
INTC- P- 561, June 2020

M
ax

-P
la

nc
k-

In
st

itu
tf

ür
 K

er
np

hy
si

k

Laser spectroscopy of neutron-rich isotopes
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Physics case

Experimental setup
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Survey of COLLAPS studies in the tin region

112-134Sb108-134Sn100-130Cd

Physics case

timeline20182016-20172010-2013
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Quadrupole moments

D. T. Yordanov, L. V. Rodríguez, et al. Commun. Phys. 3, 107 2020

Sn, COLLAPS
Cd, COLLAPS

Sn, literature

Simple patterns in complex nuclei: Cd (Sn-2p) – Sn (Z=50) – Te (Sn+2p) 
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D. T. Yordanov, L. V. Rodríguez, et al. Commun. Phys. 3, 107 2020

difference

quadratic fit

linear fit

  200

  100

     0

-100

-200

-300

Q
ua

dr
up

ol
e 

m
om

en
t (

m
b)

69 71 73 75 77 79 81

Neutron number

3⁄2+

Sn, COLLAPS
Cd, COLLAPS

Sn, literature

Simple patterns in complex nuclei: Cd (Sn-2p) – Sn (Z=50) – Te (Sn+2p) 



11⁄2-  600

  400

  200

     0

-200

-400

-600

-800

Q
ua

dr
up

ol
e 

m
om

en
t (

m
b)

67 69 71 73 75 77 79 81

Neutron number

63 65

Sh
el

l c
lo

su
re

linear fit

quadratic fit

difference

Physics case

5Liss Vazquez Rodriguez INTC- P- 561, June 2020

D. T. Yordanov, L. V. Rodríguez, et al. Commun. Phys. 3, 107 2020

Quadrupole moments Isomer shifts
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Quadrupole moments

D. T. Yordanov, L. V. Rodríguez, et al. Commun. Phys. 3, 107 2020

Sn
COLLAPS vs lit.
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Benchmarking of calculations using the Fy and SV-min functionals
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Isomer shifts
Theory vs exp.

Courtesy of Paul-Gerhard Reinhard and Witold Nazarewicz
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L. V. Rodríguez et al. in preparation, 2020
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Unravelling of the nuclear structure of 135Te

Benchmarking of state-of-the-art shell model calculations

Electromagnetic moments of N=83 isotones (I=7/2-)

Quadrupole momentsMagnetic moments

Exp.
Shell-model calc.

 0.4

 0.2

   0

-0.2

-0.4

-0.6

Q
 (b

)
Proton particles from Z=50 shell closure

0 2 4 6 8 10 12 14 16

-0.7

-0.8

-0.9

-1.0

-1.1

-1.2

-1.3

-1.4

μ 
(μ

N
) 

0.7 × μsp 

Proton particles from Z=50 shell closure
0 2 4 6 8 10 12 14 16

135Te                  139Ba                  143Nd                147Gd       

133Sn                  137Xe                 141Ce                 145Sm                149Dy

135Te                  139Ba                  143Nd                147Gd       

133Sn                  137Xe                 141Ce                 145Sm                149Dy

COLLAPS CO
LL

AP
S



9Liss Vazquez Rodriguez INTC- P- 561, June 2020

Physics case

Proposed range for studies: 112-137Te, Z=52
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Aim: Determination of spins, electromagnetic moments and charge radii of ground- and isomeric-states 
using collinear laser spectroscopy



Taken from D. T. Yordanov, L. V. Rodriguez, et al. Commun. Phys. 3, 107 2020

1.) PSB
2.) Uranium carbide + n-converter
3.) RILIS
4.) HRS

Experimental method
Laser spectroscopy: the art of shining light on atoms

RFQ trap

charge-exchange cell

imaging lenses

ion beam

Experiment
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Experiment

11Liss Vazquez Rodriguez INTC- P- 561, June 2020

Isotope shift ∝ ms charge radii

Isotope shift

𝐴
𝐼
𝝁
= const

𝐵
𝑸
= const = 𝑉!!

129Te, 3/2

130Te, 0

131Te, 3/2

F=I+J

𝜈 ≈ 10#$Hz
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feasibility limit ≈ 104 ions/uC

Expected contamination : 133-137Cs ≈ 108 ions/uC
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measured yields, SC, U carbide
measured yields, PSB, U carbide + RILIS
predicted yields

ISCOOL saturation limit



UCx + RILIS + n-conv.

A ions / uC ions/ uC ions / uC
133 1.5E+07 5.2E+06* 1.5E+06
134 1.9E+07 4.1E+06 2.0E+05
135 5.4E+05 1.8E+07
136 5.4E+05 5.3E+07
137 1.2E+04 8.3E+07*

tellurium cesium tin

TAC: The level of contaminants which can be accepted by the experiment needs to be addressed 
for neutron-rich Te (beyond 131Te)
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Courtesy of S. Rothe
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Accessible: 112-137Te

A=134 à yield (Sn)/yield (Cs)=0.05

yield (Te)/yield (Cs)=5

A=136 à Yield(Te)/Yield (Cs)=0.01

Factors that favor the Te measurements compared 
to our previous measurements in Sn

- The transition to be used for Te is 6 times stronger 
than the one we used for the Sn measurements

- The cross section for beam neutralization in Te is 10 
times higher than in Sn

Z

N
135133

133 135

Z
cesium

tellurium

Conv. vs target



BEAM-TIME REQUEST

16 shifts of radioactive beam : UC + n-conv. + RILIS + HRS 
+ ISCOOL

1 shift of stable beam
1 shift for RILIS setup

TOTAL: 18 shifts (preferred in one run)

for measuring spins, electromagnetic moments and 
charge radii of 26 isotopes and 10 isomers along the 

tellurium chain. 

The estimate above (based on previous experience at COLLAPS) 
includes:

1.) the time for scanning the hyperfine structure and searching for 
isomeric states

2.) at least three independent HFS measurements for each 
isotope and one measurement on a reference isotope for isotope 

shifts extraction
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A Yield / uC Requested shifts
112 1.96E+05 0.5
113 5.84E+05 1
114 4.56E+06 0.5
115 6.90E+06 0.5
116 4.66E+07 0.5
117 4.34E+07 0.5
118 1.78E+08 0.5
119 2.16E+08 0.5
120
121 3.27E+08 0.5
122
123 0.5
124
125 0.5
126
127 2.93E+08 0.5
128 0.5
129 1.90E+08 0.5
130 0.5
131 1.30E+08 0.5
132 5.40E+07 0.5
133 7.50E+06 1
134 1.90E+07 1
135 5.40E+05 1.5
136 5.40E+05 1.5
137 1.20E+04 2.5

Beam-time request



Thank you!



TAC
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Literature values for the electromagnetic moments of Te isotopes

Physics case
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Quadrupole moments

D. T. Yordanov, L. V. Rodríguez, et al. Commun. Phys. 3, 107 2020

Sn, COLLAPS
Cd, COLLAPS

Sn, literature𝑄 =
2𝑗 + 1 − 2𝑛
2𝑗 − 1 𝑄!"
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Isomer shifts
Theory vs exp.

Courtesy of Paul-Gerhard Reinhard and Witold Nazarewicz

Quadrupole moments 
(theory)

Sn, SV-min

Cd, SV-min
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