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Studying the origin of 0, bands in mass 160 region

B vibrations?
shape coexistence?
“pairing isomers” — “second vacuum”?
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Experiments in mass 160 region using AFRODITE array of
8 or 9 clover detectors + LEP detectors

e.g.
152Sm(a,2n)>4Gd
152Sm(a,4n)2Gd
14781’11(160,411)160Yb
144Sm(17o,3n)158Yb
ISZSm(IZCAn)léOEr
1488m(12C’4n)156Er

Experiments optimized to study LOW-SPIN states
Light, low-energy beams — low recoil velocities
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The vibrating nucleus

Vibrating Liquid drop
The Bohr Hamiltonian

H= gl |or = B = & o " §indy —
18 Blsindy dy o F Gy
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In reality:
Complicated Potential
Energy Surfaces

The Bohr Hamiltonian

! 0 el
H = — — — 3 — + sindy —
18] 18 ap 5 a5 Blsindy ay o7 Gy
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Re-cast Bohr Hamiltonian: 5 Dimensional Collective
Hamiltonian

~

H = Avih + Tmt + Vcall

Ao h’ 1 Ta [r -
vib = 2 /wr | BY| 9B wﬁ ”*’aﬁ
3 [r LA . d
BN w e oy B sin 3y dy
r 1 0o r

0 ( 5.
X |—sin3y Bg, — — —— | —sin3y Bgg—
V w Y ﬁyaﬁ_l_ﬁay w Y ﬁﬁay]}

] | o J?2
Tm[=EZI_k . ’ ’
o1 Lk Need to determine I’s, B’s

T. Niksic et al PRC 79, 034303 (2009)
Z.P. Li et al., PRC 79, 054301 (2009)
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N=92

Calculated Energies
(lines) compared to
experiment (points)
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Superdeformed triaxial bands in 63165y

H. Schnack-Petersen?, R. Bengtsson®, R.A. Bark®°, P. Bosetti®',

A. Brockstedt®, H. Carlsson®, L.P. Fkstrém®, G.B. Hagemann®, MNuclear Physics A 594 (1995) 175-202
B. Herskind?, F. Ingebretsen®, H.J. Jensen?, S. Leoni?, A. Nordlund®,

H. Ryde®, P.O. Tjgm¢, C.X. Yang 2
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Fig. 1. Partial level scheme of the selected positive parity bands related to the ij3/, [660 1/2%] band.
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Aim: measure transition rates to test the
Superdeformed Triaxial Shape of the “3 -bands”

But which nucleus to study?

Lol 226: 160,162,164y} Yie|lds measured:

With LIST on: | Impurities with | Yield with LIST
LIST off off:

(pps/uC)

50% 3.5x108
6.5% 10°
4% 1.5x10°
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Aim: measure transition rates to test the
Superdeformed Triaxial Shape of the “[3 -bands”

Methods to measure transitions rates:
Recoil Distance Doppler Shift

+
Coulomb Excitation Sum Rules
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Setup: Coulomb Excitation/RDDS Setup

target degrader QQQ2 charged particle
detector array (CD detector)

162yb
4.1 MeV/A 162Yb
' . v/c~0.08
5 x 10° pps v/c“O 05
Safe Coulex - 18°
2Mo Cologne Plunger

2Mo natMg
1 mg/cm? 2.5 mg/cm? 52°

Miniball array
~45° /135 °
7% eff.
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Kinematics

Reaction's Kinematics; Ay, & Regetion's Kingmatics: A, & Ay,
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GOSIA Calculation: Coulomb Excitation of 162Yb

92M0(152Yb,162Yb)
4.1 MeV/A, 24 hrs beamtime, 5x10° pps, 1 mgi-'a::m2
'®2yph detected between 18° and 35°

le+7

—— "Beta" Band
——— Ground Band

o6 GammaBand |-

p-y counts, summed over all decays per level
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“Clean lines” of 1%2Yb “f3 -band”

09l

Typical resolution of 12
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Doppler Shift/Width Map 1 MeV “degraded” gamma

OO
Relative to a single
Miniball detector at ~ 45 °

45°

26/10 keV

Useful Area of QQQ2
Particle detector

33°]29/6 keV

NkeV

7/15 keV 90°

“undegraded” gamma’s have ~ 2 keV higher widths
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Coulomb Excitation without degrader

 Degrader removed — only “undegraded” lines

* Necessary to aid interpretation of RDDS spectra

* |f only one of the degraded/undegraded lines
are clean in RDDS, will be provide the total
strength of the line

* Allows analysis of triaxiality using sum rules
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Sum Rules determine shape

J. Srebrny et al. / Nuclear Physics A 766 (2006) 25-51

Quadrupole tensor

[M(E2) x M(E2)], = %Qz,/ Quadrupole moment

_1)28
(SI[M(EZ}XM(EZ)]GIS}zjﬁZ(SHEZ"RHR”EZ"S}Ié § ff;}
R

[[M(EZ] X M{EE)]Z X M{EZ)]D — —‘/%Q3 cos3§— triaxiality

(SI[[M(E2) x M(E2)], x M(E2)],IS)

5
=\/23+1%j(snﬂzuRHR||E2||T}<T||E2||S>{§ . ?H; . ;}c—n“”,

In-band matrix elements most important, e.g.
(22[[E2]|42 (42 ||E2]|42){4- || E2]|2;)
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Lol 268 approved to determine yields of *62Lu

§3« science

B - decay of 1%?Lu

Determine branching ratios at 47 and 23 levels
To get in-band B(E2)’s of 213 and 124 keV transitions

Q,
162Yb

1006 (124) o / """""" 3+
&+ 924
663
437 /
963

+ 839
44*ﬂ' ______________________________________________________________________________________ 632 - f e

321 98 /
PR N -V AN S AU AU A SN SN
O 87 0 e

ground band 'B—band" y—band

Estimate need about 3 x 10'* decays
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Summary of beamtime request 1%2Yb

* 4 days for RDDS
e 1 day pure Coulomb Excitation
e 5days - 15 shifts total

Summary of beamtime request 1%?Lu decay

e None — await results of Lol 268
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Thank You
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