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INTRODUCTION

Gamma-emission is one of the most universal channels of the nuclear
de-excitation processes which can accompany any nuclear reaction
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Radiative (photon) strength functions (RSF)

Gamma-decay strength functions
for c-d gamma-transitions
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Photoexcitation strength functions (E1)

c O . photoabsorption
f — E 1 Cross-section

El 2
3Ey (77ic)

fEa=P(EpTi).  fEA=P(E)Ts)

Ti, Tf :(D(Ti, E},) - thetemperaturesof initial and final states



CLOSED-FORM COMPONENT OF E1 RSF DUE TO GDR EXCITATION

Standard Lorentzian (SL O)
[D. Brink. PhD Thesis(1955); P. Axel. PR 126(1962)]

— E, I/
I b= 1= 2 2\ 2 = 0
. (E2 - E2)2+ E, T,
r Ey, = O
- >Ey r,=const# ¢(E,)~5MeV (T =0)
r

Enhanced Generalized Lorentzian (EGL O)

[J. Kopecky , M. Uhl, PRC47(1993)]
[S. Kadmensky, V. Markushev, W.Furman, Sov.J.N.Phys 37(1983)]
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Weak points of the approximations

Shapes of RSF withi n the models of realistic shape are, in fact, interpolations

Inconsistent with general relation between gamma-decay RSF of heated

nuclel and nuclear response function on electromagnetic field ( with

detailed balance principle for gammartransitions between C-C states)
(J.L.Egido, P.Ring, J.Phys.G:Nucl.Part.Phys.19(1993)1)

Dependences of shape parameter ("width”) on gamma-ray energy and the
final state temperature

[(E,T) =>T(E,T;) 27

In expressions of EGLO and GFL models were introduced in phenomeno-
logical way by substitutions of the gamma-ray energy instead of GDR
energy and the temperature of final statesinstead of initial states



RSF within modified L orentzian (ML O)

based on expression for gamma-width aver aged
on microcanonical ensemble of initial states
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General expression for gamma-decay RSF

Transfor mations by Green-function method with the use of saddle point approximation
lead to

1— exp(i E, /Ty ) S[

S(a),Tf ):—%;("(a),Tf)

i E
f(E,)=8674-10" w:i,Tfj, MeV ™
h

Peculiarity — presence of low-ener gy enhancement factor

1 1
N Eh_ajdgldgz fo(gl)(l_ fo(gz)) 5(51_52 +haj :l—9<p(—E},/Tf

E,
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Zero-energy limit
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Response function within semiclassical L andau-Vlasov
approach isused in approximation of one strong
collective state
(spherical nuclel)

SHET)
(E-E7) +[1(E.Tr)E,

Parameter of line spreading (“ ener gy-dependent width”)

Im;((a),Tf ) oc

F(Ey:ha),Tj cI>(T2 (wT))



METHOD OF INDEPENDENT SOURCES OF LINE SPREADING
(K olomietz, Plujko, Shlomo, PRC 54 (1996) 3014)

h _ h L,

Two-body collisional damping is relaxation due to coupling of 1p-1h to
mor e complicated states (2p2h and so on) lying at the same excitation
energy (inthekinetictheory ssmulated by thecollision integral.

One-body dissipation corresponds to strength-function fragmentation
caused by interaction of particles with the time-dependent self-
consistent mean field. In the RPA calculations this contribution to the
damping indicates a redistribution of 1p-1h excitationsin a vicinity of
collective state ( in Kinetic equation approach imitated by the one-body
("wall") relaxation).

Defor mation splitting isconsidered in approximation of axially-

deformed nuclei  (2-component RSF) with £, o = f(Q,[{ 8;}])



PECULARITIESOF TWO-PARTICLE COLLISIONS
IN PRESENSE OF AN EXTERNAL FIELD

Energy conservation law is changed and becomes dependent on field frequency
dueto possibility of exchange of the energy 7 between the particlesand field

It means changing argumentsof o function which isensured
the conservation of theenergy of the colliding particles

O(Ae=¢g +¢e,—€3—¢,) => O(Ae +hw)

Asaresult, a probability of two-body collisonsisalso
dependent on field frequency



RSF for gamma-decay

Modified Lorentzian approximation (ML O)
(spherical nuclel)

o 1, E7F(E7’Tf )

f(E,)=8674-10"° y

1- exp(— E,/T; ) (Eﬁ — Erz)2 +[F( E, T ) Ey]
Shape parameters (“widths’)
I'(E,.T;)=a+bEy +cT?

MLOYSMLOL => I(E,,T;)=b(E, +U;)=by,
MLO2(3) => I'(E,. T;)=a+bE; +cT?



RSF for photoabsor ption

E?’FJ (E7) Mey 3

- n
fea(E, ) =8674-10°> o, ;T |

=1 (Ef—Eﬁj)2+[rj(E7)- E7]2

MLOYSMLOYD) => I'(E,)=E, MLO2(3) => I'(E,)=a+bE?
I (E)=I(E.T=0, T(E=E)=I;

E ;. Iy, 0p; — Titted parameters

n=2 in axially deformed nuclei



GDR parameterswith uncertainties
from renewed database

V.A.Pluyjko, R.Capote, O.M. Gorbachenko, At.Data Nucl.Data Tables, 2010, in press

Shape parameters of the models were obtained by fitting the theoretical
calculations for photoabsorption cross sections to reanalyzed
experimental and estimated data from the EXFOR library and library of
M oscow Photonuclear Data Center [with allowance for (y,p) reaction ]

Adjustment was performed by the least square method with minimizing

2

1 N | Otheor (E;/,i )_ O exp (E;/,i )

X’ = >
N - N

par i=1 Ao-exp(Ey,i)
Energy dependent errorswere used for estimated data
Spherical nuclei Defor med nuclei
rémin+b(E1—Ey), E, < Ey,
5(E,)=Smin+b|E, - E,]| 5(E,)=10mn E1<E, <Ey,
Smin = 0.1 6 (E, ;in )= 0.5 Omin +D(E, ~E;), E, > Ep.




GDR energies

_ERoy+Eyo;, ;( E + 2E2)/3; p>>0 (o, =20,)
0, +0, (2E,+E,)/3; f,<0(0,=03/2)
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GDR widths
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Energy weighted sum rule
for 1sovector E1 transitions

SLO ¢

S (SMLOY/S (SLO)
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0
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j=1
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M ean value of enhancement factor of TRK sumrule ~1.22



Volume(J) and surface(Q) coefficients of
the symmetry energy

Er =aA 3 1+a,A 13,

_1° b, A
_?h’/(ler_A

S

a=cJ;a=dJQ

yg),l_l\l Z b= 2) b, 9J

b, 4Q

Myerset al. Lipparini et al. | Abrosimov et al.

J, JQ €c=3) (c=15/4) c=15/2)

Used 36.8, 2.18 33, 0.89 30, 04
previously 32.5, 1.00 32.5, 0.9
Sph. + axial 37.09(27), 42.39(33), 42.39(33),
def. nuclel 2.42(03) 1.91(02) 0.95(01)




c, mb

The photoabsor ption cross sections and RSF
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Comparison of calculated photoabsorption cross-section

on Nd with experimental data



Comparison of the
photoabsorption cross section
calculated with different
database for GDR parameters.
(@) - old  systematics
(Berman& Fultz); (b) - renewed
GDR parameters.

Averaged HFB-QRPA
microscopic approach by S. Goriely

et d NP A706 (2002) 217; A739
(2004) 331

MSA - semiclassica moving
surface method by V.l. Abrosimov,

O.1.Davidovskaya Izvestiya RAN. 68
(2004)200; Ukrainian Phys. Jour. 51
(2006)234

Exp.data - V.A. Erokhova et a
|zvestiya RAN. Seriya Fiz. 67
(2003) 1479



Folding procedure within
microscopic calculations without
2p2h states

Fo0
ffold,El(Ey) = J fL(E,,E,) fei(E))dE,

1 I'(E,)

f (E,,E,) =
T 2B —E,-AE,)) +T2(E,)/4

R.D. Smith et al. P RC38 (1988)100; SDrozdz et al. P Rep. 197 (1990)1;
F.T.Baker et al. P Rep. 289 (1997)235



Width and energy shift for averaging HFB+QRPA results
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Comparisons of gamma-decay RSF

E “Nd
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10 3
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0.01 0.1 |
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The E1 gamma-decay strength function on ***Nd. The experimental data: Y u.P. Popov, in
Neutron induced reactions, Proc. Europhys. Topical Conf., Smolenice, 1982, Physics and

Applications, Vol. 10, Ed.P.Oblozinsky (1982) 121;  f,,, = const.

M odel EGLO SLO GFL MLO1 MLO2 MLO3 SMLO

o
4

4 2.2 22.9 2.6 6.47 6.52 7.16 6.06




Dipole strength functions of E1 and M1
gamma-decay for ®zr (a) and ***Mo (b):
U =S,. Experimental data are taken from
R. Schwengner, et al. // Phys. Rev. C78,

064314 (2008); Phys. Rev. C81, 034319
(2010)

Vaues of y° deviation of calculated gamma-
decay strength functions from estimated
experimental data for nuclei *°zr, %Mo, *Mo,
%Mo, BMo, 1Mo, 3L a.

Nucleus | EGLO | SLO | GFL | MLO1 | SMLO

07 | 697 | 179 | 720 | 368 | 555

2Mo | 219 | 36 | 265 | 116 | 194

%Mo | 102 | 55 | 53 | 42 5.1

%Mo | 118 | 255 | 29 | 37 3.4

BMo | 168 | 105 | 64 | 60 | 115

5 | 5 | 10Mo | 383 [ 191.2| 7.7 | 135 | 151

average| 28.1 424 | 20.1 | 12.6 18.3




Dipole strength functions of E1 and M1 gamma-decay
for Mo, **Mo,*Mo,*Mo: U =S,
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Experimental data are taken from R Schwengner, et al. // Phys. RV 81, 034319 (2010)
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j;amvn’ MeV:

fE]+M1’ Mev-s

Dipole strength functionsof E1 and M1
gamma-decay for °°Er (a) and "*Yb (b):

U =S,. Experimental data are taken from E.
Melby, M. Guttormsen, J. Rekstad, A.
Schiller, and S Sem// Phys. Rev. C63,
044309 (2001) and U. Agvaanluvsan, A.
Schiller, J. A. Becker, L. A. Bernstein, et al. //
Phys. Rev. C70, 054611 (2004)

Vaues of y° deviation of calculated gamma-
decay strength functions from experimental
data for nuclei **°Dy, *°Dy, g, vy,

Model | EGLO | SLO | GFL | MLO1 | SMLO
"Dy | 1879 | 1508 | 458 | 51 | 54
"Dy | 743 | 2016|554 | 52 | 63
1660 | 1198 | 201.1 | 479 | 36 5.0
N | 586 | 1841 312 | 56 | 6.7
vy | 626 |2927| 783 | 45 | 53
average| 100.5 | 2079 | 51.7 4.8 5.7




Averaging procedurein the Oslo method
of gamma-decay strength function measurements

i US+A/2
texp| By =8 | TeBpUjdY;
{ J A U:'~A/2 ( J
7l 4, E < Uf-4, MeV

E, <U;, U =5

A.V.Voinov & M. Guttormsen, private communications, 2009



Effect of energy averaging within MLOL1 (a) and EGLO (b) models
at different excitation energies
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Open colored sguares - averaged values of the RSF



Dipole strength functions of E1 and M1
gamma-decay for ¥Ba (a) and °3Sm (b):
U=S,. Experimenta data are taken from

Vasilieva E.V., Sukhovoj A.M., Khitrov V.A. /I Yad.Fiz.,
2001.V.64.P. 3.

Values of y? deviation of calculated gamma-
decay strength functions from experimental
data for nuclei 8, ¥Ba, ™sm, °Nd,

124716
[

Nucleus | EGLO | SLO | GFL | MLO1 | SMLO

118qh | 130 | 445 | 127 | 151 | 121

138pa | 06 |1091| 69 | 9.0 8.8

150gn | 494 | 1677 | 221 | 242 | 87

46N | 256 | 1292 | 199 | 17.0 | 21.9

24Ta | 21 | 1959 197 | 228 | 187

average| 18.1 | 1293 | 16.3 | 17.6 14.0




A violation of the Brink hypothesis
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The gamma-decay RSF depends on excitation energy.
Thedependenceis the most important for transitionswith low gamma-
ray energieswherevalues of RSF are growing with excitation ener gy



Dipole strength functions of E1 gamma-decay within
MLO1 and EGLO models at different excitation energies
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M ain conclusions

« Most reliablesmple description of E1 RSF for gamma-decay
can be obtained by the use of models of asymmetric shapes
with dependence of line spreading on excitation energy

 Theenergy dependence of parameter of line spreading
(“width”) isgoverned by complex mechanisms of nuclear
dissipation& splitting (two-body collisions, strength
fragmentation, deformation splitting ) and contributions of
different relaxation channelsare still open problem

 Renewed valuesof GDR parameterswith uncertainties should
be used for morereliable description of gamma-transitions
and studies of GDR properties



M ain conclusions

« Among other smple models, ML O approach potentially can
lead to morereliable predictionsof RSFfor E1 ~ gamma-
transitions between c-c states because it isbased on general
relations between RSF and nuclear response function in hot
nuclel

 Tobetter understand roleof thetemperature and energy
dependence of the RSF, experimental data, especially in low
gamma-ray energy range, are needed asthe functionsof both
gamma-ray and excitation energies

R.Capote, M.Herman, P.Oblozinsky, P.G.Young, S.Goriely, T.Belgya, A.V.Ignatyuk,
A..J..Koning, S. Hilaire, V.A.Plujko et al.,

Nucl. Data Sheets 110 (2009) 310; http://www-nds.iaea.or.at/ripl3/

V.A.Plujko, R.Capote, O.M. Gorbachenko, At.Data Nucl.Data Tables, 2010, in press
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Main features of E1 RSF for gamma-decay
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+ Giant Dipole Resonance: Ey ~ 12 -:-20 MeV, - 100 % of IVEWSR (B(E1) ~ W.u )
» Pygmy Dipole Resonance: E,f,~"iu, E1 ~1 % of VEWSR
« Two Phonon EXcitation: E,'.-. 4 MeV, B(E1) ~ 10 W.u.



