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The island of inversion

Scientific motivation

B Infruder dominates
B Mixed

Nomal dominates
M Unknown
W Unknown but predicte
inside the island

- N=20 Island of Inversion vie) )
( Introduced by C. Thibault et al. Phys. Rev. C 12 (1975), 644.) \
» High deformation for low energy states not predicted by the SM
» Presence of “intruder states” due to particle-hole excitations
Explanation:
- lowered sd-pf shell gap P. Himpe et al, 18 VA
- large correlation energy for deformed intruder states PLB 658, 203-208"%)
(2008)
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Scientific motivation

- Recent 34Si measurement at GANIL-LISE
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PRL 109, 092503 (2012) PHYSICAL REVIEW LETTERS 31 AUGUST 2012

Unveiling the Intruder Deformed 0 State in **Si

F.Rotaru,' F. Negoita,' S. Grévy,>* J. Mrazek.? S. Lukyanov. F. Nowacki,” A. Poves,® O. Sorlin,” C. Borcea,' R. Borcea,'
A. Buta,' L. Ciceres,” S. Calinescu,' R. Chevrier,” Zs. Dombradi.” J. M. Daugas,” D. Lebhertz,” Y. Penionzhkevich,”
C. Pf:tmnf:,1 D. Sohlf:r,8 M. Stanoiu,l and J. C. Thomas>

* Reports a low-lying long-lived isomer in 34Al
« Obtained the energy excitation of the 0,* state in 34Si,
" deduced from electron-positron pairs energy
\ B o measurement (2719 keV)
E  Measured the half-life (19.3(7)ns ) of 0,* in 34Sj
: « Deduced the 1* character of the beta-isomer in 34Al

s and measured its half-live of 26(1) ms
= 4970 (3,4,5)°
282 4379 (34,5
4255 3
i 5 3326 2"
& 2 0*,(**Mg): 0*2(3“Si):
\ 2719 0, 19.3(7) ns 5702&\ W. Schweréltfeger, PRL2009 F. Rotaru, PRL2012\ 3346 Nho
: 4,10 0*,(2Mg): 2ho
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Objectives before the experiment

20(10) ms
R s 10%?
i A R
« First time measurement of the gamma HAIm JaoR?| Al 3| Al
rays following the B- decay of 34Mg 26(1) ms | | 54.4(5) ms 417(2) ms e
95\ - 124 keV;28% 1941 keV;2.5% s
_ _ 7508 NS 8%/ N\ 26% 91.5%| ~\_8.5% 100%
« Build the first level scheme for 34Al kT
\ ‘“‘~~‘
* Measure the excitation energy of the o LW, o
+ . | | 3ZSi
newly observed 1*isomer; 37)s a4ty .
429 keV; 30% 1847 keV; 75% ¥
* Measure the intensity of the (2* — 0,%) 100% 100%
transition in 34Si
34p 3p
12.43(8) s 25.3(1)d
2127 keV;25%
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1S530 (Sep 2012) - Experimental setup

« Structure — based on OSIRIS (Bucharest)
« 3 CLOVER detectors (Bucharest)
1 HPGe detector (90%) (Strasbourg)

« 5 LaBr; detectors (4 Legnaro, 1
Bucharest)

» ~4n NE102 plastic scintilator (Bucharest)

* 3 neutron detectors (NE213 DEMON,
Strasbourg)

« Tape station (Strasbourg)
« Data ACQ (Bucharest)
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1S530 (Sep 2012) - Experimental setup

4
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1S530 (Sep 2012) - DAQ

* 6X TNT2-D 100MS/s fADCs for y-setup
« 1xCAEN V1751 1 GS/sfADC Fast B-n Discriminator
* Event Builder Software developed at IFIN-HH IPHC
* Analysis Software — GASPware + ROOT —
PS8 Booster
=
o { o005 3l ™D
e 3
3 TFA (Shaping)
LaBry:Ce ‘ |I|
m IO » BE T
O] |:: me -
NE102 (B, ¥) > CFD ——
.'V_ R 1
U : V1751
NE213 (n, ) . E
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34A1 B- Decay (56.3 ms) 2001Nu01

L]
34SI Decay Scheme

(4-) 0.0 56.3 ms Intensities: I(y+ce) per 100 parent decays
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13A121

%B—=100

Very weak (~zero) population of the 4- state
Y ( ) pop Q(g.s.)=1691062

in 34Al suggested by the weak population of
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34Si

Shell Model calculations (Antoine) using a modified SDPF-U-SI interaction for the decay of the 1* from 34Al.
IS530 — new gammas in coincidence with previous ones from 34Si. Rough estimations for beta feedings.
Measurement of double hit events in the plastic scintillator - beta electron followed by e-e* pair from the EO (0, — 0,%)
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34 Al S

12 g B- ENSDF F.Rotaru et al., Phys. Rev.
o Lett. 109, 092503 (2012)
Q11300 (4-) ¢ 657
- Scarce information for 34Al in ENSDF (Coul.Ex.) 1* 26 (1) ms
(4-) 0.0 _ 56.3(5) ms
- Many strong unassigned gammas observed in the beta gated 34Al,, 3441
HPGe spectra Q =17.097 MeV
Pn =26 ()%
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S4A| BT
Sn_ 2430 N Sp 18740

Q, 11300 3450"‘5

1Al 2

- By analyzing the time distribution of a gamma decay I
relative to the proton bunch:

o+ 2.77s
d4q; A
1451 =
Qg 4601
3AN| 2?27 ) .
364.4 keV ( Al 27?7 1193.3 keV (34S|)
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Normalised time distributions Exponential decay convolution
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34 Al

Comparison between 33Al and 34Al gammas:

—— Al (1618 keV) 34Mg
30 - —— Al ( 364 keV)
|‘ ‘ (normalized) B
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34 Al

- By analyzing B-y-y coincidences many of the short lived unassigned transitions were placed in the
first level scheme of 34Al.

- By normalizing to the known transitions in 3P we can estimate absolute intensities and ground state
feeding. Pn(%) taken from S. Numella et al, Phys Rev C63, 044316 (2001)
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34Mg

- Beta decay half-life:

- different from the adopted value
- measured by analyzing the time difference between beta gated 3*Al transitions and proton bunch time (T,)

- to be confirmed by the new mass measurement experiment at ISOLTRAP for the next campaign
(P. Ascher, CERN-INTC-P-372)

M. Langevin et al., Nucl. Phys. A414 (1984) 151-161

) 1IS530
10" 3 T T T z T ] T T T T T T T T
] i N
= T *Mg)=63(1)ms | 1ok 1
* ke 112 g 1 CTly2 =20+ 10ms
10° B 3
: . L _
9 x
£
é’ L
=5, 00y - )
2
S
(sp)
I |
10" 5 f E
E I]:H}' E | L 1 i 1 1 1 L
T T T T T T 1o 20 30 40 50 &0 70 B8O
0 300 600 t (ms)

Time vs Proton (ms
(ms) Time dependence of S-coincident neutron counting for the **Mg descendant.



ISOLDE Workshop and Users meeting, 25-27 Nov 2013 18

L L
| Beta Gated|

Conclusions

Counts/kev

1418 143
(*P)

v First time measurement of the
gamma rays following the B- TR
decay of 3*Mg :

T T T T
1000 1100 1200 1300 1400 1500

15320 120

+ 34Al - 364 keV
+ 345i- 3326 keV

v The first level scheme for 34Al s

Eri— T
s R EE o MEE é wod
T ‘g [
' #
Bas) P ~—— 0# T T T
. P 2641 w EikeV] 0 200 400 800
v" New half-life for 3*Mg — 63(1)ms . | Tie s prn (r
" (Prelim.) lﬁ _7’_0“_ o
-, 34,
ps - T ("Mg)=63(1) ms 129,
2 g 1”2 L R 2958
2 10 "\. E s
1 § \ 42551‘5203_ [
v' Improved level scheme for 34Si 8. ° " . o % T
2 L2 —_ ¥ 33260
3 1};4}_ 58%
B e S A R o D5
3 T : Iﬂn;* E 3327
’ T-no::PMon(ms) - 259,
L 5 _¥00




ISOLDE Workshop and Users meeting, 25-27 Nov 2013 19

Future work

- Continue the measurement with the remaining requested shifts.

- Finalize the data analysis (neutron-gamma coincidences, LaBr,:Ce fast-timing

information) and publish

New ISOLTRAP mass measurement of 3*Mg and 3*Al (1* and 4)

R
\ N
1+
? . ~—
4- 222

(P. Ascher, CERN-INTC-P-372)
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34Mg
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