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Beyond N = 50

N = 50 nuclei
Holy grail : 78Ni
Great exp and theo effort

What is beyond N = 50 ?

3s1/2, 2d3/2, 2d5,2, 1972, Lhyy
orbitals

Precise orbital ordering not
fixed as well as their evolution
vs Z

Low lying states in N=51 nuclei
Known for Z > 40
Of two nature:
single-particle states

or core-particle coupling
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J. Duflo and A.P. Zuker, Phys. Rev. C59, R2347 (1999)
K. Sieja et al., Phys. Rev. C79, 064310 (2009)
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51 nuclei

87/2 \

Single-particle states S/
o . d5/2
Ig.s.=5/2* firmly established
for 36 < Z < 50 82
87Kp 101G -
. P12
Down sloping 1/2* states for (i
Z < 40; carries the major part of the P/
v3s1/2 strength /
s —1 1 1 1 1 1 1 12000
7/2* state corresponds to an excitation Sieja et al. T ==
into the 1g,,, orbital ‘ 4500
—14000
9/2* state corresponds to an excitation J3500%
across the N=50 gap, a 2p-1h ds,,2 gg,,™ 1. =
heutron configuration ! —3000 ¢
& 2500 =
Fed via (d,p) reactions for 34 < Z < 38 19000 =
3/2 - S8
- 1500 &
Neutron stripping strongly enhanced for o
single-particle states and large 1000
spectroscopic factors deduced 500
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N = 51 nuclei

. . Single particle
Core-particle coupling

Weak-coupling scheme 2*,,., ® vd5/2
N. Auerbach, Phys. Lett. B27, 127 (1968)

The weak-coupling scheme applies as
long as the N=50 gap is strong

Generates a multiplet of 5 states

(1/2* to 9/2*) with 7/2* at lowest
energy in case of a quadrupolar J=1/2
core excitation

Barycentre is similar to E,(2*)core rr. @ 252 J=3/2 )=9/2
1

Spectroscopic factor (SF) of core- & J=5/2

coupled states are nearly zero (non
stripping state)

1=7/2

D. Verney courtesy



Physics motivation

Porquet & Sorlin

Energies of 9/2;* follows closely the
2* core energies -> should be a rather
pure core-coupled configuration

"Energies of the low lying 1/2,* and 7/2,*
states depart significantly from that of the
2* coreat Z< 38and Z > 44"

-> single-particle states

O. Sorlin and M.G. Porguet, Prog. in Part. Nucl.
Phys. 61 (2008) 602

The 1/2,* and 7/2, * states are most
likely core coupled

Thomas

(d,p) reaction to populate 85Se
G.s.isb/2+,1/2,* (SF = 0.3 +/- 0.09),
7/2,*(SF=0.77 +/- 0.27) or 3/2;*
(SF =0.06 +/- 0.09)

J.S. Thomas et al., Phys. Rev. C76, 044302
(2007)
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Physics motivation

Contradictory assignments

States have been populated in N = 51
nuclei by (d,p) transfer

QO States with sizable SF correspond
likely to single-particle config. with
rather long decay times

O States with small SF are likely core-
coupled

From NNDC ?

9/2,* lifetime in 8Sr: T=0.30 (9) ps P
likely core-coupled
7/2,* SF and lifetime in 89Sr:

SF=0.016 and T=0.38 (14) ps
and there is no stripping in 87Kr /7 $=0.78
likely core-coupled $=0.50 @ 1/2*

7/2,*

1/2,*

1=0.38 ps

7/2.*

é)stripping SF=0.016

7/2,* SF in 85r and 8Kr: S=0.46
SF=0.84 and SF=0.49, resp. —— T ' 5/2+
likely single particle

7/2,* SF in 85e:
SF=0.77 83Ge 85G@ 87Ky 89Gy

likely single particle

Sudden E* drop by ~1.4 MeV of the vg;,,
single-?ar‘ricle config. by removal of Zp
from 87Kr to 8°Se
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Lifetime calculations

Single-particle config

vV (97/) OF v(dg2) H(ds0)% = v(ds))

Core-coupled config

Core 2* x v(ds,) = Core 0* x v(dg,)

/

Calculated lifetimes of the 7/2+ states done by D. Verney (IPN Orsay)

nucleus | 7(7/2%) 2* @ dy), 1(7/2) 0 ®g,),

89Sr 0.16 ps 14.9 ps
87Kr 0.19 ps 23.2 ps
8Se 0.42 ps 79.5 ps
83Ge 1.01 ps 309 ps

\
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Lifetime measurement @ LNL with AGATA + PRISMA

Goal
Determine the nature of first 7/2*and 9/2* excited states
Method
Populate and study several N=51 nuclei (37Kr, 85Se, 83Ge)
Determine the order of magnitude of the lifetimes
[ Around or below 1 ps (fast) > core-coupled config
O Above 10 ps (slow) - single-particle config
Technique

Recoil Distance Doppler Shift method (RDDS)

Small cross sections - two positions
0 35 (1) ym ~14 shifts
0 253 (2) ym ~14 shifts

Experimental setup
AGATA Demonstrator + PRISMA + Koeln plunger



Lifetime measurement @ LNL with AGATA + PRISMA

Recoil Distance Doppler Shift Method

o

,'— } PRISMA

degrader
9INb (4.15 mg/cm?)

6. Duchéne

87Kr: +2p +3n channel
beam 8Se: +3n channel
82Ga (577 MeV) N =48 8Ge: -2p +3n channel




-
Z
-
®
<
-
<
)
<

auzyNq 9




AGATA @ LNL

auzyNq 9

F. Didierjean IPHC Strasbourg, France
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Principle of the RDDS method

plunger distance : 35 um

d : target to degrader distance
1 . effective lifetime of the state
v : speed of the y emitter
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87Kr spectrum - all distances

M.G. Porquet et al. Eur. Phys. T

J. A 28 (2006) 153
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87Kr spectrum - all distances
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87Kr spectrum: d = 35 ym
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87Kr spectrum: d = 253 ym
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87Kr: effective lifetimes

21/2)
d =253 um
1348 (0.3), < 4 ps
(19/2))
442 (0.05), 18(6) ps
) Y 1 (17/2)
(15/2)) 563 (0.31), 30(7) ps
Y 15/2;
1300 (0.16)
1267 (0.33), 20(3) ps
(13/2%) Y
509 (0.31), 11(3) ps
—Y 1172,
(11724 j
1 264 (0.22), 14(3) ps 681 (0.33), 22(4) ps
9/2%)
421 (0.36), 15(2) ps WV ot
(7127 —Y
1578 (0.55), 20(2) ps
1420 (0.45), 16(2) ps
4 A4 52+

87KI'
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Bateman equations

-~

d N,(1) \

S/ = ANy (t)
sf ('Osf) j ('0 f) \st(t) = Py exp(—ﬂsft)
o
2 ) R A0
i) O = prew(ay)
Ai
gs 1 = % o
d N(1)

dt

N

= 4N, (t) + 2N (¢) - /ll.Nl.(t)] /
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Bateman equations
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0.9
0.85
0.8
0.75
0.7
0.65
0.6

87Kr: (7/2*,) state lifetime

1 1420 keV

0.45
0.4

3
- -
-
-
-
-

8 10
level lifetime (ps)

T=0.7 ps (+2.0/-0.7) ps without sf
T=0.7 ps (+4.0/-0.7) ps with sf

1eff=17 ps

teff=13 ps

421 keV
1=36%

1eff=15 ps

9/2,

sf

15+/-2ps !

1=45%
R=0.55(4)

7/2*

5/2*
A
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7/2,*

1/2,*

7/2,

1/2,*

5/2*




G. Dt

87Kr: (9/2*,) state lifetime

eff_
0.9¢ T='1=26 ps
= . g/ - _ teff=22 ps
0.855  R(9/2%,->5/2*,; 1578 keV) = 0.61 (4) ff
= T¢77=18 ps
0.8
= 11/2-
0.75 /
= 681 keV
0.7 \33% S,f
0.65 V CAZFE WAV, 22+/_4LLL
0.55F | ! ! 1578 keV
= i i 1=55%
0.5 E_ i : T<9.1 ps | R=0.61(4)
0455 | i i
— : o ‘:'I' ] 1 '; L +
0.40 o 3 10 512
7<0.7 ps level lifetime (ps)

T<0.7 ps (+1.2/-0.7) ps without sf
T<0.7 ps (+8.4/-0.7) ps with sf




G. Dt

87Kr: (11/2-,) state |

ifetime

R(11/2" -> 9/2*,; 681 keV) = 0.64 (5)

level lifetime (ps)

T=0.8 ps (+2.6/-0.8) ps

1eff=23 ps

1eff=20 ps
1eff=17 ps

15/2-

1267 keV
1=33%
20+/-3ps

11/2-
681 keV
1=33%

R=0.64(5)

8 10 | o



d =253 um

(15/2;')

1300 (0.16)

(13/29) Y

509 (0.31), 11(3) ps

87Kr: lifetimes

(21/2;)

1348 (0.3), < 4 ps

(19/2)
| 442 (0.05), 18(6) ps
4 (17/2))

-V

563 (0.31), 30(7) ps

Lifetimes of low-lying states in

Y

15/2; 87Kr are short lived and of

core-coupled config
1267 (0.33), 20(3) ps

1172
(11/2:) 4
o) 264 (0.22), 14(3) ps 681 (0.33), 22(4) ps 1=0.8 ps (+2.6/-0.8) ps
2 ;
421 (0.36), 15(2) ps WV 912
(7/2;’) —Y
o 1578 0.55),20@2)ps | T<0-7 ps (+1.2/-0.7) ps without sf
S 1420 (0.45), 16(2) ps 1<0.7 ps (+8.4/-0.7) ps with sf
1=0.7 ps (+2.0/-0.7) ps
1=0.7 ps (+4.0/-0.7) ps
with sf \ /4 5/

87K r
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Effective lifetimes in 8°Se: 7/2,* and 9/2,*

R(1115 keV) Teff (PS) R(1436 keV) Teff (PS)
35 0.65(3) 3(2) 0.65(3) 3(2)
253 <0.11 <4 <0.11 <4

Calculated lifetimes for 8°Se states are:
0.42 ps for core-coupled config
79.5 ps for single-particle config
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Independently of the feeding lifetimes, lifetimes of both states
in 8Se are short lived and the core-coupled config is dominating
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C—"sTo30 S5-046
83Ge 8556 87Kr 89Sr
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SM calculations

it interaction fit to new data on N=50
vv GCNH5082 interaction

v monopole corrected G-matrix

@ @ Proven successful and predictive ina
=——— ¢ large number of applications
—_— 512
a7i2
—— (52
50
a0/2
&6 Exp. 1=0.7*9,.,ps 1<0.7*%4  ps
pl2 87Kr
115 R — M1:0.44 PS .
57 smm— SM £2:0.51 ps E2:1.09 ps
ANNRRRRRRNRNNN o, tf~3(Q) e~ 3()
78|\|' s M1:0.31 ps
| - Y :
K. Sieja courtesy SM E2: 0.50 ps E2:1.40 ps

Excellent theory-experiment agreement -> core-coupled structures



Summary and perspectives

Summary

Lifetimes of low-_lyin%Z/ 2:* and 9/2,* states have been measured in 8’Kr and 8Se N=51
huclei to determine their single-particle or core-coupled character

Nuclei have been produced at LNL using the 82Se + 238U multi-nucleon transfer reaction;
Setup: AGATA Demonstrator (5TC) + PRISMA + Koeln Plunger

The RDDS technique has been used with a Nb degrader

The main goal of the experiment is to determine the order of magnitude of these
lifetimes, only two plunger positions were used 35 and 253 ym

Batman eq5ua‘rions were used to extract lifetime values in 8Kr and effective lifetime
values in 85Se

Measured lifetime values indicate that both states in both nuclei are short lived and
their structures are compatible with core-coupled configurations

Shell-model calculations using a 78Ni core and n(fpg)-v(sdgh) valence space in j-coupling
mode predict low-lying states mainly based on core-coupled configurations

Theoretical and experimental lifetimes are in very good agreement

Perspectives

Two AGATA@GANIL experiments, a long one (14d) for spectroscopy studies in the
same mass region and a plunger one (9d) for study of N=51 nuclei lifetimes down to 83Ge
(3 positions), have been runin April and May
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