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Physics motivation
Why do we need high-precision measurements of nuclear moment?
Transition probability studies for nuclei far from stability — why?

Time Dependent Recoil In Vacuum (TDRIV) on H-like ions
Experimental approach for stable ions. What are the peculiarities for RIB studies?
g factor of 2Mg — revisited. Prove of principle and physics results

Coulomb excitation studies in the A~100 region

Sudden onset of deformation at N=60. What is the contribution of the proton
orbitals — odd-mass Rb nuclei

Experimental results on 9-%Rb — below and above N=60

Conclusions and perspectives




Physics motivation

* Nuclear moments and transition probabilities — extremely sensitive
probes towards the structure of the nuclei:

o g factors — considered as fingerprints of the single-particle properties

o transition probabilities — sensitivity towards the collective properties
of the nuclei

+ g factors in self-conjugated nuclei
o expected to be equal to 0.5

o shell-model calculations — a sizeable departure from g=0.5 (up to 10%)
for 2+ states in 2’Ne — 36 Ar (W. A. Richter, S. Mkhize, and B. A. Brown, Phys. Rev. C

78, 064302 (2008)) 0.6 — .
o experimental values — “consistent” with g=0.5 I
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o giving an insight to the transitional matrix elements

o indications for structure modifications, e.g. single-particle-like towards
collective properties
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Time Dependent Recoil In Vacuum
on H-like ions

The RIB approach

o o
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Electron-nuclear spin interaction in vacuum
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Time Dependent Recoil In Vacuum (stable beams)
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R.F. Horstman et al., Nucl. Phys. A248, 291 (1975)
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o magnetic field for H-like ions — can be calculated from first principles!
o pure H-like charge state could not be achieved (~15 %)
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TDRIV - radioactive beam geometry
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A.E. Stuchbery et al., Phys. Rev. C71, 047302 (2005).

The same oscillation frequency can be found even after the reset foil
(with some damping of the amplitude due to the hard-core attenuation)
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The ALTO facility in Orsay
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ALTO - experimental areas

y-spectroscopy

Bacchus . Split-Pole t---------

: spectrometer:
_” """" ~~ 7 production
LICORNE
"

ISOL
experimental cave

SALLE DE PHYSIQUE | NOOS

Q s ‘ \ \ | PUPITRE
~ e

HALL MACHINE
TANDEM

Radioactive beam lines

My -pal

Stable beam w/o spectrometer
cluster,
molecular & Stable beam with spectrometer

droplets beams

I. leoprues 70 200uHU Kamedpa AmomHa ¢pusuka, P3P, CY ,,Kn. Oxpudcku”, 10 toHu 2016



TDRIV experimental setup @ ALTO
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Plastic scintillator

beam: 2*Mg @120 MeV (5 MeV/u)
target: 2.4 mg/cm? °3Nb
reset Foil: 1.7 mg/cm? 1%7Au

v 13 HPGe @ 6=46.5",72.1°, 85.8°,94.2",

108.0°, 133.6°, 157.6° Orsay Universal

Plunger System
v'8-fold segmented annular detector 9 y

v'Orsay Universal Plunger System (OUPS)
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Experimental results
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Transition Probability Studies
with Radioactive Ion Beams

Coulomb excitation of ?>-°Rb
at ISOLDE, CERN
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Sudden onset of deformation at N=60
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 region of sudden onset of deformation between Z=36 (Kr) and Z=42 (Mo)

* charge radii — sudden increase at N=60 from Rb on

—> points to a specific importance of the n—v interaction
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C. Thibault et al., Phys. Rev. C23, 2720 (1981)

What about Rb’s?
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neutron number

n3/27[312], n3/2[301], n3/2*[431]

Mol10

Zr108

Y107

Ground—state nuclear moment
measurements of °’Rb

K " 0,[eb] uluy] Otbital
3/2 3/2 0.6 19  x3 [301]
3/2 3/2* 0.6 199 x37[431]
3/2 3/2 0.6 07 a3 [312]

Experimental Values 0.6 1.84 -

v" Sudden onset of deformation at °’Rb

v' Ground-state magnetic moment
measurement — favors n3/2*[431]
but does not exclude ©t3/2°[301]
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Coulex with Miniball @ ISOLDE
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Coulex of ?7Rb and ?°Rb
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I. Teoprmes

What the theory sais?
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Fine interplay between well defined
spherical and well-deformed shell gaps at
Z=38 might be among the main reasons for
the sudden onset of deformation in the
neutron-rich A~100 nuclei.

C. Sotty etal., PRL 115 172501 (2015)
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’’Rb - the corner stone of the A~100 deformed region

« 9Rb — the “South-West” corner stone

(2

of the region of deformation around

A~100

e Completely independent structures
(spherical and well deformed) are
exchanging their relative positions right

at N=60

56 58 60 62 64
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I. Teoprmes

Conclusions and perspectives

High-accuracy experimental results on nuclear
moments are needed for testing the nuclear
theories

TDRIV (on H-like ions) can provide high

accuracy, model independent, measurements of
short-lived excited states using RIB

Transition probabilities and nuclear moment
studies are complementary and indispensable

for the correct understanding of the nuclear
structure far from stability
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ISOLDE - npmuHiumn Ha AeyicTBue
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R(t)

R(t)

I. Teoprmes

Feasability

0.46
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A 7!
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sl /’ \}\
ol / f\%ﬂ/ |
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26[Mig — setup testing:
* 5x107 pps
* 11% TIGRESS efficiency
» 2 days measurement

3% g-factor accuracy

28Mg — RIB measurement

1 x 10° pps
14%TIGRESS efficiency
8 days measurement
< 5% accuracy
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Experimental spectra
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erspectives
First RIB study?

o e.g. Mg case:

* 10° pps

4 ’Y—e ff]_CIency 1 O 1 5 /0 7 O Sm | 00w | DS | 0| 8550 ms LO3E+Sy 16384 A 454
40.078 I > = i e i -
0.000199% JEC2, ECp ECp EC EC EC 0.004 I8
iIK %6 K35 K36 K37 K42 K43 K44 K45 K46
° 7 —_ 1 0 d ays Of b eam 1 9 i lf:?ztm _u§ ms 1‘2216 s 7“'_;‘f m l.hge.»u h 2_'35‘3‘ 22, ;1 m | 1 ;i'm 1‘(;?
39.0983
u(m‘o:):l \: ECp ECp.ECa...JEC EC B B 4]
Ar .‘? :? Ar3l | Ar32 | Ar33 | Ar34 | Ar35 Ar37 Ar39 Ardl 42 | Ard3 | Ardd | ArdS
2 ISIms | 98ms | 1730ms | $43ms | 1775% 35.04d 269y 109.34m | 329y | 337m | IL8Tm | 2148%
18° ke 0+ 12+ [ s s 70- - o | 623y | e
0.000329% | EC ECp  |EC EC EC (3 - B
ilC C132 | 133 Cl34 CI3 CI38 Cl139 | Cld0 | Cl1 Cl42 | Cl43 | Cl44
7 298ms | 2500s | L3264 J01E+S y M2Am | S56m 135m 384s 68 33s
1 7 asts 1+ 2+ 0+ 2+ 2- 24 2- 1232+
| 0.000017% [ECp ECP.ECU...] EC EC ECS B B B
of TESTH IS 2 : S S S S s
T Zslzrm l§<2 A |§72 .2\ h;:? s zsfv‘l x?le‘ d &u'}?n 1‘7?)338 m 33'(9\ Ml z'?ﬁ‘?}n
16 iy 0+ 0+ 12+ 32+ 7n- 0% 2s2n
| 0.00168% |ECp.EC2pJECP ECp EC EC B (64 B B By
S5 P2 P27 P28 P29 P30 32 P33 P34 P35 3 P3 P38 P39 P40 P41 P42 P43
SHisa 721 20 ms 260 ms 2703 ms 4140 2498 m 14.262d 25.34d 12435 473 56s 231s 0.64s 0.16s 260 ms 120 ms 110 ms
l 5 30971762 (34 12+ 3+ 12+ b 1+ 12+ 1+ 12+
| 0000034 [ECp ECp ECp.E(a,..| EC EC B | 3 | (& ' n By
Si22 Si23 Si24 Si25 Si26 Si27 i3l Si33 Si34 Si3s Si37 Si39 Sid0 Si41
6ms 102ms | 220ms | 22345 4165 |<7 Im 6.18% 2775 0.78s C
0+ 0+ 512+ 0+ 2+ an+ 0+ 0+ 2 (
p ECp ECp EC EC B B
Al22 Al23 Al24 | AI25 | _AlI26 Al2 Al29 | AI30 | Al31 Al32 Al33 AlI34 | AI3S Al36 | AI38 | AlI39
70 ms 0475 2083s 783 s 7. JI' Sy 22414 m 656 m 3.60 s 644 ms B ms 60 ms 150 ms
4+ s+ 3+ 2+ 3+ (3/2.52)+ 1+
ECp EC) ECa EC EC 55 g B B g 15 B
N N N Mg29 Mg3. Mg35 | Mg36
i M Mgl e b e s | Mgd 26
(32,52 312+ 12+ 302+ 0+
ECp EC g
Nal9 | Na20 | Na2l | Na22 Na24 \m Na26 | Na27 | Na28 | Na29 | Na30 | Na3l | Na32 | Na33 | Na34 | Na3s
H79ms | 22495 | 26019y 95 E 10725 | 301ms | 305ms | 49ms [ 48ms 17.0ms | 132ms | 82ms | SSms 1.5 ms
2+ 2+ 3+ 3+ 524 1+ n 2+
ECa 5] B By g Bofag, 0f82a  IBnBoa  |Bngy,  [Bn Bn
\’(318 Nel9 Ne25 | Ne26 | Ne27 Ne29 | Ne30
672ms | 17345 602 mis 197 ms 32ms 0.2 2 2 2 4
0+ 12+ 1232+ 0+ 0+
EC B By Ba B
F17 F18 . FZI F24 F25 F26 F27 |
4495 | 10977 m 1H00s | 41585 03ds 9ms
52+ I+ 2+ 52+ (123 2 O
kC 8 [ |
019 023 024
2691s 82 ms 61 ms ‘] 8
02+ 0+

I. Teoprues

70 200uHU Kamedpa AmomHa ¢pusuka, P3P, CY ,,Kn. Oxpudcku”, 10 toHu 2016



Sudden onset of deformation at N=60

P. Campbell, 1.D. Moore, M.R. Pearson
Progress in Particle and Nuclear Physics 86
(2016) 127-180

O The n-rich nuclei between Z=37 and Z=41 present at N=60 one of the
most impressive deformation change in the nuclear chart
U Localized within the Z degree of freedom

30T | T I . .pe . .
b -> Point to a specific T—V interaction
162 P. Campbell et al. / Progress in Particle and Nuclear Physics 86 (2016) 127-180
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