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A	large	part	of	the	knowledge	of	nuclei	is	obtained	from	the	study	of	electromagne,c	
transi,ons.	It	is,	for	example,	the	main	source	of	informa,on	about	the	spin	assignments	
of	nuclear	states.	

Alpha,	beta	and	gamma	transi,ons	



The	basic	one-photon	emission	process	

A	is	the	vector	poten3al	



Intrinsic	spin	of	the	photon	
S=1	





Mul3pole	transi3ons	

AFer	some	mathema,cs	



Selec3on	rules	
When	a	nucleus	emits	(absorbs)	a	photon,	the	ini,al	(final)	total	nuclear	angular	
momentum	should	be	equal	to	the	sum	of	the	final	(ini,al)	total	nuclear	angular	
momentum	and	the	angular	momentum	carried	by	the	radia,on	

This	implies	

Generally,	for	electric	L-pole	radia,on	the	selec,on	rules	become	(	E	L	)	

For	magne,c	L-pole	radia,on	as	(	M	L	)	



The	electromagne,c	interac,on	conserves	parity	and	the	transi,ons	can	be	divided	
into	two	classes,	the	ones	which	do	not	change	parity	and	the	ones	which	do	change	parity	
change	

Another	important	selec3on	rule	results	from	the	conserva3on	of	parity.	





Transi,on	probability	





Operators	and	transi3on	rates	

The	interac,on	of	the	electromagne,c	field	with	the	nucleons	can	be	expressed	in	terms	of	a	
sum	of	electric	and	magne,c	mul,pole	operators	with	tensor	rank	λ	

The	reduced	transi,on	probability	is	defined	by:	

The	electric	transi3on	operator	given	by	









Electromagne,c	moments	



Nuclear	matrix	elements	



Electromagne,c	transi,ons	and	moments	can	be	expressed	as	a	
sum	over	one-body	transi,on	densi,es	(OBTD)	,mes	single-par,cle	matrix	elements	









Thus	the	M1	operator	can	connect	only	a	very	limited	set	of	orbits,	namely	those	
which	have	the	same	n	and	ℓ	values.	



Applica3ons	to	Closed	shell	plus	one	par3cle	
single-par3cle	matrix	elements	
For	a	closed	shell	plus	one	par,cle,	the	only	term	contribu,ng	to	the	sum	(for	λ	>0)	comes	from	
the	transi,on	between	two	specific	par,cle	states	

The	reduced	nuclear	matrix	elements	can	be	expressed	as	a	sum	over	one-body	transi,on	
densi,es	,mes	single-par,cle	matrix	elements.	For	a	closed	shell	plus	one	par,cle	one	finds	
that	OBTD=1.	

The	reduced	transi,on	probability	for	this	cases	is:	



Many	nucleons	in	a	single	shell	





Electric	quadrupole	moments	
The	electric	quadrupole	operator	is	defined	to	be	

For	one-par3cle	outside	of	a	closed-shell	configura3on,	



The	radial	integrals	can	be	evaluated	with	the	chosen	radial	wave	func,ons	such	as	harmonic-
oscillator	or	Woods-Saxon.	



For	the	closed	shell	we	have	Jπ	=	0+	and	the	EM	moment	is	zero	unless	λ=0.	



For	the	one-hole	configura3on	

This	is	because	we	have	(from	the	Wigner-Eckart	theorem)	

The	single-hole	quadrupole	moment	in	the	state	j	=	ℓ	+	1/2	is:	



For the general case which includes both j = ℓ + 1/2 and j = ℓ− 1/2 one obtains 



In	the	single-par,cle	model	we	would	expect	the	Q	moments	for	the	neutrons	to	
be	zero	or	at	least	small	compared	to	protons.	But	one	observes	that	the	Q	moments	
for	odd-proton	and	odd-neutron	nuclei	are	about	the	same.	These	devia,ons	from	the	
single-par,cle	model	are	signatures	of	configura,on	mixing.		
	
² Near	the	magic	numbers	this	can	be	understood	in	terms	of	the	interac,on	between	the	
valence	nucleon	and	the	core	nucleons	producing	a	“core-pola,za,on”	that	can	be	
modeled	in	terms	of	an	effec,ve	change	for	protons	and	neutrons.		

² Away	from	the	closed	shell	the	interac,on	between	valence	nucleons	results	in	a	
collec,ve	(coherent)	mo,on	between	many	nucleons	that	is	qualita,vely	understood	in	
the	deformed	model	for	nuclei.	



48Cr	



Magne3c	moments	



The	expressions	can	be	wrifen	in	a	compact	way	as	



Moments	in	terms	of	electromagne,c	operators	

The	operator	for	electromagne,c	moment	can	be	expressed	in	terms	of	the	electromagne,c	
transi,on	operators.	



Electromagne,c	transi,on	rates	show	a	rather	strong	dependence	on	the	transi,on	
energy.	This	dependence	increases	with	the	mul,plicity	of	the	transi,on.	The	Weisskopf	
es,mates	give	a	rough-idea	about	the	expected	magnitudes	of	the	radia,on	widths.	
These	es,mates	for	radia,on	of	mul,polarity	2L	are	based	on	a	very	simple	model	
with	the	assump,ons	

Single-Par,cle	Transi,on	(Weisskopf	Es,mate)	



A	barn	is	defined	as	10−28	m2	(100	fm2)		

The lowest allowed multipolarity in the decay rate dominates over the next higher one (when 
more than one is allowed) by several orders of magnitude. The most common types of 
transitions are electric dipole (E1), magnetic dipole (M1), and electric quadrupole (E2) 





The	magne3c	moment	



b2	=	0.04	



Quadrupole	Moment	



R0	(r)	and	R2	(r)	






