


















































































3. Monitoring the cleanliness
The number of floating particles is being measured by

particle counters. Fig. 2 shows the time variation of number
density of >0.3 m particles in the clean booth, and Fig. 3
shows that of >0.5 m particles for the period when optical
alignment of Solar-B optical telescope assembly is done
from 6 May to 26 May 2004. From these data, periodic
day-night variation can be read. Sometimes over 1,000 was
recorded, because the air conditions of the clean booth was
turned off to remove the effect of vibration during interfer-
ometer measurement. Some of these peaks corresponds to
the timing when containers were brought from outside. Fig.
4 shows the histogram of 0.5 m particles, and indicates
that for 90% of the time cleanliness class was less than 5.
Even when approximately 10 persons were working in the
clean room, the class was almost less than 10. Fig. 5 shows
the long-term monitoring on the number of 0.3 m parti-
cles. Although the cleanliness factor was sometimes close
to 100,000 for short duration as mentioned previously, it is
usually about 100. (From the end of January to the begin-
ning of February 2004, the particle counter was out of order
so there is no data for the period.)

Figure2: Time variation of the number density (0.3 m particles).

Figure3: Time variation of the number density (0.5 m particles).

Figure4: Histogram of the number density (0.5 m particles).

Figure5: Long-time variation of the number density (0.3 m particles).

Figure6: Heliostat
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Chazy introduced oscillatory solutions of the gravita-

tional three–body problem as a logical consequence in the

classification of final motions. Sitnikov proved the exis-

tence of this type of motion in the three-dimensional

restricted three–body problem with masses m m 01 2!= and

m 03= . The demonstration of this existence was named the

Sitnikov problem.

Sitnikov considered the situation in which two bodies

with equal mass move in elliptic orbits in the x-y plane. The

center of mass is located at the origin. The third body

moves along the z axis. Sitnikov proved that there is a set

of initial conditions whose orbits survive the first ejection

after the first syzygy (the line connecting two primaries)

crossing (that is, the orbits do not escape), there is a subset

of initial conditions whose orbits survive the second ejec-

tion, and so on, and that there are orbits whose ejection dis-

tances grow indefinitely. He proved that there exist initial

conditions such that the distance ( )r t of the third body from

the origin does not grow monotonically although its supre-

mum increases without bound. These conditions are those

of an oscillatory orbit. The Sitnikov problem has been

extended by Alekseev, Easton and McGehee. The existence

of oscillatory orbits in other three-body systems was veri-

fied with the aid of numerical integration. Many references

are in Ref[1].

The orbits of the accelerator mode[2] in the standard

mapping corresponds to escape orbits in three–body prob-

lems. The accelerator mode appears as soon as the last

Kolmogorov–Arnold–Moser curve disintegrates. In the

vicinity of an orbital point of the accelerator mode, there

exist points of non–Birkhoff periodic orbits which, in the

language of the three–body problem, are ejected to various

distances. Therefore we hypothesize the existence of oscil-

latory orbits if orbits of the accelerator mode exist. We

prove that this hypothesis is correct. The detailed proof is

contained in Ref[3].

The standard mapping we consider is defined on a

cylinder:

, ( ),sin mody y a x x x y 2n n n n n n1 1 1= + = + r+ + +

where a is a positive parameter.

Here we show briefly the procedure of our proof. We

take any accelerator mode from the dynamical order rela-

tion obtained in Ref[2]. Next we prove the existence of the

non–Birkhoff type doubly symmetric periodic orbits in the

vicinity of this accelerator mode. These orbits go together

with the  accelerator mode but return back. The initial point

of the oscillartoy orbit is obtained as the accumulation

point of these orbits.

The system containing oscillatory orbits seems to have

the following characteristic property. There is a point z0

such that the orbit starting at this point goes to infinity as  t

goes to infinity; that is, an escape orbit exists. Further there

exists an initial point z 0l in a neighborhood of z0 such that

the orbit starting from z 0l goes far from z 0l but eventually

comes back to z 0l . The initial point of an oscillatory orbit is

located in the vicinity of z0 and z 0l . It is important to make

clear the necessary and sufficient conditions for the exis-

tence of oscillatory orbits. This is a future problem.
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Chemical composition of metal-deficient stars provide
with a unique opportunity to study the nucleosynthesis
processes in the early Galaxy. Analyses of isotope abun-
dances, in addition to elemental abundances, in these stars
are expected to make a significant progress in the under-
standing of details of the processes. As the first step of this
challenge, we have obtained high-resolution (R 105+ )
spectra of several metal-deficient stars with Subaru/HDS,
and made analysis of the Eu II lines, which show relatively
large isotope ( Eu and Eu151 153 ) splittings.
(1)The Eu151 fraction in r-process-enhanced stars is slightly
smaller than 50% (left figure), in agreement with that in
solar system material. The elemental abundance pattern of
heavy nuclei in these stars are well known to agree with
that of the solar-system r-process component, and the
agreement has been confirmed in isotopic level for Eu [1].
(2)The Eu151 fractions in two stars with s-process element-
excesses are 55-60% (left figure)[2]. While more than 90%
of Eu in solar-system material originates from the r-
process, the majority of Eu in these stars is estimated to be
yielded by the s-process from the abundance patterns of
heavy elements. The present analysis derived, for the first
time, an observational constraint on the Eu isotope ratio
produced by the s-process. Since the Eu isotope is signifi-

cantly affected by the branching at Sm151 , the isotope ratio
can be a probe to investigate the temperature and neutron
density in the s-process site. Our model calculation of the
s-process, adopting the recent nuclear reaction rate shows
that the observed Eu isotope ratio can be well explained by
neutron density of 107 9- cm 3- and temperature of
kT 10 30= - keV (right figure). Future progress in the
quality of the observational data and nuclear reaction rates
will enable us to study the condition of the s-process in
evolved intermediate-mass stars (AGB stars), i.e., to esti-
mate the contribution of the process during the thermal
pulse (high temperature and high neutron density) and that
between the pulses (low temperature and low neutron den-
sity). The present study shows that detailed analyses of Eu
isotope ratio will provide a new observational constraint on
the recent complicated s-process and AGB models.
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Figure1: left: A Eu II line of the r-process-enhanced star HD6268 (upper panel) and those of the s-process-enhanced stars LP625-44 and CS31062-050.
Solid lines show synthetic spectra calculated assuming the best-fit Eu isotope ratios, and dotted and dashed lines indicate the ones assuming
10% differences of Eu151 fraction. right: Eu151 fraction as a function of neutron density calculated by the s-process model for 30keV(squares),
20keV(triangles), 15keV(circles), and 10keV(asterisks). The observational result for LP625-44 is shown by the hatched area.
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A New Precession Formula
FUKUSHIMA, Toshio 

(Public Relations Center, NAOJ)

Modifying J. G. Williams' formulation [1], we devel-
oped a new scheme to express the precession and nutation
in an arbitrary inertial frame of reference. It gives the pre-
cession-nutation matrix as the product of four rotation
matrices as

( ) ( ) ( ) ( )NP R R R R1 3 1 3e= - - } { cr r
and the precession one similarly as

( ) ( ) ( ) ( )P R R R R1 3 1 3e= - - } { cr r r r .

Here (1) {r and cr are the angles to specify the location
of the ecliptic pole of date in the given inertial frame, (2) }
and }r are the true and mean ecliptic angles of precession
around the ecliptic pole of date and counted clock-wise
from the direction to the z-axis of the given inertial frame,
respectively, and (3) e and er are the true and mean obliqui-
ties of the ecliptic with respect to the y-x plane of the
given inertial frame, respectively. Note that

,and where ande e e e/ /+ +} } } }D D D Dr r are the
usual nutations in longitude and in obliquity, respectively.

As a result, reference frames referred to the true or
mean equator and equinox of date are explicitly described
in the ICRF by using the newly introduced precession
angles and the usual nutation angles. Although the expres-
sion of nutation matrix is unchanged as

( ) ( ) ( )N R R R1 3 1e e= - - }D r ,

we recommend the usage of the above form of NP instead
of preparing P and N separately because of faster evalua-
tion. The formulation is robust in the sense it avoids a sin-
gularity caused by finite pole offsets near the epoch. Facing
the singularity is inevitable in the pre-2003 IAU formula-
tion.

By using the new formulation, we created a new set of
precession formulas [2]. First, we adopted a numerical
determination of the motion of ecliptic in DE405 [3] to
specify the polynomial expressions of cr and {r in the iner-
tial sense. Next, we selected a recent theory of the forced
nutation of the non-rigid Earth, SF2001, [4], to express }D
and eD in a compact and precise trigonometric series
expansion. Then we converted the true pole offsets
observed by VLBI for 1979-2000 to the offests in the two
precession angles, }r and er . As their first approximation,
we used Ah and Af of Williams (1994). From the converted
offsets, we determined the best-fit polynomial expressions
of the corrections to the approximations as well as the
equinox correction. We judged from a weighted least
square method that linear corrections are sufficient. Thus
we determined the polynomial expressions of }r and er as
well as the equinox correction E to the IAU 1976 formula-
tion. Combining these with the above formulas of planetary
precession, we determined the mean celestial pole offset at
J2000.0 as

( . . )X mas17 12 0 010 !=-r , ( . . )Y mas5 06 0 020 !=-r .

By shifting the base reference frame from the ICRF to
the mean equator and equinox at J2000.0, we derived the
best-fit polynomials of the classic precession quantities,
sin sinA Ar P , sin cosA Ar P , Ar , AP , pA, A} , A~ , A| , Ae ,

Ag , zA, and Ai . They are provided in Table 1 of Fukushima
(2003) as well as all the existing formulas given in the liter-
ature.

As a by-product, we estimated the speed of general pre-
cession in longitude at J2000.0 as

p = (5028.7955 ! 0.0003)˝ /Julian century,

the mean obliquity at J2000.0 in the inertial sense as

( 0e )I = (84381.40621 ! 0.00001)˝,
and that in the rotational sense as

( 0e )R = (84381.40955 ! 0.00001)˝.
Also, by adopting a best estimate of the theoretical value of
the geodesic precession,

pg = (1.9196 ! 0.0003) /̋Julian century,

we determined the dynamical flattening of the Earth from
the precession constant as

H d = (3.2737804 ! 0.0000003) 10 3# - .

From the classic polynomial expressions derived in the
above, we evaluated the effect of the sense in defining the
ecliptic. The resulting polynomial forms of the new preces-
sion angles in both the rotational and inertial senses are, as
well as the derived classic precession quantities, summa-
rized in [4]. These constitute a new set of the fundamental
expressions of the precession quantities.

If the concern is the minimization of modification of
the pre-2003 IAU formulation, the readers may use the
updated classic quantities as well as the frame adjustment
at the epoch.

Note that, although we have called }r and er the luni-
solar precession in this article, they are meant to include the
effect of the geodesic precession. In spite of our presenta-
tion of precession quantities in both senses, one should
understand that those in the inertial sense are of primary
nature and the expressions in the rotational one were
derived from them.
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