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Motivation 
E(2+) and B(E2) in even-even nuclei
collectivity/shell structure
Systematical studies

magicity disappearance around 32Mg-32Ne
→ new magic number N=14, 16 in 22,24O

B(E2) anomaly of 16,18C
24Si, 28S (Tz=-2): small B(E2)
0+→2+: neutrons plays important role
subshell closure (Z=14,16) effect? 
E(2+) is not high, not magic, yet.
36Ca: B(E2): smallest in Ca isotopes
E(2+): 0.3MeV smaller than that of 
mirror nucleus 36S. 
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Proposals
1. Coulomb dissociation/proton inelastic 

scattering of 22Si
2. Search for 0+ and 2+ states in 34Ca  by 

fragmentation of 36Ca
3. Proton inelastic scattering of 42Cr, 46Fe 
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Coulomb dissociation of 22Si
Z=14(subshell), N=8(magic)
Sp=1.2 MeV
No excited states are known
Mirror 22O: E(2+)=3.17MeV 
larger than surrounding N=8 nuclei
→ subshell closure?

B(E2↑)～200e2fm4: 16O+6p 
B(E2↑)<100e2fm4: Z=14 subshell
colsure is significant
To determine E(2+), B(E2), and Mn/Mp 
in 22Si,.CD and proton inelastic 
scattering experiments are desired.
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δ(p,p) from (p,p’) cross section
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Coulomb dissociation of 22Si
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If excited states in 21Al exist between 0.3～2.0MeV,  
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Measurements of 20Mg+2p+γ, 18Ne+4p channels 
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Measurement of all the channel → excitation cross section can be measured



0+ and 2+ states in 34Ca
P. Doornenbal,… T.Otsuka et al. suggested 
the island of inversion in proton rich region 
may start at N = 14 in 34Ca.
Shell mode calculations with an isospin
symmetric USD based interaction using 
experimental proton and neutron SPE from 
the A = 17, T = 1/2 isospin doublet, can be 
explained the extremely large mirror energy 
difference of 36Ca and 36S, E(2+,36Ca)-
E(2+,36S).
This model predictes the island of inversion 
in proton rich region may start at N = 14 in 
34Ca.
To confirm the model, E(2+) and B(E2) of 
34Ca are desired.

P. Doornenbal et al., PLB 647 (2007) 237
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Search for 0+ and 2+ states in 34Ca
36Ca + 9Be →34Ca*(gs, 2+)→32Ar+2p
E(2+)-E(0+) =～3MeV→34Ca is not in island of inversion

～1MeV→34Ca is in island of inversion
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γ?

not  found
seems to be unbound2 proton decay



46Fe: Z=26, N=20(magic)
40Ca+6 protons
Sp=1.42MeV (theory)
No excited states are known.
Mirror 46Ca: E(2+)=1.35MeV
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Search for excited states in 42Cr, 46Fe 
42Cr: Z=24, N=18
Sp=1.11MeV(theory)
No excited states are known.
Mirror 42Ar: E(2+)=1.21MeV
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Experimental Setup

22Si, 34Ca,…

2 protons 20Mg, 32Ar,…

Pb, Be,
Liq. H2 targets

PDC, plastic ICF, FDC, plastic

DALI 2 for γ measurement

Target chamber, SSD and SSD chamber should be constructed.  

3×2 SSD
(xyu, xyv)

SSD should be in vac. chamber.
→breakup events and breakup 

positions are identified
Focus: good mass res.
Less influence of MS 

High resolution mode of SAMURAI.



Yield estimation
22Si

100cps from 100pnA 36Ar @400AMeV
100cps from 33pnA 28Si @400AMeV
Assuming σCD～8mb at 250AMeV

Target 200mg/cm2 Pb
22Si+Pb→20Mg+2p
coincidence efficiency 
20% (Erel～3MeV, rough)
8 events/day ～ 56 events/week

Target 200mg/cm2 Liq.H2

more than 200events are expected to 
be measured for 1days.

34Ca
3kcps 36Ca from 40pnA 40Ca 
@400AMeV
purity ～20% 
fragmentation cross section: 0.1mb
target 500mg/cm2 9Be
efficiency: 20% (Erel=3～4MeV) 
173events/day～1211 events/week

Efficiency is estimated using 7Be+p 
coincidence efficiency of KaoS at GSI.
Precise efficiency calculation is needed,
using realistic magnetic field, because 
proton detection efficiency strongly depends
on the fringing  field.



Yield estimation for 42Cr, 46Fe
42Cr

0.04cps from 30pnA 84Kr
10 times higher intensity beam is 
avaliable, (p,p’) measurement is 
possible.
σ= 5mb
Target 200mg/cm2 Liq. H2

4 events/day = 30 events/week

46Fe
0.007cps from 30pnA 84Kr
60 times higher intensity beam  is 
avaliable, (p,p’) measurement is 
possible.
σ= 5mb
Target 200mg/cm2 Liq. H2

4 events/day = 30 events/week



Summary
Coulomb dissociation reaction and proton inelastic scattering are powerful too 
to study nuclear astrophysics and nuclear structure.
Coulomb dissociation of 22Si into 20Mg+2p may provide information of Z=14 
subshell closure near the drip line.  Experiment in 2014?
From fragmentation of 36Ca, mass and E(2+) of 34Ca is expected to be 
determined. In 2015?
Proton inelastic scattering experiments of 42Cr and 46Fe can be performed when 
high intensity 84Kr beam intensity is available.  


