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New Stars !

We are in the
middle of
very active
galactic area
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Nuclear Gamma-Rays of 2°Al

Our galaxy  Tw(*AD-0.72My)
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/a Plane

(1 8 MeV y by COMPTEL)

New Observation by Satellites and SUBARU
Observation of isotopic nuclei (2Al) 6



Evolution of the Universe
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nucleosynthesis

2. Production of energy
Neutron stars/ Mechanism of
Black hole stellar evolution
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Solar Abundance

A qualitative view-Suess-Urey Plot
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Group Mass Fraction

1.2H4 0.71
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Li, Be, B 10-8
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Flow-diagram of nucleosynthesis
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Direct and
Indirect
(/Simulating)
Methods

(p,y) reaction
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Nucleosynthesis by A(p,y)B
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Reaction rate and Rate equation

The reaction cross sections can be written using the astrophysical S- factor S,

o(E) =ez’”7 .

The Gamow energy defined by the two factors (MB distr. and penetrability) is

bkT
E; = (7)2/3, b=2mE"’

The reaction rate is the cross sections averaged over the MB dist.,

< oU >= (i)l’2 13/2 J.OOS(E dE .
me - (KT )77 0

If there is a sharp resonance in the region, the cross section can be expressed
by the Breit-Wigner one-level formula,

Fp FJ/ .
(E—Er)2+(rt2°t)2

oc(E)=rk’w
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Thus, the reaction rate can be written as follows:;
2T
<ov >=( )3’2h2(Dy
ukT

B (2J, +1)
(2J ) +1)(2J , +1) T,

The total reaction rate can be

wy

< OL >=< 0V >, + <OV > . +<res—dir >, . +<ov>

int tail -

Using these reaction rates for all the possible flow processes, one can
obtain the rate equation to solve time-dependently,

dn, n, n,
dt T, T

njny Nim
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Old -process star of very metal poor

Seem to have only one-time r-process — First generation star ?
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Hot pp-
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Low-Energy In-Flight RIB Separator
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1. Moderate Beam Energy Resolution R“Een3|ty

2. Easy Handling (Need no expert)
3. Reasonable intensity
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CNS Facilities
iIn RIKEN

Ring Cyclotron

Parallel computers
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CRIB

Wien filter F2: Achromatic focal plane

Aoageal - .
_ CB e S i e G Dispersive
focal plane

Produch n
target (FO)



Test result of Low-Energy
RIB Productions

Used the (p,n) & (*He,n) reactions in inverse kKinematics.

Measured at F2.

RI beam Primary beam Reaction Cross Target Collectio Intensity Purity with
sectio n degrader
n efficiency
C B(4+) 7.8 AMeV  p(*°B,*°C)n 2mb  CH,gas 30 % (1.6x10° aps) 90 %
6.1 A MeV (200 pnA) 1.3 mg/cm?
10 UN(6+) 8.4AMeV  p(**N,4O)n 8mb  CH,gas 50 % (1.7x106 aps) 80 %
6.7 A MeV (500 pnA) 1.3 mg/cm?
2N B(4+) 7.8 AMeV  3>He(**B,”N)n 5mb  °Hegas 1% 2.5x10° aps 3%
3.9 A MeV 200 pnA 0.25 mg/cm?
1c B(4+) 7.8 AMeV  3He(B,2N")n ~20  3Hegas ~2% 1.6x10* aps 15 %
3.4 A MeV 200 pnA  N* - HC+p mb  0.25 mg/cm?
17N, 2Mg > 10% aps, ~ 10%. 22Mg, 2°Al, 26Si.
* (); Actual production tests of 1°C & 14O were performed at lower intensities. ’

* Cross-section values are taken from other exp. results.



Stellar reaction of 11C(p,y)**N

Gamow

window

T > several x 108 K /
/ 11C+p

118

12N
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Elastic Resonant Scattering of
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Novae

Cygnus 1992 10Ky

May 1993 January 1994

(Hubble)



Novae, the problems

White Dwarf E%é? Sequence

accretion

Reactlo_n_processes IN the explo_3|on New elements
— Ignition temperature, densit ?
are observed !

[C, 0, (Ne, Mg) ] ——=(Si, S, (Ar), .
(p,y)"B™
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H-burning At which T ?
How ?

eactlons of
unstable
nuclel
-
o
c Hgt CliNU
cle
= g Unstable
S 1 nuclei
o
= B Statlng
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1YNe(p,y)*°Na stellar reaction
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High-resolution magnetic spectrograph (PA)
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Ignition temperature
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Early rp-process
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Measurement of 2'Na
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stellar reaction \\ fe S )

Targnt __.n .

i Charge Slit
: Box

...gn.t.,,é

Quads

AGON {3 I' s

uclear reactions

Direct
Measurement |,

Final Focus

Electrostatic iy *"-;
Dipole ——_,________- W S




IH(*!Na,y?Mg) Measurement at TRIUMF

822 keV
resonance
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Typical temperature and density
for nucleosynthesis

Temperature Density
Sun 1.5x107 K 102 g/cm?3
Novae 2~4x108 1034

Supernovae 1~2x10° 1056
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Supernova

February 1987, Large Magallanic Cloud
Before After




Nucleosynthesis in Supernova
- prediction -

Gravitational
collapse
Massive stars

Nuclear
Explosion
Small stars
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Flow of the r-process
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RIKEN Accelerator Research Facility
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Rl beam intensities predicted at RIBF

Proton number

RI Beam Intensity at the Rl Beams Factory =
H
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Age of the Universe

e Method with Cosmo-chronometers (with very long T,,, nuclei)

232 T, 14.5 billion years

Y T Need to understrand
2
53 T,, 4.47 billion years the production

%8 1 104 W mechanism
Produced - Current 9uant|ty
cf. T = 4.7 billion years

® Hubble’s Law Hubble constant
Then,

If 70Km/sec/Mpc 14 billion years

® Age of Halo stars

Age of the universe  Age of the Halo stars s



Nuclear Astrophysics Is a fun !
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