
Member of the US Nuclear Data Program

Negative Effective Beta Decay 
Q values  

Nuclear Physics

F.G. Kondev
Physics Division, Argonne National Laboratory

Annual USNDP meeting, October 28-31, 2025, NNDC, BNL



Introduction

● Qeff ≥ 0 or Ex (last level) ≤ Qd

⇒ but not always the case

● using AME20 & ENSDF21
⇒ 8 EC cases where Qeff<0
⇒ 3 B- cases where Qeff<0

Why?
● deficiencies in the decay data
● deficiencies in the mass data
● deficiencies in both the decay & 

mass data
● existence of isomers & deficiencies  

in the decay data

● Decay Q values – governed by the masses of the parent and daughter nuclei
⇒ control the speed and phase space of the decays
⇒ influence the decay transition probabilities – log ft, HF …
⇒ influence the average decay properties - applications

Eisoiso

parent

daughter



QEC for 99Rh in keV
2043(7) AME12
2044(7) AME16
2041(19)     AME20

2059.6(0.1) ENSDF

Example 1: QEC for 99Rh
QEC for 99Rh in keV – 11%

2038(10)    52Sc11
2053(10)    59To25
2170(30)    74An23

QEC for 99Pd in keV – 89%
3410(20)     69Ph01

ME(100Ru)=-89227.4(0.3) 

E (n,)=9673.324(0.026) keV
ME(99Ru)=-87625.4(0.3) keV 

ME(99Pd)=-82183(5) keV 

JYT: 09El08

JYT: 08Ra09

M.E.Phelps & D.G.Sarantites,  Nucl.Phys. A135, 116 (1969) N.M. Antonev et al., Bull. Acad. Sci. USSR, 38, 61 (1974)

2059.6 keV

99Rh Jπ=1/2-

Jπ=9/2+ 64.3 keV

Qeff<0
unphysical

=ME(99Pd)-ME(99Ru)=QEC(99Pd)+QEC(99Rh)=5442(5) keV
-QEC(99Pd)=QEC(99Rh)=2040(20) keV

What would be useful
● Penning trap mass measurements for 99Rh
● decay spectroscopy data to help solving the 

ordering of the  low & high-spin decaying 
states in 99Rh

discrepant

1974An23@2000Mi05
ENSDF2017



Example 2: Q− for 133Te

AME2020
● ME(133Te) 93% from 12Ha25 – JYT      

7% from 
MRTOF@GSI
⇒ discrepant value in 13Va12 - CPT 

● ME(133I) 84% from 13Va12 – CPT          
17% from 133Sb(B-)   

TOF-ICR method

=38.4 keV!!!

CPT JYT

H. Hicks et al., Phys, Rev. C27 (1983) 2203 @ ENSDF2010



Example 2: Q− for 133Te – cont.
TOF-PI methodCARIBU@CPT

● Q−=2934.8(1.1) keV (new) compared to 2920(6) keV (AME2020)
⇒ increase by 15 keV & improved uncertainty (5)

NEW

CPT JYT



BUT
● small log ft values to several HE levels
⇒ unphysical to the 2935.8 keV level
⇒ 4.1-4.7 implying very fast decays ??

Example 2: Q− for 133Te – cont.

Qeff[2935 keV]=-1.0(1.2) keV (new) compared to -16(6) keV (AME2020)

● new beta-decay spectroscopy studies 
would be valuable to improve the decay 
scheme and I−

H. Hicks et al., Phys, Rev. C27 (1983) 2203 @ ENSDF2010



Example 3: Q− for 162Tb

● main decay (92%) to the 1148-keV level – spin-
flip AU transition: 5/2[523]->7/2[523]

● small log ft values to several HE levels
⇒ unphysical to the 2371 keV level
⇒ log ft=5.2 to the 2163-keV level would imply 

AU decay and J=1- or 2-, but not 3

Qeff[2371.3 keV]=-69.7(2.2) keV (AME2020 & 
ENSDF2023)

3/2[411] 7/2[523]

3/2[411] 5/2[523]

● m(162Tb) – from TOF-PI CPT (2020Or03)
● m(162Dy) – from 162Dy(n,) – highly-precise & 

reliable result: average of 1982Is05, 
1989Sc31 & 2006Fi.A 

ENSDF2023

● 2371.3-keV level seems firmly established 
⇒ observed in 162Tb(B-) studies of Kawade et 

al., Nucl. Phys. A279 (1977) 2 [1977Ka08]
⇒ fed by a primary  in 161Dy(n,) [J=2+,3+]

162Tb(B-) end-point
2528(80)   – 1977Ka08
2398(100) – 1968Ka10
2598(100) – 1967Gu03
2523(50)   – 1966Sc24



Example 3: Q− for 162Tb – cont.

3/2[411] 5/2[523]

1-,g.s.4-,iso

285.5 keV

2020Or03

3/2[411] 5/2[523]

2007Bu29CARIBU@CPT

285.5(3.2) keV [mass spectrometry] vs 216(1) keV [163Dy(t,a)] – discrepant



Example 3: Q− for 162Tb – cont.

What would be useful
● new TOF-PI mass measurements for 162Tb
● new spectroscopy data for 162Tb to establish 

and characterize the K=4- isomer 

Compare 2020Or03 gs and isomer masses
● Q−=2301.6(22) if mass of the 162Tb gs
● Q−=2587.3(26) if mass of the 162Tb iso

T1/2,[177 keV E2 K=3]=61 ms

177 keV, E2
1% BR -> T1/2=610 s

162Tb gs and isomer will be updated in AME2026 & NUBASE2026 

FW[for E2, K=3] ~106

119 keV, M1

40 keV, M1

3/2[411] 5/2[523], K=1-

3/2[411] 5/2[523], K=4-
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