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Describing giant resonances

GR 5 * Requirement for
microscopic theory

|1p-1h>
* Single-particle space:

large enough to satisfy
doorway the sum rule

* Non-collective states:

needed to get the
damping of giant
compound nucleus resonances
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The shell-model calculation is

=) 3 good choice from these viewpoints,
if the model space is taken to be large.

illustrated by A. Richter 2



Success in M1/GT responses

GT+ distribution (electron capture)

1.0 0.5
—54|:e FEN - 51V

0.8 i Exp 0.4

0.6 SM 0.3

0.4

0.2

GT Strength

010 b —
202 4 6
E (MeV

LN
8 1012
)

0.2
0.1
0.0

0.4
0.2

0.0
0.6
0.4

0.2

0.0

202 4 6 81012

K. Langanke and G. Martinez-Pinedo,
Rev. Mod. Phys. 75, 819 (2003).

E (MeV)

1.0

GXPF1J

2 4 6 8
E (MeV)

10

=}

(b)

£ Ln

EB(GT)
'|'T'T'|'|'

l T l T l
58, .. 58
Ni->"Co

L 1 1 1] EXP

e GXPF1]]

]
o -

T. Suzuki et al., Phys.

2 4 6 8
E,(MeV)

Rev. C 83, 044619 (2011).

10

3



E1l responses: much more demanding task

pf-shell nuclei
M1 excitation E1 excitation

X

sdg

pf O — O ) -
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* M-scheme dimension for 2°Ni
* 1*in Ohw space (M1): 1.1X10°
* 1-in 1hw space (E1): 7.1X10%°

e Current limit: 1019-10*! (for calculating near yrast states) ,



Some computational aspects

 Lanczos strength function

e Economical and efficient method to calculate strength distributions
* Use the initial state O|g. s.) and carry out the usual Lanczos iterations

* Provide the exact (2n — 1)th moment after n iterations
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Our study on E1 responses

 Target: pf-shell nuclei (*°Ca to Ni and Zn region)
* Valence shell: sd-pf-sdg shell

e Conserving the B(E1) sum

 Ground state: Ohw state
e 1-states: 1hw state ®

 Validity checked later O
—0O-0-0

o—o—
e Effective interaction

»
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« SDPF-MU extended to
sd-pf-sdg

* Empirical (USD+GXPF1B) + phenomenological (V,,: Gaussian
central + spin-orbit + tensor)




43Ca: feasibility test

* Why #8Ca?

* Reliable data available including recent (p,p’) measurement
performed at RCNP (1. Birkhan et al., Phys. Rev. Lett. 118, 252501 (2017))

e Caisotopes: relatively small shell-model dimension because of no
valence protons in the pf shell (for g.s.)

* It is possible to examine the effect of ground-state correlation beyond the
Ohw space.

* Ground state: well described with the pf-shell space

* Lighter Caisotopes: considerable particle-hole correlation beyond the
Z=N=20 shell gap



Comparison to the data

250 T I T I T T 100 . .
200 I — F=1.0MeV/
i - I'=05MeV}) ]
=150 50l ,
é B - o
© 100 - %{ T
50 ———Wm ’ | , |
I % 15
| E, (MeV)
0O

Ex (MeV) Data taken from CDFE (Russia); http://cdfe.sinp.msu.ru

* Fair agreement with the experimental data
* GDR peak overestimated
* Low-energy slope: good

* Almost no sensitivity to I': spreading width caused by the coupling to non-
collective states 8



More correlation included

* How about including the 2p-2h 2p-2h config.
excitation across the Z=N=20
shell?
* Same valence shell, but including }
2p-2h excitation: (0+2)hw ground
state —Q—Q*T -0-0-0-0-0-0-
e 1" states: up to 3p-3h excitation ‘ — oo™
from the lowest configuration:
(1+3)hw 1 states —
::1om—ji:ifjg’///.///’——~'\\\‘\\\‘\\\.
g 108t 1hw

44 48 52 56 9
Mass number



1hw vs. (1+3)hw calculation

z B(E1l;g.s.—> 1) (e*fm?)
K

Ohw 1hw 16.5
(= full space)
(0+2)hw (1+3)hw in sd- 13.6
[ pf-sdg
ol | — (0+2)hw  full space 13.9
0 10 20 30 40
EX(MeV)

e Decrease of the B(E1) sum

* GDR peak lowered

* Low-energy tail of GDR: almost unchanged
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Towards describing decay process

be calculated with the shell model,
whether the initial state is the
ground state or an excited state.

* In principle, any gamma decays can Il I |

* In practice, calculating eigenstates
at high excitation energy is not easy,

because the eigenstates are
converged in the order of N Imtyp'ca' convergence pattern
eigenenergy.

e QOur first step: check the Brink
hypothesis for low-lying levels,
which is usually assumed in various
analyses. 100, -

Ritz value
©
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o 200 a0
Number of iterations
N. Shimizu et al., Comput. Phys.

Commun. 244, 372 (2019) =



Brink hypothesis

* E1 strength function for excited states: same form as that
of the ground state

O i
initial i:>.
: AE |
AE
—

initial =



10N

40

™ (Q\ -

(Ae/,wy 8) (4 <-1713)9

GDR reg

T _ T _ T

i + T+ o
o O
| |

0

48Ca

40

(4p) 9\ A

(NS, Wi 8) (1 <-1713)g

13

1 _ 1 _ 1 (@)

Al Al o
(NON/,w48) (3 <-1°13)d



B(E1:i-> f) (*fm*/MeV)

B(E1:i-> f) (€*fm*/MeV)

43Ca: focusing on low-energy transitions
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°0Ca: suggesting configuration dependence
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“pygmy
configuration”
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T. Inakura et al., Phys. Rev. C 84,
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strong correlation with the
occupation of the p orbitals



Enhancement of low-energy M1

* y-ray strengt h function S [ (a%Fe ¢ (Heoy)Fe, Voinovetal (2004)

¢ (p.p'y)*Fe, Larsen et al. (2013)
—— SMcalc

* [mean transition matrix =
element] X[level density]

10% =
* Measured with the Oslo method :
* Measuring de-excitation y rays -
. _g—
from compound nuclei e SR T
% u s (*He He'y)*'Fe, Voinov et al. (2004)
° Simultaneously determining level é - (b)°F ¢+ (p.p7)¥Fe, Larsen et al. (2013/2014)
density and ySF =107 T SMeae

—

* Assuming the Brink hypothesis

* Enhancement of ySF at low 10t
energy: due to M1 according :
to the shell model 10 bt

B.A. Brown and A.C. Larsen, Phys. Rev. Lett. 113, 252502 (2014).



>2Cr: an example beyond Ca
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* M-scheme dimension: 3 billion (1hw calc. )

e Basic trend: similar to 42Ca
* GDR peak: overestimated

* Low-energy tail: good but still overestimated



Sensitivity of single-particle energies

 Comparison to modified SPEs

* SPEs of sdg orbitals: lowered by 0.8
MeV to 5.7 MeV so that Ex and C2S of
low-lying states in *2Ni can be well

Nucl. ki E, (MeV) C2s
Cal. Exp. i Cal. Exp.
57Co 7/27 0 0 70 fi; 528 427,553
1/27 3037 2981 Tlsyy 0.98 1.05, 131
- - —1 -
3/27 3.565 3560  70dy) 1.70 1.50, 2.33
>Ni 3/27 0 0 vip3h 114 1.04, 1.25, 0.96
1727 5.581 5.580 visTh 051 0.62, 1.08
3/27 5579 4372 v0d3 ), 029 001
3/25 6.093  6.027 v0d; 022  0.66, 0.54
My 3/27 0 0 w1p3} 053 0.46, 049, 0.25
9/2f 3.139 3.023 m0ggh 0.26 0.24, 032, 0.27
9Ni 3/27 0 0 vipyh 0.51 0.82, 0.33
9/27 3053 3054  v0g) 063 084,039
5/27 4088 3544  vldd), 0.04 003
5/23 4595 4506  vldi) 030 0.3, 014
1/27 4399 5149 v2sth 000  0.09
1/23 5492 5569 v2sth 0.18 0.02
1/23 5580 5692 v2sth 002 013

N. Shimizu et al., Phys. Lett. B 753, 17 (2016).
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Comparison to (y, y') data

 Below threshold

* Providing a stringent test of the GDR tail
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Overestimate for E,.>9 MeV: too long tail in our calculation
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Summary and perspectives: Tamii-san’s questions

1. Present status of E1 strength distributions for A<56

* Itisin principle possible to calculate almost all the nuclei in the 1hw space as
far as the ground state is dominated by Ohw.

* Reasonable description of the slope of GDR

* GDR peak overestimated: (1+3)Aw calculation required

2. What limits the predictive power? Possible to improve?

* Limited g.s. correlation that causes the overestimate of GDR peak

* (143)hw calculation: presently infeasible except Ca isotopes (and some Sc)
* SPEs: some sensitivity to the low-energy tail of GDR

* Two-body interaction?

3. What data are needed to improve the model?

e Systematic and higher-precision data are useful to find “systematic errors” in
theory



