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Cluster Nucleosynthesis Diagram (CND)
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Magic Number and Slow- & Rapid Neutron-
Capture Processes
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Li Abundance vs
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Simple Galactic Chemical Evolution (GCE) Model

http://www.kabegamilink.com/act/0704/03242.html HaIO_GaS (MG) and Stars (Mtot _MG)

- Z, = Mass Fraction of Nucleus-i
- y; = Stellar Production Yield

- W= Star Formation Rate

- @ = Galactic Cosmic Ray

- ¢ ¥ = Galactic Wind
- R = Returned Fraction R =} R, Z,
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Local — Global Model
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Three-ASSUMPTIONS in simple GCE Model

(1) Instantaneous Recycling & Homogeneous Mixing

SNe evolve rapidly in 108—107y which is much
shorter than the time scale of Cosmic and Galactic
chemical evolution 10° — 101%y.

(2) Star formation rate (SFR=¥) oc (Gas-Mass=Mg)"

n=1: Tinsley’s law for the halo stars
n=2; Schmidt’s law for the disc stars

(3) Cosmic Ray=@ o< SFR=Y¥
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Observable Measure.
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Something
in the air

COSMIC RAYS

fter the discovery of
radioactivity, physicists
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found a new penetrating
radiation, this time coming from
outer space. They called it cosmic
rays, and in the 1920s it set the
stage for the next surprise,
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LiBeB-Production in Spallation or Fusion Reactions

+ 67| j 9Be 10.11B
Example: O+H — Be H,He + C,N,0 — ®>'L1°Be,
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Eicﬂoﬁon Functions for Alpha on Carbon
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GALACTIC COSHIC-RAY FROFAGATION
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4.5.2. Energy Loss Mechanisms for High Energy Particles

4.5.2.1. Charged Particle Energy Loss by Ionization

When a charged particle passes through matter, it loses energy by exciting and
ionizing atoms. The loss in the energy, E, of a particle of charge, eZ, is given by
(BETHE, 1930, 1932; BLOCH, 1933)

2 .4 2 ZW
_dE_2nZ__§£[ln(2mv 7 m)_2ﬁ2+fj|

dx  mv I?

(4-407)

~2.54x107 " Z>N|/2/(; = 1) [In(y—1)+11.8] eV cm ™!

for atomic hydrogen and y <1
M
254 x10"19Z:N [3 Iny+In (E) + 19.5] eVem™!

for atomic hydrogen and y5 M/m,

where dx is an element of unit length in the direction of particle motion, m is
the electron mass, M is the mass of the incident particle whose velocity is v, the
B=v/c, the y=(1—p*)"Y*=E/(M c?), the number density of electrons in the
material is N, the ionization potential is I, and the maximum energy transfer,
W, is given by Eq.(4-362). The density effect term, f, was first suggested by
FErMI (1939, 1940), and is tabulated together with other constants in Eq. (4-407)
by STERNHEIMER (1956) and Havakawa (1969). Ionization potentials were given
in Table 34.

For a completely ionized gas and an ultrarelativistic incident particle, we have
(GINZBURG, 1969) 12
S=In(1-p%*+In (—)+ 1, (4-408)

2.2
oy
where the plasma frequency, w,, is given by
wp=(4?tezNe,/m)”2 ,

and N, is the free electron density. For the case of an ionized gas and an ultra-
relativistic incident particle, Eq. (4-407) becomes

dE

-, ¥ 254X 107'°Z>N, [ln (Pﬂ;) —InN + 74.1] eVem™ !, (4-409)
X mc

where W, =E if y»(M/m) and W, =2E*/(mc?) for 1<y <(M/m).
For the special case of an electron incident upon neutral atoms,

_dE _2ne*N 0 mv2y? W, +9 B s
dx — my? r 8 ‘ (4-410)

~2.54 x10" "’ N[3Iny+20.2] eVem™" for hydrogen and y<1.

When ultrarelativistic electrons are incident upon a fully ionized gas,

dE
- ®254x107 N [Iny~InN,+734]eVem ™" (4-411)

Bethe's formula
of ionization energy loss

Electron energy losses by ionization and other processes are illustrated in Fig. 28
for the Galaxy and the intergalactic medium.
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Fig. 28. Electron energy loss rates in the Galaxy and the intergalactic medium by synchrotron
emission (S), cosmic expansion (E), leakage out of the halo (L), bremsstrahlung emission (B), Compton
scattering (C), and ionization (I), (after BURBIDGE, 1966, by permission of Academic Press, Inc.).
Here y=E/mc® where E is the total energy of the electron. All energy loss rates are given in Sect. 4.5
except for the leakage loss rate dy/dt=ylc/R?, and the expansion loss rate dy/dt=yH,. Here the
radius of the galactic halo is Ra: 5 x 10*? cm, the mean free path for Brownian motion of interstellar
gas clouds is /~1 kiloparsec =3 x 10?' cm, and the Hubble constant gives an age of Hy '~ 107 sec
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Li Abundance vs. Neutrino Process

Ryan, Kajino, Beers, Suzuki, Romano,
Matteucci & Rosolankova 2001, ApJ 549, 55.

re—— T [ T ’_1:%_

@-PROCESS Ok

3 : ; ‘:.H;;L _‘ ‘%
Higher-Primolrdial, DEPLEYED !? CoR o+ STARS AR

/i

(- F

IIIIIIﬁs".llllIIIIIIIIII!IIIII EEEEEEEER

SN R 3 |

A(Li)

s ‘
-~ v o 1)
) i D M T A

4;.4*‘!#\.0 Plnest ’.__m'; o -

2 B “v'-‘-nm.

Compilation (RB
RKBSRMRO1

RNB99,NBROO
LHE91,NLPS99
RMB88,SSCHD
BT86

P 1

-4 -3 -2 -1 0 [Fe/H]
Primordial ’Li is NOT affected by the SN v-PROCESS !

= x b & ® O

l]llf[‘l

Primordial “Li is still PROBLEMATIC |



METALLICITY DISTRIBUTION oatA [ 1) Hastiiek (1778>

I T T I -0 3.1 -1 [T |
% | | e
1 o
0 | =
- B |
3 b i -
0 - : =
Gt =4 . -
o :
- | —_—
o 1
e
i
O R s o ’ «
- )
ol I AT S l Ly MO WL I o &
4 x -2 i






INHOMOGENEOUS BIG-BANG NUCLEOSYNTHESIS

Kajino and Boyd, ApJ 359 (1990) 267; Orito, Kajino, Boyd & Mathews, ApJ 488 (1997) 515.
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We SUBARU-HDS group discovered an oldest Pop. Il Star

In the Milky Way !

[Fe/H] =-5.4!1 €= 1/250,000 x Solar-Fe

Frebel, Aoki, et al. + Kajino, Nature 434 (2005), 871,
Aoki et al. + Kajino, Astrophys. J. (2006) 28
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