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Doubly -magic  132Sn
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132Sn ñexhibits strongest shell closure of any 

observed nucleusò, but ñnuclear reaction studies 

essentially excludedò (J. Blomqvist, 1981)
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B(E2) values  along  Sn chain
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B(E2; 0+
Ą2+)exp. = 0.023(5) [5]

.

B(E2; 0+
Ą2+)MCSM= 0.055 [2]

.

130Sn:
.

B(E2; 0+
Ą2+)exp. = 0.029(5) [5]

.

B(E2; 0+
Ą2+)MCSM.= 0.044 [2]

.

134Sn:
.

Enhancement of B(E2) value between 

experimental values  around 132Sn even more 

pronounced than calculated by theory [2,5]
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General structure:

Å Eight triple cryostats

Å Six-fold segmented HPGe crystals

Å 168 high-resolution channels

        

Miniball  @ ISOLDE

        

October 2023: 130Sn Coulomb excitation

October 2025: 134Sn Coulomb excitation

        

Reiter, P.; Warr, N. in Prog. Part. Nucl. Phys. (2020). 113 103767
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Coulomb excitation
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130,134Sn

4.4 MeV/u

206Pb target 4.2 mg/cm²
194Pt target 3.0 mg/cm²

DSSSD detector

130

130Sn + 206Pb

134Sn + 194Pt

03/12/2025 Institute for Nuclear Physics || University of CologneISOLDE workshop 2025 || Maximilian Droste

Safe Coulex Ą Cline's criteria of 5fm distance 

between beam and target nuclei fulfilled

Normalization Ą Unknown matrix elements 

deduced relative to known values, e.g. 

lifetimes, matrix elements or 

target excitation



Doppler -corrected spectra
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2+
Ą0+ intensities:

Beam excitation:
130Sn:   14713(193) counts
134Sn: 3396(150) counts

Target excitation:
206Pb: 69835 (913)     counts
194Pt: 744726 (4354) counts
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Doppler -corrected spectra
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2+
Ą0+ intensities:

Beam excitation:
130Sn:   14713(193) counts
134Sn: 3396(150) counts

Target excitation:
206Pb: 69835 (913)     counts
194Pt: 744726 (4354) counts
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Matrix elements of RIB deduced 

relative to target material         

Ą precise knowledge of beam 

composition is key



130Sn: Beam composition 
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ɓ-delayed ɔ-rays yields:

66(2)% 130Sng.s., 34(2)% 130Sn7-

130Sn/total = 66(2) %
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134Sn: Beam composition 
Stable beam compontents and change of beam composition over time                 

Ą Combining data from: Ionization chamber, Coulex and ɓ-delayed ɔ-rays yields:

7.37(70)% 134Sn, 43.0(11)% 134Ba, 40,4(11)% 134Te, 9.2(8)% 134Sb
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GOSIA analysis  of  0+
Ą2+ transition s

4+

2+725 keV

1073 keV

E2

E2
E2

GOSIA2 [1] normalizes yields to known 

matrix elements of target material

Ą Matrix element of target nuclei has to 

be known precisely 
206Pb: <0+||E2||2+> = 0.3178(47) eb [2]
194Pt: <0+||E2||2+> = 1.285(7)    eb [2]

[1] M. ZieliŒska, L.P. Gaffney, K. Wrzosek-Lipska et al. Eur. Phys. J. A 52, 99 (2016)

[2] F. G. Kondev. ñNuclear Data Sheets for A = 206.ò In: Nucl. Data Sheets 109.6 (2008), pp. 1527ï1654

0+
0+

B(E2; 0+
Ą 2+) =  0.0484(57) e²b²

Qs(2
+)= -0.06(15) eb

B(E2; 0+
Ą 2+) =  0.0449(57) e²b²

Qs(2
+)= 0.06 σρ

τυ eb

1221 keV

1995 keV

130Sn:

134Sn:
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4+

2+

E2

E2
E2

0+ 0+
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Discussion
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Only MCSM able to reproduce 

evolution of collective above 132Sn

New B(E2) values higher than values 

from conference proceedings
[4]

[4]

[1]

[6]
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Coulomb excitation 

experiment performed  in 130,134Sn     

with Miniball @ ISOLDE

Discrepancy between theory and 

experiment around 132Sn

Quadrupole moments of 2+ states

show near spherical character

130Sn7- also excited into higher lying

states

Ą Lifetime analysis combined with 

GOSIA gives precise values for 

transition probabilities!

Summary & Outlook
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Challenge for theory to reproduce 

collectivity east of 132Sn!
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B(E2) values  along  Sn chain
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Enhancement of B(E2) value between 

experimental values  around 132Sn even more 

pronounced than calculated by theory [2,5]

Ą Remeasure B(E2; 0+
Ą 2+) values! 
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[3] LSSM by: B. Banu et al. Phys. Rev. C. 72, 061305(R) (2005)

[4] QRPA by: A. Ansari Phys. Lett. B. 623, 37 (2005) 
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Å Usually done with stable 
beam experiment

ĄNo ű dependency

Å 206Pb peak used for ű angle 
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Doppler 

correction

22Ne(d,n)23Na
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Doppler -corrected

spectra
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Comparision  with  MCSM calculation

B(E2) value in agreement with theory [1]

B(E2; 0+
Ą 2+)exp. =  0.049(6) e²b²

B(E2; 0+
Ą 2+)theory =  0.055 e²b²

MCSM calculations show small oblate 

deformation of 2+ state in 130Sn [1,3]

Qs(2
+)= -0.05(22) eb

[1] T. Togashi; Y. Tsunoda; T. Otsuka; N. Shimizu; M. Honma;  Phys. 

Rev. Lett. 121, 062501 (2018)

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

[3] D. Rosiak, et. al.; Phys. Rev. Lett. 121, 252501 (2018)
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B(E2; 0+
Ą 2+)Radford=  0.023(5) e²b²[2]

.
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Å ɔ-rays after ɓ-decay from decay chains: 
130Sng.s.Ą 130Sb(4,5)+Ą 130Teg.s.

       130Sn7-  Ą 130Sb(8)-  Ą 130Teg.s.

Å 67(3)% 130Sng.s. 

Å 33(3)% 130Sn7-

Å (Some long-lived 132Sn daughter nuclei 

from previous experiment) 

130Sn: Beam composition
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Beam composition can be 

identified via different 

energies of gamma rays 

after beta decay

Beam composition 

Institute for Nuclear Physics || University of Cologne



134Sn: Beam composition

Folie 21

t1 =119h

t2 =138h

t3 =165h

t4 =195h
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130Sn: Doppler -corrected  spectra
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134Sn: Doppler -corrected  spectra

Institute for Nuclear Physics || University of Cologne



Folie 24

GOSIA analysis  of  0+
Ą2+ transition

4+

2+
1221 keV

1995 keV

E2

E2
E2

GOSIA2 [1] normalizes yields to known matrix elements of target material

Ą Matrix element of target nuclei has to be known precisely 

Ą
206Pb: <0+||E2||2+> = 0.3178(47) eb [2]

Ą Cross section (e.g. measured ɔïray yields) depends i.a. on B(E2) value, 

quadrupole moment and scattering angle 

[1] M. ZieliŒska, L.P. Gaffney, K. Wrzosek-Lipska et al. Eur. Phys. J. A 52, 99 (2016)

[2] F. G. Kondev. ñNuclear Data Sheets for A = 206.ò In: Nucl. Data Sheets 109.6 (2008), pp. 1527ï1654

B(E2; 0+
Ą 2+) =  0.0484(57) e²b²

Qs(2
+)= -0.06(15) eb
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Discussion: 

Quadrupole 

moments
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Quadrupolmoment  influence  in 
130Sn
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7- Isomer

Coulex of 7- state

Two other decay lines from 

5- state 

Evaluated half-live: t1/2 (5
-) =  52(3) ns [1]
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7- Isomer
C

o
s
(ɗ
ɔ
)

ɔ-ray energy [keV]

stopped

shifted

Kɓ

Coulex of 7- state

Two other decay lines from 

5- state 

Evaluated half-live: t1/2 (5
-) =  52(3) ns [1]

[1] B. Fogelberg, K. Heyde, J. Sau Nucl. Phys. A 352, 157-180 (1981)  
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Excitation  of  isomeric  beam 

component

Å 33(3)% of beam not in ground-state 

but in isomeric 7- state

Å Excitation of this state into higher 

lying states observed!
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New Miniball  spectrometer
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New encapsulation 

system

New cryostat 

design

New preamplifier 

electronics

    *in cooperation with CTT, Montabaur and MIRION technologies

DPG 2025 || Maximilian Droste10/03/2025
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New cryostat  design
Old:

Å Long neck for BGO 

backscattering

Å Movable lid

New:

Å No neck for BGO

Å No moving parts

Å Adjustment ring integrated 

into cryostat design 
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Old:

Å Electronics soldered in 

place

Å Glued feedthroughs 

Å Preamplifier board for 

every channel

New:

Å Plug-in electronic parts

ÅWelded feedthroughs

Å AGATA preamplifier 

Å Three preamplifier 

boards: One core, two 

segments

New analog 

preamplifier  electronics
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PRELIMINARY RESULT:

B(E2; 0+     2+)this  work  = 0.054+10 
stat. e²b²

2022 GOSIA2 analysis  2022 

data

B(E2; 0+     2+)ORNL = 0.023(5) e²b² [1]

B(E2; 0+     2+)theo. = 0.055 e²b² [2]

[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)

-10
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Beam current: 130Sn beam current ~ 5*10  

ions/second (reduced proton current)

Beam purity: dominating 130Sn (130Sb ?)  

- Doppler correction: no gôs from stable or instable 

A=130, 164 isobars

- No gôs from A=164 isobars in spectra

- 130Sb ~10%

Isomeric to ground state ratio:  ~15% isomeric

component

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 

aperture

Preliminary FEBEX DAQ

- No particle gamma trigger, single event read-out, no 

dedicated  FPGA software, high 39% dead time,é

Ą Follow up experiment!

Results  130Sn

2022
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Preliminary  results  2022

Beam purity: 130Sn ~75%

Matrix element 206Pb for normalization:

M (E2;2+ 0+) = 0.3178(47) eb [1]

[1] F. G. Kondev. ñNuclear Data Sheets for A = 206.ò In: Nucl. Data Sheets 

109.6 (2008), pp. 1527ï1654

0+

2+

4+

803keV

1693keV

0keV 0+

2+

4+

1221keV

1995keV

0keV

206Pb 130Sn

I206Pb(2
+ 0+) = 3900(350)

I130Sn(2
+ 0+) = 1700(200)

Total intensity :
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General structure:

Å Eight triple cryostats

Å Six-fold segmented HPGe crystals

Å 168 high-resolution channels

        

Refurbished  Miniball

During LS2 Miniball refurbished*: 

Å New encapsulation system

Å New cryostat design
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   *in cooperation with CTT, Montabaur
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