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● Nuclear structure
☛ single-particle structures
☛ shape co-existence
☛ configuration dependent 

residual interactions 

● Nuclear Astrophysics
☛ T1/2, Jp, Ex, Pxn, BR … 

● Applications
☛ Energy
☛ Security
☛ Nonproliferation 
☛ Nuclear Medicine
☛ Fusion  

Introduction ● Powerful Experimental Tool
☛ Sensitive – reduced complexity 
☛ Selective – populates selected states 
☛ Versatile – various implementations



☛log ft (allowed) 3-13 -> hindrance of ~1010
☛ Ɩ-, isospin- or K-forbidden, 

or configuration hindered



deformed nuclei – Nilsson model: Wp[NnzL]; L=W ± 1/2
 

Selection rules in b decay of deformed nuclei

DW = 0,+/-1 ; DN=0=Dnz=DL=0

G. Alaga, Phys. Rev. 100 (1955) 432

DW = 0,+/-1 ; DN=0 Dnz=DL= 0,+/-1 
J. Fujita et al., Phys. Rev. C1, (1970) 2060

DW = 1 ; DN=0=Dnz=DL=0

Allowed Unhindered (AU)

n5/2-[523] -> p7/2-[523] 
n7/2-[514] -> p9/2-[514] 

P. Sood and R. Sheline, ADNDT 43 (1989) 259
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DI=0, +/-1; pi.pf=NO (Allowed); pi.pf=YES (1st Forbidden) 

Spin-flip AU

z

5.1-6.1

S.G. Nilsson, Dan. Mat. Fys. Medd. 29 (16) (1955) 



CPT

R = m/Δm ~ 10,000

R ~ 100,000

R ~ 20,000,000

252Cf
~0.5 Ci

CARIBU @ ANL

to area 1

to ATLAS



growth

decay

X-Array Area 1

Gammasphere Area 4



β2~0.25-0.35

light rare-earth region 
98



new spin-trap isomers - CPT@PI-ICR  
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Physical Review C102, 011303(R) (2020)



N=99
N=101

new spin-trap isomers – cont.
π3/2[411] ν7/2[633]

Kπ=2+ & 5+

R. Orford et al., PRC102, 011303(R) (2020)
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β2~0.30-0.40
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62 6458N
Charlwood et al., Phys. Lett. B 674, (2009) 23

⇒ evolution of shapes from spherical to well deformed
⇒ great examples of shape coexistence
⇒ applications – anti-neutrino spectra reconstructions

⇒ data on the neutron-rich side are still sparse
⇒ existence of isomers (odd-odd nuclei) - needs characterization

deformed A=100 region

Y

Nb



J. Gombas et al., Phys. Rev. C103 (2021) 035803B. Kern et al., Z. Phys. A306 (1982) 161

0.99(7) s

4.8 s

J. Blachot, NDS 108 (2007) 2035

0.99 s state & TAGS @ MSU
direct feeding feeding to 0+ & 4+?

b-g-g coincidence study @ Julich
mixture of two isomers 
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104Nb4.9(3)  s
0(1+)

0.94 (4) s 215(120)

104Nb

104mNb

Ex = 9.8 keV

R. Orford, PhD thesis 2021

CARIBU@Gammasphere

S. Nandi et al., to be published

M. Graefenstedt et al., Z. Phys. 327 (1987) 383

J. Blachot, NDS 108 (2007) 2035

CPT@PI-ICR

10s/20s
10s/40s 

tape cycles



0-5 s 10-20 s

10 s
20 s long-lived daughter (104Mo) and 

grand- daughter (104Tc) decays 
subtracted from 10s/40 s data

104Nb
T1/2=6.1 sT1/2=0.89 s

104Zr

66 levels
94 gammas

34 levels
93 gammas



5-

0.89(1) s

S. Nandi et al., to be published

104Nb

104Mo

gate 478-keV

beta-gamma-gamma coincidences

b-



5-

0.89(1) s
Kp=5-: π5/2[422] ν5/2[532]

36%

7%

0.7%

Kp=4-: ν3/2[422] ν5/2[532]
log ft ≈ 5.0

S. Nandi et al., to be published

● Ip=4-, 2061-keV and Ip=5-, 2212-
keV levels in 104Mo from gg(q) in 
252Cf SF

● Kp=4-: |gK-gR|exp = 0.3 (1)

⇒ ν3/2[422] ν5/2[532]         -0.4
⇒ ν3/2[422] ν5/2[532]         -0.8
⇒ π3/2[501] π5/2[422]         +1.4

B.M. Musangu et al., Phys. Rev. C104 (2021) 064318

● population of If=4-, 5- and 6- in the daughter -> Ii = 5

spin-flip AU

104Nb

104Mo



observed levels up to 5.7 MeV

● levels with I=0+ & 2+ in 104Mo
● mult=1-2 g-ray cascades

6.1 (1) s
b-Q(b-)=8.5 MeV

low-K, Ω! − Ω" 	state
J=(1)	

S. Nandi et al., to be published

6.1 < log ft < 7.5

>7.3

log ft -> Ah or 1Fu

>7.0

6.8
7.2

(1+)

104Mo

104mNb

2+ 0+ 



nuCARIBU

N=126 FACTORY

Outlook

Rare-Earth FACTORY

136Xe + 198Pt

136Xe + 164Dy

multi-nucleon transfer
reactions

p+6,7Li
6 MeV@0.5 mA
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