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E1 EXRBOREE: BREX

Pygmy dipole resonance Whole E1 response : pygmy + GDR

Darmstadt (y,y’) on stable N=82 isotones RCNP (p,p’) on 208Pb

Volz et al. NPA779,1 (2006
z (2006) Tamii et al. PRL107, 062502 (2011)
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Threshold strength
very small S
(light mass nuclei)

Pygmy dipole resonance
not necessarily small S,
(Heavy mass nuclei)
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Yoshida & Nakatsukasa, PRC83, 021304 (2011)
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R-process nucleo-synthesis
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Neutron capture
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functional
theory




Statistical vs. direct n-capture

.. i G.J. Mathews et al. Astrophysical
1. Statistical model of neutron-capture ] 270, 740 (198@’

®High E, (large S,,) & high p(E) T T 80 B B8 @
®Formation of Bohr's compound states, and y cascade ©°r, Sts S
Hauser-Feshbach statistical reaction theory i ‘\ f/S

A [,.Cd

1

O®E 1-strength function below threshold energy w0
with Brink-Axel hypothesis o \y -
v' phenomenology 3t i}
microscopic QRPA / beyond-QRPA ?g |
Ex. S.Goriely, E.Khan, M.Shamyn, NPA739(2004)331 < HF
E. Litvinova, et al. NPA823 (2009) 26 0r
2. Direct neutron-capture T
0l :
®LowE, (small S,,) & low p(E) ORC
®Direct neutron capture with emission of E1 vy B
‘ﬂ -

v Single-particle model (simplified analytic formula

S. Raman et al. PRC32 (1985) 18
S. Typel and G. Bauer NPA759 (2005) 247 T
M.A.Nagarajan, S.Lenzi, A.Vitturi EPJA24 (2005) 63 _

microscopic QRPA o .N 8? maglc L
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Present work, to include collectivities in E1 - 120 26 128 A )



Statistical (n,y) model

Formation of compound states

n+ (A1) - A\

E, ~kT<~100keV
S o ——

15 + xi0%kant

10 +

n

Neutron absorption
Transmission coeff.

T, <:I optical model

Statistical gamma-decay

Acn™ — At

E1 decay from compound states

Seq(Ev) <:'

v E1 strength function

Below threshold

Ey < S,
v Brink-Axel hypothesis

excited states
~ ground state




Single-particle model of direct n-capture

dB(El) o« |(g: [MEDAE)  Analytic expression

using the asymptotic wave forms

bound orbit scattering state in S. Raman et al. PRC32 (1985) 18
continuum S. Typel and G. Bauer NPA759 (2005) 247
M.A.Nagarajan, S.Lenzi, A.Vitturi EPJA24 (2005) 63
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E1 response and (y,n)/(n,y) cross section

E1l strength function (Photo-absorption cross section)

S(E) = Z\ \EJJ | 5(E-Q,)

_________________________ 1-particle 2-particle
GDR ~20 Sp bound 2qp states continuum continuum
Softdipole /2| v | S,
Sin~2MeV = | ==21n-decay
v

< gs
S(E) A

® Partial photo-absorption x sect. for direct 1n decay y+A— A* — (A-1)+

167°e?
0-(7/+A_>(A_1)| +np)_ 9hC E S1c(|p)(E )

® Inverse direct neutron capture x sect. r21+(A-’I) — A" > A+y

k
o((A-1);+n, > y+A) =S;» k—ga(y+ A— (A-1),+n))

n

NB. neutron energy E, ~ kT ~ 10-100-1000 keV



Continuum Linear Response (QRPA) in Density Functional Theory
Matsuo, NPA696,2001

Density & pair density oscillation Mizuyama, et al PRC79,2009
Serlzawa et al PTP121,2009
op(r,w) or(r',w)+V,,(r")
(o) |=[drR7s(rr0)] A o)
op (r,m) N (r', )

op, Ip
Unperturbed response function

ext
Ry(F,F', @) = [ dEG(r, 1", E)G(r", 1, E + @) +backward

(@)
Vext

VU N S ———
..... , External field

/ ,' A(f)"‘SA (r,o) _

il T(r)+8T(r,0) e “V_.(r)
Propagation of quasi-particle | Induced fields (polarization) Selfconsistent field
wave in the continuum aZE[p]
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SA(T, @) = 0 Epa"[p-aﬁ(r o) N ()
] ~2 ]




Strength function and its decomposition

Cf . A.Zangwill, P.Soven, PRA 21(1980)1561

Zangwill-Soven decomposition T.Nakatsukasa, K.Yabana JCP 114(2001)2550
correlated  External field
' resp Onse
S() =~ I [[drdr'V,j, (1) Rgpn (11, 0V (1) Z\ o O) S (0 -2,)

.. 2
= _% Im“‘drdr Vs::rf (r, (0) Ro(r’ r ’a))vscf (r’ (0) - Z ‘<IJ ’Vscf (Ct))‘ O>‘ 5(60 o Eij)
i>]
®Decomposition w.r.t. uncorrl. 2qp states
®Matrix elements of selfconsistent field

Selfconsistent field uncorrelated
incl. correlation response

= S (E) + Zslc(ip)(E) + S,.(E)

iebound , pecont

1-particle 2-particle
bound 2qgp states ~ continuum continuum
N

Strength associated with one-particle continuum components

S1c,(ip)(a)) = Z <|p ’Vscf (0))‘0>‘25(0) _ Eip)

iebounq
pecontinuum

=—1Im Y (g Ve (@)G. (0—iz—E )V, (a))u backward

iebound

wave function of bound gp state

A | Green’s function for
continuum qgp state proper asymptotic form

RPA correlation 9




Demonstration

1. Sn isotopes beyond A=132: expected r-process nuclei

134G
1365

98Sn, S, =2-4 MeV
14OSn,

142G expected r-process nuclei

14450
146Sn
148G

2. HFB with Skyrme functional & DDDI
SLy4, DDDI pairing (mix)
E..~=60 MeV, R__ =20 fm

cut max

3. Continuum QRPA in coordinate space

Landau-Migdal approx.

Spherical code:
Serizawa-Matsuo, Prog.Theor.Phys. 121 (2009) 97
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Skyrme HFB + Continuum QRPA

Parameter set: SLy4 DDDI-mix
Landau-Migdal approx.

width=0.1MeV

o 1485 g

Arrows: neutron separation energy S, ~ 2-3 MeV



E1

(fm?/e?)

dB(E1)/dE

strength in 142Sn

® Direct 2n decay dominates
® Direct 1n decay is a small fraction
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o0
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width 1 MeV

full -
— . — direct 1n+2n decer_y

------- direct 1n decay

Decay branching ratio

Ex Direct Direct Other
- - decays
MeV 1n 2n
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3.0 9825 RUES 0
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o 1T s
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15 20
(MeV) 22 1.4 73 26




12

E1 strength for direct 1n decay in 42Sn
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E1 strength for direct 1n decay in 42Sn
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Correct threshold
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Correlation effects
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- width 106 MeV |
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Direct neutron capture cross section
1418n (3/2-gs) + n(s,d) = '42Sn (0* gs) +y

Correct low-energy behavior ¢ ~ E '-1/2

10-2 - ' A ! LA I '| T T T 1 T T T T ™
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Conclusions

& The first attempt of describe the direct (radiative) neutron capture
cross section o(n,y) , relevant for the r-process by means of the density
functional theory (the continuum QRPA) and the Zangwill-Soven
decomposition.

@ Decay branching ratio in photo-absorption process

@ o(n,y) at low neutron energies E ~ 10keV--1MeV

@ This will also provide us a useful method to discuss the effect of
“the pygmy-above-the-threshold” on the neutron capture cross
section o(n,y)

E Further developments to be done

Selfconsistency, decay to excited states, odd-A, other multipolarities



