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David Smith
SLAC, on leave from CNRS-IN2P3,  
Centre d’Etudes Nucléaires de Bordeaux-Gradignan

Some favorite catalogs, and Some favorite catalogs, and 
some interesting blazarssome interesting blazars

Messier 51 Messier 57Messier 56

Messier 1 Messier 31
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A Quest A Quest ---- where to point the instrument?where to point the instrument?

I’m from CELESTE: >80 GeV gammas rays with Crab/5 sensitivity, a
low duty cycle (due to clouds), and a 1/2o field-of-view.

We saw the 3 canonical objects for Cherenkov telescopes :
Crab, Mrk421, Mrk501

We wanted to see something new -- where to point?where to point?

I spent a lot of time perusing catalogs…

Camp is very entertaining
And they say we'll have some fun if it stops raining.
“Camp Granada” by Alan Sherman (1963)
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“But Dave, GLAST isn’t a pointing instrument”“But Dave, GLAST isn’t a pointing instrument”

• GLAST expects to see thousands of high galactic latitude point 
sources, most of which will be blazars, and most of which will be 
difficult to identify as such.

• Identification will be even harder in the galactic plane, essential if you 
want to distinguish between e.g. an OB association and neutralino 
annihilation.   (“Identification” sort of means “archival multiwavelength”)

• I believe that if you “just wait and see what pops up” that you will be 
overwhelmed.

• Personally, I think an a priori approach is necessary -- figure out what 
you want to “point at” long before the gammas arrive.

And that makes me a catalog buff!
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Example of “is that what that is?”Example of “is that what that is?”

A lesser known Egret 
blazar. The info is often 
sparse…
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I especially like I especially like olderolder catalogscatalogs

• I’m generally a history buff… Folklore, how wrong paths got righted, that 
sort of stuff.

• Older catalogs were compiled using insensitive instruments, so you 
get the brightest objects. 

• They’re small enough to (almost) memorize.

• Bright objects have been known for a long time, so have been deeply 
studied in many ways at all wavelengths. Great for establishing 
confidence with GLAST.

• From the old, small catalogs you can grow to the huge modern ones.
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OutlineOutline
1. The catalogs of the 3 canonical sources Crab, Mrk421, Mrk501

a) Messier
b) Markarian

2. How Whipple went further -- the Einstein “slew” catalog

3. Two blazars I think are neat:
a) W Com -- a testbed for electron versus proton acceleration
b) 1ES1426+428 -- a testbed for infrared absorption

4. Things I won’t have time for
a) Green’s supernova list
b) Pulsar lists
c) Whipple et cetera upper limits -- the good ideas that weren’t

(EGRET catalog goes without saying in this talk…)
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Messy, Messy, MessierMessier, Messiest, Messiest

M1 = Crab = 3EG J0534+2200 = G184.6-5.8 = 3C144 = SN1054
the canonical source.

Charles Messier (1730 - 1817), French astronomer, catalogued ~100 diffuse 
objects, to avoid mistaking them for comets. 

Comets were the astronomical (and astrological) 
topic of interest.

“Nebula”: latin for cloud (diffuse, blurry).

Not astronomer royale for Louis XIV who died in 1715
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“The Markarian survey contains 1500 objects selected for their excess 
of blue and UV emission among which about 1100 are galaxies. The
catalog of Markarian galaxies is the largest sample of active galaxies 
known so far. The excess of blue luminosity and UV emission is the 
signature of either a high star formation rate or the presence of an 
Active Galactic Nucleus (AGN) in the central region of the galaxies. 
We extracted our sample …..”   

(from Google “I feel lucky”)

Beniamin EgishevichBeniamin Egishevich Markarian Markarian (1913-1985)
Active at Byurakan Observatory, 

Mt. Aragat, Armenia, through 1984

Also “canonical”:  Mrk421 & Mrk501
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Mt. Aragat,
Armenia
(Noah’s Ark landed on 
nearby Mt. Ararat.)
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(Mrk 501 radio image)
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If ‘421 is good is ‘422 better? If ‘421 is good is ‘422 better? (no.)

Remarkable Markarian galaxies: 
• Mrk 231 -- the closest ULIG, BAL QSO, and the most luminous ULIG in the

Local Universe
• Mrk 116 -- the most metal-deficient BCDG (=IZw18)
• Mrk 421,501 -- are among the highest known energy sources
• Mrk 938 -- the first dynamical merger discovered observationally
• Mrk 273 -- a wonderful double-double nuclei galaxy
• Mrk 6 -- variations of spectral lines typical of different types of objects and 

very high column density of H in X-rays
• Mrk 926 -- one of the rare Sy1 galaxies having LINER properties
• Mrk 266 -- has a multiple structure nuclear region
• Mrk 766 -- one of the most important NLS1 galaxies
• Mrk 110 -- crucial for understanding differences between NLS1s and BLS1s
• Mrk 231,507-- among the 5 known superstrongest FeII emitters
• Mrk 530,993,1018 -- change their spectra from Sy2 to Sy1, important for the 

unified scheme of AGN
• Mrk 180 -- frequent “also ran” in TeV candidate lists.
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How Whipple moved aheadHow Whipple moved ahead

• Whipple quickly found the EGRET catalog to be disappointing 
A.D. Kerrick et al ApJ 452 588 (1995)

• Breakthrough:  1ES 2344+514 (Christmas, then nothing for years…) 
M. Catanese et al ApJ 501 616 (1998)

• They found it from Perlman’s 1ES blazar list.
E. Perlman et al ApJ Supp 104 251 (1996)

• “1ES“ -- 1st catalog of EEinstein X-ray sources obtained while the 
instrument was sslewing from one target to another.
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W Com,
3EG J1222+2841
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Warning: z not always reliable…
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Why I like W Why I like W ComaeComae

A common conversation at cocktail parties and church socials:
Q: “What and where are the accelerators that push cosmic rays to

such high energies?”
A: ”Above the knee at 1015 eV, acceleration may occur outside of 

our galaxy, by the Fermi mechanism, in shocks in the jets we 
observe for some galaxies.”

Q: “Oh really. How interesting. Electron or proton accelerators?”
A: “Well there’s this one called Wcom that might answer that.”

Q: “You don’t say… how do you find strange galaxies to look at?”
A: ”Well, we scientists have catalogs of things in space.”
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A great A great Xray Xray measurement constrains “SSC”measurement constrains “SSC”

• Remember this garden-variety Egret blazar?
(curve is a doodle)

• For W Comae, BeppoSAX caught 
the “V” between synchrotron and I.C. 

• Not easily compatible 
With EGRET spectrum
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Apples with applesApples with apples

Electromagnetic vs Proton afficionados can use this source as a 
testbench to distinguish the two paradigms.
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• multi-TeV (Whipple, CAT, Hegra). 
• CELESTE limit.

• Infrared de-absorption leads to 
intensity >1 Crab for <0.1 TeV, 
in some scenarios.

(Crab ~ 100 in these units)

• Identify others for GLAST…

Dwek & Krennerich, ApJ 618, 657-674 (2005) “Simultaneous constraints on the 
spectrum of the extragalactic background light and the intrinsic TeV spectra of
Markarian 421, Markarian 501, and H1426+428 “

Why I like 1ES 1426+428  Why I like 1ES 1426+428  (z = 0.129)
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Some other catalogsSome other catalogs
• "A Catalogue of Galactic Supernova Remnants" D.A.Green

http://www.mrao.cam.ac.uk/surveys/snrs/

• Didja know? 3EG J0222+4253 is both 
– a blazar 1ES 0219+428 = 3C66A, and
– a pulsar PSR J0218+4232,
– but without a known SNR counterpart    (17° from galactic plane)

• Someday I’d like to tell you the story of how CTB 80 = G69.0+2.7
was deduced to have a neutron star, leading to the discovery of 
PSR 1951+32, which later became an EGRET pulsar.

• Other good stories -- how the strange “stars” W Comae and BL 
Lacertae wound up not being stars at all (learn your star catalogs, and 
check out the AAVSO’s web site).

• CONCLUSION: Folklore pays!
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