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● Collectivity: B(E2)↑

● Shell gaps: E(2+1 ), B(E2)↑

● Shapes: E(4+1 )/E(2+1 )

● Level structures: Ex, Jπ
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● December 2008, Dayone, 32Ne

● December 2009, Test with 238U

● December 2010 48Ca

✦ S. Takeuchi et al., 38,40,42Si
✦ H. Scheit et al., 36,38Mg

✦ D. Bazin et al., 33Mg

✦ P. Fallon et al., 40Mg test

● November/December 2011, 238U

✦ K. Yoneda et al., 78Ni
✦ N. Aoi et al., Around 132Sn

● July 2012, 124Xe and 70Zn

✦ A. Obertelli, P. Doornenbal et al., 10xSn
✦ D. Steppenbeck et al., 54Ca

● May 2013, 238U

✦ G. de Angelis et al., 73–75Ni
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ZeroDegree Spectrometer
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2nd BigRIPS stage

0◦ Spectrometer ZeroDegree
● Particle ID after secondary target
● Fragment momentum distribution
● Various modes of operation

mode p/∆p ∆p Ang. Accep.

Large Accep. 1240 ±3% ±45 mrad(H) ±30 mrad(V)
High res.(achrom) 2120 ±3% ±20 mrad(H) ±30 mrad(V)
Dispersive 4130 ±2% ±20 mrad(H) ±30 mrad(V)

secondary target

∼ 3 m between Q-poles

● DALI2 array, 186
NaI(Tl)

● GRAPE HPGe array
● Ebeam ∼ 100− 250

MeV/u
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● 2 double PPACs in front of reaction target

● 1 double PPAC behind reaction target

● Secondary beam spot size ≈ 5 mm (σ)

● Scattering angle reconstruction ≈ 5 mrad (σ)

● Open Beam pipe to change reaction target

● Target diameters 30–40 mm

● Target thicknesses of several g/cm2
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● Forward-wall configuration

● 186 NaI(Tl) detectors

● ϑ coverage 11◦ to 165◦

● 7 % intrinsic resolution at 1 MeV

● ∆E/E ≈10(11) % at 100(250) MeV/u

● ≈ 20% FEP efficiency at 1 MeV

● Simplified target holder and beam pipe

● 1mm Pb (+1mm Sn) shielding

S. Takeuchi et al., RIKEN Pr. Rep. 36, 148 (2003)
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● target electrons scattering off heavy projectile

● maximum electron energy:

Ee−
max =

1

500
E/A (β → 2β, m →

1

2000
m)

● Components of radiation

✦ Radiative electron capture (Capture of target e− into bound states of the projectile)

σ ∝ Z2
pZt W (θ) in proj. frame

✦ Primary bremsstrahlung (Capture of target e− into continuum states of the projectile)

σ ∝ Z2
pZt W (θ) in proj. frame

✦ Secondary (electron) bremsstrahlung (SEB)
(Stopping of high energy electrons in the target)

σ ∝ Z2
pZ

2
t isotropic in lab. frame

● Most important for high-Z targets



Atomic Background Comparison to
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PD, H. Scheit et al., Phys. Rev. Lett. 103, 032501 (2009)
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PD, H. Scheit et al., Phys. Rev. Lett. 103, 032501 (2009)

A. Gade et al., PRL 99, 072502 (2007)
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Neutron-rich Si Isotopes
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42Si With High Statistics
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γ − γ Coincidences
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The 4+ State of 42Si
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Well Deformed 42Si
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S. Takeuchi et al., Phys. Rev. Lett. 109, 182501 (2012)
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E(2+1 ) and B(E2)↑ Values of Cr,

Ti, and Ca Isotopes
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In-Beam γ-Ray Spectra of 53,54Ca
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●
70Zn, 60 pnA primary beam

● Be(55Sc,54Ca*), Be(56Ti,54Ca*)
● F8 target: 9Be, 1.85 g/cm2

● 124 pps/pnA 56Ti
● 12 pps/pnA 55Sc
● 40 hours data taking
● E(2+1 ) at 2043(19) keV in 54Ca
● Additional new γ-rays

53Ca: 2200(1) keV level observed, F. Perrot et al., PRC 74, 014313 (2006)



Comparison to Shell-Model Calculations
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Proton-rich Sn nuclei
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B(E2)↑ Systematics in the Tin Isotopes
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● Shell model calculations:

✦ SM 100Sn-core (M. Hjorth-Jensen et al.):
ν(d5/2g7/2d3/2s1/2h11/2); eν = 1.0e

✦ SM 90Zr-core (F. Nowacki et al.):
ν(d5/2g7/2d3/2s1/2h11/2); eν = 0.5e

π(g9/2g7/2d5/2d3/2s1/2); eπ = 1.5e
up to 4p4h-excitations across the Z = 50
shell

● Observations:

✦ gap stays constant between A = 126 and
116

✦ Below A = 116 gap reduces by 600 keV be-
fore increasing toward the double shell clo-
sure at N = 50
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Coulomb Excitation of 104,112Sn
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●
124Xe, 6 pnA primary beam

● Pb(104Sn,104Sn*), Pb(112Sn,112Sn*)

● F8 target: nat.Pb, 0.557 g/cm2

● 150, 170 MeV/u in front of F8 target

● 600 pps 112Sn @F11

● 168 pps 104Sn @F11

● 5;17 hours data taking

● Rates including F8 PPAC efficien-
cies and

● Only fully stripped ions
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● Scattering angle reconstruction

resolution ≈ 5 mrad
● Angular straggling 6–8 mrad
● Grazing angle 25–30 mrad
● Integration over all scattering an-

gles
● Nuclear contributions determined

from runs on carbon targets and

DWEIKO calculations
● B(E2)↑ from absolute cross-

sections σ
2
+

1

= σn + σc + σf

● Folded with ZeroDegree transmis-
sion
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LSSMa: 100Sn core, eν = 1.0e, A. Banu et al., PRC 72, 061305(R) (2005)

LSSMb: 90Zr core, eν = 0.5e, eπ = 1.5e, A. Banu et al., PRC 72, 061305(R) (2005)

LSSMc: 80Zr core, eν = 0.5e, eπ = 1.5e, G. Guastalla et al., PRL 110, 172501 (2013)

LSSMd: 90Sn core, isospin dependent eν , T. Bäck et al., PRC 87, 031306(R) (2013)



MINOS: MagIc Numbers
Off Stability
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MINOS: Coupling of a Liquid

Hydrogen Target with a TPC
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● Developed at the CEA Saclay (Project Manager: A. Obertelli)

● Up to 1 g/cm2 liquid hydrogen

● Goal: 3 mm resolution (FWHM), 80 % efficiency

● Experiments from FY 2014

● Surrounded by DALI2
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SUNFLOWER: Spectroscopy of Unstable Nuclei with Fast and

sLOW beam Experiments at the RIBF
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● The SUNFLOWER collaboration was launched in 2012 to enhance

activities of the in-beam γ-ray spectroscopy at RI Beam Factory

(RIBF)

● SUNFLOWER stands for “Spectroscopy of Unstable Nuclei with Fast

and sLOW beam Experiments at the RIBF”

● and is a framework to coordinate researchers in the field of nuclear

structure studies of unstable nuclei using fast and decelerated RI

beams at RIBF by means of g-ray measurements

● See http://www.nishina.riken.jp/collaboration/SUNFLOWER

and register
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● DALI2 is present workhorse for in-beam γ-ray

spectroscopy at the RIBF

● Experimental data obtained so far very promising for all

performed experiments

● MINOS was delivered to RIKEN in June 2013

✦ Tests at RIKEN (w/o beam) and HIMAC (w/ beam,

TPC only) this calendar year

✦ Experiments from FY 2014
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