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Equation of Motion : Odd nucle1
Main goal :  Generating an orthonormal multiphonon basis of the structure
V= 20k |(pxa))=XCp (a la)”

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

@)= D Cil(h x o) )= i (0]

Aa,_; Aa,_;

a,.))"

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

<vn a,)=(E, -E,)X},

Metric matrix
= 3 D pep') Cla | D" (pap'a’)=((p x )| (' x @,)")

[H,a;]

where




Construction of |v > : EoM

After expanding the commutator we have

AX =EX
where ﬂpap’a’= (8p +Eoc )6pp’ 6010(’ +(vaap’a’
Problem : A X =EX isnotatrue Eigenvalue Eq.!

{ pxa,>} form anon-orthogonal redundant basis

Recipe : Expressing X intermsof C| X= @ C

we get

| AD- ED|C =0

But D 1s singular !



Removal of redundancy

(px ) EH,,

Cholesky

— ‘(pxan)v”>EthyS
D—D where D is non singular
97- pjCc=0 |H1= AD
[H- E]C=0 H= D110

where

Iterative l solution
Ivn>=ECZan (
, >

p xan)v">

-)")

<v' |v>=9,,




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

2 (B, =)0, +V,, | € =0

!
W)= )C,

vn>

where

()L X (xn_l)a”>

v.)=YCr |(pxa,)") )= C5i
pa,

ray,_




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:
e Chiral Potential: NNLOOpt A. Ekstrom ef al., PRL 110, 192502 (2013)

1. Perform HF

2. Generate TDA phonons (free of CM spurious admixtures)

3. Generate the (orthonormal) multiphonon basis {|a, >} up to n=3
4. Generate the (orthonormal) particle-core basis {|v,>} up to n=3
5. Full diagonalization
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Application: 7O spectra
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Application: 17F spectra
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Transitions Amplitudes

<me I M(A)IWy )= Mg (A)+ My (2)+ My (A)+ My, (A)+ My () + Moy (A)+ Moy (2)

MOO M10 MO1




Mean Values and transitions

u (nm) -1.9130 -1.833 -1.893
Q(barn) 0 -0.00841 -0.025
B(E2; 5/2*, ->1/2*, ) 0 0.17 2.18
(e?fm4)
17F u (nm) 4.79 4.62 4.72
Q(barn) -9.94 -7.60 5.8
B(E2; 5/2*, ->1/2*,) 48.79 21.89 21.64
(e?fm?)

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




Cross section

30

| ---5/2" —>3/2"
| == 5% > 5/2”
12+ LA 5/2+ - 7/2”

170

| —Total
gl £ Expl
4t
o) T f
E E gl
I O A e T S T
° "F | g mt52t —> 32 F
L == 527 —>5/27
20 12} eee 5/0% _5 7/2"
i - =——Total
8l
10} i
al
05— % 5 10 15 20 25 30 35
o(MeV)

1), W. Jury, et al., Phys Rev. C 21, 503 (1980).




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) shift downwards their energies
b) increase the density of levels at low-energy

c) shift the peak of the cross section towards the experimental
region

d) reproduce roughly the pygmy resonance
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Hamiltonian 1n the multiphonon basis |n; o>

Hn n = Bock-diagonal structure of Hamiltonian
<n,a|H|n",8> EO Hos Hop 0
E,M) 0
E,1)
Hoz = HOI e . H1z |—|13
0 E,®
EI(Z) 0
(2)
H1z = Hzo |"21 2 st
0 E,®
E,®
0 Hs4 Hs,
H13 =

Diagonalization of H = |l V) = > MO || g
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Dipole strength and cross section in 132Sn
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