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One can speculate that if the radio astronomers had not
‘stolen his thunder’ then Morgan might even have won =
the Nobel Prize for his discovery. If he had, would it
have resolved his struggle for self-esteem? Instead he
continued, through a long and accomplished career, to ' ¥/
grapple with the classification of galaxies and with the
alternating creative phases of elation and let-down.
His was the condition of many of those with creative BRLJR R
temperaments, “... the greatness and misery of man

...” as Pascal put it. Near the end of his life, Morgan
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ASTRONOMY

Triangulating the Galaxy

James J. Binney

stronomers can make
physical sense of the
heavens only if they

know the distances to objects,
so any advance in distance
measurement is important. On,
page 54 of this issue, X
(1) report obseryags

fifcment, the authors have
Mso shown that this object is
moving in the galactic plane, as
expected, but at a speed that
suggests that the local spiral
structure has an impressively
large amplitude. This measure-
ment will constrain the fraction
of the local galactic density that
can come from dark matter.
Ultimately all astronomical
distances depend on triangulation: We measure
two angles in a triangle formed by lines of sight

to an astronomical object from two points of

known separation. The motion of Earth about the
Sun provides a useful separation vector, and the

The author & at the Rudolf Peierls Centre for Thearetical
Physks, Oxford University, Oxford OX1 3NF, UK. E-mail:
binney@thphys.oxacuk

6JANUARY 2006 VOL 311

difference between the two angles can be deter-
mined with exquisite precision by measuring the
slight shift with the seasons in the angle on the
sky between the object and an extremely distant
object (see the figure). This shift is called the
parallax of the source and is inversely propor-
tional to the source’s distance.

In the late 1990s, the European Space
Agency’s Hipparcos satellite revolutionized

Published by AAAS

Measurements of a maser in the Milky Way
allow precise determination of astronomical
distances and should improve estimates of
the fraction of dark matter in the galaxy.

Abetter galactic ruler. (Left) Schematic of a parallax measurement. This image of M83 shows a spiral galaxy similar to
the Milky Way. The distance toan object in a spiral arm can be determined by triangulation measurements from two points
on Earth's orbit around the Sun (triangle, not to scale). (Right) Image taken by the Spitzer Space Telescope of the W30H
star-forming region in the Perseus arm of the Milky Way that contains methanol maser sources observed by Xu ef al.

parallax measurements by determining the
parallaxes of several thousand stars to a preci-
sion of about one milli-arc second (mas),
equivalent to 5 x 10 radian, which is suffi-
cient to obtain reliable distances for objects
closer than about 100 pe. Xu er al. used radio
interferometry to determine the parallax of an
object to within 0.01 mas, which enables reli-
able distances to be determined for objects

SCIENCE  www.sciencemag.org

Science (2006), 311, 44
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vield a distance of 4.
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ef al. find the distance to be 1.95 kpe and thus
demonstrate that the region is not on a circular
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orbit. The results of Xu ef al. complement the
Lne-of-sight velocity with the velocity
g of the sky, and they show that
ing in the galactic plane at about
respect to the circular orbit
gion. This velocity differential is
dispersion of star-form-

Btantial fraction
ss would have to be concen-
k rather than the dark halo, and
density contrastofthe Galaxy's
ould have to be at the upper end
ed range.

were made about a decade ago,
ere surprised by the large ampli-
rals seen in them ( 3). Given that
iminosity 1s dominated by stars
tain most of the disk’s mass, this
that spiral structure is associated
ctuations. The results of Xu ef al.
with this picture. Modeling of grav-
itational microlensing and noncircular motions
inside the solar circle has demonstrated that at
most a small fraction of the matter in the inner sev-
eral kiloparsecs of the Galaxy can be in exotic

rst clear near-infrared images of
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dark matter rather than stars (4, 5). The distance
trom the galactic center to W30H is 1 2 times the
distance to the Sun, so ifthe Xu et al. datum could
be complemented by similar measurements of
noncircular motions outside the solar circle, the
same argument could be used to constrain dark
matter’s contribution to the mass budget outside

Xu ef al. have opened up a new era of tri-
zonometric parallaxes by exploiting the enor-
mous surface brightnesses of maser sources.

seometrically to sources that lie within a sphere
that extends to beyond the galactic center. The
next decade will see a trickle of such measure-
ments that will become a flood around 2015 after
Gaia has flown. These measurements will have a
big impact on our understanding of what galaxies
are and how they work.
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Proceedings "Science with Parkes @ 50 Years Young

UNDERSTANDING OUR GALAXY - KEY CONTRIBUTIONS
FROM THE PARKES TELESCOPE.

J. L. CASWELL
CSIRO Astronomy and Space Science, ATNF
Science with Parkes @ 50 Years Young, 31 Oct. — 4 Nowv., 2011

A landmark was achieved in 2006, with a demonstra-
tion that VLBI had matured to permit accuracies of bet-
ter than 0.01 mas (Xu et al. 2006), allowing astrometric
parallaxes and precise distance measurements to masers
at the Galactic Centre and beyond, extending to the
outer edge of the Galaxy (Reid et al. 2009). This achieve-
ment with the US VLBA at 12 GHz was shortly matched
by similar measurements for 22-GHz water masers (which
often accompany methanol masers) using the Japanese
array VERA (Honma et al. 2007), and measurements
of 6.6-GHz methanol masers using the EVN (Rygl et al.
2010).

So astrometry of masers can now provide a remarkable
opportunity to map our Galaxy in detail, to reveal for the
first time its precise geometry and velocity field. These
are the parameters that must be replicated by a valid
dynamical model of the Galaxy. Southern and northern
hemisphere telescopes will be needed to acquire the nec-
essary observations and, in these endeavours, Parkes will
be a key high sensitivity element in the southern LBA.
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Detailed imaging of the
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GALACTIC STRUCTURE

Mapping the local Milky Way

he spiral structures of far-away galaxies are among the most familiar celestial features.
Viewed from within, the structure of our own Milky Way galaxy is harder to appreciate.
Interstellar dust also makes it difficult to measure distances between stars in our galaxy
with optical astronomy. Using radio astronomy, Xu et al. mapped the nearest spiral arm of
the Milky Way in unprecedented detail. This approach helps constrain its size and orienta-
tion, as well as the rate of star formation within our galaxy. —KVH

Sci.Adv. 10.1126.sciadv.1600878 (2016).

Science (2016), 353, 1509
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Toward
Puppis .

Ken Croswell, 2021, PNAS

“Remarkably, the Local Arm traced by the distri-

bution of O-type stars is distinct, it extends much Toward Locy

longer than previously expected, and it seems more Vela _Amiee

F . . " : e . . :".‘ 5
similar to a major spiral arm feature,” writes a team led B s : BN & Spur-like

. . - d A
Arm e N . structures

by Ye Xu at the Purple Mountain Observatory in
Nanjing, China (6). Xu thinks that the Milky Way's arms
resemble those of the beautiful spiral galaxy M101.

From the new Gaia data, he estimates the L Swallrmn N Ga;thiC

to be at least 25,000 light-years long, agreeing witf AR .
Reid's assessment from the maser parallaxes. 4

N\
1 W. W. Morgan, S. Sharpless, D. Osterbrock, Some features of EE %2 ﬁ IJ_I i IélA '?/%ﬂlté\ﬁ'\gj" El‘J BA .I:A %

2 W. W. Margan, A. E. Whitford, A. D. Code, Studies in Galactid
blue giants. Astrophys. J. 118, 318-322 (1953). - 2

. . . 3 \ s N ==
3 Y. M. Georgelin, Y. P. Georgelin, The sp\r:?n\ structure of our G falﬂgggﬂ’ijt I E/\J EEI%'_:E/% M 101
4 Y. Xu et al, On the nature of the local spiral arm of the Milk
5 M. J. Reid et al., Trigonometric parallaxes of high-mass star-fo

J

6 Y. Xu et al., Local spiral structure based on the Gaia EDR3 parallaxes. Astron. Astrophys. 645, L8 (2021).
7 E. Poggio et al., Galactic spiral structure revealed by Gaia EDR3. Astron. Astrophys. 651, A104 (2021).
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