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Nuclear moment studies around the island of inversion

. | | Nuclear moments of Na isotope chain:
Sj L
Al —
Mg -
7 Na -
Ne -
G |
— /\/ 20
Normal sa-shell Island of Inversion
configuration E.K. Warburton, J. A. Becker 2 SDPF-M
and B. A. Brown, PRC41(1990)1147.
OpOh 2p2h (intruder), deformed
Psr2 Psr2
b £, 00

Qzy QOO0

S, -O0— S22 -Q0— /
-000000- ay, ~OOO0000- Monte Carlo shell model with sdpf model space:

\Y A% Y. Utsuno, et al., Phys. Rev. C70(2004) 044307 .




Magnetic mement studies on neutron-rich: N=19 isotones

B )
Sj 5
Al a
Mg -
Z Na | B,=0.49931
Ne a _ 2=0.40931(T)
1 F 7200 7400 7600 7800
Frequency (kHz)
— I | (PRl 1) [= 1.959(9)
© ... well reproduced by sd (Op0h)

shell models
H. Ueno et al, PLB615 (2005)186.

e

: ate to a OpOh state

3. dominated by a OpOh state u (Mg, 1=1/2*) =

01 "‘"'un'. \

~2p2h, deformed K4 #
The @Q-moment for the ground state G. Neyens ctal., |

of 32Al is expected to provide the Phys. Rev. Lett, 94
conclusive answer. (2005) 022501. |
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Kinematical model Experiment

2 180 (80 MeV/A) + 93Nb > 12B:

201 “N+Au=?B+X
40.6 MeV/u

9, =5 6-nucleon removals
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P.F. Mantica et al.,
Phys. Rev. C55 (1997) 2501

K. Asahi et al.,
Phys. Lett. B251 (1990) 488



Production of spin-polarized %Al beam

RIKEN Projectile fragment separator (RIPS):

Momentum- dispersive
If-::u:.al plane (F1)

Isotope separation:
Bp = (v, fe) -
(p = 36 m) Second

_.focal plane (F2)
dE
dx

“ PL scintillator

Particle identification: %:})Qmﬂzmagnet
« AE @ F2 SSD :

- TOF (F2 PPAC - RRC) -- appartus

B-NMR

~stopper

Primary beam 40Ar

95 AMeV, 40pnA

Nb target Nb, 0.37 g/cm?
Secondary beam 2A

Emission angle 1.3 —5.2 deg.
Momentum 12.6 GeV/c =3 %
Intensity@F2 5 x 103 particle/sec.
Purity 85%

Polarization ~0.7 %

Selected momentum region:
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B-NMR apparatus:

ntillators (up)
" o Macuum jacket

! \  Stopper (Alz03)

Ccllimator-

The resonance frequencies of 32Al(1=1)
In a stopper of single-crystal a-Al,O,:
_ _ 3vg 3cos? g, -1
Vi__ VO + 4 2

vo= gunBo/h (Larmor frequency)
vo= €2qQ/h  (Quadrupole coup. const.)

Crystal structure of a-Al,O;: h.c.p.

(0001)




Quadrupole resonance spectra with o-Al,O5 Stopper

Stopper conditions:
* Crystal c-axis // B,
» Temperature ~80 K

Analysis :

 Fitting: gaussian including AFP effect

« Chemical shift correction: 0.00188(3) %
J. Magn. Reson. 128 (1997) 135.

Result : 1,(32Al) = 407(34) kHz
QAN |Q(*"Al)[ _ 140.2(10) mb
vQ(32AI) VQ(27A|) 2389(2) kHz

ref. v4(?’Al) in a-Al203:
J. Magn. Reson. 89 (1990) 515.
Q(?’Al): Phys. Rev. Lett. 68 (1992) 927.

|Q(32Al)| = 24(2) mb

300 400 500 600
vq (= €2qQ/h) kHz

D. Kameda et al., Phys. Lett. B, in press.



Systematic comparison : # and O for Al isotopes

Z=13 Ohw shell model calculations:

» USD effective interaction

- effective operators
B.Wildenthal, Prog. Part. Nucl. Phys. 11 (1984) 5
B.A. Brown and B.H. Wildenthal, Nucl. Phys.A474 (1987) 290

(€ €,) =(1.3,0.5)

GQ-moment (mb)

sd wave function for 32Al g :
32 =1+ —
@ Experiment | AIQ-S(ITc 1 )> - _
Tl MCSM by Utsuno 3 2 -1 J=1
Bl m(d352025,2) v g 201"+

a’=79%, B2<3.8%

Large-scale shell model calculations
by Utsuno in private comm.

32Al,  : sd-normal configurations : 87 %
fp-intruder configurations : 13 %

p—-moment (pw)

& Experiment
o 10hw
Ol MCSM by Utsuno

14 15 16 17 18 19 20
Neutron number

2 ~ S50/ 0 mMmanooraZnZnsiatetoa 0OnOn—state

3. dominated by the OhOp state




Studies on the neutron-rich N=19 isotones:

33Si (Z=14) > sd shell structure (normal)

Reaction study L.K. Fifield et al., Nucl. Phys. A453, 497 (1986).
B. Fornal et al., Phys. Rev. C 49, 2413 (1994).
B.V. Pritychenko et al., Phys. Rev. C 62, 051601(R) (2000).
J. Enders et al., Phys. Rev. C 65, 034318 (2002).

B—y spectroscopy A.C. Morton et al., Phys. Lett. B 544, 274 (2002).
32Al (Z=13) - normal sd-shell or pf-intruder ?
Reaction B. Fornal et al., Phys. Rev. C 55, 762 (1996). NE)
B—y G. Klotz et al., Phys. Rev. C 47, 2502 (1993).
S. Grevy et al., Nucl. Phys. A 734, 369 (2004).
B—n M. Langevin et al., Nucl. Phys. A 414, 151 (1984).
Isomer production via PF M. Robinson et al., Phys. Rev. C 52, R1465 (1996).
u—moment for g.s. H. Ueno et al., Phys. Lett. B 615, 186 (2005).
Q-moment for g.s. D. Kameda et al., Phys. Lett. B, accepted (2007).
31Mg (Z=12) - deformed pf-intruder structure =
Reaction H. Mach et al., Eur. Phys. J. A 25, 105 (2005).
By G. Klotz et al., Phys. Rev. C 47, 2502 (1993). | |

F. Marechal et al., Phys. Rev. C 72, 044313 (2005).
u-moment & spin G. Neyens et al., Phys. Rev. Lett 94, 022501 (2005).



What happens in the N=19 low-lying levels ?

Gradual reduction of the sd-pf shell gap géfgt?é;go%)?g'%m
- Coexistence of the npnh states (n=0,1,2,..)

(b) Meutron SPE by GT2(N=20)

17D —f—-

_Sn=4483
4341 OpOh 5/2+ Sn=41 79
3203 1+
2765 1+ Sn=2371
| Isomer (T,,,=200 ns) | 2023
1435 (1pth) (7/2-)  (1743)
(1p1h) (4. 1154
1010 —R00 1/2+ 119759% §(j+); 945,1029 21-
gAY wifi— oy
OpOh OpOh ' 221 3pAp SA32%)
() e—— 3/2+ 0 — 1+ 0,51 5on  %'gs.

33 Qi 32 31
149119 13Al49 12M3 g



Nuclear moments of s2MA|

13A| 19
Approach |I:
Measurement of the isomeric p- and
Q- moments of 2?Al by the Time 1179 (o1 h),(4')
Differential Perturbed Angular 957 $4+; 2+
Distribution (TDPAD) method: 735 (2+ >< A+
= The spin/parity or the /someric state 0 _O& 1+ 1+
= The (mixing) amplituaes or
the npnh (W=0,2) configurations Data USD
Approach II: N USD EXP.
$2Mg| B-delayed y spectroscopy: D 1 330 o be measy.
= [ branching ratios, /n particular, 92" 1625
for the ground. state of 32A/ (4" 163 mb | To be measu.
> Construct the level scheme Q2" 14.8 mb
6ar,,) 26.8 mb | 24(2) mb
: 217, ) 2.065 1.959(9)
Submitted to RIBF proposal 74> 29 | 122 ns | 200(20) ns
7,,(2*> 1) | 0.31 ps




SRDE R R

D EED LB REIER%E— AT — 3155
(EEIKEE, R FIRIREEDZRE—AF57—5)
> ka1 22 = D fE

SEDEE:

ERiER

Spin orientation (polarization, alignment)
» Projectile fragmentation...?

Stopper to preserve the orientation
SN ratio In the radiation detection

3S Issues

in particular,
nuclear moment measurements of ground states
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- Free from 3S issues

JE%I:“_A;:ED.%H& : “high-field seekers”

“low-field seekers”

[

L
| (Counter)

RS

“A” Magnet “C” Magnet
(6—pole) (dipole) (quadrupole)

= m; m
1

S 0 >
1 ~1/2 +1/2
0 +1/2 -1/2

-1/2 +1/2
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Fig. 1. Setup of the experiments.

« ASTE—Ls: 14N (Stable), 130MeV
HERE(FEE—LE=4—): ArAiR
Abwiv—: NeHiR

Currant of UV 1152 nA]

56 b b

FIEFEX, Fro/N—RIZEL= S N S
R — IS EIN N Current of F. C. [NA
J75F—hAvT(F. C. )DEFRIELYEIE "
Fig. 3. Currents at the
UYW multiplier tube

and F. C. were chang-
ing beam intensity.

K. Shimada et al., RIKEN Accel. Rep. 39 (2006).
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Production of 16N (I=1, T,,=7.1s)
d(**N, 16N)p @ Cyclotron Center, Tohoku Univ.

Production rate of 1°N

1250

% 1"

Detected by [i—telescdpe
in the chambér,m

w  T,,=7.13s

Purity= 882 (%) |
250 &

104 cps "N (with 10nA of 15N)
—>Extraction 2> 103cps
l
Experiment for extraction/neutralization
is possible
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S e NN PVl 518D B-telescope AV 16N BB ZE £

astic
intillators A

Trigger Counter ~E:\ -

Plastic

Scintillators B
Beam

FIELT="SN O EIHICL DN TR
(FTREEITH...

position (em) position {cm)
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Active Neutralizer

Stopping chamber

..... Spln Selection(2nd
Quadrupole Magnet

DC—5 10 V/em Epc~500 V/em

Spin Selection(1st)

Yttrium tube
Sextupole Magnet

= LB 1 mobility

u= 4.0 (in Ne gas)
4 =10.0 (in He gas)

120 ms for E=10V/cm, Ne 200 torr

1.3T@pole tip
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BF cavity

!

Photodiode Photodiode 15

Eelative Laser frequency [GHz]

Fig. 1. Schematic view of RF test cavity.

Fig. 2. Fluorescence taken during laser detuning. The first
peak corresponds to the Li D2 line and the second and
third peaks to the "Li D1 lines.

Li atomic beam:
Optical pumping by a diode laser: 2S,,,, F=1 - 2P, ,,, F=2 (D1)

D. Nagae et al., RIKEN Accel. Prog. Rep. 39 (2006)
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current [nA]

Glass nozzle ®1 mm
(Laval-type)




#7542 :RF A4 H AR

lon-guide efficiency = 33%
Wada et al., NIMA 532(2004)40

RF gradient Field:

~ Barrier
Fooe 4 VEZ (r}

4dm (2" +1/7))
(E(r.0)=E (r)eos(Qs), t,: relax time) \?,-"

ves 2172
g mu-v,
effingas ~ 3

er,

2r, = electrode distance

Off-line experiments with LASER-induced ions
- On-line experiments with 16N beam ( 2006/12, 2007/1-2)

s IH - [

e ]
-
- A
.
»
-
L

e T : ) ;,,*" ;4 !r?i == Carpet is made o
HIEH% L [— - electrodes 0.28 n'm“ | \




g-Factors measured at RIKEN
Boron isotopes
Carbon isotopes
Mitrogen isotopes
Oxygen isotopes
Fluorine isotopes : 2'F

Aluminum isotopes: 23Al, 3A|

(-moments measured at RIKEN
Boron isotopes
Mitrogen isotopes
Oxygen isotopes
Magnesium isotopes
Aluminum isotopes: 1Al 32ZA]

- 145' 155‘ 1?E
. HC‘, 15."'_";! L9
- 1]"|'-.,lr 13"-.'1r 19N
: 30

32A|

. 14g_ 15 17B
. 18N

: 130

: Mg

TITech / RIKEN
Osaka / RIKEN

Spin—parity
assignment

Effect of neutron excess
on the magnetic moment

Reduction of E2? effective
charges




|, TDPAD measurements

1. Produce spin-aligned 3?Al isomers

« Projectile fragmentation of 4°Ar(95 MeV/u)

2. Implant the isomers in a stopper

« g-factor: Perturbation-free material, metal(Al, Cu), MgO, Si
« Q-moment: a-Al,O; ( The E.F.G. was known)

3. Detect the y-ray decay of the isomeric state

« Particle-y slow coincidence technique

« A static magnetic field with a suitable magnitude

We have already produced the 32mAl beam in RIPS:

v cascade from 32mA|
A

T,,=199(10)ns

1:5++
2 100

£ st

8 sof

2 =
.:35 ad
0

in good agreement with the literature

Background at the low-energy peak:

51

Nal

HPGe

SN ratio
@222 keV

0 500 7000 1500 2000

1.3

30

Energy (keV)




Alignment (%)

20
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-25

Alignment via projectile fragmentation

T T T T T T T T T
[ ] K. Asahi et al, Phys. Rev C43, 456 (1991).
- g W-D- Schmidt-Ottet al. O .
Z Phys A350, 215 (1994). A
|~ G.Neyensetal, i 4
' Phys. Lett. B 393, 36 (1997). 4
|. Matea et al, @ S : - -
@ Phys. Rev. Lett. 93, 142503 (2004). § =~ 1 +% Estimation for alignment -
Aﬁi in the present work ~-10 %
i -.L"-. é;' A ]
i | S
_._ _1.-‘; r.___"r‘
\ ° ]
L h‘-'"-,
i =" (Simple kinematical model) x 1/4 ™., )
1 1 1 1 1 1 1 1 L

(P, - P)log

Kinematical model:

K. Asahi et al., PRC43(1991)456.
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fal v vy (B) v=wy

Goldhaber distribution:

s = 0,/ (Af (Ap — Af)/(Ap —1)
(0,=90MeV/c)

A.S. Goldhaber, PLB53 (1974) 306.



Simulation of TDPAD spectra by GEANT3

* |somer yield = 1 kpps 52051
,=0.

« Alignment =-10 %
« g(3?mAl)=1.33

« Angular distribution: Q3 X

W) =1+ A,B, P, cos(d —v,t) }
A,: Angular correlation coefficient
B,: Orientation parameter

A,B,=7% for 222 keVy 30 cm

4+ (T,,,=200 ns

AB,=-6% for 735 keV y "L IED o, (T )
(U_,.=0.749) m\% M1
g.S.v

Pole pieces

HPGe
crystals
X

stopper

1+ 3SsziInE)aIigned
e 6 B) = iiiiiiﬁii i‘Zfii (0= nl4)
15 hours gy, =w1.3zwg}m41 15 hours gfit=1.32}6(6)
R A A ‘NMW R0 WAy | W W
AP = ol

. 4] EDD 20 1000 4G'.D 800
Time [ns] Time [ns]
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