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Robotic Telescopes 

Presenter
Presentation Notes
Egg nebula (CRL 2688) Twin beams of light radiate from the hidden star and illuminate the pitch-black dust, like a shining flashlight in a smoky room. 3,000 light-years away in the constellation Cygnus. dust shells swaddling an aging star. 



Outline 

• The Great Observatories 
– Infrared 
– Optical 
– X-ray 
– Gamma ray 

• Gamma Ray Bursts 
– Discovery 
– Early balloon observations 
– CGRO contributions 
– Determination of the distance scale 
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Outline (cont.) 

• NuSTAR black hole measurements 
• Heliosphere 

– IBEX 
– Voyager 

• Planck microwave observations 
– 3 deg Black body radiation – signature of earliest 

times of the universe 

• Summary 
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Robotics Levels 

A. Individual instruments control their configuration in 
response to observed data inputs or constraints 

B. Instruments cross-communicate, and alter each other’s 
operating modes on a single spacecraft 

C. Observations of one or more instruments automatically 
cause spacecraft to repoint, to allow capture of a more 
valuable data set 

D. Realtime telemetry sent to Earth used to control other 
spacecraft or ground based instruments, to obtain 
multiwavelength data. 

June 2013 Robert Wilson 



Universe is very dynamic 
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Sources variable on 
many timescales. 
 
Pulsars detected in 
gamma rays over 
the nine year CGRO 
mission by BATSE 
 
Brightest sources in 
sky are different 
objects for nearly 
every x10 step in 
photon energies 



The Great Observatories 

June 2013 Robert Wilson 

Presenter
Presentation Notes
Designed to span all wavelengths with x10 or more sensitivity increase. Designed to take advantage of the Shuttle



 Takes advantage of the lift capability 
and "soft" ride of the Shuttle 

• Place 17 tons in a long-life orbit 
• Multiwavelength: 

A. Infrared (Spitzer) * Originally planned for a Shuttle launch, but 
the local environment (contamination) was bad for IR work, and 
Centaur LH2/LOX boost engine was banned after Challenger disaster 

B. Optical (Hubble) 
C. X-ray (Chandra) 
D. Gamma Ray (Compton) 

• 3G acceleration means more of the structure is detector 
material 

• 10x sensitivity over earlier missions 
• Once-in-career mission for chosen experiments 
• Proposed in NSF 1979 report,  but AO for GRO was in 1977 

ne 2013 Robert Wilson 

Presenter
Presentation Notes
Highly competitive to get an experiment accepted. Happened in gamma rays when I was completing grad school at UC Riverside



What is False Color? 

June 2013 Robert Wilson 

“Light” at different 
wavelengths (energies) is 
assigned to different 
portions of the visible 
spectrum. 
 
This example is using 
different optical filters 
 
Massive young,hot stars 
primarily in spiral arms 
 

Presenter
Presentation Notes
Give audience an understanding of false color – it’s not to fool you!



False color image construction 
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In the Spitzer image, Infrared, Optical, & 
X-ray intensity maps are assigned to 
different portions of the optical spectrum 
(i.e., colors). 
 
The emissions at different wavelengths 
come from different regions because the 
physics producing them is very different. 
 
Multiwavelength observations (“putting it 
all together”) helps theorists come up 
with good models of these systems. 

Presenter
Presentation Notes
Let them understand the image the context of the image they are about to see (and others downstream)



Spitzer IR telescope – 2003 launch 

X-rays from SN and their winds & shockwaves. IR from dust & gas. 
UV from hot, bright massive new stars 

     = x-ray 
     = IR 
     = optical, caused by 
UV 

Robert Wilson June 2013 

A superbubble in the 
Large Magellenic 
Cloud (satellite galaxy 
of the Milky Way) 

Presenter
Presentation Notes
325 x 250 LY across. X-rays from SN and their winds & shockwaves. IR from dust and gas. UV from hot, bright massive new stars.



Hubble Space Telescope 
• Launched April 1990 
• Serious mirror shape flaw 

• Technical cause – washer placed incorrectly in optical 
device – 1.3 mm error, led to 2.2 micrometer error at 
edge of mirror. Spherical aberration, point source spread 
over 1 arc sec, not 0.1 arc sec. 

• Secrecy cause - only two NASA inspectors at Perkin 
Elmer, where DOD "big bird" satellites had been built 

• $$ cause - no end-to-end test 
• Toughest presentation I ever attended - first detailed 

engineering summary to MSFC Center Director. MSFC 
was responsible for Hubble until transfer to Space 
Telescope Science Institute after launch. 

• Superb solution - correction mirrors added to instruments 
- minor increase to exposure times 
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Presentation Notes
MSFC managed the development of Hubble, then science transferred to Space Telescope Science Institute



Hubble Space Telescope 

Chaotic activity atop a 
three-light-year-tall pillar 
of gas and dust that is 
being eaten away by the 
brilliant light from nearby 
bright stars.  
 
The pillar is also being 
assaulted from within, as 
infant stars buried inside it 
fire off jets of gas that can 
be seen streaming from 
towering peaks. 



HST - Planetary Nebula 
Disks and "donuts" of dust 
girdling a star, which pinch 
outflowing gas. may be caused by 
invisible companions. 
 
 Sharp, inner bubbles of glowing 
gas blown out a "fast wind" (1,000 
miles/sec) ejected during the final 
stages of a star's death. 
 
 "red blobs" placed at the edge of 
some nebulae may be chunks of 
slow moving  older gas caught by 
the fast wind. 
 
Jets of high-speed particles which 
shoot out in opposite directions 
from a star, and plow through 
surrounding gas, like a garden 
hose stream hitting a sand pile. 
 

Presenter
Presentation Notes
a misnomer that originated in the 1780s with astronomer William Herschel, because when viewed through his telescope, these objects were somewhat similar in appearance to Uranus, caused during red giant phase (emissions of strong solar winds, expansion of outer layers of the star) UV from the remaining star energizes these shells, makes them glow.



HST – Cat’s Eye Nebula 

NGC 6543 
A Planetary Nebula 
(Sun-like stars eject 
their outer layers in red 
giant phase) 
Ejected material came 
out in “pulses” every 
~1,500 years 
About 1,000 years ago, 
the mass loss pattern 
became more regular, 
forming the “bullseye” 
part of the emission 



HST “Pillars” 
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Interstellar gas & dust 
Incubators for new 
stars 
M16 – Eagle Nebula 
UV light erodes all but 
molecular hydrogen 
and dust 

    = sulfer ions (+) 
    = hydrogen atoms 
    = oxygen ions (++) 
 



HST Ultra Deep Field 
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Very long exposure (11 days) 
~10,000 galaxies in ~2.5 
arcmin^2 (comparable to an 8 
ft long soda straw’s area) 
 
Earliest galaxies formed are 
detected in this observation 

Seeing the era of the 
universe when irregular 
galaxies were coalescing 
 
Next: use gravitational 
lensing to see 10-50x fainter 



Early galaxy formation 
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Hydrogen 
 
Young stars 
 
Older stars 

Presenter
Presentation Notes
Gray = hydrogen, young stars blue, red older stars.



Chandra X-ray Observatory 

• Launched in 1993, still functioning 
• Shuttle launched – hair-raising “hold your 

breath” sequence of 6 rocket firings to get it 
to its orbit (elliptical, 1/3 of path to the moon) 

June 2013 Robert Wilson 

Presenter
Presentation Notes
I was a colleague of Martin Weisskopf, the project scientist. A very stressful time for all experimenters! Predecessor was Einstein obs, launched in 1978



Crab Nebula (optical) 

June 2013 Robert Wilson 

Supernova remnant 
(recorded by Chinese 
astronomers in 1054AD) 
 
Glow caused by electrons 
from pulsar in center – 
continuously powered 
 
Several competing 
theories of how pulsar 
emission occurs – from 
polar regions or “outer 
gap” 

Presenter
Presentation Notes
Pulsar (NS) is a dynamo, essentially a generator. B field is 4 x 10^12 Gauss. Spindown energy 10^38 erg/sec (10^5 x luminosity of Sun)



Chandra – Crab Nebula & Pulsar 
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Pulsar (rotating neutron star formed in SN in 1054 AD), 
powers the nebula) 

Before Chandra, 
only crude 
resolution – spectra 
well measured, but 
not details of 
emission region 
 
Chandra gives near-
optical resolution 

Presenter
Presentation Notes
6500 LY away



Chandra – colliding galaxies 
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Huge cloud of hot 
gas surrounding two 
merging galaxies 
 
Mass of 10B suns, 
spans 300k LY 
 
Temperature of 7M 
degrees 
 
NGC 6240 

Presenter
Presentation Notes
400 MLY away from Earth. AGN at center of each colliding galaxy, about 3k LY apart



Chandra Dark Matter Observations 
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Complex collisions of 
galactic clusters (A2744) 

= 

= X-rays 
=  Mass distribution 

(mostly dark matter) 
= Optical (HST & VLT) 

Separation between hot gas and 
dark matter, due to the dynamic 
collision process – friction 
between colliding particles due 
to electric fields 
 
Dark matter doesn’t experience 
those forces. Separation= 2M LY 

Presenter
Presentation Notes
3.5 BLY away, 5.9 MLY across (sep ~2 MLY)



Story of Gamma Ray Bursts 
• Discovered by Vela satellites, monitoring the nuclear test ban treaty 

in 1967 (classified until 1972) 
• Occur at random times, random directions. Brighter than rest of sky 

(combined!), last from 0.001 – 100s of seconds. 
• UC Riverside balloon flight set upper limits at higher energies 
• Just scattered observations until 1991 – about 40 bursts crudely 

located, distribution on sky not known. Most scientists thought they 
were coming from our galaxy, but mechanism not known. In the 
mid 1980s, as many theories of emission as there were bursts! 

• Hope to find emission at other wavelengths, to better understand 
the phenomenon, but also to get better position and redshift – 
knowing the distance is a key first step to understanding! 
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BATSE development (1981) 
Palestine TX 
1981 
Placing 
gamma ray 
detectors at 
the top of the 
atmosphere 

Palestin
e TX 



About to launch (1982) 
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Presentation Notes
Muskogee, OK 



Flight BATSE detector (1 of 8) 
Jerry 
Fishman, 
PI 

Detectors 
placed parallel 
to faces of an 
octahedron, 
relative count 
rate gives 
direction to 
source 

Presenter
Presentation Notes
Note the mass of the support structure (it was sheet metal for the balloon flights!). Designed by Joe Smith, who designed the hold-down mechanism for the space shuttle SRBs!



CGRO before launch (1990) 
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At TRW 
(integrator) 
The Principal 
Investigators of 
each experiment 

Orange is support 
structure 
(spacecraft mostly 
hidden) 
Weight 17 tons 
(heaviest 
payload for 
shuttle) 



Compton Observatory 
• Four instruments 

spanning 20 keV - 10 
GeV 

• Wide field of view - 
survey instruments 

• Wide range of 
detection techniques 

Presenter
Presentation Notes
Just before release



STS-37 astronauts (4/1991 launch) 

Presenter
Presentation Notes
Jay Apt pulled the high gain antenna out manually (thanks!)



Burst location method 
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8 (flat) detectors are parallel to 
the faces of a regular 
octahedron 
 
Relative counting rates in 
different detectors give crude (to 
a few degrees) direction 



Nature cover (1992) 

Observation that burst 
sources are isotropic 
(come equally from all 
directions), thus 
probably from far  
beyond the Milky Way 
 
Distance to them still 
now known for sure 
when this was 
published 
 



9 years of BATSE data 

Presenter
Presentation Notes
Different colors correspond to different “brightness” bursts – either further away, or intrinsically brighter. Strongly suggests they are extragalactic, and thus very luminous



What about the distance? 

• Breakthrough in Feb 1997 – an x-ray satellite 
(BeppoSAX, a Dutch-Italian collaboration) 
detected a GRB, reoriented to point an x-ray 
telescope there, and found a “fading ember” 

• Location info provided to an optical & x-ray 
astronomer, Jan van Paradijs, whose grad 
student observed a fading optical counterpart 
20 hours later. Later deep obs showed a galaxy 
there. 

June 2013 Robert Wilson 

Presenter
Presentation Notes
Jan was a colleague of mine, passed away in 1999. Most brilliant astronomer I ever knew.



What about the distance? 

• A second GRB observed by BeppoSAX led to 
optical observations within 4 hours, found 
emission with a redshift of 0.835, about 6B LY 
from Earth. 

June 2013 Robert Wilson 

Jan van Paradijs 
1946-1999 

Photo taken at Marshall Space Flt Ctr 
 in 1993, working on BATSE data 

Presenter
Presentation Notes
Shaw prize went to Jerry Fishman & Enrico Costa. Solution to an open question from 1967 – 1997. Given in Astronomy, life science/medicine, mathematics



Swift robotic telescope 
• Wide field, low res 

gamma ray detector 
• High res, narrow field 

x-ray & UV 
telescopes 

• Spacecraft turns to 
point to source in just 
minutes  

• Huge improvement in 
getting good 
locations, and thus 
optical followup, and 
a redshift (giving the 
distance) 

Automated turn to 
view burst in UV, 
X-rays. Moves 1 
deg/second 

Presenter
Presentation Notes
Launched 2004. Show movie. Slewing is highly exaggerated in the movie.



Fermi Gamma Ray Space Telescope 
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Cosmic Ray source & mechanism determination 

Presenter
Presentation Notes
Show movie (4 min) on determining location and mechanism



Fermi GRST – bright burst 4/27/13 

June 2013 Robert Wilson 



Fermi GRST bright burst 4/27/13 

• Good example of automation: 
• Burst monitor detected bright flash, sent coordinates to the 

spacecraft computer 
• Spacecraft slewed (turned) to put the source in the field of 

view of the LAT (main instrument, Large Area Telescope) 
• Source detected at up to 94 GeV up to 9 hours later (longest 

duration GRB ever observed, and highest photon energy 
• Located in optical, and it’s nearby (3BLY !) for a GRB. A 

supernova (SN2013cq) detected ~2 weeks later. – nice to be 
out in front of an upcoming event! 

June 2013 Robert Wilson 

Presenter
Presentation Notes
Surprising result a GeV order emission from a burst by EGRET on the CGRO – just a few photons, but with very good directions, and much higher than bkg rate



Short (~2s) bursts 
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Presenter
Presentation Notes
Show movie (3 minutes)



Massive star collapsar model for 
long GRBs 
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NuSTAR focusing X-ray telescope 
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• Up to 79 keV 
• Glancing incidence mirrors 
• Launched  June 2012 

Presenter
Presentation Notes
Chandra can only focus several keV x-rays. Different objects & processes are responsible for each 1-2 decade increase in photon energies (syncrotron rad being an exception)



NuSTAR Black Hole measurements 
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• BH can spin same 
or opposite to the 
accretion disk 

• Last stable orbit is 
closer to BH if 
same spin 

• Gravity affects 
spectrum – more 
signal at lower 
energies (bottom 
pane) 
 

• In BH at center of 
NGC 1365, spin 
rate at 84% of that 
allowed by general 
relativity 



The Heliosphere 
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• Bounded where magnetic 
field of the sun, including 
those carried by the solar 
wind, weakens to the 
point the interstellar 
medium dominates 

• Of the order of 200 x the 
Earth-Sun distance 

• A bow shock exists if the 
velocity of the solar wind+ 
Sun is 59k mph greater 
than the interstellar 
medium 

Presenter
Presentation Notes
ENA = energetic neutral atoms SW = Solar Wind ACR = Anomalous Cosmic Rays



Heliosphere effects 
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The heliosphere 
helps prevent 
charged particles 
from entering our 
solar system, 
protecting life from 
potentially 
dangerous 
galactic cosmic 
rays. 



IBEX observations 
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New data from the 
IBEX spacecraft show 
that the heliosphere’s 
lower speed, 
combined with higher 
magnetic pressures 
found in the interstellar 
medium, prevent the 
formation of a bow 
shock 

Ribbon = stream of energetic neutral atoms 
coming from the Heliopause 

Presenter
Presentation Notes
Ribbon = stream of energetic neutral atoms streaming from the heliopause (discovered by IBEX)



Voyager Observations 
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• Voyager 1 at 119 AU 
• Voyager 2 at 98 AU 
• Several reports at entering 

heliopause in last 2 years, but 
data is unexpected – drop in 
particle intensities, but no 
change in magnetic field 
direction 

• Expect a random change in 
magnetic field direction (but by 
chance they could be similar, 
with probability of 1 in ~1000 
 

• Keep watching this space! 
 
 



Heliopause? 
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Solar Heliospheric Observatory 

June 2013 Robert Wilson 

Coronal mass 
ejections 
(sometimes directed 
towards Earth) 
 
Increase in speed 
and intensity of solar 
wind, can disrupt 
communications and 
even power grids.  
 
Early warning from 
this satellite 

Presenter
Presentation Notes
“trash” at the end is solar particles from the mass ejection reaching the spacecraft



Solar Dynamics Obs (solar flares) 
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Presenter
Presentation Notes
Continuous coverage of the solar disk (and with the STEREO pair of satellites, even the non-Earth facing direction).



Planck Cosmic Ray Bkg Explorer 
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Microwave background radiation . Gives age of 
universe (15.3 BY). Micro degree variations in 
temperature, showing us features from first 
subseconds after T=0 (Big Bang) 

Presenter
Presentation Notes
Cobe: 1989 10 deg WMAP: 2001 1/3 deg Planck: 2009 0.1 deg



Summary 

• Great value in building “free flyer” satellites – 
large scientific return. 

• Automation (Robotic telescopes) gives us 
quick response to dynamic events in the 
universe, with a great increase in “prompt” 
data, constraining theorists, leading to 
increased understanding of the processes 
occurring in the universe 
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Summary (cont.) 

• Maximize data about a violent, dynamic 
universe by coupling sensitive wide field 
instruments providing near realtime 
observations to autosteering detectors (both 
in space and on the ground) over a wide range 
of photon energies. International effort. 

• Excellent engineering has produced  two 
orders of magnitude improvement in time of 
response in  past 20 years 

June 2013 Robert Wilson 



Useful websites 

• Spitzer (IR):  
http://www.nasa.gov/mission_pages/spitzer/
main/index.html 

• Hubble (optical): http://hubblesite.org 
• Chandra (X-ray): 

http://www.nasa.gov/chandra 
• Compton (Gamma rays): 

http://cossc.gsfc.nasa.gov/  

June 2013 Robert Wilson 

http://www.nasa.gov/mission_pages/spitzer/main/index.html
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Useful websites (cont.) 

• Fermi (gamma 
rays):http://fermi.gsfc.nasa.gov/ 

• Swift (gamma rays): 
http://www.nasa.gov/swift/ 

• IBEX ( heliosphere boundary) 
http://www.ibex.swri.edu/ 
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http://fermi.gsfc.nasa.gov/
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http://www.ibex.swri.edu/


Useful websites (cont.) 
• Planck (microwave background): 

http://www.nasa.gov/mission_pages/planck/ 
• NuSTAR (nuclear 

spectroscopy):http://www.nustar.caltech.edu/ 
• Astronomy picture of the day: 

http://apod.nasa.gov/ 
• Heliospheric app (STEREO and SDO): 3DSun 

https://itunes.apple.com/us/app/3d-
sun/id347089078?mt=8 
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