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“One’s Destination is never a place but
rather a new way of looking at things.”

− Henry Miller

Astrophysics Enabled by the Return to the Moon
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BRIEF OUTLINE

• What are major questions in astrophysics?
• How can the VSE address these questions?
• Smaller-scope experiments.
• Conclusions
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Poster

The meeting was organized by STScI in collaboration with 
JHU, AURA, and NASA, with about 160 participants.
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Goals of the Workshop Were:
• To identify what are intriguing astrophysical questions for

the next two decades and beyond.
• To explore how the VSE and the return to the Moon can

provide opportunities for significant progress toward
answering those questions.
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Big Questions in Astrophysics
Why is the universe

accelerating?
Which astronomical objects were

involved in the “first light”?

Are there habitable
extrasolar planets?

How did galaxies and the
large-scale structure form?
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The VSE will enable progress
in all of these areas of Astrophysics

• Capabilities are ideally suited for
transportation of large-aperture
telescopes (or their
components), of the type
envisioned for a broad range of
future astronomical missions.

• Progress in some areas will be
best achieved by observations
from free space (in particular
Lagrange points). Some
interesting observations can be
done from the lunar surface.

Almost 10m 
diameter fairing

Lifting power of
tens of tons to
Sun-Earth L2

Ares I Ares V
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1. The Accelerating Universe
14
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Dark Energy or Alternative Gravity

Currently envisioned to be
addressed by wide-field

observations from free space.

Can be tested by experiments on
the lunar surface.
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Lunar Ranging Experiments and Theories of Gravity
Measurements of lunar perihelion precession with an accuracy of
δΦ = 1.4x10-12 to test alternatives to general relativity.

Currently accuracy is 2.4x10-11.
Placing a carefully designed array of transponders expected to
achieve desired accuracy.
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2. The Epoch of Reionization and Beyond
Time since the

Big Bang (years)

~400,000

~500 million

~1 billion

~9 billion

~13.7 billion

Reionization

Fluctuations are about 10 mK

z = 12.1, 11.1,
10.4, 9.8, 9.2, 8.7,

8.3, 7.9, 7.6

z = 12.1 z = 11.1 z = 10.4

z = 9.8 z = 9.2 z = 8.7

z = 8.3 z = 7.9 z = 7.6

Z ~ 1,000

Z ~ 10

Z ~ 6

Z ~ 0.5

Z = 0
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Observations of redshifted 21 cm (in the frequency range
10-200 MHz) neutral hydrogen emission could probe

7 ≲ z ≲ 100 (100 million - 1 billion years after the Big Bang)
On Earth

Far side of Moon offers:

1. Very little RFI

2. Avoids Earth’s ionospheric
frequency cutoff (at ~10 MHz)

3. No ionospheric distortion at
higher frequencies

4. No disturbances from weather
and human activity.

On the Moon

“Everyone is a Moon,
and has a dark side.”

− Mark Twain
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Low frequency radio
observations require only

lightweight dipoles
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b
a

3. Are There Extrasolar Habitable Planets?
a. Potential observations from free space.

External occulter throws deep shadow over
JWST, but allows planet light to pass.

NWD StarshadeTarget Star

Planet

JWST
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The occulter is 30 m in diameter at a distance
of ~20,000 km from telescope

Surface of Moon

1m Collectors

Delay Lines,
Beam Combiner

Detector

Starshades in Orbit

4m
Telescope

1m
Collimator

Jupiter Saturn

Uranus

Neptune

Zodiacal Light

Galaxies

b. Potential observations from the
lunar surface.
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“Viewed from the distance of the
Moon, the astonishing thing about the

Earth…is that it is alive.”
− Lewis Thomas

c. What does a life-bearing planet look like?
Potential precursor observations from the lunar surface:

A small telescope to observe the Earth to characterize the
time-dependent signature of a life-bearing planet
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4. The Assembly of Structure

a. Potential observations from free space

Structure of the cosmic web and the intergalactic medium
can be best studied by ultraviolet spectroscopy from L2.
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O VI Emission

High Velocity
Cloud

b. Potential observations from the lunar surface:
A small far-UV telescope to examine the structure and
composition of the hot (T ~ 105-106 K) Galactic medium

The hot gas is probably the least understood
baryonic component of the Milky Way.

Barnard’s
Loop

Gum
Nebula

Carina
Nebula
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c. Deep-field observations from the lunar (north) pole could
produce images deeper than the Hubble Ultra Deep Field,

to study galaxy evolution

Liquid mirror could be
20-100 m in diameter
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A More Specialized Scientific Topic
How are Galactic cosmic rays accelerated?

Will use ~150 tons of
layered regolith.
Can detect the
primary particles.

A calorimeter to study intermediate-energy
(E ~ 106 GeV/particle) cosmic rays
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CONCLUSIONS
1. The return to the Moon will enable significant progress in

astrophysics.

2. The workshop identified some important astrophysical
observations, as well as a few smaller experiments that
can be uniquely carried out from the lunar surface.
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CONCLUSIONS
3. Observations from free space (in particular Lagrange

points) offer the most promise for broad areas of
astrophysics.

Sun-Earth Lagrange points (not to scale)

Capabilities in free space include:
• All-sky access
• Diffraction-limited performance
• Very precise pointing and

attitude control
• Thermal equilibration and

temperature stabilization
• Efficient operations
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CONCLUSIONS

4. The VSE should be planned so as not to preclude —
and to the extent possible to include — capabilities
that will enable astrophysics from free space.

Capabilities of great interest include:
• Large fairings
• Advanced telerobotics
• EVA capabilities
• High-bandwidth communication
• A low-cost transportation system

(e.g. between Lagrange points)
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 How Do You take Six Billion People to the
Moon?


