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The deformation of nucle(i.e. a non - spherical shape) has a strong

impact on many nuclear problems —

but its origamd parameterization still need further study
on the

through

1. fission process 1. measurements like Coulomb &timn

2. deacy of fission products 2.'macroscopic’ calctibans (Bohr Hamiltonian)

3. interpretation of n - capture data,

3. self cos®@nt 'microscopic calculations'
especially when-decay is involved.

(shell model, random phase apjmation)
etc.

Parameterizations and models using a Lorentziantéitthe isovector giant dipole resonance (GDR)
are strongly hampered by the deformation inducedlaming of the GDR

mocking up a larger width.
In the past this was accounted for by udiwg Lorentziangor strongly deformed nuclei, but in nuclei
with small and / or triaxial deformation this eftdtas been identified only recently.

The present experimental wisdom on nuctisformation and triaxialitywill be reviewed to
demonstrate the impact on neutron capture physespecially thgphoton strength functionPSF).

A. R. Junghans et al., Physics Letters B 670, 200 (2008); E. Grosse et al., contribution to CGS-13.
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Triaxiality in
Nilsson-Strutinski calculations (FRDM-HFB)
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and in calculations with the
Thomas-Fermi plus Strutinsky integral
(ETFSI) method, saying:

We are thus inclined to accept the widespread
' ' - ( >30% )occurrence ofriaxiality ...as being
| an essential feature of ETFSI calculations, if
. \ﬁ ‘ AR not of thereal world ... albeit the associated
/\ 1\ \x\ lll{ |‘ ) *.II \ reduction in energy, ...never exceeddleV
i R 1 AN ARAN
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Fig. 4. The calculated ground state shape of '°°Ru is triaxial, as is

the case for several hundred other nucle1 across the nuclear chart.
out of ~ 9000 studied.

P. Mdller et al., PRL 97(06) 162502 A. K. Dutta et al., PRC 61 054303
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parity
Gilant resonances N+4 ;
and their e.m. excitation
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particle-hole configurations i
I
N+Z +
~ fiw
N+ X ) i
or as )
collective modes of ~ Vi
3
the droplet of nuclear matter N l < T .
A
e Ohw2he e 3he
N Eq I’ E2 E3
() '
Vi
N/ low energy E2 modgs

L=0 =1 =2 =3
ORNL, F.Bertrand, NPA354 (1981) 129c
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Electromagnetic transitions reveal collective modesuclei ;
rotation invariantSshould be used for a model-free interpretationtresy are
observablesvith the same value in the body-fixed frame akénlaboratory.

For E2 transitions from the ground state O one fam quadrupole tensor products
coupled toangular momentumQ — i.e. rotation invariant quantities:

5 3
K, =0l[E2x E2],0)"= 2 (0lIE2 2, )(2,IE20) = 2 K2, IE2M0)F = 7~Qp = (5 ~ZRId)’
47

r=1,00 r=1,00

K, is an invariant deformation anid; determines a rotation invariant triaxiality

Ka=1/107,<§<0I{[E2xE212xE2}0|0>= 107Ks 2 (OE 2R, )(2,IIE 212, ){2.IIE 20)

2 r,s=1©

= —cos(35)\
(OI{[E 2xE2] x[E2 xE2] }, |0)
4 = K22

Assumingeflection symmetrnandequal distribution of chargene gets witmo other assumptions

Z(2R?-R?-R?
/Qrms COSJ = ( : 5 - 2) Rg = Rl R2R3 = (12)3A
Sind:ﬁZ(Rf-Rg) (17)= RZ + R? + R’

\ o
me 5 5

J, R, are rms values for the departure from axial symgnatrd for the radii of the triaxial body.

K. Kumar, Phys. Rev. Lett. 28, 249 (1972) D. Cline, Annu. Rev. Nucl. Part. Sci. 36 (1986) 683 V. Werner et al., PRC 71, 054314 (2005)
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Thevariancesof the rms quantities can be deduced from the higtder invariants:

OBLATE o (Q%) Q=<Q..
QE o (cos 38)
6)
— -~
SPHERE PROLATE

QE Centroid <SICF|S>
Width o (QP)= Q% —(<QP>f K4
-

Centroid <S|Q’cos 38 |S>

CoS 38 & 2 3 2
LWidm o (cos 38)= JCQ cos 38> -{ <Q cos 38)3 x K5
<Qs> <Q3>

Figure 4 Distribution plot of the parameters Q7 and § required to define the E2 properties

in the intrinsic frame. All possible E2 moments are defined by the region 0 = 0 and
0° < ¢d <60°.

D. Cline, Annu. Rev. Nucl. Part. Sci. 36 (1986) 683
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Variancesof C.Y. Wu et al. / Nuclear Physics A 607 (1996) 178
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Fig. 25. Centroids (a,c) and vibrational widths (b,d) for the magnitude and asymmetry of quadrupole
deformation of the ground state in 186:188.190.192 (3¢ and 194pt, Three independent sum rules for determining
o(0?) and six independent sum rules for determining or(cos 38) were used to check the completeness of the
summations. The extracted vibrational widths are not shown if they are smaller than zero.
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Correlation of deformation and triaxiality
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W. Andrejtscheff and P. Petkov, PRC 48 (93) 2531
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¢ (mb) _ d &
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Without any new parameter | 150N(
a(y,n) is well described o0 i | 020 22°
for all Nd-isotopes i
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E, from FRDM, 0.15 28°
I" from hydrodynamics,
strength from TRK sum rule
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A. R. Junghans et al., Physics Letters B 670, 200 (2008) data from: P. Carlos et al., NP A172 (1971) 437
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Deformation induced GDR splitting —

"IN ™Nd '"Nd '*"Nd "N
known since long, but interpreted differently :
_E,MeVy 149 15.0 14.8 14.7 123 16
o. 2[ olfm?) | 36 32 31 26 17 »
fm | I(MeV) & 44 53 6 72 33 52
20 Table 6-6 Fa:i'amm for the dipole resoflance in effen neodymium i .
The table gives the pafggmeters for the Lofgntzian nancef/curves drgwn in
— Fig. 6-21. The cross ségtion for \**Nd hls been fjtted tg)the sum jof two
resonance functions,
1T ANV LT
— 1504 ]
0 if weakly deformed nuclei
L. 168, are treated as spherical the
0 N apparentwidth is enlarged
i s, - T 7 7
O — Lorentzian fits seem to shoy
= by g ™ increase of width with A
O SUN——
= 14204 71 6, seems to fluctuate with A
| 1 l
0 8 10 12 14 16 18 20 22

Ey (MeV)

Figure 6-21

Photoabsorption cross section for even isotopes of neodymium. The experi-

mental data are from P. Carlos, H. Beil, R. Bergére, A. Lepretre, and A. Veyssiére, Nuclear
Phys. A172, 437 (1971). The solid curves represent Lorentzian fits with the parameters given

Bohr & Mottelson, Nuclear Structure, Vol. Il
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Adiabatic coupling of E1 to E2 modes
The adiabaticity was tested by

The dipole vibrations in the GDR are much instantaneous shape sampling (ISS)
faster than the quadrupole vibrations. applied to the GDR-Lorentzians
Thus an adiabatic approximation for the for °2:96.100/0 (using IBA-parameters)
GDR-splitting can be applied and then the pole 106 F————

_ : —with ISS
energies of the GDR components are given by: __ without

E, =%, - B

R

The Hill & Wheeler relation also holds
for the rms gquantities:

=
Q
=2

107

106 T

photon strength function ( MeV-3)

R =R, exp{1/5/4ﬂd cos(J—%kﬂ)}
RRR=R;.

107

mm@ ELBE data

4 6 8 10 12 14 16 18
E, (MeV)

S.Q. Zhang et al., PRC 80 (2009) 021307; M. Erhard et al., subm. to PRC
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Impact of deformation

and triaxiality on 4BO k Dietrich &
photon strength | igﬁ’;‘ -
near threshold. S |

2ot
' 500
120}
For 'soft triaxial' Hg nuclei 400
a fit with oneLorentzian 0

results inT'y~ 4.4 MeV. -
300}
We get a perfect agreement to
3 superimposed Lorentzians

200}
with I'; , 3~ 3.2 MeV (in red).

The low energy tail is strongly 100
influenced by this difference, |

as depictedn black.

6 8 10 12 14 16 E,(MeV)

data from: Veyssiere, CEA Saclay
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Impact of deformation

and triaxiality on '
photon strength 100000 "Hg - L
near threshold.
12 33°
For 'soft triaxial' nuclei 13 31°
194pt, 195pt, 198t and Hg
a fit with oneLorentzian(pink) 14 29°
results inI'g;~4 - 5 MeV,and '
in too high yield at lowE,.
We get a perfect agreement to 16 277
3 superimposed Lorentzians
l | l | | l

6 ; 10 12 14 16 E . /MeV

data from: CEA Saclay
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100 |
Scattering(y,y)
and (y,n) —data
match perfectly 10|
for Mo-isotopes. .
O
E
Photon strength 5 L
function as input for 2
Hauser Feshbach g 1
calculations yields 2
good description for
5 MeV < E < 20 MeV. 1
1 o
4 6 8 10 12 14 16 18
E, (MeV)
(v,y): ELBE, M.Erhard et al., PRC, to be published. Calculations with TALYS, A.Koning et al. (y,n) —data from CEA Saclay

ﬂ TECHNISCHE
L‘ Forschungszentrum EFNUDAT, Budapest 2009 UNIVERSITAT

Dresden Rossendorf in der Leibniz-Gemeinschaft DRESDEN



Attempt to find a parameterization for }in terms of Z and A.

T T T T T T T T
T
10 b |
- 3'(;'(.#":
K, | & =
2 VV._ ZN
V|D+Vn
\ i Vp " number of
| .:;-:,' -
' ,{52}' % {  valence protons
> > " 1 etc.
-
k74
e
=
o
o.1 1 | ] ] 1 ] ] |
[=1H] =0 100 120 140 150 150 200 220 A

By appropiate normalizatiothe correlation betweeK, (and thus the rms deformatid@l)
and the number of valence protons and neutronseaextended to the full range
of heavy nuclei 70 < A < 238.
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Conclusions

 Rotation invariant observable&lefined by quadrupole moments and transiti@iew to quantify

the braking of spherical and axial symmetry in n@lwithout a theoretical model

» Such information has been determined for ~ 100 meicwith A>70

— more than 30 % are triaxial

* An unexpected ccorrelation is observed between qupdlar deformation and triaxiality

* The rms axis lengths of the intrinsic ellipsoid cdre directly deduced from the invariants

» The corresponding oscillator frequencies determiaeplitting of the GDR into 3 componen(at E,)
« Each component is widened by spreading, which isgmrtional to 1

» Deformation and triaxiality depend on the number wélence nucleons
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