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mirrors 34Ca and 36Ca 
also doubly magic? 

island of inversion 
at proton drip line?

⇒ measure 2+ 36Ca !

20

36S20

f7/2

d3/2

16 d3/2

s1/2

ν
d5/2

s1/2

π

νd  πd tensor force
T Otsuka et al, 
PRL 97 (2006) 162501

Z=14 34Si and Z=16 36S 
magic

island of inversion
d5/2

Motivation: tensor force

d5/2 d5/2

ℓ = 0



  

RS(32Ar31Ar, 1d5/2) = 0.24
RS(34Ar33Ar, 2s1/2) = 0.28
 

A Gade et al, PRL 93, 042501 & PRC 69, 034311 (2004)
 

⇒ measure RS for closed shell nucleus 36Ca !

Motivation: knock-out quenching

34Ar 5/2+

34Ar 3/2+

34Ar gs

S. Franchoo, EGP, Paris, May 2008



  

200 mg/cm2 9Be

In-beam γ spectroscopy at Speg
one-neutron removal from radioactive 37Ca beam

L. Bianchi et al., Nucl. Instr. Meth. A 276, 509 (1989)
E. Sauvan et al., PLB 491, 1 (2000)

Speg spectrometer 
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γ spectroscopy with 
one-neutron knock-out reactions 
from 37Ca RNB
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   Fragment identification in Speg

Knock out at Ganil

S. Franchoo, EGP, Paris, May 2008



  

A Bürger et al, in preparation

Systematics of T=2 and T=3/2 mirrors
28S
1525(30) keV

36Ca
3036(11) keV

32Ar
1873(20) keV

37Ca
1590(40) keV

33Ar
1358(5) keV

(28Mg: 1473 keV)

(32Si: 1942 keV)

(36S: 3291 keV) (37Cl: 1727 keV)

(33P: 1432 keV)

γ spectroscopy at the proton drip line



  

3036(11) keV
36Ca

35K 33Ar
34Ar

35K
37Ca

32Ar31Ar

Well reproduced by only 1 γ ray
N=16 gap ⇒ 36Ca doubly magic !

36Ca

A Bürger et al, in preparation
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γ decay from 2+  in 36Ca 
above Sp

 = 2560 keV
Γγ > Γp ⇒ proton SF small

γ spectroscopy at the proton drip line

S. Franchoo, EGP, Paris, May 2008



  

2+(36Ca, Z=20)
neutron state:

no TES

π ν
2+(36S, N=20)
well bound: 

no TES

    E(2+)~3MeV
Large N/Z=16 gaps

s1/2

d3/2

∆ECoulomb(2s1/2-1d3/2) = 50 keV (SLy4) and 150 keV (SkI3)
HFB, M Grasso IPN Orsay

 purity of the neutron (proton) configuration in 36Ca (36S) 
 depends critically on density of s wavefunction

 Γγ > Γp

Mirror energy differences

A Bürger et al, in preparation

γ spectroscopy at the proton drip line

S. Franchoo, EGP, Paris, May 2008



  J. Ehrman, Phys. Rev. 81(1951) 412

S. Franchoo, EGP, Paris, May 2008



  

 thick target ⇒  reaction takes place
  at any depth (Geant4)

 minimize χ2 for α(ℓ=0) + β(ℓ=2)

⇒ 3/2+ 37Ca ground state

gs
KO d3/2

2+
KO s1/2

Momentum distributions

2+(36Ca)
ν

s1/2

d3/2

A.M.Poskanzer et al, Phys.Rev. 152, 995 (1966) 

Sextro et al, NPA 234, 130 (1974)

S. Franchoo, EGP, Paris, May 2008



  

Momentum distributions

σexp σmomdis C2SUSD σth RS

gs 3.2(7) d3/2 5.80 0.92 5.64 0.57(12)
2+ 2.4(6) s1/2 6.87 1.13 8.20 >0.29(8)

34Ar 5/2+

34Ar 3/2+

34Ar gs

37Ca d3/2

proton branch ?!
 
τ(40Ca,2+) = 49 fs  
Γγ = 1.34 10-2 eV

Γp = 2-4 10-1 eV x SF 

for SF = 4%
Γp/Γγ = 0.90
⇒ RS = 0.55

but HFB 
τ(36Ca,2+) = 400 fs ! 

A Bürger, in preparation

S. Franchoo, EGP, Paris, May 2008



  

Conclusions

 tensor effect creates N=16 gap in 36Ca 

 large MED for A=36 of 255 keV

 normal KO reduction factor for pure configuration 

S. Franchoo, EGP, Paris, May 2008



  

Conclusions

S. Franchoo, Gamma-08, Riken, April 2008

 tensor effect creates N=16 gap in 36Ca 

 unexplained MED for A=36 of 255 keV

 normal KO reduction factor for pure configuration 

 measure B(E2) 36Ca... at Riken ?!

 ありがとうございます !
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The ground state and first excited 2+ state in proton-rich 36Ca have been studied at Ganil 
by γ-ray spectroscopy of one-neutron knock-out reactions from deeply bound states in 
37Ca at intermediate energy. Partial cross-sections and momentum distributions of the 
knock-out reactions to both the ground state and the first excited 2+ state have been 
measured and the angular momentum of the two populated states identified. In contrast 
with previously reported cases, the extracted spectroscopic factors and their comparison 
to shell-model spectroscopic factors are found to be consistent with the trend observed 
for stable and near-magic nuclei. The gamma-ray spectroscopy in 36Ca as well as in 
neighbouring T=2 proton drip-line nuclei has also revealed abnormal MED

 



  

Validity of ‘the independent particle’ concept for deeply bound nuclear systems. MSU work shows a 
dramatic decrease of the s.p strength for deeply bound states. Other effects (deformation, coupling to 
vibrations…) could be responsible of the fragmentation of the s.p strength and therefore could also 
explain the very small s.p strength observed. Therefore one needs to measure a deeply bound system 
close to closed shells (the S.P nature is better fulfilled in doubly magic + or – one nucleon). The knock-
out of one neutron from 37Ca is unique as 36Ca is doubly magic. The result is that the quenching of the 
s.p strength is ‘normal’ and that up to 60% of the full strength is observed, just like around doubly magic 
nuclei at the valley of stability.

B(E2)= |Mnen + Mpep|2/(2j+1)
small BE2 for C14,16,18,20 & O20: 
2+ is neutron excitation, n do not polarise core
would this also be true for Ca36 since proton gap large? 

Hubert B(E2)=1.4e2fm4 avec oxbash et deux différentes interactions USD modifiées. C'est loin des 
calculs QRPA... SM uses effective charges for p and n (effective charges are the effect of truncation in 
the valence space). Mean field does not have this problem (it is self consistent within the effective force 
that is used; QRPA uses wave functions from HFB, for Bruyeres the effective force is Gogny) but 
suffers from correlations unless one is going 'beyond mean field'

ABrown: 36Ca SF(s1/2)= 0.0095. With a single particle scattering width of 22eV 
this would give a proton width of 0.31eV (meant: 0.21??).   
Q=0.7 MeV 22 eV 
0.6 3.8 
0.5 0.42 
0.4 0.019
FA: proton separation energy Ex-Sp=470keV 
=> Q=0.5, proton width=0.42 x SF= 4e-3eV
Differences could come from the radius taken for 36Ca! Iulian HF radius = 3.4 fm; 
Should be the same as momdis ie r=3.312 as calculated by E. Khan ??



  

34Ar 5/2+

34Ar 3/2+

34Ar gs

37Ca d3/2

37Ca 2+

for Ca37
Sn=14790, Sp=3025 
=> Sn-Sp=11765

for Ar34
Sn= 17064, Sp =4663 
=> Sn-Sp = 12401
3/2 at 1358 so DS = 11043
5/2 at 1795 so DS = 10606

Antoine + USD for C2Stheo 
pure wvf for gs & 2+, large gap
how compare N/Z=16 considering Ex?

proton emission from 2+ in 36Ca 
for r(36Ca) = 3.4fm, Γp = SF x 0.190eV

TES in 36S not relevant since well bound
USD interaction, eikonal model (straight rays)
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