et al,,

G. Hagen et al,,
Phys. Rev. Lett. 109,032502 (2012)

week ending

PRL 109, 032506 (2012) PHYSICAL REVIEW LETTERS 20 JULY 2012

Phys. Rev. Lett. 109, 032506(2012)

week ending

PRL 109, 052501 (2012) PHYSICAL REVIEW LETTERS 3 AUGUST 2012

Medium-Mass Nuclei with Normal-Ordered Chiral NN + 3N Interactions

Robert Roth,"* Sven Binder,' Klaus Vobig," Angelo Calci,' Joachim Langhammer,’ and Petr Navritil®
'Institut fiir Kernphysik, Technische Universitit Darmstadt, 64289 Darmstadt, Germany
YTRIUMF, 4004 Wesbrook Mall, Vancouver, British Columbia, V6T 2A3, Canada
(Received 1 December 2011; published 31 July 2012)

We study the use of truncated normal-ordered three-nucleon interactions in nuclear structure
calculations starting from chiral two- plus three-nucleon Hamiltonians evolved consistently with the
similarity renormalization group. We present three key developments: (i) a rigorous benchmark of the
normal-ordering approximation in the importance-truncated no-core shell model for “He, 160, and *'Ca;

(ii) a direct comparison of the importance-truncated no-core shell model results with coupled-cluster
calculations at the singles and doubles level for '0; and (iii) first applications of similarity renormal- _

ization group-evolved chiral NN + 3N Hamiltonians in coupled-cluster calculations for medium-mass
nuclei %20 and ***Ca. We show that the normal-ordered two-body approximation works very well
beyond the lightest isotopes and opens a path for studies of medium-mass and heavy nuclei with chiral
two- plus three-nucleon interactions. At the same time we highlight the predictive power of chiral
Hamiltonians.

DOI: 10.1103/PhysRevLet.109.052501 PACS numbers: 21.60.De, 21.30.—x, 05.10.Cc, 21.45Ff
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New Precision Mass Measurements of Neutron-Rich Calcium and Potassium Isotopes
and Three-Nucleon Forces

A.T. Gallant,"** J.C. Bale,"* T. Brunner,' U. Chowdhury,* S. Ettenauer,"? A. Lennarz,' D. Robertson,’
V. V. Simon,"*” A. Chaudhuri,' J. D. Holt,*” A. A. Kwiatkowski,' E. Mané,' J. Menéndez,'*"" B. E. Schultz,’
M.C. Simon,' C. Andreoiu,” P. Delheij,' M. R. Pearson,' H. Savajols,'* A. Schwenk,''" and J. Dilling'
'TRIUME, University of British Columbia, 4004 Wesbrook Mall, Vancouver, British Columbia V6T 2A3, Canada
chpanmem of Physics and Astronomy, University of British Columbia, Vancouver, British Columbia V6T 1Z1, Canada
3Department of Chemistry, Simon Fraser University, Burnaby, British Columbia VSA 156, Canada
dDep«mmem of Physics and Astronomy, University of Manitoba, Winnipeg, Manitoba R3T 2N2, Canada
SInstitut fiir Kernphysik, Westfalische Wilhelms-Universitar, 48149 Miinster, Germany
SFakuldt fiir Physik und Astronomie, Ruprecht-Karls-Universitit Heidelberg, 69120 Heidelberg, Germany
"Max-Planck-Institut fiir Kernphysik, 69117 Heidelberg, Germany
8Department of Physics and Astronomy, University of Tennessee, Knoxville, Tennessee 37996, USA
°Physics Division, Oak Ridge National Laboratory, P.O. Box 2008, Oak Ridge, Tennessee 37831, USA
Ynstitut fiir Kernphysik, Technische Universitat Darmstadt, 64289 Darmstadt, Germany
YExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, 64291 Darmstadt, Germany

"2GANIL, Boulevard Henri Becquerel, Boite Postale 55027, F-14076 Caen Cedex 05, France
(Received 4 April 2012; revised manuscript received 3 June 2012; published 20 July 2012)

We present precision Penning trap mass measurements of neutron-rich calcium and potassium isotopes
in the vicinity of neutron number N = 32. Using the TITAN system, the mass of 'K was measured for the
first time, and the precision of the ****Ca mass values were improved significantly. The new mass values
show a dramatic increase of the binding energy compared to those reported in the atomic mass evaluation.
In particular, 2Ca is more bound by 1.74 MeV, and the behavior with neutron number deviates
substantially from the tabulated values. An increased binding was predicted recently based on calculations
that include three-nucleon (3N) forces. We present a comparison to improved calculations, which agree
remarkably with the evolution of masses with neutron number, making neutron-rich calcium isotopes an
exciting region to probe 3N forces.

DOL: 10.1103/PhysRevLet.109.032506 PACS numbers: 21.10.Dr, 21.30.—x, 21.60.Cs, 27.40.+z

R. Roth (P. Navratil) et al,
Phys. Rev. Lett. 109,052501 (2012)
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Isotope Yields

HP Ta (Laser + Surface):

Ca-39 5.1/s

Ca-49 6.3e5/s UCx (Surface):
Ca-50 9.1e4/s K-51 50-100 /s
Ca-51 |.4e4/s K-52 3-4 /s
Ca-52 |.3e3/s No Sc's

Laser ON/OFF Yield Ratios
Ca-50 6.8 (eff. 8.6%)
Ca-51 5.2 (eff. ~6.3%)
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Precision |
Penning trap §L

a) SCI | s
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T.Brunner et al, NIMA 676 32 (2012) ——> = by 7] e
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J. Dilling et al, IMJS 251, 198-203 (2006)
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Penning Traps

Relevant frequencies
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Results - Experiment
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Results - Experiment
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Results - Theory

Pl : Flattening well
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Summary

* Large deviations found to AME2003
* Potentially large impact on predicted location of
drip-line

e Continue campaign out to N=34

* Mass measurements of Sc

* 3N forces reproduce the experimental results
* Further experiments will provide stringent tests
of 3N forces in medium mass nuclei
e Same 3N forces are important for neutron
matter

August 15th, 2012 15
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Thank you!

The TITAN Group:

A.T. Gallant, J.C. Bale, T. Brunner, U. Chowdhury, S. Ettenauer, A. Lennarz, D. Robertson,
V.V. Simon, A. Chaudhuri, A.A. Kwiatkowski, E. Mané, B.E. Schultz, M.C. Simon, C. Andreoiu,
P. Delheij, M.R. Pearson, H. Savajols, and J. Dilling

TRIUMF Staff:

Jens Lassen & the TRILIS Team, Marik Dombsky, Peter Kunz
& the yields team, TRIUMF Operators

Theory:

Achim Schwenk, Jason Holt, Javier Menéndez

And the rest of the TITAN collaboration....
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N Y4
Muenster U., e,
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Max Plank Inst. fiir Kernphysik 7 TRIUMF
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CNRS/Orsay @D sfU ¢
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_ I TU Munich TLTI
Giessen @ Slessen St Mary’s SAINT MARY'S

4004 Wesbrook Mall | Vancouver BC | Canada V6T 2A3 | Tel 604.222.1047 | Fax 604.222.1074
www.triumf.ca


http://www.triumf.ca
http://www.triumf.ca
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/
http://www.uni-giessen.de/

Back-up Slides



QR TRIUMF

Resurgence of N=28
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