ASTRAL
PROJECTIONS

September 2004

Reports Needed for the Newsletter: We had some
exciting meetings, but no reports from anyone. If anyone
is interested in improving the newsletters, let us know!

August Meeting Review: There was no August

meeting.

September Meeting: ASTRA members will be seeing
“Destination Earth”. The new in house production of The
Novins Planetarium. The show starts at 8PM SHARP.
Arrive 15 minutes early and go to Room P-109. We will
be admitted after the general public. Free admission for
ASTRA members only to this show.

Randy Walton will be showing his Solar Scope from
www.solarscope.com, and Helio Pod from
www.dynapod.com before or after the planetarium show.
He will try to put a group purchase together with STAR
Astronomy members, to be placed Sept.27to get them in
time for the Oct. meeting.

We will be collecting for a group purchase of the
Observer's Handbook, and the Observer's Calendar.

Perseid Picnic Review: John & Pam Endreson did a
wonderful job hosting the picnic. There was plenty of
food and drink, and everyone had a great time. Go to
http://astra-nj.org/gallery.html and click on the link for
pictures from the picnic.

STAR Astronomy is having a public star party on
Sept. 17, at Allaire State Park in Howell. They plan
to have some talks outside before dark, then the
observing.

For Sale: For Sale: 50% off new Meade Series 4000
Eyepieces: 4-element Super Plossls; 52 deg. apparent
field; parafocal; 6.4 mm, 9.7 mm, 12.4 mm, each $40.
Contact Randy Walton at the meeting or at (732) 458-
3465.

Star Party Dates: Potential star party dates are listed
below. Activities will begin around sunset (see times
listed). All sessions are at Coyle Field except as noted.
Coyle Field is not an "Official" club sponsored site, as
the insurance provided by the College does not cover
Coyle Field; come at your own risk. These parties are
arranged privately. See our message board.

Date
Sept1l Sat

Sept 18 Sat

Moon Phase
3 day before NM
4 day after NM

Sunset Special Event
7:15 PM EST
7:03 PM EST



How old is the Milky Way?

EUROPEAN SOUTHERN OBSERVATORY NEWS RELEASE
Posted: August 17, 2004

Observations by an international team of astronomers with the UVES spectrometer on ESO's Very Large
Telescope at the Paranal Observatory have thrown new light on the earliest epoch of the Milky Way galaxy.

This ESO image shows the globular cluster NGC 6397, located at a distance of
approx. 7,200 light-years in the southern constellation Ara. It has undergone a
"core collapse" and the central area is very dense. Credit: ESO

The first-ever measurement of the Beryllium content in two stars in a globular cluster (NGC 6397) - pushing
current astronomical technology towards the limit - has made it possible to study the early phase between the
formation of the first generation of stars in the Milky Way and that of this stellar cluster. This time interval was
found to amount to 200 - 300 million years.

The age of the stars in NGC 6397, as determined by means of stellar evolution models, is 13,400 +/- 800 million
years. Adding the two time intervals gives the age of the Milky Way, 13,600 +/- 800 million years.

The currently best estimate of the age of the Universe, as deduced, e.g., from measurements of the Cosmic
Microwave Background, is 13,700 million years. The new observations thus indicate that the first generation of
stars in the Milky Way galaxy formed soon after the end of the ~200 million-year long "Dark Ages" that
succeeded the Big Bang.

The age of the Milky Way

How old is the Milky Way ? When did the first stars in our galaxy ignite ?

A proper understanding of the formation and evolution of the Milky Way system is crucial for our knowledge of



the Universe. Nevertheless, the related observations are among the most difficult ones, even with the most
powerful telescopes available, as they involve a detailed study of old, remote and mostly faint celestial objects.

Globular clusters and the ages of stars

Modern astrophysics is capable of measuring the ages of certain stars, that is the time elapsed since they were
formed by condensation in huge interstellar clouds of gas and dust. Some stars are very "young™ in astronomical
terms, just a few million years old like those in the nearby Orion Nebula. The Sun and its planetary system was
formed about 4,560 million years ago, but many other stars formed much earlier. Some of the oldest stars in the
Milky Way are found in large stellar clusters, in particular in "globular clusters™, so called because of their
spheroidal shape.

Stars belonging to a globular cluster were born together, from the same cloud and at the same time. Since stars of
different masses evolve at different rates, it is possible to measure the age of globular clusters with a reasonably
good accuracy. The oldest ones are found to be more than 13,000 million years old.

Still, those cluster stars were not the first stars to be formed in the Milky Way. We know this, because they
contain small amounts of certain chemical elements which must have been synthesized in an earlier generation of
massive stars that exploded as supernovae after a short and energetic life. The processed material was deposited in
the clouds from which the next generations of stars were made.

Despite intensive searches, it has until now not been possible to find less massive stars of this first generation that
might still be shining today. Hence, we do not know when these first stars were formed. For the time being, we
can only say that the Milky Way must be older than the oldest globular cluster stars.

But how much older?
Beryllium to the rescue

What astrophysicists would like to have is therefore a method to measure the time interval between the formation
of the first stars in the Milky Way (of which many quickly became supernovae) and the moment when the stars in
a globular cluster of known age were formed. The sum of this time interval and the age of those stars would then
be the age of the Milky Way.

New observations with the VLT at ESO's Paranal Observatory have now produced a break-through in this
direction. The magic element is "Beryllium"!

Beryllium is one of the lightest elements - the nucleus of the most common and stable isotope (Beryllium-9)
consists of four protons and five neutrons. Only hydrogen, helium and lithium are lighter. But while those three
were produced during the Big Bang, and while most of the heavier elements were produced later in the interior of
stars, Beryllium-9 can only be produced by "cosmic spallation”. That is, by fragmentation of fast-moving heavier
nuclei - originating in the mentioned supernovae explosions and referred to as energetic "galactic cosmic rays" -
when they collide with light nuclei (mostly protons and alpha particles, i.e. hydrogen and helium nuclei) in the
interstellar medium.

Galactic cosmic rays and the Beryllium clock
The galactic cosmic rays travelled all over the early Milky Way, guided by the cosmic magnetic field. The
resulting production of Beryllium was quite uniform within the galaxy. The amount of Beryllium increased with

time and this is why it might act as a "cosmic clock™.

The longer the time that passed between the formation of the first stars (or, more correctly, their quick demise in
supernovae explosions) and the formation of the globular cluster stars, the higher was the Beryllium content in the



interstellar medium from which they were formed. Thus, assuming that this Beryllium is preserved in the stellar
atmosphere, the more Beryllium is found in such a star, the longer is the time interval between the formation of
the first stars and of this star.

The Beryllium may therefore provide us with unique and crucial information about the duration of the early stages
of the Milky Way.

A very difficult observation

So far, so good. The theoretical foundations for this dating method were developed during the past three decades
and all what is needed is then to measure the Beryllium content in some globular cluster stars.

But this is not as simple as it sounds! The main problem is that Beryllium is destroyed at temperatures above a
few million degrees. When a star evolves towards the luminous giant phase, violent motion (convection) sets in,
the gas in the upper stellar atmosphere gets into contact with the hot interior gas in which all Beryllium has been
destroyed and the initial Beryllium content in the stellar atmosphere is thus significantly diluted. To use the
Beryllium clock, it is therefore necessary to measure the content of this element in less massive, less evolved stars
in the globular cluster. And these so-called "turn-off (TO) stars"” are intrinsically faint.

In fact, the technical problem to overcome is three-fold: First, all globular clusters are quite far away and as the
stars to be measured are intrinsically faint, they appear quite faint in the sky. Even in NGC6397, the second
closest globular cluster, the TO stars have a visual magnitude of ~16, or 10000 times fainter than the faintest star
visible to the unaided eye. Secondly, there are only two Beryllium signatures (spectral lines) visible in the stellar
spectrum and as these old stars do contain comparatively little Beryllium, those lines are very weak, especially
when compared to neighbouring spectral lines from other elements. And third, the two Beryllium lines are
situated in a little explored spectral region at wavelength 313 nm, i.e., in the ultraviolet part of the spectrum that is
strongly affected by absorption in the terrestrial atmosphere near the cut-off at 300 nm, below which observations
from the ground are no longer possible.

It is thus no wonder that such observations had never been made before, the technical difficulties were simply
unsurmountable.

VLT and UVES do the job

Using the high-performance UVES spectrometer on the 8.2-m Kuyen telescope of ESO's Very Large Telescope at
the Paranal Observatory (Chile) which is particularly sensitive to ultraviolet light, a team of ESO and Italian
astronomers succeeded in obtaining the first reliable measurements of the Beryllium content in two TO-stars
(denoted "A0228" and "A2111") in the globular cluster NGC 6397. Located at a distance of about 7,200 light-
years in the direction of a rich stellar field in the southern constellation Ara, it is one of the two nearest stellar
clusters of this type; the other is Messier 4.

The observations were done during several nights in the course of 2003. Totalling more than 10 hours of exposure
on each of the 16th-magnitude stars, they pushed the VLT and UVES towards the technical limit. Reflecting on
the technological progress, the leader of the team, ESO-astronomer Luca Pasquini, is elated: "Just a few years
ago, any observation like this would have been impossible and just remained an astronomer's dream!"

The resulting spectra of the faint stars show the weak signatures of Beryllium ions (Be Il). Comparing the
observed spectrum with a series of synthetic spectra with different Beryllium content (in astrophysics:
"abundance") allowed the astronomers to find the best fit and thus to measure the very small amount of Beryllium
in these stars: for each Beryllium atom there are about 2,224,000,000,000 hydrogen atoms.

Beryllium lines are also seen in another star of the same type as these stars, HD 218052. However, it is not a
member of a cluster and its age is by far not as well known as that of the cluster stars. Its Beryllium content is



quite similar to that of the cluster stars, indicating that this field star was born at about the same time as the
cluster.

From the Big Bang until now

According to the best current spallation theories, the measured amount of Beryllium must have accumulated in the
course of 200 - 300 million years. Italian astronomer Daniele Galli, another member of the team, does the
calculation: "So now we know that the age of the Milky Way is this much more than the age of that globular
cluster - our galaxy must therefore be 13,600 +- 800 million years old. This is the first time we have obtained an
independent determination of this fundamental value!".

Within the given uncertainties, this number also fits very well with the current estimate of the age of the Universe,
13,700 million years, that is the time elapsed since the Big Bang. It thus appears that the first generation of stars ir
the Milky Way galaxy was formed at about the time the "Dark Ages" ended, now believed to be some 200 million
years after the Big Bang.

It would seem that the system in which we live may indeed be one of the "founding"” members of the galaxy
population in the Universe.

September Celestial Events: supplied by J. Randolph Walton (Randy)

Day Date | Time (EDT) | Event
Wed 1 02:40 Saturn Rises
02:45 Venus Rises
05:00 Venus 2.0 deg. S of Saturn
05:30 Mercury Rises
06:28 Sunrise
09:07 Moon Set
19:31 Sunset
20:15 Jupiter Sets
Mon 6 11:11 Last Quarter Moon
14:30 Moon Set
Thu 9 05:05 Mercury best morning view (18 deg W)
Fri 10 06:00 Mercury 0.2 deg below Regulus
06:37 Sunrise
Mon 13 02:00 Saturn Rises
03:00 Venus Rises
05:15 Mercury Rises
Zodiacal Light in E before morning
Twilight for next two weeks
Tue 14 10:29 New Moon
19:10 Sunset
19:29 Moon Set
Tue 21 11:54 First Quarter Moon
23:35 Moon Set
Wed 22 01:30 Saturn Rises
02:15 Venus Rises
05:45 Mercury Rises
12:30 Fall Equinox
19:00 Jupiter Sets
Tue 28 01:05 Saturn Rises
03:25 Venus Rises
06:20 Mercury Rises
06:25 Jupiter Rises
06:35 Mars Rises
06:54 Sunrise
09:09 Full Moon
18:46 Sunset
19:04 Moon Rise
Thu 30 18:44 Sunset

19:51 Moon Rise




Astronomy Courses: Planetarium staff offers a number of mini-courses on astronomy. Call the OCC Department
of Continuing and Professional Education, 732/255-0404, for information or to register.

Newsletter Deadline: Material for ASTRAL Projections must be received 21 days before the next meeting. E-mail
to newsletter@astra-nj.org or mail to: Paul Gitto 1200 Coolidge Ave. Whiting NJ 08759.

Planetarium office: 732/255-0343 weekdays 9 AM - 4 PM. Hot line: 732/255-0342. Touch 5 for ASTRA.

Visit our Web page at http://astra-nj.org Visit the Planetarium page at http://ocean.edu/planet.htm

Executive Board: President - John Endreson; Vice President-Secretary - Paul Gitto; Treasurer - Ro Spedaliere;
Webmaster - Paul Gitto; Newsletter Editors — Paul Gitto — John Endreson
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