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Dipole excitations

- Giant Dipole Resonance (GDR) o Ne a

. . GDR
- Typical of all nuclei ol
-Known since more than 60 years 2.0
-Very collective response wor
-Isovector el PDRQ ‘
Low energy, Pygmy (PDR) 0.0l : ml o] Enl ZJ?:
*In nuclei with neutron-proton asymmetry B (MeV)

*Known since the end of '80

-6.8He 11| j 111214Bg 15,17,19¢ 17-22() 26N|g 4448Cq 56Fe, 58Nli.

885, 112G 11612450 isotones N=82: 138Bq, 140Ce 1%2Nd 44Sm;
204,206,207 208p,

*What's the dynamics?
Degree of collectivity?

-Isoscalar or isovector?

*Evolution with neutron proton asymmetry?

‘New opportunities with the advent of radioactive beams
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Radiative neutron captures

SO
Maxwellian-averaged (n,y) rates
103:"-|'!'1"‘E*"w"wi'w"'!"'5'
Some percent of E1 strength - pd
due to the PDR is sufficient to & % o
appreciably increase the neutron capture 1021 I; i ﬁ
cross section o (n,y). « M & £
& i

e.g. 1% of the total E1 strength at
Erpr=4.2 MeV is sufficient o increase
by a factor 5 the neutron capture
cross section a (n,y) of 20°Pb.
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S. Goriely, Physics Letters B 436 (1998) 10-18 N
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The more microscopic the
underlying theory is, the greater
will be the confidence in the
extrapolations fowards the
experimentally unreachable nuclei,
provided the predictions are
capable of reproducing
experimentally known data with a
sufficient degree of accuracy.

Large scale microscopic QRPA calculation

o6 (QRPA) / ¢ (Hybrid)

10

(n,y) cross section
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S. Goriely, E. Khan, Nuclear Physics A 706 (2002) 217-232
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e r (rapid)-process nucleosynthesis

1OI ." UL (L UL L LU ) FL L LU LU LU
§.+ %e T=10%, N,=1020cm3 a)
Responsible for the creation of 10°, e s
approximately one half of the S * P
heutron-rich nuclei heavier than iron. S0l i °
Q g (A .
= e X
Rapid neutron capture at high = L %
temperature and neutron density 5107} 4 ‘
(core-collapse supernova; two = M8 .
colliding neutron stars). 210%F A W
= E 77
< v
PDR effect tends to accelerate the E 1041 ' - Solar System
neutron captures and enables the W -
production of heavier nuclei (A~130). st[Y
10 ;;"‘ —v— GDR+PR
: Y —&— CN+DC it
10“6 Y/ BTN N RSN S

80 90 100 110 120 130
S. Goriely, Physics Letters B 436 (1998) 10-18 A
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e Correlations between PDR and symmetry energy

T Effective

E E Wl | -Ggmzr;gia;“.ﬁs:
Z()Oaé) _Z()O,(SZO)—I—S(,OﬁQ caé ®) 20% 5as 2
P ]
_ - E
0 = (pn—pp) /P g8 _
g cal
L x 7
S,(p)| =po — g3~ 0;1 30 60 9 120
T 3p0 L [MeV]

9 i (c) - 13381‘1 rfit.=0-91 7]
] — %Ni  rg=0.95 ]
B

: : S :
——Isospin-dependent components of effective forces
9]
. 2
—Nuclear matter equation of state M3 ;
— Size of neutron r.m.s., neutron skins T T T e s 1k

L [MeV]

Carbone et al Phys. Rev. C 81, 041301 (2010)
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Why Neon isotopes et N=16 isotones in QRPA?

Low-energy dipole excitations

‘Tsotones N=82: PDR collective
‘N=16?

PRL 101, 212503 (2008)

Other microscopical calculations:
RMF-RRPA (meson exchange lagrangians), QRPA (Skyrme), Landau-Migdal

week ending

PHYSICAL REVIEW LETTERS 21 NOVEMBER 2008

‘Light nuclei: non-resonant independent s.p. excitations of loosly bound n

30
251 J‘} Pb
Decay Pattern of Pygmy States Observed in Neutron-Rich **Ne E‘ 20 b Sn. Sen
J. Gibelin,"** D. Beaumel,' T. Motol:\ayashi,?s Y. Blumenfeld,! N. Aoi,> H. Baba,” Z. Elekes,* S. Fortier,' N, Frascaria,' g 157 ? Jf
N. l~‘ukuda,3 T. (301ni,3 K. Ishikawa,” Y. Kondo,” T. Kubo,3 V. Lima,' T. Nakamura,” A. Saito,6 Y. Satou.” J.-A. Scarpaci,1 w10 i
E. ’I“akc:r.hita,2 S. ’I’akcuchi,3 T. ’l’cranishi,? Y. ’I"og,{ano,2 A M. \/inodkumar,5 Y. Yanagisawaf and K. Yoshida® % 5 + : ¢¢¢ |
0 (—)—o—o—o—(}—o—(){;;,' ? I ? < 000{}0
Coulomb excitation of the exotic neutron-rich nucleus *°Ne on a *®Pb tareet was measured at e L S e
58 MeV/u in order to search for low-lying E1 strength above the neutron emission threshold. This 0¢
radioactive beam experiment was carried out at the RIKEN Accelerator Research Facility. Using the . B¢ s s A
invariant mass method in the ®Ne + n channel, we observe a sizable amount of E1 strength between 6 E 20 - ! “
and 10 MeV excitation energy. By performing a multipole decomposition of the differential cross section, E 15 -
a reduced dipole transition probability of B(E1) = 0.49 *+ 0.16e> fm? is deduced, corresponding to 4.9 + W oo
1.6% of the Thomas-Reiche-Kuhn sum rule. For the first time, the decay pattern of low-lying strength in a 3 5 Q¢{;
neutron-rich nucleus is measured. The extracted decay pattern is not consistent with several mean-field 0 ;wmmo¢¢¢ '5 4000206600000
theory descriptions of the pygmy states. 0 e e e e e 12 12 e Tie a0
E'[MeV]
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Formalism
¢S

T HIW=EYY Qo) = ) Q)0

Particle-hole excitations RPA

1
-

| J— E vt L - 2p3R
@r ph @p%h — th, a;rza,p e
. . o 1d3/2
2-quasi-particles excitations QRPA p-h |
K + v + + v re 2s1/2 Fle(;rSnll2
Q, =2 X7, ny Yyl ;75
J/
A B XV - XV 20— 1p12
K=0 K=1 B* A* YV — Wy -y J | 1p3/2
. . . -30—
-Axially-symmetric-deformed nuclei HF neutron
-Same (D1S Gogny) interaction in HFB and QRPA levels
in order to avoid very dangerous inconsistencies -40— *Ne
1s1/2
Other calculations by Bruyeres-le-Chatel group |
- 78Nj, 100gn, 132gpn, 208ph S. Péru, J.F. Berger, P.F. Bortignon EPJA 26, 25 (2005)
- Si and Mg isotopes S. Péru, H. Goutte PRC 77,044313 (2008)
- 238 S. Péru, 6. Gosselin, M. Martini, M. Dupuis, S. Hilaire, J.-C Devaux (2010)

Journées des théoriciens nucléaires IPNL 19-20 octobre 2010 8



0

10

R[e’fm’/MeV|

Transition densities

/

RRPA (DD-ME2)

02 E=7.8MeV"”

Response

¢ !
i ]
+ %
¢ v
¢ ]
- n 8
#, [
e b
o %
= S

'GDR

E=15.3 MeV

E !
| —— neutrons | Y
- protoms

| | | | I."

o 2z

4 6 8
1[fin]

5 10

15

20

E[MeV]

25

30 35

Paar et al. Rep. Prog. Phys. 70 (2007) 691-793

Typical example of dipole resonances study

Density
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ey " and p densities through axially-deformed HFB
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ey B(E1) QRPA distributions for Ne isotopes and N=16 isotones

Only 2 not
spherical:
prolate

0 5 101520 25303540 5 5 5 30 3¢ 5
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Neon isotopes
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A dependence of low-lying excitations

N=16 isotones
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*The energy of the low peak decreases with the isospin asymmetry
*The B(E1) strength increases with the isospin asymmetry
The fragmentation increases with the neutron number
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N=16 isotones

Journées des théoriciens nucléaires IPNL 19-20 octobre 2010

13



0

Main p-h (and p-p) configurations in N=16 isotones

240

QGNe

Mg

BOSi

first peak
/ 1d3/2—:>2p3/2
v 281/9—2p1/9
v 1d5/2—:>1f7/2
v 1d3/2—2py1 /2
/ 1p1/2—2>1d3/2
v total contribution

7 1pyjo—2s1)9

9.1 MeV
73.5 % (8.92 MeV)
0.0 % (9.26 MeV)
10.0 % (10.33 MeV)
8.7 % (12.87 MeV)
0.0 % (10.67 MeV)
1.2 % (17.70 MeV)
94.6 %
2.0 % (15.19 MeV)

10.7 MeV
67.6 % (10.52 MeV)
2.8 % (10.82 MeV)
9.5 % (12.44 MeV)
8.7 % (13.68 MeV)
0.1 % (12.74 MeV)
1.1 % (18.50 MeV) |0
91.9 %
4.1 % (15.97 MeV)

11.6 MeV
39.7 % (11.68 MeV)
32.7 % (11.93 MeV)
5.8 % (13.98 MeV)
8.2 % (14.18 MeV)
2.7 % (14.22 MeV)
% (19.10 MeV)
90.6 %
5.6 % (16.22 MeV)

12.2 MeV
43.8 % (12.61 MeV)
7.0 % (12.79 MeV)
6.6 % (15.23 MeV)
11.1 % (14.55 MeV)
1.1 % (15.41 MeV)
0.3 % (19.60 MeV)
70.9 %
18.5 % (15.92 MeV)

3o Idss | 27 % (15.80 MeV) | 2.0 % (17.60 MeV) | 0.8 % (18.97 MeV) | 0.9 % (17.15 MeV)
(Ipzja— 1ds)2) (Ipgja— 1ds)2) (Ipzje— 1ds)2) (1ds/a—2p3/2)

7 1dgja—1frs | 0.0 % (24.80 MeV) | 0.9 % (17.48 MeV) | 1.9 % (16.02 MeV) | 7.7 % (14.33 MeV)

7 total contribution 54 % 81 % 94 % 29.1 %
main peak (GDR) 5 MeV 21.9 MeV 22.6 MeV 23.1 MeV
v total contribution 5 % 64.5 % 5% 54.4 %
7 total contribution 9.5. % 35.5 % 5 % 45.6 %
N/A 66.7 % 61.5 % 57.1 % 53.3 %
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Introduction of indexes in order to measure the collectivity

¢S
- Let's Napthe number of all the possible 2-qp excitations for a given K
Noyqp = 4832 in our case
Nqu
Well known normalization of the QRPA amplitude: Z [(X5p)* — (Vo) =1
2qp=1

We introduce the number of states with K g’qp)2 — ( 27ép>2} 2 N;Lqp

N; Neutron contribution

N; Proton contribution

Ideal collective case: N* . N* s N* _ N2
_ % T qp

all the 2-qgp excitations contribute

Excitation produced by a single 2-qp state: [\ *=1

Journées des théoriciens nucléaires IPNL 19-20 octobre 2010 15
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wre w (MeV) Ny NX v tot. = tot.

240
9.1
GDR 20.5

GDR  22.6
08i

12.2
GDR 23.1

34
62

30
56

24
32

32
H4

10
12

18
26

22
32

22
34

94.6 % 5.4 %
80.5 % 19.5 %

91.9 % 8.1 %
64.5 % 35.5 %

90.6 % 9.4 %
78.5 % 21.5 %

70.9 % 29.1 %
54.4 % 45.6 %

Values of collectivity indexes in the N=16 isotones

N lightly increases from 240 to 30S;

N; decreases with Z
N;f increases with Z

IN* of low energy peak
is ~60% of GDR

Journées des théoriciens nucléaires
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Neutron and proton transition densities

24 26 28 30, .
O Ne Mg S1
Low energy 0.03 9.1 MeV ] 10.7MeV ] [ 11.6 MeV ] 12.2 MeV ]
; 0.02 — — — —
center: Il - - i
. 0.01 L I - - Il -
ISovector ‘e a ‘s S
0 - - T \ — P - — e - P
surface: AR 1 T \/ 1 T \/ 1 L 1 —
_ -0.01}- —~ B =4 B . ~H
isoscalar 002 B 1 L 1 - 1 [ 1 !
- ) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 \i) 1 1 1 1 1 1 {,rg
0 0—; _I 1 I I I I I_ _I I I || || I I_ _I || || || || || I_ _I 1 1 1 1 1 I_ IEI
GDR B o0sMev 7] [ 219Mev ] [ 226MeV | [ 23.1MeV 7] o
. 0.02 |- - - - —
isovector A 1 F 1 r 1 . 1 <
nandp 0N\ I R N AV N AV
- ' 0 = , "
In opposite = 4 I F— ] EA— ] L \/ _
phase -0.01F 1r 1 1 .
0.02 - - F - -1 —

r [fm]
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e Summary of low-lying dipole excitations in N=16 isotones

Similar behavior in 240, 26Ne, 28Mg, 30Si

-Small but finite collectivity

‘Non trivial transition densities
due to spatially extended structure of 2s1/2 neutron state

II‘ Some interesting low energy properties can be obtained
also from the stable 28Mg and 30Si nuclei
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Neon isotopes
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B(E1) QRPA distributions for Neon isotopes
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Values of collectivity indexes in the Neon isotopes

w (MeV) Ny N* v tot. = tot.
28Ne
w (MeV) Ny N* v tot. 7 tot. s ER R
05 26 14 984 % 1.6 %
24Ne
111 30 16 95.2 % 4.8 %
136 4 8 077U 230 e
137 72 14 7.1 %@
16.4 16 55.1 % 44.9 % _ _
161 32 46 5.0 % 95.0 %
GDR 239 60 24 65.0 % 35.0 %
D ‘ ' 183 76 26 915 % 85 %
26
Ne
200 92 32 702 % 298 % GDR
107 30 18 91.9% 81 %
30Ne
GDR 219 56 26 655 % 355 %
66 18 10 98.9% 1.1 %
79 20 14 98.9% 1.1 %

10.5 40

16

96.9 % 3.1 %

128 64

16

97.0 %@

16.0 26
18.7 98

42
44

3.2 % 96.8 %
68.3 % 31.7 % GDR

Journées des théoriciens nucléaires
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| isoscalar
— small p oscill.

13.6 MeV
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28N€

0.03F8.1 MeV ]
0.02 Single particle]

9.5 MeV _ 11.1 MeV] [13.7MeV | .—
ingle particle cfr 26Ne - isoscalar -
| 1d3/2 1f5/2 69% |

In' |

| 1d3/2 2p3/290% | [ 1d3/2 2p1/2 83% |

0.01

0f— _
-0.01 —\/ -

op [e fm

1
1
L |
7
f
I
i
3
5
1

012345678
..................... More in touch

0.0316.1 MeV] [18.3MeV] [20.9 MeV] . —with std picture
0.02 -4 - F G6DR T ',E of PDR
0.01f 4+ 4+ -5

(] NS ) NS .
o0t 4 F 4 FU -

012345678 012345678 012345678
r [fm]
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30Ne

7.9 MeV
Single particle
1d3/2 2p1/2 90%

- i
=
== o~

——

10.5 MeV

cfr 2°Ne

-L|I|||
-

16.0 MeV

0.03F 6.6MeV 7]
0.02  Single particle —
0.0 l_— 1d3/2 2p3/2 94% ]
0 P
_0'01_. S =
0.03 128MeV
0.02— isoscalar —
[ 1d3/2 1f5/254% |
0-01__ 1d3/2 1f7/219%
0 5
0.01F .PD.R C
0123456
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Summary of low-lying dipole excitations in Neon isotopes

&0

*The strength of the low-energy state increases with N
*Increasing N the strength distribution is more fragmented
*Appearance of a collective state in 28Ne and 3°Ne
‘Isoscalar behavior of the transition densities of this state

‘Picture more in touch with the standard behavior of PDR

Journées des théoriciens nucléaires IPNL 19-20 octobre 2010 25



Proton PDR in 8Ne
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Microscopical analysis of !8Ne dipole excitations

first low energy peak|second low energy peak
* AT
14.2 MeV 14.8 MeV w (MeV) Nj NI v tot. 7 tot.
m 1dyjy—1f7 5 (15.99 MeV) 20.1 % 1.6 % I8Ne
7w 1dy/0—2p: 15.98 MeV 23.2 % 6.3 %
T sl ) ‘ | 142 12 60 7.8% 92.2 %
7 1p1/2—2s1/2 (13.75 MeV) 11.7 % 35.2 %
)
T 281 /9—2p3/2 (18.19 MeV) 9.3 % 1.2% 14.8 10 36 44.3 % 55.7 %
T 1p3/n—1ds/o (16.95 MeV) 8.5 % 9.3 % GDR 23.0 16 56 21.9 % 78.1 %
T 281/9—2pg /2 (19.14 MeV) 2.7 % 0.5%
7 total contribution 92.2 % 55.7 % . . ~
Dominant role of protons in the 1” state
v 1pgjp—1dyss (15.78 MeV) 3.8 % 2.1%  Collectivity of 1" state the same as GDR
v 1p1ja— 2819 (14.18 MeV) 3.6 % 41.0 % —
v total contribution 7.8 % 44.3 %

Proton PDR in 18Ne

Journées des théoriciens nucléaires
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N Summary

Low energy dipole excitations in
axially-symmetric deformed HFB+QRPA

N=16 isotones
-Similar behavior in 240, 26Ne, 28Mg, 30Si
-Small but finite collectivity; non-trivial transition densities

Neon isotopes

‘Increase of low-energy strength and fragmentation with N
*Appearance of a collective isoscalar state in 28Ne and 3°Ne

18N]e
Appearance of a proton PDR

Perspectives
*Detailed analysis of PDR in exotic nuclei of experimental interest
‘Large-scale QRPA calculations of E1 strength and (n,y) reactions

(massive parallel computation of 238U responses recently performed)
Journées des théoriciens nucléaires IPNL 19-20 octobre 2010 29



Spares
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Identification of the spurious state

1 2 I | | |

NeZ°10 first eigen-values for I1=-1

+
|

10 +

E (MeV)

1 1.005 1.01 1LES
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Identification of the spurious state

100 T .
I\f1g2

840 first eigen-values for I1=-1

10 Frma= s e 3@ s

E (MeV)

01

0.01 |

0.001 :
1.023 1.0235

1.025
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e Hartree-Fock (-Bogoliubov)

4 == + s - + +
( +) ‘O) 1 = ZthﬂgChC,{g = 1 Z ’1)11,12,5314631(252634(313 HF

[Vur) = il lilalsla

CL;: - Z Ufﬂ C.:’- @(Y = Z Uif.l'Xf. pi‘}' = (U}’!HF‘Cjﬂ_cilﬂjHF> = Z U?(}U:rt

ap|prr) =0 - 1 =1

a’?Wx’HF) =0 g(wHF) = g(p) — Tl‘(tp) + §TI‘1TI‘2(,017712[)2)

h = ( _ Z hap Uy = Z (l‘w + Z Z Oiprpl, ) Upi = exUl,
\\[ P = h 8 g /

U)HFB (Hm) pij = (Yurp|C} Cilburp) kij = Yurs|CiCjlYurs) HFB\
0

1
EWnrp) = E(pk) = Ti(tp) + 5T Tra(piTrap2) + Z Vaprakzaksy

af3yé
0E (pk)

C Uu Vj)C e = ~ ~
("+J=B( Jlo ole) w5 A weee
\\77 C vV U \C A —e A:ag(pk)

ok /
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Dipole responses in Neon isotopes

Increasing the neutron number:

Appear'ance of PDR and downward shift of the peak
*Increase of fragmentation
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