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ALTO radioactive beams
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Three [3-delayed spectroscopy setups
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Conversion electrons spectroscopy at ALTO pre-2022

B tagging

y detection CE detection
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Conversion electrons spectroscopy at ALTO pre-2022

Roughly 1s to bring the
source in frontofthe —p
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Conversion electrons spectroscopy at ALTO pre-2022

Roughly 1s to bring the
source in frontofthe —p
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Very close geometry
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Conversion electrons spectroscopy at ALTO pre-2022

Roughly 1s to bring the
source in frontofthe —p
detectors

Very close geometry

at the detection point >

Short lifetimes
unaccessible

Important y background
in CE spectra
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COnversion electrons Chasing at Orsay
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COnversion electrons Chasing at Orsay

Magnetic transporter (Helmholtz configuration)

Beam collected on tape
Plastic scintillator for B-tagging

Conversion electrons guided inside the

chamber to compensate the loss of solid
angle

Tape unwinded to remove the source
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COnversion electrons Chasing at Orsay

Magnetic transporter (Helmholtz configuration)

® Beam collected on tape
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COnversion electrons Chasing at Orsay

Magnetic transporter (Helmholtz configuration)

® Beam collected on tape
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m Conversion electrons guided inside the
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Plastic
scintillator

Faraday cup
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COnversion electrons Chasing at Orsay
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COnversion electrons Chasing at Orsay
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COnversion electrons Chasing at Orsay
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Electrons spiraling in the magnetic field

Collection point = detection point

Solid angle covered by Si(Li) reduced by ~3000
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Counts/keV

Off-line commissioning
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Off-line commissioning
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Off-line commissioning
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Physics case
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Physics case : shape transition around N=60

1g7/2
351/2
-000000- 2d5/2
1g9/2
Z =40
2p1/2 —— N — 50
Z =38
96
4OZr56

core3®Sr + 2p + 6n

16004

12001

0, " spherical

Encrgic [keV]
e
o
[=}

s

=]

(=]
!

202+ deformed

0

52 54 56 58 60 6.

3
@ ” Colloque GANIL - Guillem Tocabens 25/09/2023




Physics case : shape transition around N=60
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Physics case : shape transition around N=60
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Physics case : shape transition around N=60
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Physics case : shape transition around N=60
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Physics case : shape transition around N=60
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Physics case : shape transition around N=60
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First experiment with COeCO (2022)
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First experiment with COeCO (2022)
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First experiment with COeCO (2022)

m %-100Rp beams (surface ionisation)

B
or W 1464.6
Mo w
Stable 0t » 1229.28
Z 98Nb &
2.86 s 2l
_ _ 2 ® 814.93
_ QGZr 97Zr QBZr
Z=40 23.4 Ey)| 16.749 h

96y 97y 98y

534 s 3.75s 48 m
0r 0

QGSr 97Sr Qasr 96
1.059 sJ| 432 ms |\653 m 388r58
| o7Rb /**Rb
201.5 mg|169.1 ms R115m . . .
® Very intense EO transition in %Zr
N =60
P
N

g Colloqgue GANIL - Guillem Tocabens 25/09/2023




First experiment with COeCO (2022)
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%°Rb, T12 = 201.5 ms, ® = 8.10% pps

- Ll il s "-:: J464.6
i 3 96 ® Rb—= Sr T -
: ,If . Rb .W}SI_ é‘:"ﬁY i} I s [
l O B r% ‘:"ﬁ-Y _{:"ﬁzr ;:x )
- §14
& 122.3 keV
E O 4 414
g o [
@) WS 815
]-0 1 1 | 1 1 1 | 1 1 | [ 1 L I L 1 1 | [ 1 | I | 1 1 | 1 1 | E 2 T
0 200 400 600 800 1000 1200 1400 1600 :‘E"
Energy [keV] 3
[

®m No trace of any EO transition to the ground state

m Y spectrum gated on EO transition in *Sr validates

its placement in the level-scheme -2 B O o, T "
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® Measurement of the half-life of the EO transition in nergy [keV]
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%°Rb, T12 = 201.5 ms, ® = 8.10% pps
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®m No trace of any EO transition to the ground state

m Y spectrum gated on EO transition in *Sr validates
its placement in the level-scheme

B Measurement of the half-life of the EO transition in
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%Rb, Ti2 = 96/115 ms, ® = 4.10° pps
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= n
0 B 1 1 1 J 1 | 1 1 | 1 L L 1 [ L L 1 1 I L 1 1 1 I L 1 1 L I 1 1 L L I 1 1 L L
0 100 200 300 400 500 600 700 800 900

Energie [keV]

m Measurement done with fixed tape :
high activity of the daugther nuclei
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%Rb, Ti2 = 96/115 ms, ® = 4.10° pps

Energie [keV]

A tﬁ-Si[LiJ

® Time difference between an event in the plastic
scintillator (3) and an event in the Si(Li) (CE)

In(2
= Compute strength of the transition, IOZZL
Tl/ZQK
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Energie [keV]

%Rb, Ti2 = 96/115 ms, ® = 4.10° pps

gm‘j%l_l I I 1 | E_‘
09 T =25+1ns :
o0 T (NNDC)=22 + Ins E
2 6000~ —— —
E 4000 _‘_ =
3000 - —=
2000~ gy —=
1000 - _a__kr_;_ =
ob L o o 1. T e e = I =
et S 50 100 ljﬂ'l'em » 200 250 300
600 700 800 =
ﬂtﬁ-ﬂi(u:
= Time difference between an event in the plastic = Time behaviour of the EO
scintillator () and an event in the Si(Li) (CE) 0’ 735 transition at 735keV in *Mo
® Compute strength of the transition, ,ozzln—(z)
Tl/ZQK 0 0
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Energie [keV]

%Rb, Ti2 = 96/115 ms, ® = 4.10° pps

35{]0_ I LI B B LI B B LI B LI B LI B LI B B LI B B L B LI B | |
:ll— Z
3000 |, — —
= T,=82+2ns ]
e T, ,(NNDC) =63 + 7 ns E
AR Saof =
e R S = F o .
{E %EF""“ 2 1500 K, =
l : mﬂnf— *—.—+ —E
s00[— _‘_ﬁ;"—:}m; =
U:||||||ﬂ_|d_|""_r'_-"‘—--1-;
50 100 150 200 250 300 350 400 450 500
Temps [ns]
ﬂtﬁ»snu:

= Time difference between an event in the plastic o g-, " Time behaviour of the Eg

scintillator () and an event in the Si(Li) (CE) transition at 854keV in *°Zr
- 2 In(2 2 — 103
= Compute strength of the transition, p :L p*=9,6.10
Tl/ZQK 0 \/ 0
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Two-states mixing model

States resulting from the mixing of two Mixing amplitude can be measured via
deformed states 1 and 2 with mixing angle 6 : reduced transition probabilities :
Oj = cosf ‘OT> + sind ‘0;> cos?(0) = 0.90(5)
O"’ — —sin# ‘[]i}_> + cosf ‘Dj > Garrett et al., An experimental view on shape coexistence in
f nuclei, 10.1016/j.ppnp.2021.10393
Transition strength given by : §a>2=0.29 + 0.02 fm?
- 2
eR?

If the surface of both states shape can be
described by a sum of spherical

harmonics :
7?2 2
p*(E0) = —;cos’fsin’0 [A<T2>]
Rg

3
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Two-states mixing model

States resulting from the mixing of two

deformed states 1 and 2 with mixing angle 6 :

O;r = cosf ‘OT> + sinf ‘O;>

O}T — —sinf ‘UT> + cost ‘0j>

Transition strength given by :
- 2
(@ |T(E0)|D;)
eR?

p°(E0) =

If the surface of both states shape can be
described by a sum of spherical
harmonics :

Z? 2
p*(E0) = R—(Q)COSQQSiDQQ [A<T2>]
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Two-states mixing model

States resulting from the mixing of two
deformed states 1 and 2 with mixing angle 6 :

0; ) = cosf ‘OT> + sinf ‘O;>
O}T = —sinf ‘UT> + cost ‘0j>

Transition strength given by :
- 2
(@ |T(E0)|D;)
eR?

p°(E0) =

If the surface of both states shape can be
described by a sum of spherical
harmonics :

Z? 2
p*(E0) = R—(Q)COSQQSiDQQ [A<T2>]
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Conclusions

®m Construction and commissioning of a new decay station dedicated to conversion electrons
- half-life of first excited 0* state in °®Zr measured to be T., =82 + 2 ns

- new values of p? and d<r?> measured with COeCO add to our understanding of shape
transition in the A~100 region

®m Research program on shape coexistence using [3-decay and conversion electrons
spectroscopy at ALTO

- continue studies in the A~100 region
- investigate N = 50 region

- possibility to move COeCO to DESIR to explore the region around °°Sn
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Mass 97/

A Tjs - Si{Li)

Detection of
the 3-
electron in
the
scintillator

B-delayed conversion
electrons
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Mass 97/
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Mass 98

s Projection on E0 @ 854.1 keV
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0% - 0% In 199Zr @331 keV
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