Comment on
Parametrizations of Nuclear Mean-Field
for Triaxial Deformation

M. Matsuzaki, K. Matsuyanagi and YRS

Triaxiality of nucleus — A long standing issue

e Davydov-Filippov model

triaxial body

e CoulEx. sum rule method:
([[F2 x E2] x E2|g) o cos 3y

o Foy or M1/E2 staggering
l at high-spins in odd or odd-odd nuclei

recently

e Wobbling band !
. 161,163,165,1677 1\ 111icled
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Wobbling Spectra
D. R. Jensen at al., Eur. Phys. J. A19 (2004), 173.

First identified by
(Odegard et al. (2001)

Wobbling

lg(ZEQ)Out/lg(ZEQ)Hl
sensitive to
triaxiality -~y !
(Hamamoto-Hagemann)




B(E2)out/B(E2);, in the Rotor Model

Model parameters

moments of inertia

‘-7(177 jya \72

(more in hg,, if a particle coupled)

Energy spectra <=

two (Q-moments
B(E2)’s @ [ Qq ox (227 — 2% — 3/?)
Qo < X(z° — y°)

V2 Q29
20

(Lund convention of sign)

tanvy = —

clt it J, = 7.
B(E2)ou/B(E2);, o< tan? (v + 30°)

Particle-Rotor Model Cal. by
Hamamoto-Hagemann, PRC67, 014319 (2003).
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Microscopic cranked mean-field plus RPA (1)

‘ good correspondence

Rotor Model

Mean-field parameters

Nilsson potential: (e2, 7, €4,...,An ) €= determined selfconsistently
(Strutinsky calculations)

R — Matsuzaki-Shimizu-Matsuyanagi,
— — PRC65, 041303(R) (2002).
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Microscopic cranked mean-field plus RPA (2)

Difference in the definition of ~

e “~(pot)” in Nilsson potential

Good correspondence to Rotor Model

V.S, !
) o V2Qw) by changing ~(pot)= 20° to 30° !
e “y(dens)'=tan™" |— (O 0.5
20 ! ! ! T
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Parametrization of triaxial deformation (1)

e v(dens) e= density distribution

2
~(dens) = tan™! (JIQ@) . {0) = [O@)p(r)dr
(Q20)
e v(shape) &= potential shape (geometry) o : liquid-drop like sharp-cutoff density
| _<\/§ Q22)1.p | po In X Y. nuclear
(shape) = tan ( (Q20)1 15 ) ’ P PLD =10 out of & surface
where the nuclear surface ¥ is defined by V (7; def.) = const. (e.g. %VO)
¥or = R(82) (neglecting velocity-dependent part)
1.3 . . . ' .
T y(dens) Jy(hapo)
: 1.2}
nuclear selfconsistency Nilsson, & = 0.43, €, = 0.0
~(dens) = ~y(shape) b1 Ayp = 0.3 MeV
(in good approximation) Sl B
09 Woods-Saxon, €5 = 0.42, ¢4 = 0.034 1
0.8} App = 0.3 MeV
07010 20 30 40 50 60

7(shape)



Parametrization of triaxial deformation (2)

e v(pot) @™ parametrization in each mean-field potential
Nilsson: (2,7, €4, ...) defined in stretched coordinate (', Q) by (' = \Jw, /wo z,
V(r)=iMuw?r & (1 — \/@62[608’}/5/20(@> — Sinv\ﬁ(Ym(Q )+ Yo oY) + €
X R(Q) =Ry [( (1 = \/WEZ[COSV)@O(SD —siny J5(Yaa(Q) + Yo 2(Q>)M
Woods-Saxon: (5,7, G4, -..)
V(r) = Vo[l + exp(Dx(r)/a)]™t, Ds(r) = distance between 7 and surface >
X R(Q) =Ry (1 + Balcos ¥ Yao () — siny 5 (Yao(Q) + Yooo(Q))] + Ba x - - )
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Parametrization of triaxial deformation (3)
(Harmonic oscillator potential : Nilsson with e; = 0)

Vi(r) = 1M (w2a? + Wyy + w22?) parametrization of Nilsson pot. (ea,7y)

t Wy = Wy (1 + %EQ(COS’}/ ++/3sin 7))
72 yz 52 ; |
surface X b2 2= = 1 : Ellipsoid Wy = Wy (1 + géa(cosy — V/3sin~y ))
c=wy (1= 2
herea.b.c:wxl.wy_l:w;l w: = wy (1 = 5€2 c087)

(V2@ V3O — 2o
tan y(shape) = Oaoin <Z(222 _yxz — y2)>LD

V3 (w,” —w;?) \/§(wy—wx>)

t) = tan™!
2wl —w i o wyz)(—) y(pot) = tan (sz_wx_wy

if €9, |7] < 1, ~(shape) & (1 — 2e5) y(pot)

~(shape) = tan™! (

7(shape)

c.f. For the spherical H.O. plus @ - @) force (usually restricted in one-two major shells)
Vir) = %MWS"‘Q — Q20 — 22(Qa2 + Qa—2) V3 (0{5 — wi)
2y — X<Q2u> QWZ — wi — W’
(Introducing 0, corresponding to €5) if do, |y| < 1, ~y(shape) ~ (1 — 2§,) «v(dens)
Selfconsistency, vy (shape)a~y(dens), is severely broken!

} == v (dens) = tan™! ( ;




Triaxiality suggested by experimental B(E2)’s in 1%3Lu
~-dependence in Rotor Model = Microscopic RPA cal. (Talk by T. Shoji)

B(E2)i, = 5-(3(y? — 22))? o< cos?(y +30°),  Here ~ is ~y(dens)

: o . 2
B<E2)in/B<E2>out ~ g (wZ/wy>1/4 Sm(7 o ) ¥ (wy/wz>1/4 — { Wy = 1/jz — 1/jx
! cos(y + 30°) w. =1/7,~1/7,

Can we understand B(FE2)’s by changing v based on Microscopic RPA cal.?

Woods-Saxon RPA cal. using v(pot)=18°(vy(dens)=11.5°)
— An example: changing «y(dens)=12° to 22° linearly according to the formula above,

0.5

B(E2)ou/B(E2)in B(E2), [eb?]
0.4F - 4F
0.3F ? 3t
0.2F + 4 2l

Changing by hand!

0.1F ] IF ~(dens)=12° at hwr = 0.2

RPA cal. «y(dens)=11.5° to 22° at hw,ot = 0.5
0.0 0.2 0.3 0.4 0 0.3 0.4 0.5

hwrot [MeV] hwiot [MeV]



Summary

o B(F2)/B(E2)y, of wobbling band is sensitive to the triaxiality -,
in both Rotor Model and Microscopic RPA calculation.
— can be used to probe intrinsic triaxial deformation!

e Different definitions of the triaxiality parameter ~y
~(dens) «— density distribution

~(shape) «— shape of potential e.g. v(dens) = tan~! (—
~(pot)  «— parametrization in each potential

<\/§Q22>)
(Q20)

~(dens)a~y(shape) in good approximation (nuclear selfconsistency),
but (pot) is quite different especially for large €5 deformation (Nilsson/Woods-Saxon).

e.g. y(dens)r~y(shape)x 20° « ~y(pot)x~ 30° at e~ 0.4 (TSD) !

e Suggestion by experimental data of B(E2)’s in 1%Lu
Almost constant B(E2),,:/B(FE2);, and decreasing B(FE2);, can be understood
by increasing ~y(dens) by about 10° (e.g. 12° to 22°) in the observed spin range.
BUT Strutinsky calculation gives almost const. and small ~y(dens) (e.g. 11° to 13°)!!

NEED MORE STUDY!!



