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Equation of Motion Phonon Method

Equation of Motion Phonon Method (EMPM): 9000 _."g_ m
Features:
- nuclear ground state properties —0-0— 00— g9 o9o—
- energy spectra HF 1p-1h corr

collective excitations
wide-range applicability (across the nuclear chart)
exact treatment of Pauli principle (unlike the methods based on RPA)

applicable on any nuclear Hamiltonian but usually realistic Hamiltonian is adopted

Applications:

EMPM first developed for even-even nuclei Phys. Rev. C 85 014313 (2012), Phys. Rev. C 90
014310 (2014), Phys. Rev. C 92 054315 (2015)

quasiparticle formulation of EMPM for open-shell nuclei Phys. Rev. C 93 044314 (2016)

EMPM extended to even-odd nuclei Phys. Rev. C 94 061301 (2016), Phys. Rev. C 95 034327
(2017)

extension of EMPM to hypernuclei in progress...



EMPM

Hilbert space — divided into subspaces H=HoEH, B Hs ... BH,

HF — Hartree-Fock state (nucleons occupy

lowest single-particle levels) N
1p-1h = 1particle — 1hole excitation of HF 2008 200 _.'.': :
2p-2h = 2particle — 2hole excitation of HF

| —0-0— —00— _oo—
np-nh = nparticle — nhole excitation of HF HF 1p-1h 2p-2h

Instead of multiple particle-hole excitations we can excite multiple TDA phonons

Tamm-Dancoff (TDA) phonons My = {|HF >}
- - H, = {O] |HF >
O = Zf'}:hrf;r”_ ] " .'| . }
" ' H, = {0 O} |HF =}

Phonons = linear combination of 1p-1h excitations

can represent collective modes | o |
H, = {0/ 0! . .00 |HF =}
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configurations from different

Hilbert subspaces

Equation of Motion (EoM) — recursive eg. to solve eigen-energies on each
I-phonon subspace while knowing the (i-1)-phonon solution

< i, Bi|[H.Of)li = L,y y >= (B} — E5 ) < i, 3]0}i — Ly_y >

i g

non-diagonal blocks of Hamiltonian calculated from amplitudes < 20l — Lo, >

we diagonalize the total Hamiltonian



Ground State Correlations

NN interaction - NNLO
A. Ekstrom et al., PRL 110, 192502 (2013)

TABLE I. Binding energies per nucleon. The EMPM value for
“Ca was obtained for Ny, = 8, which is not an extremal point.

2-phonon correlations in the g.s. iy T
Wy >m CHplHF > +3 CLtli=2,py > j% 3% o poid il
. e . 49Ca 4.00 977 7.02 8.55
G. De Gregorio, J. Herko, F. Knapp, N. Lo ludice,
P. Vesely, PRC 95, 024306 (2017)
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FIG. 1. HF ground-state energy of *He (a), "0 (b), and *'Ca (c)
wversus the HO frequencies « for different HO space dimensions Ny,
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FIG. 4. The EMPM ground-state energy of *He (a) and "0 (b)
versus the HO frequency « for different Ny,

N _andforN__ big

enough independent
on ho ...



Ground State Correlations

2-phonon correlations in the g.s.
NN interaction - ¥ NNLO
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Ground State - NNN Force

NN+NNN interaction -  NNLO__ (Ekstrom et al. Phys. Rev. C 91 (2015) 051301R )

HO basis N=(2n+]) charged radii

Table 1: The charge radii ry, = /< r3, > [fm] of W)
h(l) =16 MeV N up to 12 and Y Ca calenlated with NN and NN+ NN N forces are
max compared with the experimental data (exp) [23].
AX NN NN +NNN  exp
C ! ' ! I ! ' ' ] Moo 219 2,77 2.70
20F (a) 90 + 1)*Ca . Wy 258 3.54 3.48
[ —— T & : 3
T E ] HF energy
20k — 7 e Ims T ]
- y Upy ] : Table 2: Binding energies per nucleon BE/A [MeV| cal
— 4oL — 08y, T b enlated with NN and with NN+ N NN forces in Y90 and
"i: C ] WCa compared to the experimental values (exp).
=) F{'.I: <
. UF H + i 1 AX NN NN4+NNN  exp
o F 1 1 B0 7.36 2.66 7.08
an T — ] Wla 1165 2.31 8.55
-100F £ 3 /Y
_12{]5_ F ] HF underestimates-Q.s. energy
g T - 3 (correlations necessary)
-14nL 1 I L 1 L l ]
b emp 111 emp However NNN force improves significantly radii &
single-particle energies already at the mean-field
level

Fig. 3: The neatron single-particle energies = of W ia) and
“Ca (b) caleulated with NN (1) and NN + NN N (11} interac-
tions. The empirical data (emp) [24] are shown for comparison.

P. Vesely, G. De Gregorio, J. Pokorny, accepted to Phys. Scr.



EMPM for Even-0Odd Nuclei

sdg
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170 - particle coupled to (multi)phonon excitations

EMPM for Even-0Odd Nuclei

First application of EMPM on the odd nuclear systems:

NN interaction - NNLO

t

G. De Gregorio, F. Knapp, N. Lo ludice, P. Vesely, Phys. Rev. C94, 061301(R) (2016)
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EMPM for Even-0Odd Nuclei

150, N, 20, 2N- hole coupled to (multi)phonon excitations
G. De Gregorio, F. Knapp, N. Lo ludice, P. Vesely, sent to Phys. Rev. C (2018)

Lowest states — predominantly from hole-1phonon configurations
For better description, stronger coupling to more-phonon configs. needed

NN interaction - NNLO
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EMPM for Even-0Odd Nuclei

0, **N, 'O, #N- hole coupled to (multi)phonon excitations NN interaction - x NNLO_,

t

G. De Gregorio, F. Knapp, N. Lo ludice, P. Vesely, sent to Phys. Rev. C (2018)

ground states — predominantly the hole-states nature
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EMPM for Even-0Odd Nuclei

role of hole-1phon, hole-2phon, hole-
3phon configurations on E1 transitions in *N

0.2215NII1H!IN=1:

~ 112 % of Thomas-Reike-Kuhn sum
rule up to 40 MeV

~ 50 % of TRK sum rule up to 26.5 MeV
(experiment ~ 58 %)

o
10 18 20 25 30 35
w(MeV)



EMPM for Hypernuclei
H=Ty+Ty+ V¥V VNN +}‘<— Tea

NN+NNN interaction - x NNLO__ (Ekstrém et al. Phys. Rev. C 91 (2015) 051301R))
AN part of YN interaction - x LO (H. Polinder, J. Haidenbauer, U. Meissner, Nucl. Phys. A 779
(2006) 244) cut-off ). = 550 MeV

so far implemented:
extension of HF+TDA formalism on hypernuclei — proton-neutron-A HF + AN TDA

(replacemeﬁé)f the nucleon by A)

work in progress: - adding A-Z coupling and ANN SRG induced force into the formalism
- coupling to (multi)phonon configurations
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(E
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0.026 MeV

cut-off parameter
of YN int.

in future testing the
quality of YN
interaction (spin-
dependent part)



Outlook

next goals:
- study of the role of NNN interaction in nuclear ground state properties

- more systematic studies of odd nuclei — heavier systems

- further extensions of EMPM formalism — odd-odd nuclei, hypernuclei, ...

- transitions in nuclei — GDR, M1, GMR, g decay (2 decay) ...
- possibly calculations of electroproduction of hypernuclei
“Ca (e,e K") “ K
*Ca (e,e' K") © K
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