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Lifetime measurements with GRETINA at NSCL
- magnetic responses of halo nuclei -
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FRIB civil construction from March 2014

= FRIB construction site on November 4, 2016
= \Web cameras at www.frib.msu.edu

= 10 Weeks Ahead of Baseline Schedule

= First beam from ARTEMIS i1on source !
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Faclility for Rare Isotope Beams (FRIB)

= Accelerate ion species up to 238U with
energies of no less than 200 MeV/u

* Provide beam power up to 400kW

» Highest power heavy ion accelerator in

the world

» Fast, stopped, thermalized, and ’%'

reaccelerated beams

ECR lon Sources

444444

400 kW
superconducting RF
i linear accelerator

Rare isotope
production area and
isotope harvesting

B=0.085 Matching [=0.29 Matching [p=0.29 Matching B=0.53 Matching  Superconducting
Cryomodule Cryomodule Cryomadule

Cryomedule Folding Segment

[ . L
o

Li-Stripper
Module

va
11 §=0.085 Cryomodules

Room-Temperature  [=0.085 Matching 12 p=0.29 Cryomodules 18 p=0.53 Cryomodules 10 m Vertical Drop from

Folding Segment Cryomodule

lon Sources (above ground)



Evolution of halo properties
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Evolution of halo properties — classic examples
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Evolution of halo properties — deformed halo

5z Drobability in [220 1/2], 211 1/2] and [200 1/2] orbits
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Evolution of halo properties — giant halo?

Predictions for Ca driplines EIi
by state-of-the-art EDF calculations
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Transition strengths and halo properties

Type of halo

Configuration of

valence neutron

B(E1)
established

B(M1)

- to be

B(E2)
established-

Spherical Pure

Cc- s12+ core (07) @ X A
Deformed Mixed

'5 (sd) or (pf) + core @ O O

Large B(E1) — evidence for halo / skin

1Be (1/2*—1/2°) : 0.1 e?*fm?, 0.36 W.u.
%8Ni PDR : 1.2e4fm?, 1W.u. (5% of EWSR) o.wieland et al., PRL102(09)092502

B(M1) B(E2) — characterize halo properties
(mixed, deformed configurations, etc)

New shapes and symmetries ?

@ Enhanced

Favored
{unhindered)

X Hindered

A Depend on
core deformation

H.lwasaki, SSNET’16, Slide 8
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Recoll Distance Method with TRIPLEX

(TRIPLE PLUNGER for EXOTIC BEAMS)

H.lwasaki et al., NIM A806 (2016) 123

Model-independent approach to Lifetim_e_
guantify transition rates of a sensitive probe
exotic nuclei with fast beams for nuclear
structure

B(E2), B(M1)

21212

Target Degrader Degrader

A reduced

Gamma (differential)

Spectrum

slow Lfast

>
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Simulated performance
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Measured performance
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E(2%), E(4") and B(E2) systematics for Kr

and
oblate

Shape evolution between

prolate
Rapid evolution of collectivity in 72Kr
with E(4%)/E(2*) =1.86 and B(E2:4*—2*)/B(E2:2*—0%) = 3.4
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Y.Fu et al.. PRCS87 (2013) 054305 2Kr : H.lwasaki et al., PRL114 (2014) 142502



Transition rates
and Halo properties




Halo properties and responses

Nuclear halo 19C (1/2%gs) E1
(new form of nuclei) 'C (1/2%x)

g“ﬁ

The ground state of 1°C is suggested

to have the s-wave halo character huge B(E1)

from:

* Mass (binding energy)

« Radius (interaction cross sections) Sy 2K

= Coulomb dissociation (E1) M1

= (p,p’), knock out, etc o 32, 209 keV

but dynamical (electromagnetic) . ) ‘

properties are not well understood: 2 g
B(M1) ?

= M1 transition strength core(0*) x decoupled s

D.Bazin et alk., Phys.Rev.Lett. 74 (1995) 3569, T.Nakamura et al., Phys.Rev.Lett.83 (1999) 11,
R.Kanungo et al., Nucl.Phys.A677 (2000) 171, Z.Elekes et al., Phys.Lett.B 614 (2005) 174, and more ...



Experiment at NSCL

22Ne+°Be—<°N A
20N+°Be—19C 4 <§;,!ﬁ - L

Fragments at
focal plane

Fragments at
production target

22Ne+°Be

\ Fragments at

achromatic degrader

Driver accelerator
» Fragment separator (A1900 nscL, FRS csi, BIgRIPS Riken, LISE caNiL)

» ldentification and beam transport

> Fast, stopped, re-accelerated beam experiments
» Secondary reaction, Reaction product identification (S800 spectrograph)

H.lwasaki, SSNET’16, Slide 16



Measured spectrum for 1'C

Counts / 2 keV
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Measured spectrum for 1°C
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Hindered B(M1) for 17:13C O
All transitions '
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Decomposition of the M1 strength
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- The advent of rare isotope beams opens the possibility to study
exotic nuclei which are more neutron-rich or neutron-deficient
compared to stable nuclei in nature, revealing unexpected
properties such as nuclear shell and shape evolution and
emergence of halos.

Recent development of the next-generation gamma-ray
tracking array GRETINA further enables spectroscopic studies
to observe unigue forms and dynamics of new, exotic isotopes.

- As such examples, studies of magnetic response in halo nuclei
are presented and the hindered M1 transitions in the neutron-
rich 17.19C isotopes have been discussed as uniqgue phenomena
characteristic of exotic nuclei.

H.lwasaki, SSNET’16, Slide 21



Collaborators in GRETINA lifetime studies
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Sensitivity to lifetime
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Results for #Kr and 72Kr

Model independent
B(E2) determination

- 64" i (37)-2* -
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= - r : # | =200 450 4 o+ =70
E i oot R ! + + | 4" -2 f
(np] . t 4 B . f r
51000 f i f + r 5
% Yy } \ # .
Z I G Ll l - | I | ]_DD " | T T | T 0
g - 750 800 1 1150+1200 )
O S 4t -2t "+W+b,++++#%¢* ﬁﬂ*ﬁ# Sratn) W
W, AR % ' / A
D | 1 1 1 | L L 1 1 ] IM"IWIW 0 | 1 1 1 L I. L L L A | L | '} | | 1 |
400 200 600 700 400 200 600 700
E, (keV) E, (keV)
A Transition E, (keV) Texp (PS) B(E2) present B(E2) previous
MK 2t = 0F 455.6 32.2(22) 1290(90) 1223(22) 1]
4T - 27 557.7 5.9(6) 2560(260) 2895(111) [1]
2Kr 2t =0 709.7 5.6(10) 810(150) 999(129) [2]
4+ = 2+ 611.7 3.5(7) 2720(550)
H.lwasaki et al., PRL112 (2014) 142502 [1]A.Gorgen et al., EPJ A 26 (2005) 153

[2] A.Gade et al., PRL95 (2005) 022502
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E(2%), E(4") and B(E2) systematics for Kr

and
oblate

Shape evolution between

prolate

Rapid evolution of collectivity in 72Kr
with E(4%)/E(2*) =1.86 and B(E2:4*—2%)/B(E2:2*—0%) = 3.4
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Lowering si2 orbit characteristic of C

Main neutron configuration

17C
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Hindered B(M1) for 17:19C M1 .

- (a) All transitions 1 (b) All transitions |
10§ involving 1/2° = ;. core(0Y)
- a T 1 decoupled si2
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Comparison with ab-initio calculations
IT-NCSM and IT-NCSMC calculations

(by P.Navratil, R.Roth, J.Langhammer)

a2 . — - S . -
- NN 17 C 2r — 17 C
2" — . _ _ _
— @ NN+3N ®)
— SRG A = 1.88 fm " — SRG A = 1.88 fm "
Z 1 10 = 16 MeV 1 2 IF hQ = 16 MeV 7
= __n+c =  nC
'hx N x q__
[ 2 { o [ - | o ]
1/2” — 12 — 12
ok 327 S R O Y /- M
Nmaxzz Nma:-;=4 Nma}.zﬁ EXPT mezz Nmax=4 Nm=6 EXpT

R.Roth and P.Navratil, Phys. Rev. Lett. 99 (2007) 092501
J.Langhammer et al., Phys. Rev. C 91 (2015) 021301 (R)
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Comparison with ab-initio calculations

IT-NCSM and IT-NCSMC calculations
(bv P.Navratil, R.Roth, J.Langhammer)

{:r_z:— 17 C ® 12— _:

YV 52—

I Zc‘;_lA}J‘TT} (A-body)

— {}_15:— _
) IxT

I . -I—;fdrr p ,—1..|¢1M}
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0.05F ¢ ] (Hm_?sm ﬁ)(c):E(g g)(c)
I ] h H)\ x g L/\x

BMI) [n,”

I v v <
0 &
NCSM NCSM NCSMC-phenom Expt.
NN NN+3IN NN+3N

Including continuum enhances the S-wave component
for the 1/2+ state and reduces B(M1)
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Comparison with ab-initio calculations
IT-NCSM and IT-NCSMC calculations

(by P.Navratil, R.Roth, J.Langhammer)
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Comparison with large-scale shell model

B(M1;1/2*—3/2*) [1 o-zui]

Data (M) agree with shell model calculations involving loosely-bound
effects and effective g factors (r.suzuki,T.0tsuka PRC78(2008)061301R)

v

Bare g-factor
Effective g-factor

. I I I

S S
RSM: Fo, ts,, o, g 3 Wep-
alg 3

Data also support

corrections to make the T=1 ds/2-ds/2 matrix element more repulsive
(could be due to 3NF effects) in SFO-tls

corrections to reduce TBME for s1/2 orbitals (could be due to loosely-

bound (halo) effects) in SFO-tls-halo

B(M1;5/2*>3/2%) [1 o-zui]

v

Bare g-factor
Effective g-factor

\ |
Roy, RSy

Sk, SF, W,
o*”quhaj ,? “tlgs  OP?
o

RSM: D.Suzuki PLB666 (08) 222
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