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The Z=82 and beyond N=126 region

Presence of isomers involving high-j orbitals vQg,, Vii1, Vits- [aking advantage
of these isomers we want to study the developement of nuclear structure from
212Pp up to 2'8Pb and nearby nuclei
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Semimagic nuclei :
216pPp possibility of a full
diagonalization in the
valence space
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Experimental setup

FRS-Rising at GSI: stopped beam campaign

9 DSSSD, 1mm thick, 5x5¢m® 45 c| USTERSs x 7 crystals
16x16 x-y strips

Beam: 238U @

Deg. S1:
Al 2.0 g/cm?

MONOCHROMATIC
Deg S2: Al 758 mg/cm?



Nuclei populated in the fragmentation

1 GeVA 238U beam from UNILAC-SIS at 10° pps
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Effective three-body forces

week ending
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The renormalisation takes into account the coupling to
high energy core excitation modes, as the giant . .

quadrupole resonance

Bohr and Mottleson,

Constant effective charges e, ~ 0.5¢e, e, ~ 1.5¢e Nuclear Structure (1975)
Dufour and Zuker PRC
" " 54, 1641 (1996)
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Lee interaction for evaluating three-body effects

- == coupling to 2* (and 3-) excitations from the core

GQR

Standard eff. charges:
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N _— Exp. data
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- gy, + v shells above

dy, + v shells above
+ core exc. (3 body)
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Mass number
The explicit coupling to the core restores a seniority-like behaviour
(midshell symmetry) and also justifies e, = 0.8e from the standard e, = 0.5e
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Mercury isotopes (I)
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Mercury isotopes (lI): 21°Hg

Spectrum certainly different from the one of 2°8Hg !
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YES, but something more...

What about the intensity of What about the 663-keV line?
the first 2* (643 keV)? It is not in coincidence!
: : =
Energy Intensit (63“"1_7_6 o
gy Intensity a4+ 1196
170 22(12) 55'3
553 23(8) o5 643 3" 7 (663)
643 100(16)
663 65(13) 643 663
e o+4L__a_l
What can we say on the spin | [E,&eV) [EMI [BEMD W) | 2104q Exp
of this state? 663 E1 3(1)-1077
' 663 E2 3(1)10°
A state with a ps lifetime ggg I\Eﬁ N 14)(%_8
decaying to O*_ rr]ust be 1*,2*, 0 Mi 8(3)10°°
1,3 20 El | 1.5(6)10°

) ) R=Nllsomer /M Rlexp3— /Rlexp8T+ =
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And what about the theory?

Shell model calculations already proved effective in the Pb isotopes and
208Hg (apart from the 3-body effect)

7dl3/27-1
8+ +
(8+) __________ 6+ ;+ / 72:57\41'/‘2"‘7\—'1
6t 170 1366 4+ 3
4+ T1 196 g
553
i 643 _ _____ (663) 2+ \
I NO level close

to the 2+
0+L._Q. ot

210Hg-Exp. 210Hg-Th.

1- Very good agreement for the seniority scheme 8* -> 6* -> 4* -> 2* -> O*
2- Boyp(E2; 8* -> 6%) ~ 8 - Byoo(E2; 8* -> 6*): effective 3-body forces as in 2'“Pb

3- 3" energy by particle-vibration coupling model (impossible by shell-model)



Conclusions

Experiment with radioactive beam, with the in-flight technique.
Several experimental challenges overcome. State-of-the-art
experimental devices.

The neutron-rich region along Z = 82 was populated, enabling to
study the nuclear structure in this region up to now unknown due to
experimental difficulties

The observed shell structure seems to follow a seniority scheme.
However, a closer look reveals that the B(E2) values have an
unexpected behaviour. The mechanism of effective 3-body forces is
general, and could be relevant also for other parts of the nuclide
chart (Sn?, Ni?, Cd?).

210Hg seems to present an unexpected deviation from standard
theoretical predictions.
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Bismuth isotopes (Il)
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213Pb: a strange case
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Formation of many charge states owing to interactions with

materials

=> Isotope identification is more complicated
=>» Need to disentangle nuclei that change their charge state

after S2 deg.
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Mocadi simulation

250001 238Y%2* 1 238 jo1+ S1 12000 238 jo1+ S2
238 92+
10000—
20000
¥ ©n 8000
£ 15000~ S
8 8 6000—
10000(— 238 |90+
U 40007 238, joo+
5000 20001
0 1 0|| PR TN NN TN TN TN TN NN SN TN SN SO AN SR TN TR SR Y e L
-2 -15 -10 -5 0 5 10 15
X (cm)
LISE++ simulation
1x10° =
£ S2 - No Degrader S1 238, .[ S2 - Degrader S1 238
1x10° 1x10° ¢
1x10" 1x10°F Pa
1x10°F 1x102E
N2 2f « g
c 1x10°F c 1L
8 15 8 1x10 g
O ok O otk
1x10°F g
Af 1x10" £
110" F
c 20
X102 X107
e I L | |
1x10° "5 10 12 1040 8 6 4 -2 2 4 6 8 10 12




1 GeVA 238U beam from UNILAC-SIS at 10° pps
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R=Nl/somer /. Rlexp3— /
Rlexp8T+

Isomeric ratio R

Achromatic setting for the
S2 degrader:

X, depends only on the A/

g, hot on momentum 0




A state with a us lifetime decaying to 0* must be 1*,2*,1-,3-

But in the systematics there are very well
known limits for the various multipolarities

Energy | EEMA | B(E.MA) (W)
663 keV El 5(1)-10~1
663 keV E2 23100
663 keV E3 2:0C1)

663 keV | Ml 2.2(5)-10°

20 keV M1 7(2)-107
20 keV El 1.4(4)-10°°

CY
6+ 51366

3~ seems the only resonable
assumption...



The octupole states in the Pb region

-166 (a) particles
— 2Py
-681 2
372 -1440
577 Ife RIS 2d3/

7hi11/21—1
7dl5/21—1

-21 S1/2
2370
1 2d
ds/2
ST ) MG
A i
3158 1172 \
-3799
' Moz /3937 99,2 w
208
PD49g
(b) holes
-7368
. 2P1p
8018 2, 22 5/
~8364 d3/n 5001 2P3n
-9361 : Oiyap
201 Ohyy, =
-0696 Id 5/ 70
-10781
Ohgyp
-11487
— 097
Protons Neutrons

a0

The 3- of 298Pb at 2.6 MeV is a very fragmented state
coming from different p-h excitations across the core

In nuclei above N=126 the 3- energy drops
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An isomeric state must exist above the 2*, very close in energy: the
663-keV line may be this level. From all the experimental evidences it
looks like it is 3~ state
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From a theoretical point of view, no state is predicted so close to the first 2* for a
spherical nucleus



Isomeric ratio R

R=Nl/somer /.

Rlexp3— /

Rlexp8T+

Spin cut off-model: Zlexp3— /Rlexp8T
| + =17

Maybe we missed the
coincidence? There are
few events...

Maybe this 1306-keV is a 3-or 5

(at the right energy) BUT...

Energy | EMA | B(E.MA) (W)
663keV | El 5(1)-107%
663keV | E2 2.7(7)107°
663keV | E3 29
663keV | Ml 2.2(5)-107°
State Decéys Exp i W.
(keV) branch. ratio branch. ratio
3= 663 keV to 2* 541(%% >4 54}%:191
1306 keV | 110keV to 4*
5 663 keV to 2* Fiii > =210
1306 keV | 110keV to 4*




