Neutron-rich nuclei along the

Z=82 and N=126 closed shells

S347: N=126 (Zsolt Podolyak, University of Surrey)
24 shifts; accepted
S350: Z=82 (Giovanna Benzoni, INFN Milano;
Jose Javier Valeinte Dobon, INFN Legnaro)
18 (+6) shifts; accepted
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Fundamental questions in nuclear physics:

Shell evolution,"Nucleosynthesis (r-process)

&

] Known mass

] Known half-life
[0 r—process waiting point (ETFSI-Q)
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Charge Number Z H. Grawe, K. Langanke, G. Martinez-Pinedo, to be published.



Beta-decay lifetimes
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*Experimental 3-decay data
needed around 2%Pb to
validate theoretical models.

*Models might differ by
orders of magnitude to
reproduce the lifetimes.

*3-lifetimes needed for r-
process calculations.

|_ast lifetime measured for
215Pb

|.N. Borzov PRC67, 025802 (2003)



Experimental approach
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GSI UNILAC-SIS + FRS + RISING is unique
to study heavy neutron-rich nuclei.



What is known along Z=827

What we know, where we want to go
Presence of isomers involving high-j orbitals vgg,, Vii1/, Viis

Taking advantage of these isomers we want to study the
developmet of nuclear structure from 22Pb up to 22°Pb
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M. Pfutzner PLB444 (1998) 32.



Beam time request

lons/s = 0 X lpgam X Nigrger X Transmission
/

beam = 3X108pps, N, .= 1.6 g/lcm?, Transmission = 40%
COFRA(mb) || Ions/hour lons/day
2I2Pph 9.05x10—1 41.60<10 || 1.00x<10°
214pn 1.84x10—4 9.30<10°% || 2.20<10°
216pn 3.01x10~° 1.30x<10% || 3.30< 104
=18 P 3.69x10~° 1.80x10% || 4.40x<10°
220 P 3.17x10"° 15.0 3.50x 102

Effv=9%, EffB~ 100%
Isomeric ratio = 50%

=~ 1700 isomeric y decays/day for 212Pb
=~ 15 isomeric y decays/day for 22°Pb
=~ 10% 3 decay/day for 21°Pb

=~ 200 B decay/day for 22°Pb

18 shifts (+ 3) accepted



Summary

Shell evolution of lead isotopes from 212Pb up to 20Pb
by means of delay-gamma ray spectroscopy

Beta-decay lifetime measurement of the very neutron-
rich nuclei 216Pb, 217Pb, 218Pb, 219Pb, 220Pp

Use of 238U fragmentation at 1GeV/u + FRS + RISING

— UNIQUE worldwide facility to populate and study the neutron-rich lead isotopes
— High beam intensity =» 3x108 pps
— y-ray efficiency 9-14% (1.3-0.6 MeV)

Clearly reacheable 212Pb and feasible to reach 220Pb
Request: 21 shifts + 6 parasitic shifts for FRS settings



What is known along N=126 ?
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208Ph beam was used



What is known along N=126? o

Counts / keV

a 11/2
2100 T. . =146(14) ns 14e1DEe (o)
150 £ 3}1}\1 e 10 g iy
g © bty | S &
@ 0 500 1UD[J = 1158
> Time (ns) E 1001
'D -l ﬂd3r’2 1h11¥2
5 400 T,,=55(7) us L g SSREY ()
1200} 100} | T, = 55(3) us - 2= ssmus s
800} | fu
400 25020 40 60 80 |o & * 1on
oL/ _Time (ps) o |:
Z @4 b gate: 1158, 1061 N
= 10} o | or 97 keV B PR ot
1L 1 Sl
= ~ 0 _100 200 o ® e
|
2 2 Time (us) @ - 872
3 0
© "o 250 500 750 1000 0t — ot — ot
E, (keV) (a) (b)
. . theor exp.
204Pt: four proton-hole in double magic 2°8Pb y204P,[ P

S.Steer et al, submitted to Phys. Rev. C (R)

To understand the structure of 204Pt changes in the standard set of TBME needed.
(see also half-lives in this mass region, J.Benlliure et al.

—=Consistent with shortening the half-lives of the N=126 nuclei with the effect
of shifting up the point where the r-process path leaves the N=126 isotones



Shell-model calculations (A.Brown, M.Go6rska)

Single-hole energies, int. matrix elements fitted on the region
L.Rydstrom et al, NPA512(1990)217 (based on Kuo-Brown interaction)
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Problems: states with mnd,,! ; order of nd,,'h,, ! and ns,, 'h;;,!; h;;,,"! in 205Au
— description of the observed states requires SPE or INT modification



Further ‘down’ along the N=126 line

205Au: beta decay from 293Pt
=> will fix the ms,,, orbital
203[r: beta decay from 2930s (vgy,)
=> will fix the nd;,, S, »,Th;/»
202()s: isomeric decay I=(5),(7),(10)
202()s: beta decay of ?%Ir (vg,),)
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Ton ¢ (mb) I(hbar)  Rates(gamma) Stopper

2020s 1.16x10°5 (EPAX) (10), (7), (5) 150/h passive
2030s->203Ir  6.32x10°6 (EPAX) 80/h Si
202Re->2020s 1.11x10-6 (EPAX) 15/h Si
205Pt->205Au  1.5x104 (EPAX) 2000/h Si

EPAX predictions might be too high COFRA lower

=> 22.6 days of beamtime left;
1.4 (+6) shifts used in 2008

Assumed: 3x10° ion/spill (1s ext.) 1 GeV/u ?38U; 2.5 g/cm? Be target
Transmission, survival=30%.
g, =15%, £,=50%; IR=50% (2020s), IR=0.01% (high-spin)



Fundamental questions in nuclear physics:

Shell evolution,"Nucleosynthesis (r-process)

&

] Known mass

] Known half-life
[0 r—process waiting point (ETFSI-Q)
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