
Electromagnetic Rates 

B(λ;Jiζ → J fξ ) = J fM fζ Oλµ JiMiξ
µM f

∑
2
=

1
2Ji +1

J fζ Oλµ Jiξ
2

Oλµ (Eλ) = e(i)
i=1

A

∑ ri
λYλµ (Ωi )

Oλµ (Mλ) = gs (i)
!si + gl (i)

2
!
li

λ +1
#

$
%

&

'
(
!
∇i

i=1

A

∑ ri
λYλµ (Ωi )#$ &'

!
ji =
!si +
!
li

gyromagnetic factors 

Selection Rules  
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~ (kR)2 large reduction in probability 
with increasing multipolarity order! 
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Magnetic transitions are weaker than electric transitions of the same multipolarity 

6+	

4+	
E2,	(M3,	E4,…)	

5+	

4+	
M1,	E2,	(M3,	E4,…)	 mixed M1+E2 transition 

140Gd	

A decay scheme: 
E1, E2 and M1 
transitions 



HW: What is the radiative width corresponding to: 
a)  1 fs 
b)  1ps 
c)  1ns 
gamma decays? Find the radiative widths of the 
lowest 0+, 2+, 4+, and 6+ states of 166Er. What are 
the corresponding recoil energies? 



Internal conversion 

An	atomic	electron	is	ejected	instead	of	gamma-ray	(atomic	Auger	effect).	Atomic	electrons,	
especially	those	in	the	inner	orbits,	such	as	K-	and	L-orbits,	spend	a	large	frac,on	of	their	
,me	in	the	vicinity	of	the	nucleus,	the	source	of	the	EM	field.	

T
e−
= Ei −Ef( )−Bn

Electron kinetic  
energy 

nucleonic wave functions 
electron wave functions 

Electron binding  
energy 

Virtual photon 
exchange. This 
process can occur 
between I=0 states! 

Electron spectrum: 
internal conversion + 
beta-decay background 

	
Important	for	heavy	nuclei	(large	Z).	The	importance	of	internal	
conversion	goes	as	Z3	!!!	

	
Important	for	heavy	nuclei	(large	Z).	The	importance	of	internal	
conversion	goes	as	Z3	!!!	

Important for heavy nuclei (large Z): it  goes as Z3 !!! 
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Fig. 20. A singles γ-ray spectrum (upper) from the 48Ca + 208Pb reactions gated
with fusion-evaporation residues. The same γ-ray spectrum but in addition, tagged
with the 254No α decays (lower)

moment of inertia values for these nuclei derived from the observed transition
energies are about half of the rigid rotor value and are slightly increasing with
spin (Fig. 22), obviously due to gradual alignment of quasi-particles. For
252No the extracted values increase more rapidly at high spin indicating a
more dramatic alignment of quasi-particles. The kinematic moment of inertia
values for 250Fm are almost identical to the 254No ones at low spin but then
follow the alignment pattern of 252No at higher spin. It is possible to extract
the ground state deformation parameter β2 from the extrapolated energy of
the 2+

1 state using global systematics [65,66]. The values derived for 254No
and 254Fm are β2 = 0.27, while 252No is a bit less deformed with β2 = 0.26.

7.3 Conversion Electrons from 254No

The SACRED conversion-electron spectrometer in near collinear geometry
described in Sect. 4.3. was used to measure prompt conversion electrons from
the 208Pb(48Ca, 2n)254No reactions [25]. In a resulting recoil gated spectrum
shown in Fig. 23, electron peaks originating from transitions between the
low-spin yrast states in 254No are seen. In a careful analysis of the prompt
recoil-gated electron-electron coincidence spectra it was found out that the



Internal pair production 

An	electron-positron	pair	is	emiBed	in	the	place	of	gamma-ray.	This	can	happen	
if	the	energy	of	the	decay	

Eγ > 2mec
2 =1.02MeV

Usually,	this	process	is	several	orders	
of	magnitude	retarded	compared	to	
allowed	gamma-ray	decays.	The	pair	
produc,on	rate	is	largest	where	the	
internal	conversion	rate	is	smallest.	
That	is	in	the	region	of	low	atomic	
number	and	high	transi,on	energies.	

electron scattering pair creation 

E0	(IC+e+e_)	



γγ = 2E1+2M1 

Nucl.	Phys.	A474,	412	(1987)	

2-gamma decay 

Provides	important	structural	informa,on	about	nuclear	electric	
polarizability	and	diamagne,c	suscep,bility.	

Best candidates: 16O, 40Ca, 90Zr 

M1 and E1 transitions 
are similar in strength! 



In 16O, 40Ca, 90Zr, γγ	=	E1⊕E1+M1⊕M1	
In 137Ba,	γγ	=	E2⊕M2+E1⊕M3+M1⊕E3	

M4+E5+…	
2.55	m	

137Cs	is	formed	as	one	of	the	more	common	fission	products	by	the	nuclear	fission	of	
235U.		About	95%	decays	by	beta	emission	to	a	metastable	137mBa.	It	has	a	number	of	
prac,cal	uses…		

Just	measured:	Waltz	et	al.,	Nature	526,	406	(2015)	
hBp://www.nature.com/nature/journal/v526/n7573/abs/nature15543.html	
	
hBp://www.nature.com/nature/journal/v526/n7573/full/526330a.html	
hBp://phys.org/news/2015-10-compe,,ve-double-gamma-nuclear.html		



γ-ray laser? 

hBps://str.llnl.gov/str/JulAug05/Becker.html		
178Hf	

2008	LLNL	report:	“Our	conclusion	is	that	the	u,liza,on	of	
nuclear	isomers	for	energy	storage	is	imprac,cal	from	the	points	
of	view	of	nuclear	structure,	nuclear	reac,ons,	and	of	prospects	
for	controlled	energy	release.	We	note	that	the	cost	of	producing	
the	nuclear	isomer	is	likely	to	be	extraordinarily	high,	and	that	the	
technologies	that	would	be	required	to	perform	the	task	are	
beyond	anything	done	before	and	are	difficult	to	cost	at	this	
,me.”	

hBps://www.defensetech.org/2006/06/13/superbomb-or-crapshoot/		
hBp://www.theguardian.com/science/2008/aug/14/par,clephysics.research	
hBp://journals.aps.org/prc/abstract/10.1103/PhysRevC.82.034607			

Hafnium-178m	has	a	long	half-life	of	31	years	and	a	high	
excita,on	energy	of	2.4	MeV.	As	a	result,	1	kilogram	of	
pure	178mHf	contains	approximately	1012	J	of	energy.	Some	
es,mates	suggest	that,	with	accelerated	decay,	1	gram	of	
100-percent	isomeric	178mHf	could	release	more	energy	
than	the	detona,on	of	200	kilograms	of	TNT.	

hBp://physics.aps.org/synopsis-for/10.1103/PhysRevA.84.053429		




