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Density Distribution and E(i‘%;

The saturation density of nuclear matter is reflected to the
density of nucleus.

-> Saturation density of nuclear matter can be determined from density
distributions.

-> EOS of asymmetric matter can be studied from density distribution of
neutron rich nuclei.
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Ditference of EOS between models " 9
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Saturation density behaves differently between two typical models. (Skyrme
and Relativistic Mean Field)

Two typical equation-of-states——T—
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The central density gives a guidance to the correct equation of state
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Measurement to be done Q“‘

* Differential cross section of elastic scattering

Diffraction Pattern
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Proton elastic scattering of unstable&‘ﬁggslei".‘;/

Mass

A=3 10 50

100

B

10 MeV/u

Energy

100 MeV/u

1 GeV/u

v

8He at GANIL ~15 MeV/u

68He at Dubna ~25 MeV/u

6,8He’ 10,11Be,10,11C, 18,20,220’ 30,32,38,408, 34,40,4244 \ ¢

at GANIL ~40 MeV/u

3H, 68He, 911Lj, 1214Be
at RIKEN ~70 MeV/u

%6Ni at GSI ~100 MeV/u

6.8He, 689,11| |
at GS| ~700 MeV/u

already published
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Proton elastic scattering of unstable&‘,%l‘a-@leri",‘, |

Mass

A=3 10 50

e

100

10 MeV/u

Energy

100 MeV/u

1 GeV/u

v

8He at GANIL ~15 MeV/u

68He at Dubna ~25 MeV/u

68He, 10.11Bg 10.11C 1820,22() 30,32,38405 34404244 r

at GANIL ~40 MeV/u

3H, 68He, 911Lj, 1214Be
at RIKEN ~70 MeV/u

%6Ni at GSI ~100 MeV/u

9,10,11C* 18,200*
)

at HIMAC[,RIKEN] ~300 MeV/u

68He, 689,11 | 8B" 12.14Bg"
at GSI ~700 MeV/u

already published
*: to be published
=1L
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Proton elastic scattering of unstable&‘ﬁﬁfgslefi

Mass
A=3 10 50 100
>
10 MeV/u 8He at GANIL ~15 MeV/u
68He at Dubna ~25 MeV/u
>
O 68Hg, 10.11Bg, 10.11C, 18.20.22() 30,32,3840G 34,404244 A1
O at GANIL ~40 MeV/u
c
LLI 3H’ 6,8He’ 9,11|_i’ 12,14Be
at RIKEN ~70 MeV/u
100 MeV/u 56Nj at GSI ~100 MeV/u
910.11C* 182000 No Experiment in this region
at HIMACI[,RIKEN] ~300 MeV/u => to GSI( RlKEN IMP)
J )
6.8Hg, 689,11 j 88" 12.14Bg"
at GSI ~700 MeV/u _
1 GeV/u already published
*: to be published
v
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Experimental pnnmple&g !?

e Missing mass spectroscopy using inverse kinematics

SH(AHI, p) : Full tracking of incident beam on target [x, y, 8, ¢, p]
. Position and energy of recoil particle on detector[x, v, p]

CZ Proton-recoil
Hl-beam % %
%\) OO ‘ OO HI-scattering
O O

(Solid-)Hydrogen-target
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Experiment
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FRagment Separator FR§ ‘? P

o 9

Be Production Target
<A

1st Degrader
F
\\ 2nd Degrader + Momentum
Wracking
+ 2ndary H Target
F4

--Beam Parameter--

86Kr 500 MeV/u ~2x101% /spill @TA
[°®Ni 320 MeV/u 1x108/spill]

=>70Ni 300 MeV/u ~1x103 /spill
66N 300 MeV/u ~2x104 /spill
[58Ni 300 MeV/u 1x106 /spill]

in March-April/2010
=51
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Schematic view of Experimental Setup
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Schematic view of Experimental Setup at'

Degrader

|

Target systemd and Full recoil del8ttord PC
were shipped from Japan
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Solid Hydrogen Target [SH@’JO? ' 3t

a4/
"'z

Merit < Liquid
. ST SIS -High Density
— it SATURATED VAPOR (ex. >+10% Lig.H2)
009 1 *No temp. dependence
,, 2 S Dbt (See left figure)
> SOLID bk *Flat and Thin target is acceptable
E ™ i (down to 1 mm thickness with thin film)
z 2028 K
= Tt=138 o v
= 007 } 3
LIQUID )
Merit & CH,
0.06 Effective quontity w/ low multiple scattering
0 5 10 15 20 25 (ex. ~x10 number of target
T & w/ same multiple scattering)

*Less background even w/ thin poly-films
(S/N[QF from Carbon] > 10)

=> high momentum transfer with moderate resolution
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Expected Angular Distri
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300 MeV/u elastic only

Calculation using the Dirac
global potential concerning
with expected statistics

Differential Cross Section do/dQ, ,, (mb/sr)

10

Scattering Angle 6, ., (deg.)

15

2010/10/14,15

International Symposium on Nuclear Physics in Asia



Analysis
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Particle 1D of Fragment _‘,_
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Further improvement is expected
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Isomer Tagging for Beam PI
and measurement of 1ts

Single Ge crystal
w/ mechanical cooling

A/Q s2-s4

w/ particle identification
and delayed gates [150-3900 nsec]

Isomer contaminations on the hydrogen target
are negligibly small less than 10 %
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Recoil PI for proton

e dE-E method
Plastic + Nal(TI) Strip Si + CsI(TI)

500 1000 1500 2000 2500 3000 3300 4000
dEvs. E
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Kinematics Correlationij‘, B2
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Typical Energy Spectrurq I

Data@RCNP
: 100 keV folding
o b 600 keV folding
i !
eE SH(®®Ni,p) I
- e
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Raw Angular Distributi
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Angular Distribution | by B

58 p1: iSO.p:
SHS( Ni,p )""Ni 60.6 58Ni Down only
a0 F. N\
g C &\Q —&— Exp. Data@GSI
9 | *m &0 .
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102
- Acceptance correlated,
- . i Efficiency and beam normalizations
I R PO | is not included (not absolute values yet)
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- ! . ! i . Reference cross sections (red)
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Only 1stTarget Data[Solid Hydrogen 1 mmt-45° {ilt]
Energy: ~300 MeV/u %:°Ni on SHT
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Summary and Perspective y LS

e Proton elastic scattering experiment of Ni isotopes at 300 MeV/u region was
performed at GSI to the further understanding of the nuclear EOS.

o Clear diffraction patterns of elastic,’®%-°Ni, were observed in angular distributions.
» Final differential cross sections will be presented as soon as possible.
e Next targets in the future;

Light exotic nuclei for study of their specific nuclear structures.

More neutron-rich Ni isotopes [7>74-Ni] at next generation facilities.

Double magic nuclei neutron-rich 32Sn using U fission beam.
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Recently[4/0ct/2010], FAIR have been established.
Modules 0-3 are funded. [up to 2016 for contruction]
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