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Main goal :     Generating an orthonormal multiphonon basis of the structure 

Equation of Motion : Odd nuclei 

where {|αn >} are the core basis states of the form 

How to generate : Equation of motion (analogous to EoM of even-even nuclei) 

νn = Cpαn
νn (p ×αn )νn

pαn

∑ = Cpαn
νn

pαn

∑ ap
†  αn( )

νn

αn = Cλαn

αn

λαn−1

∑ λ  ×  αn−1( )αn = Cλαn

αn

λαn−1

∑ Oλ
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where 

νn H,ap
†⎡⎣ ⎤⎦ αn = Eνn −Eαn( )Xpαn

νn

Xpαn
νn = νn ap
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p 'α 'n

∑  Cνn
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Metric	matrix	



A X   = E X  

Construction of  |νn> : EoM   

Problem :           A X   = E X    is	not	a	true	Eigenvalue	Eq.! 
        

{  |p x αn > }      form a non-orthogonal redundant basis     

Recipe	:	Expressing	X	in	terms	of	C		  X =  D C    

[AD -  ED] C = 0 
we	get		

But  D  is singular !  

AEer	expanding	the	commutator	we	have	

where Apαp’α’= (εp +Eα )δpp’δαα’ +V νpαp’α’ 
 



[H -  ED] C = 0 H =  AD    

Cholesky 

[H -  E] C = 0 H	=  D-1AD    

 D → D   

 
<ν’|ν>	=	δνν’ 

 
                   

Removal of redundancy  

where	D	is	non	singular		

Itera0ve												solu0on	
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νn ∈ ΗRed (p ×αn )

νn ∈ Ηphys



Full eigenvalue problem in the Multiphonon basis {	|νn>	}	

where 	 ,	
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Features: 
 
•  Pauli principle fully accounted  
•  Holds for any Hamiltonian (of general form) 
•  No approximations but lends itself to simplified assumptions and 

truncations 
•   No free parameters 

Implementation: 
•  Chiral Potential: NNLOopt      
 
1.  Perform HF 
2.  Generate TDA phonons (free of CM spurious admixtures) 
3.  Generate the (orthonormal) multiphonon basis {|αn> } up to n=3 
4.  Generate the (orthonormal) particle-core basis {|νn>} up to n=3  
5.  Full diagonalization 

A. Ekstrom et al., PRL 110, 192502 (2013) 



Application: 17O spectra 	
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Application: 17F spectra 	



ΨΩ f
||M (λ) ||ΨΩi

=M00 (λ)+M01(λ)+M10 (λ)+M11(λ)+M12 (λ)+M21(λ)+M22 (λ)
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x	
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Transitions Amplitudes 



Mean Values and transitions  

Nucleus	 Obs.	 HF	 EMPM	 Exp1	

17O	

	
µ (nm)	 -1.9130	 -1.833	 -1.893	

Q(barn)	 0	 -0.00841	 -0.025	

B(E2;	5/2+1	->1/2+1	)	
(e2fm4)	

0	 0.17	 2.18	

17F	
	

µ (nm)	 4.79	 4.62	 4.72	

Q(barn)	 -9.94	 -7.60	 5.8	

B(E2;	5/2+1	->1/2+1	)	
(e2fm4)	

48.79	 21.89	 21.64	

17F	->	17O	+	β+		
	

	

log(V)	 3.294	 3.391	 3.358	

1	Tilley	D.	R.	et	al.,		Nucl.	Phys.	A		564	(1993)		



Cross section 

	

1	J.	W.	Jury,		et	al.,	Phys	Rev.	C	21,	503		(1980).		
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Concluding remarks 
•One-	and	two-phonon	states	enhance	greatly	the	density	of	

levels	at	high-energy.	
	

• 	Three-phonon	states	play	a	crucial	role,	through	their	coupling		
to	one-phonon	states,	

	
a)  shiE	downwards	their	energies	
	
b)	increase	the	density	of	levels	at	low-energy	
	
c)	shiE	the	peak	of	the	cross	sec0on	towards	the	experimental	
region	
	
d)	reproduce	roughly	the	pygmy	resonance	
	



Thank you



B(E1) response  
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Bock-diagonal structure of Hamiltonian  Hn n’ = 

<n,α|H|n’,β>  

Diagonalization of H  ⇒ 

Hamiltonian in the multiphonon basis |n; α>  

 H02 = 

 H12 = 

 H13 = 



TDA 

	
																																	O†

λ	=				Σph	cλph			a†p	ah	
		

	
A	(ph)(p’h’)=		(εp	-	εh	)		δpp’	δhh’	+		Vph’hp’		



σ
 

EMPM  5.8% EWSR 
  Exp      4(3) % EWSR 

Dipole	strength	and	cross	sec0on	in	132Sn	


