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 Longest isotopic chain

between two
experimentally accessible
doubly-magic nuclei.

Unique opportunity for
systematic studies of the
basic nuclear properties.

Balance between the
closed-shell effects and
evolving collectivity.
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Z=48 PHYSICS CASE
Vibrational...?

Vibrational-like character

2877 6*
62480
e 2356
g+ zzm 4t
AL 2063 3+
o079 at
163} 620 18) 1 m[miﬂ
100.0
R JIal san Y TR 25012 ; “l” i “;
100 Eeal JEEE l 1[‘37131
X Wdrs T ttt:::li:t‘ A . 473§ 0*
L6 § oy
05
3005} 466
N r ___2"‘_1!’{:_1& Y. r
110,
27.4(3) Cd
it i
2400 6t
£ 1ox 6 199
T jg4z RSS20 T 3 orss0 Ot
I I o 17324
b <3 118036) 3 186) I mll;u
Mo <6 . 11i4) H(%) 3
‘ i A5(7y 1364 2+
(_I‘— IJ“J,T - B "'4+ '1]’]’2&‘_}[”" e o oo TR O -
127(16) [ D - 6309
R S <l 26)- 274 1135
62(4)
22i6) ' 17:3(17)
Ll AR S L -
31.1(19) 14y
LI

has

2021

i)

Lk JELE

2

10)

oyl

9.2{26)

| -

(17} /SR

GOy

62027

11050y

33.5(10)

i.T"iU

1915

1
1
OX21) 1309,6) <I

P.E. Garrett and J.L. Wood, J. Phys. G: Nucl. Part. Phys. 37 (2010) 069701

3t 1928
—

DE LA RECHERCHE A L'INDUSTRIE

2572 6
18T 4
1 100
33
51¢13)
0224 ¥ o+
51(12)
| IECd
2565 6*
T
3900160y
ez g 2t

BO(24,30)

~2006) 1.60 1{4 10) 1380 t i

ET T S,

3005)

M. Siciliano — Lifetime measurements in the even-even %41%8Cd



Z=48 PHYSICS CASE
Vibrational...?

DE LA RECHERCHE A L'INDUSTRIE

Vibrational-like character

2877 6*
N
e Bl 572 e
e 2356 E
gt zzw a4t
4 2220 161 3t s ey . 6% 2168
079 Of E 5N B B w T2 2064 3
16(5) 62(18) | m[r’i } L
| A ' | 1000 4 ! - I 1871 o 157 4
Sy Q) 25(12) *d - I7(R) a4 ety S6017) 5 I
; 27 1y 285 25(8)
1 - EEN 21y 1 6217} I 100 % 100
100 4 WS 23(27.18)
¥ 2 Widds T e ¥ 4§ o | T _i_—
L1i6) ol LI 77
s " - Ne.e.e-ea@rtr
3005} 466
=Y 1
Y. Y. LI wess LY 3 i * ¥si7
110,
27.4(3) Cd 30.2(3) | IECd
it Wi [l V]
2400 6t 2585 b*
6F 9% 6+ 2027 240 4
47 jeaz —y A 1951 e 2
wooggqn WE L LN o g 1864 3 pss0 —_—y 4t 1869 jois 3t 1928 OF i
S 172 4 : 3000160}
18(6) I I 35010} 1 Ing2 g a2t
1 2 " B
11id) () 83100 G921} 13(9,6) *;1 £6(24,30)
. B ‘ A5y iea g 2 g ) 2006 1.634.10) /380 ot
{~ —4 X 65(9) o yizaz ¥
<19 2.36) 274y 1135 O JUET i [SUSSRRRRERS 000 LS. USRS L, MEE-L . S S 3,50 1 BrpeeereeTnnenes
= 62(4) 30(3)
226) 17.4(17) 24(1) 57014)
I+
r WSS ! e v r 72* L AT E F
R 114
31.1(19) Cd 35(11) llﬁCd

P.E. Garrett and J.L. Wood, J. Phys. G: Nucl. Part. Phys. 37 (2010) 069701

M. Siciliano — Lifetime measurements in the even-even 1%41%8Cd



Z=48 PHYSICS CASE
Vibrational...?

Vibrational-like character

6r 2480
1 2356
4 2220 2161 "
— 3
.
16(5) B
L 100.0 3
177 763} 2id. 1)
I JIT) .- - [l 5012) .
100 + Wi5
A 2t W MIE T T Ej R
LL6Y § oy
0.5
304 4600}
A tallh (51 L 4 r
110,
27403 Cd
" Yo
61990
l864 3t 180 O+

at
oggqz HE HDL Nogn g

<8

I —
<o 5P ‘
e ‘.uml l S

T127(16) )

22(6)

31

it

119y

18(6) I I

11id) ()
‘ ) AN

2877 6

ZZTU 4t
I 1062 53)
1[1 1) ;

23(27.18)

l.u:f ¥ ot

B3(9)
1364

63(9)
27y 1435

274017

DE LA RECHERCHE A L'INDUSTRIE

CLa

2572 6f
LT I o
3 100
33
BT 2.2 - l S1(13)
TTTTY Y L o+
GOCS)
14.725) 51(12)
el LIFS
302(3) n2eq
i, 110
2565 6F
Ty a6t 2027 2041 A
X a D at T+
A LS S 1360 jois 3t l9zs O
[ ] [ — 3000160}
L
T2 2+
- G 20I0) ']
5 5
3300 286) s orssse  EPY Goi) 1306 <1 §6124.30)
T l 1 T : 2006 1.6(34,10) /380§ 0F
{ F /24 4+
{6 A NETERS, S | ”‘"‘”.[ZI ,,,,,,, S ... t....]‘j 16)rrerectunaansn
3005}
24(4) 5114y
> wsia o
33.3(11) HE’Cd
ar* 0

P.E. Garrett and J.L. Wood, J. Phys. G: Nucl. Part. Phys. 37 (2010) 069701

M. Siciliano — Lifetime measurements in the even-even %41%8Cd



Z=48 PHYSICS CASE

Vibrational...?
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Courtesy of P.E. Garrett

P.E. Garrett and J.L. Wood have proposed a reinterpretation of the stable Cd nuclei:

* Shape coexistence between rotational deformed structures
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Vibrational...?
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EXPERIMENT

Deep-inelastic reaction to investigate the neutron-deficient Cd isotopes:

> Stable beam with higher intensity than previous experiment with radioactive beams

Beam: '°Cd @ 770 MeV Target: Mo 0.715 mg/cm?
Degrader: *Mg 1.6 mg/cm?

@/&%

VAMOS++
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RESULTS

Lifetimes in 1°°Cd
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RESULTS

Lifetimes in 1°°Cd
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RESULTS

Lifetimes in 1°2Cd

(2*) =9.9(1) ps

tNNDC

| [ | ““;3,‘51 T ,(2°) = 10.1725 ps

517 456 5=

+ 5~
° 1.0
0.9} .
1199 2

>

)

=

>

O) _____
| -

CIC> 0.7 Fooee e L
LLl SN SRR SR 0.6

- o

9 £ 08

et

e

O

>

LL]

2
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Oo;l— 0:05. A

0 2 4 6 8 10 12 14 16 18 20
Lifetime [ps]
M. Siciliano et al., Phys. Rev. C. (2019), in preparation

M. Siciliano — Lifetime measurements in the even-even %41%8Cd



RESULTS

Lifetimes in °‘Cd
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RESULTS

Reduced Transition Probability
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THEORETICAL INTERPRETATION

Quadrupole-Pairing Interplay
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Large-scale shell-model calculation, performed
by the Strasbourg group, to explain the
systematic of the reduced transition probability
in the neutron-deficient Cd isotopes.

* Realistic potential: N3LO (CD-Bonn and
AV18 provide same results)

* Renormalization: 30% for quadrupole force
40% for pairing force

* Monopole-free
100Sn  single-particle spectrum, given by
GEMO

* Full gds valence space
1p-1h excitations in the (g,,)"

Deformed

structures
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CONCLUSIONS

* Deep-inelastic collisions are a powerful tool for populating the region close to °°Sn.
Thanks to the direct population of the states, electromagnetic properties of the low-lying states can be
investigated.

- Lifetime of 2 * states has been measured in the even-even ****Cd.
Lifetime of 4 * state has been measured for ***Cd.
The results confirm the values obtained in previous experiments.

* The extracted B(E2) values have been compared with LSSM calculations in the full gds valence space to
explain the trend of neutron-deficient Cd isotopes.

FUTURE...?

Further investigation of neutron-deficient Cd nuclei via Coulomb excitation or lifetime measurements, to
study the nature of side bands.
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EXPERIMENT

Differential Plunger

The nuclear reaction takes place in the thin target and then the reaction products are slowed down by the degrader
foil.
Because of the two different velocities, per each y-ray transition two components are observed.

E ‘

TARGET

Shifted
peak

‘oe‘a‘“ Bs

The y-ray energy is Doppler corrected for (measured by VAMOS++), so in the spectrum a second under-
corrected shifted peak appears.

The relative intensity of the two peaks depends on the target-degrader TOF ({3, distance) and lifetime.
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Z~50 PHYSICS CASE

Information of the shell gap and collectivity evolution can be experimentally obtained from
 the excitation energy of the low-lying states

 the reduced transition probability
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REACTION FRAGMENTS IDENTIFICATION

Beam-like fragments

Due to the almost symmetric reaction, the recoils
energy was at the limit for the identification in the
IC.

320} The identification of the fragments is challenging
because of the high atomic number, close to the
resolution limit of the IC.
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REACTION FRAGMENTS IDENTIFICATION

The VAMOS++ spectrometer allows the complete identification of the reaction products, providing the atomic
number Z and mass A.
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THEORETICAL INTERPRETATION

Quadrupole-Pairing Interplay in Sn
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Realistic potential: N3LO (CD-Bonn and AV18
provide same results)

Renormalization: 30% for quadrupole force
0-40% for pairing force

Monopole-free
101Sn single-particle spectrum, given by GEMO

Full gds valence space
2p-2h excitations in the (g,,,)"
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