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Nuclear pairing

PHYSICAL REVIEW VOLUME 110, NUMBER 4 MAY 15, 1958
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Possible pairing schemes

* In most (N>Z) nuclei pp and nn pairing dominates
 Charge indepedence => pp, nn, np coupling possible

« Pauli principle: for pp, nn must couple with opposite
spins

 np can also form T=0, J>0 pairs

_1J 0 B T=0.J0

X XK.

« For N>Z, np coupling difficult to observe due the
different spatial wave functions of valence nucleons,
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Examples of the np pairing evidence
 Ground states of odd-odd N=Z nuclei:

A=<40 (except 34Cl): T=0, |]>0 =
dominating isoscalar np pairing

A>40 (except~-°Cu): T=1,)=0 = ,
dominating isovector np paring

4087 w 1125
3135 w¥52(11)

1303

« Rotational properties of N=Z nuclei:  1=9 {

T=1/T=0 band crossing ("*Rb,,)

D.Rudolph et al. PRL 76 (1996) 376,
D.J.Dean et al. Phys.Lett. B399 (1997) 1 T=1

« Evidence for strong isovector pairing in odd-odd N=Z
nuclei seen in the double binding energy differences
Macciavelli et al. PRC 61 (2000) 041303(R)

 Are there signatures of np pairing in the ground
and low lying states of even-even nuclei at N=2?
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The experiment at GANIL

« Beam: 3°Ar
e Target: 8N

» ?2Pd produced via fusion and %

and evaporation
of 2 neutrons
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The experiment - details

« EXOGAM + Neutron Wall + DIAMANT at GANIL

« Beam: 3°Ar, 111 MeV, 10 pnA
Isotopic purity, precise energy tuning very close to
the Coulomb barrier, timing resolution 3.5 ns,
optimum pulse distance, good collimation

 Target: °2Ni, 6.0 mg/cm?, 99.83% enriched

purity of the target material and good vacuum are

essential,
thick enough to stop recoils, but not thicker

14 days of beam time in September 2009
3.9:-10° 1n trigger preselected events
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The Device

S8Ni(target
36Ar beam

Drawing Not to Scale
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EXOGAM

Up to 16 Compton suppressed
segmented HPGe clover

detectors
beam

M Ge crystal

Rear side shield

Back catcher

EY~ 10% (13 MeV) Side shield

(11 detectors in a closed Fm——
packed configuration)

B Cold finger
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DIAMANT
e 80 Csl scintillators

« Efficiency
protons: 55%, alpha: 48%, veto: 66 %

B.Nyako et al .ATOMKI, J.-N.Sheurer et al. CENBG, Bordaux,
University of Napoli
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Neutron Wall

 Neutron detectors designed for selection of rare fusion-
evaporation channels in y-ray spectroscopy studies
of proton-rich nuclei

« Owned (since 2003) by the European Gamma Ray
Spectroscopy Pool,
financed by the research councils from Sweden, UK,
Germany and Poland,
managed by the Uppsala University,
run by collaboration: Uppsala, Stockholm, Lund, York,
Daresbury, GSI, Warsaw, Swierk, GANIL

« Built for EUROBALL, moved to GANIL in 2004,
usually coupled to EXOGAM and DIAMANT,
9 experiments run in three campaings
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Neutron Wall

« soild angle 1m,
liquid scintillator
BC501A - xylene,
C.H,(CH,),

e 50 detectors

 parameters: tof, zco, E
. €, =0.15 (1.25 MeV)

. £ ~0.20-0.25

fus-ev

Marcin Palacz

Hoza, 24 March 2011

13



Neutron Wall
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n-y discrimination
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Identification of °’Pd y-ray lines

« Gamma rays from °?Pd identified by:
comparison of 1n and 2n gated spectra
(with various additional dr-dt conditions)

Relatively enhanced with the charged
particle veto condition.

 The possibility was excluded that these
gamma rays are produced in reactions on
possible target contaminants.
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Identification of °?Pd y-ray lines
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Identification of °?Pd

Marcin Palacz

Counts per 0.5 keV
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Shell Model calculations
By J.Blomqvist, C.Qui, R.Liotta

* T P3Py 9, Model space

« matrix elements from a least-squares fit to
experimental binding energies and excitation energies
for A=63 to 96, starting from realistic interactions

A.F.Lisetskiy et al. Phys. Rev. C70 044314 (2004)
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Structure of °°Pd compared to °°Pd

| _ Normal,
Spin-aligned i-ali
m anti-aligned
pairing phase » pairing phase
10* 4072 4131
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5+ 1415 2+ 1460
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0
ot ot 0 ot 0 0* .
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Shell Model tests of different pairing modes

a ' b

c 10* 4,072 10* 4,06510* 4,052 10* 4,05210* 4,065 10" 4,131
10" 3.86210+ 3796 ! 10* 3,784
g aq2710" 3257 10* 3,257 :
8" 2,749 ., £ 8* 2,792 g+ 2750 g+ :
{E+] 2,536 g+ 2 466 8 2,600 6t 54-—2',,633 3_2’635 8* 2,588 . 2.?54: Eﬂﬂﬁ 8+ 2,530
: & 2212) 3 2223 & 67 2374g" 233007 2380, Bi—55, e—
6* 2110 4* 2212 - el 4t 2128 <S94+ 2,009

8.2
(44) 1,786 |4+ 1708 4* 1,709 4+ 16824% 1,720

2t 1,405
2 1,199 W

2t 864 2 861 o+ 814
11

4* 1,518 2¢  1,460| o+ 1,415

7.5

20

2t 1,417
2* 1,17

(24) 874 |2* 878 2+ 797
15

0 0 |0* 0o 0o 0o 0 0o 0 0 0 0o 0 o o0 0o o 0o o 0

%2pd %pd %pd %pd %pgd pg Mpd MpPd Mpd MPd %pd pd
Exp. SM T=0 T=1 No np No np T=1 T=0 SM Exp. SM Exp.
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A comment on excited states in 3 Ru (N=Z=44)

« Significant contributions of gt

f,,and p,,orbitals are necessary to

reproduce energies of excited
states of 8Ru
(rotational/vibrational collectivity)

1100

 Such interpretation does not hold
for °2Pd, due to the purity of its e

wave functions (g,, only)
47+

7])9 88 R u

616

|
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Next: °°Cd
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An experiment to study °°Cd accepted by the GANIL PAC
0Ca+°2Ni —» 2Cd (CN) - °°Cd* + 2n
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Conclusions

« 92Pd v rays were identified,
excitation energies of 2%, 4*, 6* proposed

e 32Pd becomes the heaviest N=Z nucleus
with excited states known

* Shell Model calculations indicate that
states of °2Pd are completely dominated
by four isoscalar np pairs
In the spin alignhed J"=9* coupling
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