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TIGRESS » Cyclotron = 500-MeV protons
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» |ISAC-Il = Post-accelerated beams
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TIGRESS

Gamma-ray spectroscopy following beta-decay
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» ISAC facility: Radioactive lon Beam production using the ISOL technique
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Gamma-ray spectroscopy following beta-decay
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Gamma-ray spectroscopy following beta-decay
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ISAC facility: Radioactive lon Beam production using the ISOL technique

i
]
i

REs A ! ;: ki o —"“} | ‘
ISAC-l = Non-reaccelerated beams (20-40 keV) —= GRIFFIN ' e, A A i

i

ISAC-Il = Post-accelerated beams (up to ~10 MeV/A) = TIGRESS

TRINAT

GRIFFIN (Gamma-Ray Infrastructure For Fundamental Investigations of Nuclei):
High-efficiency y-ray spectrometer equipped with many ancillary devices

High Resolution
LEBT Mass Separator

Target Stations 500 MeV
Protons

w \SCEPTAR: =

«h/” ‘ ® | B-tagging
g\ T

[N

>

. :

SRR ¥



° /
Gamma-ray spectroscopy following beta-decay "

INFN GRIFFIN @TRIUMF

» ISAC facility: Radioactive lon Beam production using the ISOL technique

A \||||||||||\||||!|||’“|| K

| g
A58 ST 3 I _ w';"’;L-ﬂ:i , ‘ iy \\i\\\\\\TT”T\\TTTT’TT’TlTI‘\W

sttt = ””””mmmﬂﬂﬂﬂﬁ

» ISAC-Il = Post-accelerated beams (up to ~10 MeV/A) = TIGRESS

» GRIFFIN (Gamma-Ray Infrastructure For Fundamental Investigations of Nuclei): | @ N s
High-efficiency y-ray spectrometer equipped with many ancillary devices LeeT  Mass Separster

Target Stations 500 MeV
Protons

H I 1 TP
! ’ =
R T N PACES w
- I 1 , P VR e Internal 4

| k i / ' Conversion b

Electrons




TIGRESS

L

I

Gamma-ray spectroscopy following beta-decay
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» ISAC facility: Radioactive lon Beam production using the ISOL technique
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Gamma-ray spectroscopy following beta-
decay of ISOL beams: TRIUMF and SPES

INFN

vY-Y Angular Correlations

» Y-Y Angular Correlations with GRIFFIN:
J.K. Smith et al., NIMA 922, 47 (2019)

» Rhombicuboctahedron geometry = Up to 52 opening angles

» Event mixing technique = No need to know # of pairs for each

opening angle and relative efficiencies of the detectors

» Finite sizes of the detectors = Detailed GEANT4 simulations

» Definitive spin assignments at the 99% CL
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Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPES

INFN

TRIUMF Labs

Florence Activities with GRIFFIN

Quantum-phase transition in the Zr isotopes a Influence of the nuclear shape on Ovf(3 decay

Neutron Number
GRIFFIN Y_Ray PN 350 52. 5L.1 5.6 5,8 6,0 6,2 I64 I66 I68 I70
Spectrometer ¥ Sy N

(63

(0L0Z) €0625Z ‘GOL 197 nay sAyd

3 /r o
/ 7
0.5 '
y &
P /
7 //

sl Zirconium Isotopes D
AT

w

Y-Y Angular Spokespersons M. Rocchini, P. Garrett, M. Zielinska |

Correlations RN | v
o TR - — . : {: \ e&’&)‘ .
with GRIFFIN e gt ) w & A

Spokesperson M. Rocchini >

L S \Y -0.4 1I50Nd . '50Sm W

o—o '0-0-0-0 6--0-0 -0 § CUORE A8 NN N 06 i,
N L2 N R N\ € -06 -04 -02 0 02 04 06 0.8

T. Togashi et al., Phys. Rev. Lett. 117 (2016) 172502 B 150N

GAMMA & | === === == = = — — D e e e mm— -
GRIFFIN

‘opaUl4-zaulpeyy ' pue zenbLpoy "Nl

I
I
I
I
I
O spherical |
Experlment on %Zr performed one year ago | Experlment on 130Xe performed two years ago
I
I
I
I
I
I
I

. The downfall of low-energy vibrations in nuclei u Triaxiality in radioactive nuclei & the r-process
112Cd |

P. Méller et al., Phys. Rev. Lett. 97 (2006) 162502

710.9p-2.9h

5417
GTjhmeory ”1§65§)05h - ) 09-2.9h 120 SRR RN R RN RN RN R RN NN RN RN N RN AR RN N RN AR AR RN RN RPN R RN R AR RR R RE
- xXperiment ' 5p-0.5h = . =
4/n: P o O = 2Emev  Effect of Axial Asymmetry i
4 0 02 04 06p o 4521 @ C _0.01 I:ﬂl -
RS 0 CoE ) 100 £° 05I on Nuclear Mass ol - S
I O I S & r- P ro Ces S Nuclear Structure from , vI3.dp-L1h 0 02 04 08 17 6467 0 o0z 04 06s % W = 010 I|.J .
a Simple Perspective 3835 f 4 B 4ﬂlﬁf99 4*86 3839 1/713522‘1))-5122};1 oA 0 N E —-0.15 108 L. 5 .I- ﬁ
| Second Edition 0 S 7T 1 18 o1 63662 O OB e = _0.20 o Lt — |y L
; R Ao - | ’ 72 I ] 2+—iﬁ6l § 1|0 6+ GL) 80 C -0.25 (4+)_(3+)ﬁ2(+) [ ngr Rl L 'r‘: - =
M 34 2 s 10 b l 59 3+ 3220 T T O E —0.30 o+ﬁ 2, Yban I- . . | L 3
RICHARD F. CASTEN 3067 126 7 . 3076 6% 0* §3058 |, 8 & - —0.35 I'E B TS =
2929 2+ 2888 9 ¥ |3+ 16: S = 040 a7 . - - 1 =
SPES Av Sy 2epi  NGHE AT
5 7\ 153 21851 ” f A g E :822' .l I--.‘ = E:--:. E_— I\ 3
\ o+ !2109 6/ )o. . -'5 = . S 'EIJ-& # 1 1 II - =
96 60 \ ;:Yjs ' e S 40 = = O 5 | 140 E
6 + = . =
. 5 0 o - R I T | . r"i'| ﬁ Gd -
24 7t3.0p-5.0h . = — — = 194 -
2 20 v13.6p-1.6h J = il - — m—— Pt =
10 %6 g0 i6 20 F i i — = —— ,
SPES [3-Deca Y - < R =t =]
- 0.68; 2 300 \ = " — — ¥ ——,.
y . m 9p- 3 9h\ Y 20 e N X709 W 2T o A 0 o d) = A — — W5
! : v12.8p-0.8h 10 0.60 eb = 10 " - —
° . OXFORD SCIENCE PUBLICATIONS o M., ) 0 0:2-0',4 008 o M. 0 -r||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||I||||||||r
OF v14.9p-0.9h 303 on" %"
Station oo e o | 0 20 40 60 80 100 120 140 160
PE. Garrett et al., Phys. Rev. Lett. 123 (2019) 142502 Neutron Number N

Young GAMMAs Meeting, 21-22 June 2024, Osservatorio Astrofisico di Asiago (ltaly) Marco Rocchini 5



TRIUMF Labs

GRIFFIN y-Ray
Spectrometer

Y-Y Angular
Correlations
with GRIFFIN

INFN

Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPES

Quantum-phase transition in the Zr isotopes

Neutron Number

_ 50 52 54 56 58 60 62 64 66 68 70
.' \ 3 T T T T T T T T T T
2 \\ s Zirconium Isotopes
Experiment on %Zr performed one year ago il
S ersons: M. Rocchini, P Garrett, M. Zielinska |
A7 4 = s v P
o s 0" \ & A
7 T 0[O "0- 0 0-C ¢-¢—¢- -0

T. Togashi et al., Phys. Rev. Lett. 117 (2016) 172502

Florence Activities with GRIFFIN

a Influence of the nuclear shape on Ov[3[3 decay

NZoT

B

0.8

(63

(0L0Z) €0625Z ‘GOL 197 nay sAyd

ment on 130Xe performed two years ago
Spokesperson: M. Rocchini

J el N /(- 2 s
4 y > ¥ \ i v g ‘
< A\ -0.4 f
P\ -
/. 74 v p/ ?

-0.6 ~

’-"».::/Aé) 0 4

w

|

-06 -04 -02 0 02 04 06 0.8
B 150N

‘opaUl4-zaulpeyy ' pue zenbLpoy "Nl

GAMMA & | == === === == m s s e e e e e e e e e e e e e oo —— oo
GRIFFIN The downfall of low-energy vibrations in nuclei u Triaxiality in radioactive nuclei & the r-process
C e ﬂo_gp_z_glhIZCd | P. Méller et al., Phys. Rev. Lett. 97 (2006) 162502
‘g 04030yg) 1/13;\550-0.5h . 26 60 70.9p-2.h 120 illllllll||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||l_:
747n: | iy © 3 EXPe”me:t v A o - aEMev)  Effect of Axial Asymmetry i
- i == 100 i_:g:gél on Nuclear Mass ‘Fllﬂl .3
lols & r-Process 8,120Cd approved o EDE ot U
goorEl o fEiTT
N \; Bl \‘rq
=z E -0.45 ; = "\ E
SPES < ézg-ggl - ESCIE L GE -
S 40 - T 'EIJ-&'# ||'\S{r \ 3
DL' ; :ll;-' .._I'-i.l ﬁ. I.12+ "ad ;
ssssss 205_ '-: ] ".:! - "QI: P e 194';‘__5
SPES (3-Decay R Ao N = o i
° vizSosh -0-60e3 Oﬂfép-ggho'% A _0'57eb33 ;m|||||||||||||||||||||||||||||||||||||||||||G|S|b|mid|||||||||||||||||||I||||||||1E
Station I wdo °0 20 40 60 80 100 120 140 160
PE. Garrett et al., Phys. Rev. Lett. 123 (2019) 142502 Neutron Number N
Young GAMMAs Meeting, 21-22 June 2024, Osservatorio Astrofisico di Asiago (ltaly) Marco Rocchini 5



TRIUMF Labs

GRIFFIN y-Ray
Spectrometer

Y-Y Angular
Correlations
with GRIFFIN

GAMMA &
GRIFFIN

4/n:

lols & r-Process

SPES

SPES B-Decay
Station

INFN

Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPES

Quantum-phase transition in the Zr isotopes

Neutron Number
50 52 54 56 58 60 62 64 66 68 70

sl Zirconium Isotopes

AN COENR prolate
Experlment on %Zr performed one year ago il
Spokespersons: M. Rocchini, P Garrett, M. Zielinska
= - o 'S )

o—&o-o—od 0-0——00——00—
T. Togashi et al., Phys. Rev. Lett. 117 (2016) 172502

. The downfall of low-energy vibrations in nuclei
112Cd

6 60 0. 9p -2.9h
0 . 112.5p-0.5h
% 60

Theory .

s 70.9p-2.9h
40)Y v14.5p-0.5h
! %6 60

OXFORD STUDIES IN NUCLEAR PHYSICS ° 23

Experlment

Experiment on116‘118120Cd approved
(hlghest pr|or|ty)

ssssss

12.8p-0.8h

- = - : o : 0 02 04 06
OXFORD SCIENCE PUBLICATIONS 72.5p-4.5h 0

) 20
-0.60 eb b 10 |
3 0
0 02 0.4 06
d o v14.9p-0.9h r3.0p-5.0n o | ,
— v15.2p-1.2h

P.E. Garrett et al., Phys. Rev. Lett. 123 (2019) 142502

Florence Activities with GRIFFIN

»

a Influence of the nuclear shape on OVBB decay

(63

N

w

Experlment on 13OXe performed two years ago
Spokesperson: M. Rocchini

[\

—

-0.4

|

-06 -04 -02 0 02 04 06 0.8

-0.6

o
(0L0Z) €0625Z ‘GOL 197 nay sAyd
‘Oopauld-zauipep " pue zenblLpoy "I

P. Méller et al., Phys. Rev. Lett. 97 (2006) 162502

120 IIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|II|I|IIIIII|IIIIIIIII_-|

Experiment on 7471 publlshed beam development

for more exotic Cu beam accepted (highest priority)

e M. Rocchini et al., Physics Review Letters 130 (2023) 122502
e Spokespersons Lol: M. Rocchini, B. Olaizola, A. lllana

GS band GS band
0 corc b b b o b b b

0 20 40 60 80 100 120 140 160
Neutron Number N

Young GAMMASs Meeting, 21-22 June 2024, Osservatorio Astrofisico di Asiago (ltaly)

Marco Rocchini 5



Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPESs====

- E EREEEEENEE
Islands of Inversion _ " ESESSEsssss

| roanaanaaarea e roa i copgy e e \ - ¥ P

TRIUMF Labs . . . , = I I I S 2 ]

» lols: Regions of the nuclide chart in which ;o B8 = Cu Cu Gu

‘GONi s1Ni | e2Ni [N oNi NI

67Ni ¢Ni 6Ni 7°Ni 7'Ni 72Ni 78Ni 74Ni 75

the energy gained through correlations ~ SIS AN A |

2106} °Co 5'Co 52Co 82Co ¢Co #Co %Co ¢7Co %¢Co ¢°Co 7°Co "'Co 72Co 7 qﬁCo 5Co 7 Cb Co

(e.g., quadrupole) can offset the spherical : “Fs “Fo PR IR o« *e e “Fe “e “Fe e IFe “Fe “Fe “Fe 1o e F-‘ 7

L
56\Mn 57Mn 58

GRIFFIN y-Ray
Spectrometer

i
mean-fleld gapsl |ead | ng to the . ===== s2Cr 55Cr | 5Cr 55Cr 56Cr 57Cr %8Cr %9Cr 6°Cr 6'Cr 620.r 63C5Cr %Cr °
appearance of unexpected e BUNRRRRRNRRNY - ~ - - v = = oo e y m

Mn $°Mn €©Mn 6'Mn 62Mn 63Mraﬁ,Mn &Mn 66MF137Mn Mn ¢°Mn 7°Mn

UL 5'Ti s2Ti soTi seTi ssTi s6Ti s7Ti =6Ti T
Y-Y Angular deformed ground states e

LESTe] 46Sc 47Sc 48Sc|49Sc|50Sc 51Sc 52Sc 53Sc 54Sc 55Sc $6Sc 57Sc 58Sc

i 60Tj 61Ti® ® ®
CO rre I at IoONS #2Ca|*Ca *Ca ez @ 47Ca[*Cal*Ca *°Ca *'Ca *2Ca %Ca **Ca %°Ca %¢Ca w

with GRIFFIN » Their study permits - . <

T °Ar BELNE “'Ar 42Ar 43Ar 44Ar 4SAr|46Ar[47Ar 48Ar 49Ar SOAr

- S - ar e oo < o]

investigating correlation ....... 1o

GAM MA & ener ies and ..... . 55 [N 'S S 95 40 4G 4S 4
y o e = oo L

K 4K K K | 7K | 8K 49K 50K 51K 52K 53K 54K

Cl 4Cl 4Cl “2Cl «Cl +Cl|*Cl|+Cl +Cl

3P 34p |35P | 36P 7P 3P 39P 40P 41Pg 42

GRIFFIN phenomena such as 51 =51 »s =51 EEIERIRR] -1 =51 51| vsi i 51 51 w51 w1 49 «

d f . d . .... L\l 22A1 29A1 Al STA| AI asA\||34Al 35Al 36A| STAl 38A| %
o
e O r m a t [ O n a n 19 ... Mg 28Mg 2°Mg @ MQ qu 32 33M§34Mg 35Mg Mg -

NaNaNaNaNaNaN

o
32Na 33Na 34Na 3°Na

o
NI CIERNE 25Ne 24Ne 2°Ne 26Ne 2’Ne 2 Ne Ne 3INe#2Ne
e}
19 2F 2F oF uf =F »F zF ey

747n: shape coexistence

lols & r-Process

—
[ 0
— = =
~ © ©
o -
©

» 4 lols ] ©0 »0 =0 =0 =0 =0 =0 N=20
SPES identified: : : : : N 22“
N = 8, 20' B B B 1B 205.

14 15
14 15
. Be Be.

28, 40
SPES [3-Decay

Station

Young GAMMAs Meeting, 21-22 June 2024, Osservatorio Astrofisico di Asiago (ltaly) Marco Rocchini 6



TRIUMF Labs

GRIFFIN y-Ray
Spectrometer

Y-Y Angular
Correlations
with GRIFFIN

GAMMA &
GRIFFIN

4/n:

lols & r-Process

SPES

SPES [3-Decay
Station

INFN

4

Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SP

i - |

66Zn 69Zn 0Zr| 1Zn 72Zn 2

lols: Regions of the nuclide chart in which
the energy gained through correlations ‘
(e.g., quadrupole) can offset the spherical
mean-field gaps, leading to the

60Nj | 61N | 62N

£0076) 6°Co 61Co 62Co 63Co 84Co 65C0 86Co 67Co 68Co 6°Co 7°Co 7'Co 72Co 73Co 74Co 75Co 76Co|7’Co

s aCIRUCEIRN ) S°F e 6°Fe 6'Fe 62Fe 3Fe 4Fe %5Fe %6Fe 57Fe %Fe %Fe °Fe "'Fe 2Fe *Fe *Fe

mﬂsmﬂ—_m___m_ﬂ__ﬂ

Available online at www.sciencedirect.com W Infruder dominates
o2~ . . — —Fisiiny i
appearance of unexpected -2 ScienceDirect v Lerens & 2 s
. S slles N I Unknown but predicted
d efO rme d g roun d States ELSEVIER Physics Letters B 658 (2008) 203208 = 1 — n inside the island
www.elsevier.com/locate/physletb v(fo) N .
- 1 g factor of the exotic N = 21 isotope **Al: probing the N = 20 \

Their stu dy perm Its and N = 28 shell gaps at the border of the “island of inversion”

29Ar 30Ar

T . o e
investigating correlation Gl 5C1 %0l € 01 *C1

—I= M. De Rydt?, K.T. Flanagan ®, I. Matea ¢, P. Morel ¢, Yu.E. Penionzhkevich’, L. Perrot?,
..... N.A. Smirnova®!, C. Stodel ¢, J.C. Thomas ¢, N. Vermeulen?, D.T. Yordanov ?,

ene rg Ie5 an d ..... *P B Y. Utsuno ", T. Otsuka ' ) } s

phenomena SUCh as .... 293i e ——
. . .... 2 =1 =1 <Al SAl A .
deformation and g BT i i g g i i g

..24Na 25N a 26Na 2’Na 28Na 2°Na 3°NgB1 N3

20F 21F 25F 26F

P. Himpe ?, G. Neyens **, D.L. Balabanski ®, G. Bélier ¢, J. M. Daugas °, F. de Oliveira Santos ¢,

Physics Letters B 772 (2017) 529-533

shape coexistence

5Ne Ne
Contents lists available at ScienceDirect

—— Border of the island
—— Outside the island
—l— Inside the island

Physics Letters B

4 |lols

110 190 200 230

e vielihs 2 . e
. '.F' 17N 18N 19N 2N 2N ELSEVIER www.elsevier.com/locate/physletb [y envesusaton
d d ° 1
laentitied: o 0 ST T T 0
N = 8, 20 , . B ©B|“B B "B B B B . Northern boundary of the “island of inversion” and triaxiality in 34Si @ o =T
=} i
. 34 °Be "Be[“Be|  “Be 15'39. R. Han?, X.Q. Li*!, W.G. Jiang?, ZH. Li®*, H. Hua®*, S.Q. Zhang?, C.X. Yuan®, D.X. Jiang?, 2
28, 40 Li [FTRETRRLE Y.L Ye?, J. Li¢, ZH. Li?, FR. Xu?, Q.B. Chen?, ]J. Meng?, ]J.S. Wang®©, C. Xu?, Y.L. Sun®,
. C.G. Wang?, H.Y. Wu?, C.Y. Niu?, C.G. Li?, C. He?, W. Jiang?, PJ. Li¢, H.L. Zang?, ]. Feng?,

S.D. Chen?, Q. Liu?, X.C. Chen?, H.S. Xu®, Z.G. Hu®, Y.Y. Yang©, P. Ma¥¢, J.B. Ma¥, S.L. Jin€,
Z. Bai¢, M.R. Huang®, Y,J. Zhou®, WH. Ma¥“, Y. Li, X.H. Zhou ¢, Y.H. Zhang ¢, G.Q. Xiao®,
W.L. Zhan©

oo

Young GAMMAs Meeting, 21-22 June 2024, Osservatorio Astrofisico di Asiago (ltaly) Marco Rocchini 6



Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPE!

INI N : LR [ — —
7

Islands of Inversion B

e ol
e el e,
TRIUMF Labs . zn 2 %2n ...... o [ 20 g

} IOIS: RegIOnS Of the nUC“de Chart iﬂ WhiCh 8Cu Z011] 55Cu 67Cu 68Cu %°Cu 7°Cu 7'Cu 72Cu 73Cu
the energy gained through Correlations 4N ‘ ‘GONi BN ooNi BN osNi coNi e7Ni esNi esNi 7oNi 7INi 72Ni 7Ni 7Ni 7
(e.g., quadrupole) can offset the spherical
mea n-fleld ga ps' |ead | ng to the 550r 56Cr 57Cr 58Cr 59Cr 60Cr 6'Cr ©2Cr 63Cr ¢4Cr 5Cr 66Cr
appearance of unexpected E R -

_ An u |a r .. SR IES MR RSl ' Ti 5Ti ssTi Ti s5Ti sTi 7Ti 5Ti sTi ©Tj e

Y Y g . d efo rm ed g roun d States sl 46Sc 47Sc 48Sc(4°Sc(%°Sc 51Sc 52Sc 53Sc 54Sc 5°Sc %6Sc 57Sc 8Sc

CO rre I at IoONS 42Ca|*%Ca “Cagaer:! 47Ca[*Cal*Ca *°Ca *'Ca *2Ca %Ca **Ca %°Ca %¢Ca

® ° ° 31K <l oK B 2K 43K #4K 45K 4 e
with GRIFFIN > Their study permits R S o < - [ Shape Coexistence is often observed at

investigating correlation =====i:'f;' sl the borders of the lols, with inversions of
GAMMA & energies ana - "EEdEEE A @  "normal” and intruder configurations
8Si | 29Si 31Gi %2Sj 38Gj|34Sj|35Si %6Si 7Si BSj 9Gj 40| 4%
. ==== W Al - 9.AIS°AI AL AL [AI SAL AL AL AL A . 0* .
.-27Mg 2sMg 25Mg 30M939Mg 22Mg ssMg.g4Mg sMgssMg Mg :
. NP 24Na 5Na 26Na 27Na %Na 9N.a3°N NG NaawaSNassNa % .

’

. +

8 ~Ne =Ne =Ne =Ne 7Ne =N& »Ne No#?Ne s’ 2
e} A Y
26F 2 ’ A Y

£0076) 6°Co 61Co 62Co 63Co 84Co 65C0 86Co 67Co 68Co 6°Co 7°Co 7'Co 72Co 73Co 74Co 75Co 76Co|7’Co

GRIFFIN y-Ray
Spectrometer

57Fe o] °Fe °Fe ¢'Fe 62Fe 63Fe 6Fe 6°Fe %Fe ¢Fe %¢Fe %°Fe "°Fe "'Fe 72Fe *Fe "‘Fe

56Mn 57Mn 58Mn 5°Mn ©2Mn 6'Mn 62Mn €3Mn 64Mn €5Mn 66Mn 67’Mn 68Mn ¢°Mn 7°Mn

53\/ 54\/ 55\/ 56\/ 57\/ s8\/ s9\/ eo\/ 61\/ 62\/ 63\/ 64\/

|II

GRIFFIN phenomena such as
deformation and

0+

At .
2+_ . 'i

747n: shape coexistence

15N e 16Ne

lols & r-Process

ol 20F 21F 22F 23F 24F 25F

( ’
160 170 ‘ el 0O 200 210 220 20 240 ’ N — 20 4 \‘
4N 15N BB O+ ¢ . b
N 17N 18N 1N 20N 21N 22N 23N y . 0
14 15C 16C 17C 18C 19C 20C 22(C 30Mg 32Mg
e . e ..

11Be .. T. Kréll and K. Wimmer, CERN Courier - Strong Interactions (Feature),
. ISOLDE explores the Island of Inversion

» 4 lols
identified:
N = 8, 20,
28, 40

SPES

SPES [3-Decay
Station

Young GAMMAs Meeting, 21-22 June 2024, Osservatorio Astrofisico di Asiago (ltaly) Marco Rocchini 6



TRIUMF Labs

GRIFFIN y-Ray
Spectrometer

Y-Y Angular
Correlations
with GRIFFIN

GAMMA &
GRIFFIN

4/n:

lols & r-Process
SPES

SPES [3-Decay
Station

INFN

4

Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SP

ISIandS Of In ers'on E RSN
v | Ge e e e e Ge e e o 101
_[fe e s e 6 S o ey ~o-ffeg ™00
| s 'h il
547n .. ..... 66/7n 69Zn 07Znl 71Zn 72Zn 37, -

IOIS: RegiOnS Of the ﬂUCIide Chart iﬂ WhiCh 7Cu &Cu 2011} 66Cu 67Cu Cu 59Cu 7°Cu 7'Cu 72Cu 73Cu

‘ O N FRIGH NG N 63N 2N 65Ni 6Nl 67Ni 68Nli 6°Ni 7°Ni 7'Ni 72Ni 73Ni  74Ni 75Ni7| 7Ni | 78Ni | 7°Ni

the energy gained through correlations
(e.g., quadrupole) can offset the spherical
mean-fleld gapsl |ead|ng to the 'e3d 55Cr 56Cr 57Cr 58Cr 5°Cr 60Cr 6'Cr 62@ 63C @ 65Cr ewr
appearance O'F unexpected [ sy | GIAVAll 52\/ 53\/ 54\/ 55\ B56\/ 57\/ 58\/ 59\/ 60\/ 61V. 62V 63\/ 64V.

deformed ground States .. s .- 6T| MBSl s s Ti sSTi STi sSTi ssTi ST ST ST 60‘: 61|| .

£0076) 6°Co 61Co 62Co 63Co 84Co 65C0 86Co 67Co 68Co 6°Co 7°Co 7'Co 72Co 73Co 74Co 75Co 76Co|7’Co
= S S RSB S e R B R e R B 66Fe 67Fe e e el el e EE el EEe
e* o

52\"[41 °Mn 57Mn 58Mn 5°Mn 6°Mn 6'Mn 62Mn 63MraﬁgMn &Mn 66Mng’Mn 8Mn 5°Mn 7°Mn

52Cr 5Cr

LESTe] 46Sc 47Sc 48Sc|49Sc|50Sc 51Sc 52Sc 53Sc 54Sc 55Sc $6Sc 57Sc 58Sc

’ ‘ ‘ 2CalsCal«Ca s f605| 77Cal*Cal*Ca 5°Ca 5'Ca 52Ca 53Ca 5Ca 55Ca 5Ca

3 ‘ 39K 41K 42K 43K 44K 45K 46K 47K 48K 49K 50K 51K 52K 53K 54K

il ' Where is the northern boundary of the N = 40 lol?

Physics Letters B8

Their study permits
investigating correlation
energies and

Contents lists available at ScienceDirect
PHYSICS LETTERS B

phenomena such as
deformation and
shape coexistence

Physics Letters B

ELSEVIER www.elsevier.com/locate/physletb

15Ne 16Ne

Summit of the N=40 island of inversion: Precision mass measurements
and ab initio calculations of neutron-rich chromium isotopes

4 lols
identified:
N = 8, 20,
28, 40

R. Silwal*"*, C. Andreoiu®, B. Ashrafkhani¢, ]. Bergmann®, T. Brunner', ]. Cardona %,
K. Dietrich®", E. Dunling®!, G. Gwinner&, Z. Hockenbery ®', J.D. Holt®!, C. Izzo?,

A. Jacobs ®J, A. Javaji®, B. Kootte®:¢, Y. Lan®J, D. Lunney ¥, E.M. Lyl<1arclopoulouaJ

T. Miyagi®"™, M. Mougeot ™-°, I. Mukul ¢, T. Murbéck ¢, W.S. Porter -, M. Reiter?,

J. Ringuette ®9, J. Dilling®, A.A. Kwiatkowski ®'

Young GAMMAs Meeting, 21-22 June 2024, Osservatorio Astrofisico di Asiago (ltaly) Marco Rocchini



TRIUMF Labs

GRIFFIN y-Ray
Spectrometer

Y-Y Angular
Correlations
with GRIFFIN

GAMMA &
GRIFFIN

74/n:

lols & r-Process

SPES

SPES [3-Decay
Station

INFN

4

Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SP

e W
69Ga 70Ga72Ga 73 3 # i

a6 Ga Ga <a =G i <Ga g e

v e T 21 g

60Ni 61 N| 62Ni

Islands of Inversion

lols: Regions of the nuclide chart in which

the energy gained through correlations

(e.g., quadrupo'~" === =t thm mmbmiond :
mean_ﬁeld gap< PRL 97, 162502 (2006) PHYSICAL REVIEW LETTERS
appearance of
deformed groul

77CO

‘5900 60Co 61Co 62Co 63Co ¢4Co 82Co ¢6Co 67Co Co ¢°Co 7°Co 7'Co 72Co 73Co 74Co 75Co 76Co
N N I N

p>Fe =FelsEe :SF.e .67Fe e e el el e EE el EEe

week ending f =

20 OCTOBER 2006 ln 62Mn 63Mr'6,Mn 65Mn 66Mﬁg7Mn SBMn 69Mn 70Mn
. °
rr 61Cr 62Q@r 63C @ 65Cr 86Cr
. .

60\/ 61\/@ 62\/ 63\/ 64\/ o
L o

59Tj 60Tj 6t e’
Peter Moller,* Ragnar Bengtsson,2 B. Gillis Carlsson,” Peter Olivius,” and Takatoshi Ichikawa’ c Sc
Yheoretical Division, Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA
’Department of Mathematical Physics, Lund Institute of Technology, P.O. Box 118, SE-22100 Lund, Sweden

3Advanced Science Research Center, Japan Atomic Energy Agency (JAEA), Tokai-mura, Naka-gun, Ibaraki, 319-1195, Japan
(Received 21 March 2006; published 17 October 2006)

Global Calculations of Ground-State Axial Shape Asymmetry of Nuclei

1919 3 ¢

Their study peri
Investigating cc 120

|N

energies and 100 EEY;‘MIQV) Effe‘gtnoméilggfsﬁ'afg?etry i

Phenomena s N EEE e A p——

deformation an| 5 80 —§§§I = T S— ‘I e | y .

shape coexister S 60 - o \ . ﬁ : \ L f| nuciear mass:
A= PESAUS. SUSE ] process

4 lols S 40 s ',"'H: E :.'-\‘14{0(: \ =l nucleosynthesis

identified: . 20%_ T “ Ir = =" _

N = 8, 20, WS =S =

28, 40 0 20 40 60 8 100 120 140 160

Neutron Number N

Young GAMMASs Meeting, 21-22 June 2024, Osservatorio Astrofisico di Asiago (ltaly)

Marco Rocchini



4

4

4

GRIFFIN: 12 of 16 available clovers at 14.5 cm from the target
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Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPES
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Tape cycle: 5 T2 on, 1 s off, 0.5 s background, 1 s tape movement
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Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPES
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TRIUMF Labs
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Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPES

» New, definitive spin assignment for:

» 2ot 0oF, 311, 231 states

» [wo new transitions:

» 23t — 44t and 23t — 05"

» From measured branching ratios and
O(E2/M1) mixing ratios = Relative B(E2) values

Strong transitions observed,
indicative of band structures

at low-spin in 74Zn

Experimental Results in a Nutshell
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TRIUMF Labs
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Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPES

The experimental results triggered new developments in
state-of-the-art shell model calculations (LSSM, Large-
Scale Shell Model by Silvia Lenzi, Frédéric Nowacki, Duc
D. Dao)

5 0 i
. 0 0.1 0.2 0.3 0.4

The calculations reproduce well the results

For the first time with this approach, shapes of ground

and excited states have been extracted
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INFN Calculated Shapes from Shell Model
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Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPES

INFN Calculated Shapes from She|| Model

» The experimental results triggered new developments in
state-of-the-art shell model calculations (LSSM, Large-
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PHYSICAL REVIEW LETTERS 130, 122502 (2023)

lols & r-Process

First Evidence of Axial Shape Asymmetry and Configuration Coexistence in 74Zn:
Suggestion for a Northern Extension of the N =40 Island of Inversion
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Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPES

INFN SPES @LNL
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Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPES

INFN SPES @LNL
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Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPES

INFN SPES @LNL

TRIUMF Labs
GRIFFIN y-Ray SPES - BEAMS Cs, Ba, ...
VERY intense, pure
Spectrometer p (40 MeV) + 238U |
200 pA : ] -
A | ‘ £a e £ e 1 gﬁit’:ﬂ ‘&gﬁﬁgﬁﬂ
Y-Y Angular o C /T =
Correlations R = K
. £ AEEEER
with GRIFFIN g AR
50 o Sn, Sb, Te
GAMMA & Yy VERY intense, pure
I
28 ; .
GRIFFIN 20 | g TEPEPPPRY I [ [ 11171 200pA 5uA
] o (pps)  DAYO
.?.-_' _J__,.;zo [ s : 1'01'(:()‘-]10'11 - 1079
74Zn, % : r i , B 109-10010 -10"8
* I . 4 Br B 108 -10% - 1077
'1-1--_-,7""-{8 e 0°7 - 10”8 -1076
lols & r-Process L2 T B s 07 10
| % ] 05 - 1076 - 1074
b g,: O 10'4-10"5 -1073
- — L T [l 1073 -10™ 1072
{EAEAFAPANA O 102103 "
SPES AN e A B 0.0 140 g 0
Ni| Ni | Ni | Ni| Ni ALl W <10 .
Rb, Sr, ... e
Ga,Ge ... VERvyintense, pure !
5 : " :
SPES B-Decay intense, pure '
Stati Ao TTeTTeTTYy Target lon
ation Source Complex

Young GAMMAs Meeting, 21-22 June 2024, Osservatorio Astrofisico di Asiago (ltaly) Marco Rocchini



Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPES

INFN B-Decay Station @ SPES
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Gamma-ray spectroscopy following beta-decay of ISOL beams: TRIUMF and SPES

INFN B-Decay Station @ SPES
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12:00 Electron spectroscopy @LNL: Present and future perspectives MARCHINI, Naomi
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N. Marchini, A. Nannini at al., Nuclear Inst. and Methods in Physics Research, A 1020 (2021) 165860
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