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3. REHAXFIRRITTREUNAI~E ?

)| 1. What is dark matter?
| 2. What is dark energy?
|| 3. How were the heavy

elements from iron to

uranium made?
4. Do neutrinos have mass?

5. Where do ultrahigh-energy

particles come from?

6. Is a new theory of light and
matter needed to explain what
happens at very high energies
and temperatures?

7. Are there new states of matter
at ultrahigh temperatures and
densities?

8. Are protons unstable?

9. What is gravity?

10. Are there additional dimensions?

11. How did the universe begin?




82 thasRiai by k2 O TT =R A

H
4 Relative Abundance

of the Chemical Elements
in the Solar System o

10"

I __o—+4Y

10°

|

v KrEaR 5. 5. 8

v FHESNHEEE | &

LW EORETER

v BRIk TR
BT, ol FERRM : R

107

[ WS NN W NN VAN NN U UUUNY W SN S SN N S |

AT6°MIC NUMG%ER N EU%%EI}J%*EFJTE%




Granirt: N S

r—r—r1T P17 T T T 1 1+ ¢ ¢t t T I T T T[T

> LLBRBERIRFIZRILLEG8E o)

10104 -

b SR EZE ORI H
> Z:B_kﬁ iﬁé‘é‘%ﬁl\lﬁ bﬁ:jj
> LI BHFEAFARZTE
F. R FEIRRNL=E

LG e R iy
XY
TR
i, e T
R oot Ly o
B e
Ll
eI
R R
00y

}:IH

B(ZN)A (MeV)

10“2Ill[llil|lilliilli!l
0 20 40 60 80 100 120 140 160 180 200

50 100 150 200 250 Mass number A




Gt o

126_ = 3
< p- ﬁ*ﬁ)  ..

X-HHE&R

L3

S2 \ - |

®.7)

’H{ ﬁ;fnﬁ __ff

¥ 3K (rp)




82 thasRiai 0- IR I RARIZ R

SN1987A, type Il

Supernova Explosion
o

Type | X-ray burst | Nucleosynthsis

Seed Nuclues New nucleus

A& Pﬂ:@@f} oD

Massive Star

o

09/1994

Neutron\ ﬁ Neutrond\

Photon

M. Arnould, Astron. Astrophys. 46 (1976) 117.
H. Schatz, et al., Phys. Rep. 294 (1998) 167.
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p-isotope
contribution Solar abund.  Solar abund. Change

Isotope (%) [14] (2003) [10]  (1989)[9] (%)
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ELSEVIER Physics Reports 384 (2003) 1-84
www.elsevier.com/locate/physrep

The p-process of stellar nucleosynthesis:
astrophysics and nuclear physics status

M. Arnould*, S. Goriely

6.2. The puzzle of the origin of the rare nuclide **La: a nuclear physics solution?

The odd—odd neutron-deficient heavy nuclides '**La and isomeric '*’Ta™ are among the rarest
solar system species (Fig. 3). In spite of its very small abundance ('**La/'*?La ~ 107%), "**La
i1s underproduced in all p-process calculations performed so far (Figs. 31-35). This results from
an unfavorable balance between its main production by '*’La(y,n)'**La and its main destruction by
'3¥La(y,n)"*"La, even in the PPLs that are most favorable to the '**La production (in the Z=Z. M =

o "3%a(y, n)NEE , BMZKELINGS
o 8La(y, n)MEE , HENEEIEER
e 13913, 99.9% ; "8La, 0.1%, ~1*10My
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Parameters of the existing and future LCS yray facilities around the world
after 2000.

ELFE (DESY, Germany) 15~30 2.41~3.52 3~20X 103 107
LEPS (Hyogo, Japan) 8 3.5 1500~2400 2.5 X106
At NewSUBARU 1(1.5) 1.17 17.6 (39.1) 2.5X10°
(Hyogo, Japan)
At Pohang light source 25 0.117 <15 2X108
(Pusan,Korea)
at Spring-8( Hyogo,Japan) 8 0.01 2~10.2 1.3X 103
At NewSUBARU 1-1.5 0.117 1.72,2.72,3.91 5.8 X106
(Hyogo,Japan)
UVSOR-II (Okazaki, Japan) 0.75 1.556 6.6 2.4 106
at TERAS (Ibaraki, Japan) 0.3-0.8 1.17 1-30 2.4X10°
IGS (California, USA) 0.547 (Linac) 2.34 <10.8 ~10%
at JAEA-ERL (Japan) 0.35 (ERL) 1.17 <2.2 1013
atALBA (Barcelona, Spanish) 3.0 0.117,0.1-0.83, 0.5-16,16- 3108
1.17,2.34,3,51,4.68 110,120-530 104-106
SLEGS (Shanghai, China) 3.5 0.117/other 20MeV/0.1- 108/1056

/00MeV
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