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WHAT IS A NUCLEAR ISOMER ? 

• A long lived excited nuclear state 

• It’s half life is much longer than a typical excited 

nuclear state which lives for  

  10-16 – 10-18 seconds 

• Currently adopted definition in ENSDF is 100 ns 

• But we have kept track of all the levels having 

half-life of 1 ns or more.  

 



SPIN ISOMER 

• It occurs due to large 

difficulty in meeting 

spin selection rules 

• Ex: 180mTa which has 

half life of 1015 years 

Figure :Spin isomer. Ref. P.M. Walker and G.D. Dracoulis, Physics 

World Feb. (1994) p39.  



SHAPE ISOMER 

• These occur when 

there is a secondary 

energy minimum at 

large elongation of the 

nucleus 

• Ex: 72Kr, a self 

conjugate nucleus 

(N=Z) 

Figure : Shape isomer. Ref. P.M. Walker and G.D. Dracoulis, 

Physics World Feb. (1994) p39.  



K-ISOMER 

• K-isomers occur in nuclei 

with axially symmetric 

deformations when there is a 

secondary minimum in the 

potential energy surface for a 

certain value of K 

• Ex: 178Hf ; half life~ 31 years 

Figure : K-isomer. Ref. P.M. Walker and G.D. Dracoulis, Physics World 

Feb. (1994) p39.  



FISSION ISOMER 

• It is due to trapping of 

nucleus in an elongated 

excited nuclear state.  

• The time it takes for the 

nucleus to tunnel through 

fission barrier, gives rise to 

the long lifetime. 

• Ex: 242 Am 

Figure : Fission isomer. Ref. P.M. Walker and G.D. Dracoulis, Physics 

World Feb. (1994) p39.  



ATLAS AND SYSTEMATICS OF NUCLEAR ISOMERS 

• All the data extracted from the ENSDF database by 

using a computer code. Nubase is also being used. 

• If the Isomers are defined as the excited states having 

half-life > 1ns, the total number of isomers with 

confirmed half-lives – 2252 

• Total number of nuclei having isomers – 1116 

• Isomers with upper limit on half-lives – 606 

• Isomers including all half-lives and tentative spins – 

3175 

 



















• τ > 1ns = 1116 

• τ > 5ns = 1010 

• τ > 100ns = 815 

• τ > 1µs = 674  

• τ > 1ms = 479 

• τ > 1s = 371 

• τ > 1m = 220 

• τ > 1h= 89 

• τ > 1d = 40 

• τ > 1y = 11 

 

NUCLEI HAVING ISOMERS WITH : 



STATISTICS OF HALF-LIVES 

• Maximum number of Isomers are observed at time 

scale of 10-9 – 10-7 

• Number falls considerably with increasing half-lives 

• Dip can be seen at 

half-lives of the 

order of 1ms to 0.1s 

• Otherwise, half-lives 

are decaying almost 

exponentially. 

 









70-80 mass region 



180 mass region 



220-235 mass region 



FOCUS ON THE ACTINIDES AND BEYOND 

 Interesting region due to many reasons 

 Not much data – easier to handle 

 Still not understood very well 



FISSION ISOMERS (T1/2 >100 NS) 



 Total no. of fission isomers with half-life greater 

than 100 NS = 42 

 

 



FISSION ISOMERS (1NS<T1/2<100NS) 



 Total no. of fission isomers with half-life greater than 100 NS 
= 42; in which 
 Odd-odd =16 

 Even-even =8 

 Even-odd =9 

 Odd-even =9 

 

 Total no. of fission isomers with half-life in the range of 1 NS 
to 100 NS =23; in which 
 Odd-odd=0 

 Even-even=9 

 Even-odd=9 

 Odd-even=5 

 

 Total fission isomers = 42+23 = 65 



OTHER ISOMERS IN ACTINIDES AND BEYOND 





 Total no. of other isomers (except fission isomers) in 
actinides and beyond = 85 (odd-odd=18, even-even=16, 
even-odd=38, odd-even=13) 

 Total no. of fission isomers = 65 (odd-odd=16, even-
even=17, even-odd=18, odd-even=14) 

 Total no. of isomers in actinides and beyond = 85+65 = 150 
(odd-odd=34, even-even=33, even-odd=56, odd-even=27) 

 



CHART OF FISSION ISOMERS 



FISSION ISOMERS HAVING HALF-LIFE MORE 

THAN THEIR GROUND STATE HALF-LIFE 

Nuclei Isomeric state half-life Ground state half-life 

242Am 141 y 16.02 h 

246Md 4.4 s 0.9 s 

250No 51 us 4.2 us 

253Lr 1.32 s 0.57 s 

256Es 7.6 h 25.4 m 

261Rf 81 s 1.9 s 

277Hs 130 s 11 ms 

Longest lived fission isomeric state is in 242Am with half-life of 141 y 



FISSION ISOMERS WITH T1/2(I.S.)>T1/2(G.S.) 



CHART OF NORMAL ISOMERS IN ACTINIDES AND 

BEYOND 



NORMAL ISOMERS WITH T1/2(I.S.)>T1/2(G.S.) 



OTHER ISOMERS HAVING HALF-LIFE MORE THAN 

THEIR GROUND STATE 

Nuclei Isomeric state half-life Ground state half-life 

217Ac 740 ns 69 ns 

222Ac 1.05 m 5 s 

242Np 5.5 m 2.2 m 

251No 1.02 s 0.80 s 

262Sg 330 ms 6.9 ms 

266Hs 280 ms 2.3 ms 

266Mt 6 ms 1.7 ms 

270Ds 10 ms 0.10 ms 

273Ds 120 ms 0.17 ms 

276Mt 10 s 0.72 s 

289Fl 1.1 s 0.97s 

293Lv 80 ms 53 ms 



CONFIGURATION ASSIGNMENT 

Nucleus Spin 

and 

parity 

ENSDF Our assignment 

242Am(Z=95,N=147) 5
- 

p5/2[523],n5/2[622] p5/2[523],n5/2[622] 

256Es(Z=99,N=157) (8
+ 

)
 

p7/2[633],n9/2[615] p7/2[633],n11/2[615] 

256Md(Z=101,N=155) (1
-
)
 

p7/2[514],n7/2[613] p9/2[514],n7/2[613] 

• 256Es should have spin and parity of 9
+
 due to its odd neutron in 11/2[615] 

on the basis of Nilsson scheme. 
 

•256Md should have proton configuration as p9/2[514] to follow the tentative  

spin and parity assignment. 



SOME INCONSISTENCIES 

 245Md, 253Rf, 254Md, 256Md, 261Bh, 

263Hs,265Sg, 271 Ds,289Fl, 293Lv are some 

cases which are having the isomeric states with 

a given half-life according to NUBASE-12 but 

ENSDF does not support these. 

 

 

 



STRUCTURE AND SPECTROSCOPY IN THE 

SECOND WELL 

 Fission isomers are also SD states but at low 

spins, unlike SD bands seen at high spins. 

 Their study, experimentally and theoretically, 

will lead to new structure information at very 

large deformation. 

    




