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The DC rsbos s caboulsied with Eq. (5) for all
the nuckel involved in the e-process mehosymhes
and addsd mookerenaly e the damped CN cofitib-
thon {Eq. (41} obtained in Section 2. Pig. 3 comparss
the ressiting sotall (wy) rote w e sasdsed s
commosly wed in rprocen caloulations, iz de-
duced from 2 GDR srength funcion caly, Deviar
thons within a facoor of 1000 from e ssdsrd GOE
predaciions can be ohasrved for nocked relevast bo ihe
rprocess, e such that | £ 5 IMeV] S 3 Alihoagh
Eor et of the mocle, the DO aad PR eifects iend io
emhaace the neulres capture, the reduced nember of
available exciied mates (above s below 5.) In she
resadual seclous not only drsmically decreases the
CH component, bt aleo masled the [0 mechasiim
quite inellicices. For many neulton-rich nuchs, no
allvwed disect transitions sre Found, ned the dispcy
channs| il consequently ialabited [11] Theds effiect

". & Ly o Py Losev o ¥ A0S0 o b

are eelallvely sipsaficant cling 10 the pewtion shell
choisen beipecially W= B2, and sre Batvedore -
pevted 1o hanw an impadi on the geocess sucheoiyn-
ihedia,

4. Impaci of il FR and IDC on the r-abundance
distribution

Ta illusirse the impact of the PR contribution and
DiC mechussion on the r-process nucheosymibesii, we
womeder te simphe pon-egelibiivm cancaical mode|
i eebich & Null reaction network i solved for a given
set of parameters defining the \rmpersturs T of the
astrephiysical sie, its ssutron density &, and i lime
durisg which the seutron iradistion sies place T
Muore details of the r-process model cas be Tound in
{15}, T r-process ealeulations are pesformed wish 3
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nucleons ingide a noceas. Gianl resonances primartly probe bulk properties of
noclear matter. For instancy, the giant monopols resonance has delivensd the meost
precise information on the compressibility of nuclear matter, while the properties af
the giant dipele resonance are mainly determined by the nuclear symmetry enengy.

WMHLWM:MtMEM
moticns, Their spectral distributions are expecied to be muach mom
fragmentsd than in stable nuclel becasss the particlo-hole snorgiss for protons and
peatrons differ considorably from each other. In maclel with large prolon or nealn
wxvess, o distinct SECACALEN (Mo scscalar (protons and neutrons vibrale in phasel
and mevector (protons and poutrons vibrate out of phass) modes is

This effect ia related to the evelation of skins or habs. The

skin are much lbess bound than the ones memaining in the oo, A new g
of vibration may evalve, i.e. a vibration of skin nucleons agains core nucleons. Clear
evidence for such 5ok collective resonances has not yet been obtained. Low-lying
dipsle sirength exhausting a considerable fraction of the total strength, hewir, has
been found in haly auclel. This dipole strength which appears just shove the neulmn
separation thresholds, i most likely o be assigned to_gingle-pamicly trensiions
which are enhanced due to the stroag spagial oxeglap of the asymptotic part of the
valones meuiron wavefunction with neutron continuum states.

Recontly, & measurement at GS] has shown that low-lying dipole sippogih swlves
systematically with the neutron excess in noclel which do_not sxhibic a_hagle the

muhhrmﬂhhuﬂ.phﬁuulﬂ]mlhﬂnmﬁwiﬂ If low:lying digoke

strongth  appears in proton-reulron  asymmetric  necdel,  the
oorresponding  kange cross seciions near the meuiron separation
ihrahold could have a significant influence on the path of s Chapler
1.1.23 for further discusston. Giant ressnances of other wrw of sgual
intarest. The propertses of i in exodic mached, for instams,
would allow the determination of the way nchear compression modulss

wvoives with increasing neutron escess. This is important information with regand
thir equaticn of state of neutron matter. Magnetic gant resonanos o exoble nuclel am
wqually important to el nuchsar models and, in addition, their knowlsdge is nig i
in astrophysical mode] caloulations; the latter aspect s dscussed in Chapter 1,123,
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respectively, The data is (a) e from Ref. [7]. The data i (b) ane from Ref. [19]; they were obiained
o different seceptance angles of the TBe fragments, nasnely, 1.5%, 2.4%, 3.5%, sad 5.4, The curves
are the revulis of caloelsrioss discuiiod in the text.

discrepancy with the data at the largest accoptance anghe, where the observed ssymmetry
tends to disappesr, This could be caused by nuclear andfor higher-order processes.

A new measurement of the BB decay energy spectram has recently been performed [20],
which gates on smaller scattering angles of the excited *B center-of-mass symem, L.,
on larger impact parameters. The uncerisin influence of nuclesr processes has therefore
been suppressed. Anciber advantage is that the relative contribution from E2 cransiions
is smaller at larger impact parameter. The data have been amalyred by employing the
EZ sirength that was extracied from the ssymmetry of the longitsdingl momenbam
digtributions shown in Fig. 1(b). The result of this analysis has not yet been pablished.

3. RPA lincar response of exolic maciel
Al Linear response theory in the coordingte space

The RFA theory of the collective response of muclke is based on the time dependent
HF theory (TDHF). It is formulated in coordinste space [21] as the self-consisent linear
response of the HF ground state 1 an external field, The first step is io determine the
imduced density in an exiernal field. Let us adopt the time dependent HF field,

hir) = holp) + by 1) = hglp) + F(F Je™™ + f*{F )™, (13



The 2-quasiparticle components
of the GR are coupled with
4-quasiparticle-type states

(two quasiparticles plus one
density vibration: 2%, 3-, 4*)

This is an extension, to include
pairing correlations, of a model
developed within the Milano-Orsay
collaboration and which has been
successful in describing
microscopic GR properties [PRC
50 (1994) 1496]
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| sates inchuing 3 phonon. See Secticn 2 fox the discusshen of this couplisg. the detailed ssalytic
FTpreskons heasg given in Apperchc A

= Hﬂ-—%h?i%?r:;ﬁ. L}

More in detsd], each matria clement of W4 (E) wriben in the baaks of e discroie
QEPA states is a linear combination of matrix elements W5, () in the basks of the 2gp
conbigeration {aff). {y§). enc. Theie Latior matrin ebements. are suma of the eight tenma
| depioied in Fig. 1. To cvabasie thess disgismn, we employ the Tollwisg cxpression for the

particle-vibration cosgding Hamiltonis:

—p = Ll i i) Bhalas. @
o Lakd

&sd wr use the sandsed BCS exprossions 1o pelste ghe quaiipariicle opersior <] and o,
o the single-partiche ones o] asd a, (see By, (13)). I Eq. (3) the vibration (phonas) |n)
is charseterized hy its anpelar mossentum L and i ransition density o0"'(r), while the
form facsod wir) i related 0 dhe pasticlo—hole ineraction Vi derived from the Sioymme
foroe @5 VpulF, Fzh = win W7 = F). The detailed expressions of the disgrams are given
in Appendix A.

3. Application iothe digede respense of 1510

Wi uso the model discacd above o caoulse the eloctric dipols sirength distributinns
5 he unstabls pewiron-sich axypes isopes. As sstbeipated in the introdection, ia & reoml
expeniment [17] st GS1 i knoudodpe has been extended to the isofopes hesvier thas
"0, for which it was well knows [38.39). with sywematic measmrments froms A = |7
in A w22, Low-snergy sireagth was detected, which exhamits sp 5o 13% of the classical
Thaomas-Reiche-Kubn (TRE] encegy-weightod wmm nele (EVWSR) af cacilafion enerpies




Spec. factors
: "®Sn — HF plus phonon coupling (SGII) 1i13/2 0.72
oo ML b ’/ . 2€5/2  0.90
i‘:- 1 s p 12 095
1hy, — i "
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== _,2';1'.1'3 2’“ 1
: 3p3/2 0.93
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Cirmiroid oammpien Ky = ) (g i b, chasiand i o (HERY
il PO RA, - AT iaalare. sl b et el w b
s appecisbin. Uil wihen the phoncn owpiemg skl S
e s s Dt il el o Ll has 100 L'V

S HHRPA [l
Ty s [T
Mg, i (L1
Uigy (] e

i repalicve Eairik clemoats obtmised with 101 ane
sysicmathcally larger i those of the Sy, From e

In Table 2, the resulti for the ceaprokd enerpy with-
out and with the phonon cospling are shown. in the
cane of ghe ceniroid eneepy afiler de coupling is

enciiy, al the level of the complote cabiulation i3 ihe
rama valus of the QRPA cloulation. The wame i rue
for

enhancemenl {1 k. The valees of the inial
EWSR i of & in parcsthesis) ure, lor
Mg, g, repeetively: 2448 (0U%),

i
=
ey i

P | Exhasuion of e Spok: EOEN o e e ssilo o0
walwrdd im e prrsoes Lty Ther full e podirn wo i complods
R, gaboalamat, whils S Gasheedl i b e (PHOM, Gl

P dpole

ey et gk, T

Hig, 2 Fissbuopion orss pios far 5P

iha pasticle-vibragion coupling & wken in account, e
crntrmid and the EWSR values sve much less affeciod.

In Figs. 2-4. we iboow the calouluted photcabanp-
10 Croes Beciions. with the expezimental re-
sulis fior ihe two siable suclel. The values of energie
and e widihs obiained from a Lorentzian it of cur
ereria secthons are summarized i Table X,

W S dee hat thes with the eaporimen-
tal results is gesad fee both *#Pb and 'Sn Thi gives
w confidence b use B mode] for o peadiction of the
photoabacrbiion in the unstsble sucleus “Sa. In din
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cae o widih ix sbeui & MV, like i "Sn, bt the
crout waction is very feagmenied

b e low-lying encrgy pegion, we oboin srength
in e dhrod muchel, aa we discuss helow, The cum-
lated value of tha EWSR below |2 Mc¥ i shown ia
Fig. 5. For ™ph, 5 comparison is posible with the
dain of Rel. [9]. Our caloulation gives & bogal inke-
prased swreagth B{E} = 0.53 " fim” (helow & MV}
and B{EI) = 1.27 ¢ im® {op io & MeV), whena
the gxperimentsl dats sre BEL) = 0,52 £ fm? (elow

& 315 m 050 # fn® (up io & Me) The

excitagiont. 8o the vales of their enongy is affomed by
the singhe-partichs Bpectrum, O the other hand,

astively and
Comiag o the Sn lsoiopes, the kow-lying
strengih grows Gaater, ai the bevel of in

The photts couplisng alfeces move TEvErRing
_ﬂhﬁmﬂ'ﬂﬂ'&l-ﬂ!w

Phoscafeormsn oo o D can see that in Fonas ecfifite Pl exhsi fhe
| - = strengih below 10 MV, whereas in "*5a oaly 2 kind

Tabiia 3 Ehm.d‘rmidumdhhlﬁu

Yishutn of e posll ooy (wishih) i b enbowled i (R PA- befow 10 MeV s Y50 In BPA, the lowest peak
P sakealaed By s of 5 Losmmras i i the croaa secteom | @ o 44 MeV b muainly (TER) mocisied with the

commparTen ik e o porenoeesl Tl <
= qumwm-dhd:
e Spn only 029 of the EWSR. There are two kigher peaks
Epy 1LI4LT) BSOS which e st .61 and 953 MeV and sheoeh respec:
i . 183415 HARE ey 0.5% and 0.3% of the EWSE: they isvolve s
L i sdmixture of the 2dyz — 3pyz and Jayq = Ipig

41€4 (u3)
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Exp.* ©.53 0.80
Th. 0.52 1.27

*N. Ryezayeva et al., PRL 89 (2002) 272502

D. Sarchi ef al. PLB 601
(2004) 27.
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At low energy, there is not a single “collective” pygmy state

8.44 MeV 3s,,— 3py 0.2%
EE1 MEV 2d:yz_} ap-'m. 351;2‘_3'3‘)”2 0-5%
9.53 MeV 0.3%

=
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Table 3
Doistribuatison of nessiven pantiche-hole configurations for the staics a 9.0 MeV (4.3% EWSR) in **5i

(bl coduin), sasd at 5.6 MaV uate (14% EWSR) in 50 (right columa)

St ) MV el i 86 MV

(26 0% | fym == iy (BB.F% ifyg 2 fapzh
(Z29% Iy —= Byl (Z1.9% 2y oy — 2720
(11.3% 1 fpry — Lpga) (19.7% 2dy 2 — 3py 2)
[10.3% 2py g = 2dyad = (5% 1hy = lyar)
(100 1 fapn — 2y el (3.5% 2dgs — Ayl
(8.2% 2pr g == Joyzd (L% Ly == 2520
(1L4% 2py 3 = 3y 20 (1.5% Lpzz = Lhgp)
(LO% L fy3 = Lgzsa) 0.6% 1gy2 = 2f52)
[03% 1 fz = Sdya) (0.6% 2dy3 = 3p2)

‘The perceninge of a ph configuration reliers 1o the normalizacion of the BRPA amplitudes (12}, Only
configurations which contribule more thes 0L1% wre displayed.

the low-energy region, which displays a more complex structare of the REPA amplitude,
ie. & coberent superposition of more than just a few neutron ph coafigurations. In the
case of "Ni, this is the ssie 2t 9 McV (4.3% EWSR). The distribution of neutron ph
configurstions for this siaie is included in Table 3. A dipobe stase with a similar straciure in
"B s found &t 5.9 MeV (4.0% EWSR), The ransition densities for this stale are compared
with ihose of the GDR stabe ot 164 Me'' in Fig. 8. We notice that the stsie at B9 MeV ix
characterized by o strong isoscalar transition density and a long sl of the nesiron ransition
density which extends almost to 10 (m.

Surulki, [keda and Sato (S15) analyzed the onset of pygmy dipole resonsnces in neumon-
rich suclei i the framewosk of the two-fluid (the core fluid and the newtron excess
fidd) Sreipwedel-Jensen hydrodynamical model [10]. 515 derived the fellowing relation
between the enengy of the pygmy dipobs rescnance ansd the excitation energy of the GDER

Z(N = N:)
= Mz M

where N, denobes the sumber of newatrans this form the cone together with £ proions, and
& i the total nomber of nestrons.

In Fig. % (upper panel) we compare the REPA results for the cemtrodd encrgics of the
GDR states in the Ni isstopes with the empiricad relation £ = T8A ="/ [31). The centroid
energics in the low-gnergy region below 10 Me'V are compared with the: hydrodynamical
prediction for the excitation encrgics of pygmy resonances (SI5) im the lower pamel
(Bq. (13} with N; = Z), We notice that the RRPA cenirold energies are in fair agreement
with the empirical mass dependence of the GDE. The 515 model predicts the position of the
pygmy dipole resonance o increase with peulron exeeds, in contrast 1o the RRPA results
which display the oppodite behavios. This diserepancy was also noted and discussed in

Ecor, (13}
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are qaoted. Becaus of tbe finite ssergy mesolution, only
an apper Bmit for the PO widil ooubd e deducod. The
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all fitked paramston

As ar as the gt dipole rescmanoe paramelers are

eistermen], within error bam no aigniBeanl diations
feoms that known for the stable tin lsotapes o stable
motopes in the aame e region (1, 17] are obasrved
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Thee essemtlal diflervics ccanpared 1o the dipole stresgih
distribstion of the stabde wotopes ks manifested i the

mppaiasn af the jow-|ying component as already no-

ihoed, The intograted POR croms sectlon cornmponds o
TR and of the wloe of the Thomas- Heice-
Kuhn emergy weighted sum rule (EWSR) for
5 and rmpectively, The respective B{ELT
wliiah e 32 and L0 e¥fm¥ of i 4.3 and 2.7

Weisshopl umits [w.u.), the later & sdopting & eeutron
teandition | Jor the definition of w.u. adopted hru.lu

Eransitions,

tha i mither composed oust of
& large nymberol icle transitions of jsvobos a
aoherent

Eazagmec] wiatom: berlomer e peuiros tbweshold spread over ex:
edation enofgses between 5.5 snd 8 he and exbawsding.
howesver, besa thas 1% of the EWSH. Real photon scal-
experiments to bound states of the stable lsobopes
141386, show & concenteation of E1 strength around 6.5
MeV with B{E1) vahess, hewrves, of anly 0.20 and (.35
-"jm’ mﬂv:ly{!'] A preliminary analysis of the
BN Gg isotopes contained in the beam cocioall of
I-H expertizet ipdicales that the EY stiength ox-
uhmmhummm“mm
sepanation mnergy In these odd lsotopes bs sboat I MeV
kreors than in the sven "1"5n Gsotopes.

| this e REFA RPA-PC

= mrame

r
TAHLE 15 Ratlo of the pholonsuisos oroes secibon of the
FOR b0 ikl of Lk GDR froos this sxpariment in comperissn
L b microscopic caloulations: [4 (REFA) and |5 (IUPA-IMC)

Recently, the dipole sirength distribesibon In newiros:rich

Sn isotopes was Eheoretically nestignied in relativistic
(epaasipartichs) randoms phide approximation (RRPA]) [47
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15.13
13.78
11.94

Tabde 3: Mean vaboes of ISGOR energies in MoV obtained with D15" in the four studied nucle
compared with the esnplrical #4417 law and the "™ Ph experimental value from Ref [2].
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Tubde 4: Encrgies in MeV asd corresponding B{EZ) in o'l of 2} stabes caloulsted with the
[S" isternction. Existing experimental data from Refs. [M] and [25] are also listed.
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Table 9. Summed electric dipole and quadrupole
strength in Ca isotopes between 5 and 10 MeV

I B Ca | “Cs
Exp. | 5.1(8) 89 55.7(41)
sBEDT, 107 tm’ | ETFFS | 17 220 11
CQRPA | 27 129 327
| Exp. | 34.7(55) 467.0(350)
SEB(ENT, keV ¢’ fm* | ETFFS | 120 1605 967
CQRPA | 251 967 2806
Exp. | 332(60) | 10732) |
EB(E2)T, ¢ fm’ ETFFS | 564 | 337 562 |
| CQRPA | 349 371 220
Exp. |
TEB(E2)T, MeV e’ fm' | ETFFS | 4196 2424 4748
CQRPA | 3227 | 3174 1792

Table 10a.Summed electric dipole strength
in Sn isotopes below 10 MeV

Model ™5n W | &p g,
|

'tBENT, | ETFFS | 343 685 | 387 7.33
& o

CORPA |  0.41 235 2.55 8.19
SEB(E1) | ETFFS 7.29 11.7 6.52 9.20
T, %
EWSR | CQRPA | 045 4.86 4.81 11.7







Cross section integrated up to 15 MeV

Experiment: A. Leistenschneider ef al. [Phys. Rev. Lett. 86, 5442 (2001)]

Theory: G. Cold and P.F. Bortignon: QRPA + phonon coupling
[Nucl. Phys. A 696, 427 (2001)]

H. Sagawa and T. Suzuki: large scale shell model
[Phys. Rev. C 59, 3116 (1999)]
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Fig. 8 El-strength function for the Sn sctope: chain predicted by the HFB+QRPA with gl
BEET foree. The SHPA bs applied to all distribution. Only lsotopss meging between 4 =115 and
Mo 150 by steps of SA=S are displayed.

sion makes use of the nuclear ground siste properties derived coberently From the ssme
microsoopic HFE method with the BSkT Skyrme force [20]. It also benefits from the im.
pronedd muclens level devsity prescription based on the micrescopic statistical model, also
used o estimate the nscloar tempernture in Bq. (17) [37]. The direct captare contribution
as well as the pomible overestimate of the statistionl predictions for resonance-deficient
nuclei are effects that could have an important impact on the radintive pestron captures
by exotic pucll 1], but are not included bn the presest study, The Maswellian-averaged
racliative noulron capture mite af & temperature T = 1.5 107 K, typécal of the r-process
nisclecsymthesis, obtained with the QRPA El-strength are compared in Fig. 9 with those
based on the Hybrid Lorontzian-type formuls [1]. These rates are sensitive to the neutron
capliare cfoes seclion al incident energies aroand 130 ke, and therelore depend on the El
strength in & narrow range of o fow hundred ke arousd 5,. The temperatune-depomndent
Hybrid formeala corresposds to a generalization of the encrgy- and temperature-depondent
Losentzian formuls incdoding an improved deseription of the El-strength function at emer-
Eies below S as derived from (3. The Hybrid E1 strength differs from the QRPA estimaie
not caly in the location of the centroid energy, but also in the low-rmergy tail. Mo extrn
kow-lying strength is included in the phesomenological Hybrid formula, but its tempernture

increases the El strengih ol low energies nod is responsible for its non-sero
E == 0 limit. The pewly-derived strength gives an increase of the rate by & factor up to 6
clese to the meutron drip line. R-process suclel characterized by 5, £ 3 MeV are soen to
bave & newtron capture rate about &b lesst teice faster than the one predicied with the
phesominclogical Hybrsd formuls. This is doeo to the shift of the GDR o lower encrgivs
compared with the usually sdopted Bquid-drop A% rale, as woll a8 to the appearancs of

T
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L] -

<gv> (HFB) / <ov> (Hybrid)

<ov> (HFB) / <av> (HFBCS)

Pt wheere the HEBS-ORPA neutron capture rates are compated with the HFBCS+0RPA sates
of [7].

Heferances

[l 5 Gostely, Phys. Leti. B8 {1888) 10
B CM MeCullagh, ML Sielts, BE. Chrien, Plys. R, G223 (1581) 1384
B S.G. Kadmenskii, V.P. Marknsher, V.1 Fusman, Sov. J. Nucl. Phys. 37 (1053} 165,

1%



