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B(GT) = k
Iβ (E)

f (Qβ − E,Z)T1/ 2

= k
1

ft

Iβ (E)

B(GT) = ψ f σ kτ k
±

k

∑ ψ i

2

T1/ 2
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The pathways for the s- and r-processes 
s-process:Neutron flux is low so beta decay occurs before a second 
                 neutron is captured.We slowly zigzag up in mass. 

r-process:Neutron flux is enormous and many neutrons are captured 
                 before we get beta decays back to stability. 



�GA2�

H-�?��
�E�I-�������1������?-�8�����J$��������
��������'��������������
�����	
��
�!�����
�
����������

������	
��
�@5�&255@(�)*2*�

 ���������
��6��)+2�6���
�������������������

����
�����KKK�

������!���������������2)+"""+�25))�

B(GT) = ψ f σ kτ k
±

k

∑ ψ i

2
= k

1

ft



�GA2�

�G)23�

���������L������
�
&���1��6��C���������������(�

������!���������������2)+"""+�25))�



)*+,+))� �-�!����. �����/0��1
���� ))�

�-���������������!��)5*�)5*�&25)5(�252*5)�"����������M-�

!�����������	������



��

��

0$�
�$�

=��

��

��

0$�
�$�

=��

���������	��
���0��1������

E��������
�������	�
��
�

�����������	
��
	�
���������������	
���� !���"�
#���
�������$���������������"%�&�

'�(����������) !�������������"%�*�

���+�
�$�����������������������"%�,-�

)*+,+))� )2��-�!����. �����/0��1
����



)*+,+))� �-�!����. �����/0��1
����

���N������

�������

#�
�����B������������N������
6�����������E��������

��������E�F

���---�

�

O�

��������
�B���������
)5$)P�
�

�

�� Q�

?�������$
�C��������
6
E�
ER
E�
�

9:�

=�

9:�

����$����	��
E�

E���E��	
E	���
�

Q�

Q�

Q�

�S�������������
���
���������������������
�
���������B��������
��6�����������	
�

)4�



)*+,+))� �-�!����. �����/0��1
����

����
�����
	
����

�������

"���
������
8�

�'���������

������-�

9�.�

'���

T���

T$)��:)�

.�

.�

������������

),�

�������

���
�����
��
����
������������������
��6�������
���
6����������
���6�������������������������������������



)*+,+))� �-�!����. �����/0��1
���� )*�

�)� ��2*2 6��

J�

��

>C��������
��

������)55�
�

 �!"�U�



����	E�6���B��	���
�������������
�����6�������������	�
�����
����
6������������6�������
�&?'"E�8'UE�?��"�E�!"I>�M(�

������$������/���
���
��
���

������
�������
����
0�1��2!��

*%
��

)3�)*+,+))� �-�!����. �����/0��1
����



)*+,+))� �-�!����. �����/0��1
����

B(GT) = ψ f σ kτ k
±

k

∑ ψ i

2
≡ στ 2
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B(GT) = k
Iβ (E)

f (Qβ − E,Z)T1/ 2

Iβ (E)
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The Lucrecia TAS at Isolde�
is a NaI single-crystal Φ38cm x 38cm�
(+ ancillary detectors )Ge for X-rays �
and plastic for β particles�
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Lucrecia 

Lucrecia 





Isolde at CERN 





Theoretical calculations predict different B(GT) 
distributions for oblate, prolate and spherical 
shape of the ground state. 

[I. Hamamoto et al., Z. Phys. A353 (1995) 145]  

[P. Sarriguren et al., Nuc. Phys. A635 (1999) 13] 
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f (t) = (E γ ,i + Eβ ,i + Eα ,i)λiNii
∑ (t)

E γ ,i,Eβ ,i,Eα ,i

λi 

Ni 

Mean Decay energy of the nucleus i (gamma, beta or alpha) 

Number of nuclei i at the cooling time t 
Decay constant of the nucleus i 

Requirements for the calculations: large databases 
that contain all the required information (inventory of 
nuclides, half-lives, mean γ- and β-energies released 
in the decay, n-capture cross sections, fission yields, 
etc, etc …) 
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239Pu example (γ component) 

A long standing problem: “The γ-ray 
discrepancy between decay heat summation 
calculations and experimental data 





. 

overestimation 

underestimation 
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Use of the JYFLTRAP as a high 
resolution separator (first time that 
this kind of setup was used 
combined with a TAS) 

50 MeV p on 15 mg/cm2 nat U target 

The process is fast enough for 
the ions to survive as single 
charged ions. The system is 
chemically insensitive and very 
fast (sub-ms). 

�
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Ge det. 

TAS  det (NaI(tl)) 

(Det 1 & det 2). 

Tape station 

Rad. beam . 

Si  det. 

Det 1: 20 cm diam., 20 cm 
length, 5 cm hole 

Det2: 20 cm diam, 10 cm length 

LNPI design (St. Petersburg) 
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T1/2 = 1098(18) s; Qβ= 5516(6) keV 

Eβ(TAGS) = 931 (10) keV 
Eβ(JEFF-3.1) = 1595 (75) keV 

Eγ(TAGS) = 3229 (24) keV 
Eγ(JEFF-3.1) = 1890 (31) keV 

ΔEβ = -664 keV 

ΔEγ = 1339 keV 

7��1���	�4���7�2��"�"4�:	���
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T1/2 = 5.28(15) s; Qβ= 4532(9) keV 

Eβ(TAGS) = 1935 (11) keV 
Eβ(JEFF-3.1) = 1945 (16) keV 

Eγ(TAGS) = 106 (23) keV 
Eγ(JEFF-3.1) = 81 (5) keV 

ΔEβ = -10 keV 

ΔEγ = 25 keV 
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104Tc 

105Tc 

105Mo 
106Tc 

107Tc 

Courtesy A. Sonzogni 

101Nb 102Tc 



2�"�������
��	��'����".��
�����'��	�
�<����
	�
��	&��"�*��8����	�=4����%�� �'+�

2��3*���+�^����Y�"�

[1-4.5] MeV   

∑ TAGS =  87.99% 

∑ Theo =  92.05% 

[1-4.5] MeV  

∑ TAGS = 87.99 % 

∑ Theo =  30.62% 

[0-0.5] MeV  

∑TAGS =  11.51% 
∑ Theo =  7.94% 

[0-0.5] MeV S  

∑ TAGS =  11.51% 
∑ Theo = 67.84 % 



"'�	
�����������"���"�����3��>�



� TAS measurements can play an important role in decay heat calculations. 

� Our results show that approximately two thirds of the discrepancy is 
solved in the range 300-3000 s for 239Pu, and this is mainly related to the 
impact of the decay of 104,105Tc.  

�  From the available information (databases) it is clear that there is still a 
large amount of work to be done (235U/239Pu, 232Th/233U cycle).  It requires 
close collaboration with the experts of the field in order to determine 
priorities.  
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PI’s : K. P. Rykaczewski (ORNL) and R.K. Grzywacz ( UTK/ORNL)�
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$-energy spectrum of 137Cs activity measured 
with a single MTAS module.  

The energy resolution, fwhm(662 keV) ~ 7%, 
was found to be  better than  8%  requested in 

the detector specifications.  

MTAS at the HRIBF, January 2011 

662 keV 

~ 32 keV 
X-rays 
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  Focusing System 
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Implantation Detector 
Sensitive to betas 

Waiting time according with the half-life 
Emission of β particle (or proton) 
Correlation with gamma radiation 
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