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New Miniball cryostats*

General structure:
« Eight triple cryostats
+ Six-fold segmented HPGe crystals
« 168 high-resolution channels

After 20 years operation time
» Electronics out dated
* Mechanical problems

Solution:
* Renewal of complete cryostat and capsule
* New analog electronics based on AGATA
preamplifier

*in cooperation with CTT, Montabaur
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New encapsulation

Old: New:
« Welded design  Lid fixed by screws
- Elaborate and * Metal-elastic seal
expensive repairs « Highly temperature resistant

 UH vacuum
« Fast and cost effective repairs

capsule
lid

segm. Ge
crystal

Alu
can
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New cryostat design

Old:

* Long neck for BGO
backscattering

 Movable lid

26/05/2023 HIE-ISOLDE Workshop || Maximilian Droste

New:

 No neck for BGO l- .
NO moving parts 14}
Adjustment ring integrated
into cryostat design
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New analog
preamplifier electronics

Old: New:
» Electronics soldered in| * Plug-in electronic parts
place « Welded feedthroughs

* Glued feedthroughs * AGATA preamplifier

» Preamplifier board for | = Three preamplifier
every channel boards: One core, two

segments

T

..’>

\ - 0% o .- Ol » =
\‘., ) y @ ) ) ] by

P00 EEEE
D OVDOOOGEEGE
sHhOo0eeee.

9966066 86%
pobeeeee

Folie5

26/05/2023 HIE-ISOLDE Workshop || Maximilian Droste Institute for Nuclear Physics || University of Cologne



Commissioning

« Seven new triple cryostats
approved, mounted and operational
« 8! crystal will be transferred in
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1325n region of interest for r-process

MCSM calculations able to describe whole Sn

iIsotope chain using one Hamiltonian
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Theoretical value 139Sn:
B(E2; 0* — 2%),;,., = 0.055 e2b?2

T. Togashi; Y. Tsunoda; T. Otsuka; N. Shimizu; M. Honma; Phys. Rev. Lett. 121, 062501 (2018)

1325n value by D. Rosiak, et. al.; Phys. Rev. Lett. 121, 252501 (2018)
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1325n region of interest for r-process

MCSM calculations able to describe whole Sn

isotope chain using one Hamiltonian?
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Theoretical value 139Sn:
B(E2; 0* — 2%),;,., = 0.055 e2b?2

T. Togashi; Y. Tsunoda; T. Otsuka; N. Shimizu; M. Honma; Phys. Rev. Lett. 121, 062501 (2018)

1325n value by D. Rosiak, et. al.; Phys. Rev. Lett. 121, 252501 (2018)
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130Sn Coulex — previous
experiment

161
12}

1308n O+ ]
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D.C. Radford, et al. Nucl. Phys. A 752 (2005) 264c272c.
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206pp target 4.4 MeV/u
2.0 mg/cm?
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40

30

20

10

'/LN 130Sn beam

206pPp target 4.4 MeV/u
2.0 mg/cm?

Particle X-Y hit map (6 < 90)
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Kinematics
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o B
1

1305n beam, 4.4 MeV/u
(139Sn34S*1 molecular ion)
206pPp target, 2.0 mg/cm?
75 hours beamtime
5x10°ions per second

20 25 30 35 40 45 o0 09
Scattering angle 6.}, [°]

o

Particle energy in coincidence with a gamma ray

pE_theta_coinc
Entries 3192875
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Angle [deg]

Folie 12




Number of Entries
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Dominating 39Sn

Beam purity

No y's from A=164 isobars in spectra
Only 139Sn and 13°Sh

1308n, s (Ty, = 3.7 min)

1308b, s (Ty/, = 39.5 min)

Counts per 0.5 keV

Beam composition analysis on going
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Preliminary results

Total intensity:
lospp(2*—0*) = 3900(350)

| 305,(2*— 0%) = 1700(200)

Beam purity: 130Sn ~75%

M (E2;2*— 0*) = 0.3178(47) eb [1]

1693keV —

803keV A

OkeV

A 4

Matrix element 29Pp for normalization:
4 1995keV —— 4+
1221keV 2:
2+ 3
0+ OkeV . 0+
13OSn

206pp

[1] F. G. Kondev. “Nuclear Data Sheets for A = 206.” In: Nucl. Data Sheets
109.6 (2008), pp. 1527-1654
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Preliminary GOSIAZ2 analysis

PRELIMINARY RESULT:

Counts per SkeV

N

B(EZ; 0"— 2+)this work ~ 0'056T:1L2 stat. eb

B(E2; 0" — 2*) gy, = 0.023(5) e2b2 [1]

B(E2; 0* —2%),., = 0.055e202 [2]

Counts per 8keV

[1] D.C. Radford, et al Nucl. Phys. A 752 (2005) 264c272c.

[2] T. Togashi; Y. Tsunoda; T. Otsuka; N. Shimizu; M. Honma; Phys. Rev. Lett. 121, 062501 (2018)
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Summary

New Miniball triple cluster detector developed in
Cologne

First campaign after LS2 @HIE-ISOLDE

Preliminary results in 130Sn

9000 g 2 —» 0F. 20ph, Doppler corrected 200Pb —— ]

0k - - - - - - - - - -
1200 - Il)oppler corrected 139Sn

27 — 045.130sn

Counts / 8 keV

500 | | | 1000
Energy [keV]
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900 i Doppler corrected '
l . G
{00 k for “*Ph "
. | 8" crystal ready for transfer to ISOLDE
% 600 L ||I 1930(240) counts . . » - L
5 : i Detailed investigation of beam composition
é 400 3 . (
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Results 130Sn

Beam current: 139Sn beam current ~ 5*10°
ions/second (reduced proton current)

Beam purity: dominating 3°Sn (*3°Sh ?)
- Doppler correction: no y’s from stable or instable

|Isomeric to ground state ratio:

1A=130, 164 isobars

- No y’s from A=164 isobars in spectra
- 130Sh ~10%

~15% isomeric

| Statistics with uncertainties due to random background

Total beam time: 75 hours vs. 120 hours requested

|High instantaneous Miniball count rate

reduced proton current, replace collimator by 5mm

{Preliminary FEBEX DAQ
{-  No particle gamma trigger, single event read-out, no

Institute for Nuclear Physics || University of Cologne

dedicated FPGA software, high 39% dead time,...

-> Follow up experiment!
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130gn,.
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Outlook
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Follow-up experiment with improved DAQ

o
)
T

SPEDE i
chamber A

EZ2;
o

0.0

(a) B(E2) values RIKEN

D> O
O s -
WV SODE X
O wu
0 ¢

TUD

ORNL
GSI_ANU
LBNL
IUAC

ISOLDE ]

— Present (§,=1.25¢, e =0.75¢) Q
=== Alternative (e,=1.25¢, e, =0.75¢

---- SNBG3 (e =10g) o O

I, .g 60
®
€
g 40
4 o
@
X
f = 20
Miniball cluster E
detector g~ o
.r:. ; 0
26/05/2023 DPG Friihjahrstagung || HK 59.1  Maximilian Droste Institute for Nuclear Physics || University of Cologne

ratio (%)

Folie 22



Gamma-ray Energy [keV]
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Summary

Successful campaigns Miniball@PSI and
@RIKEN

New Miniball triple cluster detector
First campaign after LS2
Preliminary results in 130Sn

New electron spectrometer SPEDE
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Gamma-ray Energy [keV]

Counts per 0.5 keV
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New Data Acquisition

FEBEX:

e 16-channel ADCs

Highly compact design
310 channels in <2 racks
Customizable firmware

Event mode readout
» Triggered Particle AND/OR Gamma
e All cards readout 2 Common deadtime

Future plans:

e Continuous readout

e Real-time control of digital filter
parameters
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Doppler correction using stable
beam experiment

Zeigen? Schones Spektrum
raussuchen

Rechtes Bild rauszoomen.
Linkes Bild: Positionen der
Detektoren zeigen

Background Zeit Spektrum zeigen
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Qs (fmz)
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Case of 130Sn

150

100

50

150

%
100 =
4 e
20
50 g
[8a]
3
0
150 | - )
100
1
50
o L& i ? 1
0 100 200 0 100 200
Qo (fmz)
T. Togashi; Y. Tsunoda; T. Otsuka; N. Shimizu; M. Honma,;
Phys. Rev. Lett. 121, 062501 (2018)
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Summary & Outlook Miniball

Target
ladder,

Absorber
foil

SPEDE signal

»,  feedthroughs Miniball back in business @ISOLDE!

| =3 Mounting two more upgraded triple
cryostats (1 triple plus prototype)

Testing new FEBEX firmware

Many more experiments to go!

HV feedthrough
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B(E2) values along Sn chain
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Gamma-ray energy (keV)

Counts

26/05/2023

Gamma-ray - Particle time difference versus gamma-ray energy
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Miniball@ISOLDE

* In-Beam y-ray spectroscopy
experiments @ISOL (Isotope
Separation On-Line) facility

« Exotic nuclei @ISOLDE, CERN
« Coulomb excitation
« Transfer reactions
« Deep-inelastic scattering

« 2001: Start @REX-ISOLDE
« Beam energies < 2.8MeV/u

« 2015: Upgraded to HIE-ISOLDE
« Beam energies < 10MeV/u

« 2019: Long Shutdown 2

o 2022: Restart of Miniball@ISOLDE
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« Muonic atom spectroscopy [1] S 1(0) (i) -50 < tyy < 50 ns

» New method for Non-Destructive Depth- §3 1000
Selective elemental composition analysis by 2
muon induced x-rays and y-rays [2] -
g e 100 < tgy < 200 ns
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- Elemental composition of knob bow fibula 500 600 700 800 900 1000
(Kaiseraugst, Switzerland) investigated [3]
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[1] A. Knecht, et al. Europ. Phys. Journ. A 59(2) (2023)
[2] S. Biswas, et al. Nucl. Heritage Science 11 43 (2023)
[3] S. Biswas, et al. Applied Sciences 12(5) (2022) 2541
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Gamma-ray - Particle time difference versus gamma-ray energy
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Miniball 2020/21 - RIKEN

« Miniball + BIGRIPS

« Extended campaign due to Covid
184
w
c
O
e
9 Single-particle states inthe N = 82 nucleus '2°Ag -
O | RIBF189, Zs. Podolyak, M. Gorska et al. L
5 Characterization of a transition above 4 MeV in '3 Te
w — RIBF190, A. Jungclaus, P. Doornenbal et al.
) Quadrupole and octupole collectivity H
QO | of 5485Ge and 86:88.90ge |
& RIBF190, F. Browne, V. Werneretal. [ A Spectroscopy and lifetime measurements in neutron-rich Zr and Mo
- BT . RIBF187, W. Korten, K. Wimmer et al.
c \ '_er o =5 ‘_rl_'_
50 Sn . n i u =
] ]
= '_- = 1 Neutron intruder states and collectivity beyond N = 50
} . RIBF196, F. Flavigny, M. Gorska, Zs. Podolyak et al.
L
) e [ Gamma-ray spectroscopy in the vicinity of double-magic 78N
28 Ni —f=="3 82 RIBF181, R. Taniuchi, D. Suzuki, S. Franchoo et al.
H
If‘
= Evolution of collectivity in Tiisotopes towards N = 40
i RIBF191, T. Koiwai, K. Wimmer et al.

i

Proton Removal and Lifetimes in the Ca Isotopes
- 20 RIBF170R1, H. Crawford, M. Petri, S. Paschalis et al.

2 8 ——3» number of neutrons
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First experiments after LS2
November 2022

130Sn Coulex:
Measuring B(E2;0*—2")
Testing of neutron
Interaction

131Sh Coulex:
Testing proton-neutron
interaction

[1] Papadakis, P., Cox, D.M., O'Neill, G.G. et al. The SPEDE spectrometer. Eur. Phys. J. A 54, 42 (2018)
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Oblate band

182Hg Coulex:
Investigating competing
shapes

Deformed O* states?

- Measuring conversion
electrons using SPEDE [1],
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