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GLAST Pulsar timing at GLAST Pulsar timing at NançayNançay
1. Brief reminder: what we need and how we get it

2. Introduction to the Nançay Radio telescope:

a) The instrument and its capabilities

b) Why GLAST<==> Nançay is symbiotic

3. Initial trials and results

4. Where we go from here:

a) Long-term tracking of known gamma ray pulsar candidates

b) Deep radio searches for new gamma pulsar candidates
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What we need, where we get itWhat we need, where we get it

• With the Science Tools, to see if your gammas are pulsed, use 
gtpulsarDb to get timing parameters from the D4 database (and 
getephcomp to see what’s there).

• The ephemerides from our young and noisy pulsars get stale fast.        
The fainter pulsars take years to give enough photons.

• ( gtpsearch allows some period fudge for a given epoch. gtpphase has a free 
parameter to fudge absolute phase. But to sum photons over many epochs, 
absolute radio phase may make the difference for a good Nσ/Ntrials. )

• So: we need to fill the database with ephemerides, and we’ll need to keep 
re-filling it regularly. As often as monthly is not unreasonable for some pulsars, 
and “a few times per year” is reasonable/necessary for many.

• Thorsett’s various slides (in appendix of this talk): Jodrell Arecibo Parkes 
GBT willing and able.  Also oversubscribed! Long term follow-up for 2nd-
string candidates could be challenging.

• This talk: Nançay is an excellent resource for GLAST.
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2nd largest in the world (2nd largest in the world (200m x 35 m))
Only Arecibo (300m) is bigger 

<2 hours south of Paris (near Orléans)
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Introduction to NanIntroduction to Nanççayay
• It is a meridian telescope : sources visible ~1 hour per day, at transit.

• South mirror fixed (300 m x 35 m), north mirror tilts (200m x 40m), little 
trolley car (shown below) moves to focus.       (94 m diameter equivalent)

• Covers -40o < δ < 60o ( best for -30o < δ < 40o)  

• Lobe is 21’ north-south x 4’ east-west (at 21 cm ~ 1400 MHz)

• 2.5 M$ refurbishing 5 years ago, big pulsar improvements 2 years ago
• Some performance details in a galaxy survey paper, 

G. Theureau et al, A&A 430 373-383 (2005) 

http://www.obs-nancay.fr/

http://klun.obs-nancay.fr/pulsar.html
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Timing Performance…Timing Performance…

• One of the keys to Nançay’s pulsar performance is their de-dispersion 
hardware, called BON = Berkeley-Orléans-Nançay. Ismael (who dat? See 
following slides) made it with D. Becker while on sabbatical at Cal.

• Want nitty-gritty details? See Ismael’s workshop talk                
http://lpce.cnrs-orleans.fr/~pulsar/PSRworkshop/Talks/I.Cognard.pdf

In French. I’ll help you parse if you ask.
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Sensitivity…Sensitivity…

• I asked Dave & Roger 
for advice. Roger said, 
timing at 50 uJy is 
key. 

• Ismael had        
J1751-2857 with      
60 +/- 20 uJy in 
current list

• Popped right out in 
less than an hour, 
three nights in a row.

A 60 μJy ms pulsar
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We need them, and they need usWe need them, and they need us
((“symbiosis”))

• 50% of the telescope time is for pulsars, handled by two guys (!), 
named Ismael Cognard and Gilles Theureau.

• Program questioned by national authorities. So they organised a 
workshop… Successful. A few distinct communities in France, long-
term visible program. 

http://lpce.cnrs-orleans.fr/~pulsar/PSRworkshop/pulsar_index.html 

• For them, a long-term, high scientific return collaboration with GLAST is 
just what the doctor ordered.

• Here’s the 1st slide from my talk =>
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Some initial tests & resultsSome initial tests & results

• When Roger said “key issue is 50 μJy” he suggested J2229+6114      
(see e.g. astro-ph/0112518 by Dave & Seth & Pat & Olaf)

• Ismael made an attempt, and didn’t see it.

High declination = bad optics?  (naw…)

Foreground supernova 3C58 radio noise? (don’t think so…)

Not used to young, noisy pulsars and the importance of fresh n’ up 
to date timing parameters? 

Most likely the latter. We’ll come back to this point…
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Towards a long term program Towards a long term program (1 of 3)

• On Feb 9th I went to Orléans to work with Ismael & Gilles. Beforehand, 
asked Roger for examples of pulsar he thinks well-suited for 
Nançay+GLAST.

• Roger’s suggestion: some tough nuts that are exciting and motivating, 
and some more standard ones to offload the other radio telescopes.

• Roger’s list, next slide.
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From rwr@astro.Stanford.EDU Tue Jan 31 20:00:23 2006
To: D.A. Smith <smith@cenbg.in2p3.fr> Subject: some glast pulsars 
Hi David -- as requested, here are a few pulsars that you can discuss in your upcoming meeting with 
Ismael. I will describe some of my thinking in ranking things on the 21st. But here are 10 PSR worth 
discussing, all above DEC -35. Note -- many of these are presently being timed, although it is not clear 
that the timing is adequate or will continue during GLAST. You might want to avoid competing in the
Arecibo DEC range (0-38), as well:
Ridiclously difficult, but important:
Name                    ~S_1.4(mJy)
------------------------------------
J1833-1034     0.08767        0.07
J1930+1852    0.004619        0.06
J2021+3651   0.0001662         0.1
J1946+2611   5.776e-05        0.06
Not so hard, but likely interesting
J1747-2958    0.008501        0.25
J2229+6114     0.00108        0.25 
J1815-1738   0.0002536        0.25
J1913+0832   0.0001506         0.6 
J1734-3333    0.000144         0.5
J1735-3258   4.161e-05        0.46

Anyway, something to discuss, although certainly not an exhaustive list. Let me know what Ismael 
thinks... -- Roger

Roger’s test pulsarsRoger’s test pulsars

• Discovered last year. 62 ms, both Edot/d2 and 
BLC greater than for e.g. 1951+32

• Roger ranks by this variable, and gave us two 
radio intensity groups. See his talk to learn 
about the mystery variable.

• Discovered in ‘95, no published timing since (no 
publications, period!).

• Serious fun -- galactic center, 3EG and HESS 
TeV sources nearby, big Edot/d2 , called the 
“Mouse”. Bow shock visible in Xrays.

• And so forth and so on…



Pulsar timing with Nançay Pulsar working group, 21 February 2006

David Smith 12

A learning curveA learning curve
• Included in Ismael’s first tries was J1747-2958, 98.8 ms at 250 uJy. 

Shoulda been easy, but no hint of a signal. 

• He used timing parameters from ATNF reference , from 2002 discovery: 
“Heartbeat of the Mouse in G359.23-0.82”, Ap J Lett 579 25-28 

• We looked it up in Simbad and found stuff 2 years younger, significantly 
different. “The Mouse that Soared”, Ap J 616:383-402 (2004) Ismael loaded 
fresh parameters into the de-dispersor and waited from the source to 
come back around the earth.

• He had to go out of town… waiting for news…

• In Roger’s list, another one that Ismael looked at and saw a hint of a 
signal. Again, found fresher parameters in the literature.

• Others only very old in the literature, e.g. J1946+2611 was discovered 
in 1996 and then apparently never published again.

• Ismael to contact Camillo Fernandez at Parkes for unpublished results.
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Towards a long term program Towards a long term program (2 of 3)

• Nançay guys willing to 
take on ~30 pulsars for 
us…

• I’ve begun an application 
form. After these informal 
tests, start  becoming 
more official.

• Want this machine to be 
humming quietly by mid-
2007.
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Towards a long term program Towards a long term program (3 of 3)

• Roger believes radio guys will work out GLAST pulsar sharing amongst 
themselves, with oversight from him and Dave.

• ThorsettMultiwaveObs.pdf (June 2005) lists “advisory group”. Could 
Ismael be included?
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Discovering unknown pulsarsDiscovering unknown pulsars

• GLAST and HESS will find galactic point sources that don’t correspond to 
known objects. I learned that deep pulsar searches are far from complete -- lots 
of places in the sky have not had deep pulsar searches -- motivating!

• We and HESS will want deep searches… (VERITAS? Talk to me if you want… )

• Ismael & Gilles are not the guys: their de-dispersor needs an input 
period.    About 1 CD-rom per minute of raw data goes to the bit dump, only results get stored.

• Another guy, Emmanuel Davoust (see workshop program) does pulsar 
searches. He does surveys. We and HESS maybe try to re-direct him?

• Yves Gallant is a pulsar theorist/observationalist working on HESS in 
Montpellier (same lab as Fred Piron & Eric Nuss). He aspires to Nançay 
follow-up of HESS unidentifieds. Perhaps he could help us get this 
program going. Nice when HESS and GLAST unidentifieds overlap…
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Various & SundryVarious & Sundry

• Where is AGILE getting its radio
ephemerides?  Cooperation?

• Some overlap with measurements at 
other radio telescopes is healthy.

• Oldtimers know Nançay for long term 
timing of a few stable pulsars. This 
was true. But since the upgrades they 
can and want to do more.

AGILE will be launched by the PSLV rocket 
from the Sriharikota base in India (Madras,

Chennai). Launch date: March 10, 2006?
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ConclusionsConclusions

• A French 100-meter class radio telescope with modern pulsar 
electronics is eager to work with GLAST to time faint, young, and noisy 
pulsars over our mission lifetime.

• Goal is to keep the D4 database well-stocked with fresh products.

• Exploratory measurements have begun. We’re ramping up.

• Nançay could handle ~30 pulsars routinely. A mix of tough, exciting 
ones and more mundane ones has been suggested. 

• Deep searches for new pulsars around unidentified gamma sources not 
covered by the present effort. A parallel task could be initiated (Not clear 
at all that Nançay is the right place…)
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AppendixAppendix

Extra slides, 
including a smattering taken from 3 talks

By Steve Thorsett
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Cartographie céleste continue

GLAST ne “pointera” qu’exceptionellement, donc 
photons pulsés à tout moments.
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CandidatsCandidats pour pour uneune émission pulséeémission pulsée au GeVau GeV

EGRET pulsars

Pourquoi 24? “d” pas toujours fiable… (‘1055)
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Pulsars Pulsars prochesproches,, jeunesjeunes, , sujets sujets à à glitches glitches 
• 600 pulsars radios connus à l’époque 

d’EGRET, ~1600 attendus d’ici le 
lancement de GLAST.

• POINT CLEF: Il faudra bien les 10 
ans de données pour les plus faibles, 
donc un suivi soutenu de datation.
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Exemple de faible stats et de datation perimée

astro-ph/0112518
Pulsar découvert 
après EGRET,
Recherche a 
posteriori, pas de 
détection.
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Pellizoni et al (AGILE) 2004  (1 of 2)

“#” -- low significance pulsed Egret detection
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Pellizoni et al (AGILE) 2004  (2 of 2)

“#” -- low significance pulsed Egret detection

AGILE (un mini-GLAST italien) sera lancé prochainement, avec une 
performance EGRET-like.
dixit Cognard : 31 des candidats dans cet article détectables à Nançay 

(dec>-40° et >0.2 mJy @ 1400 MHz)
(la liste étant le classement en Edot/d²)
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Prédictions Prédictions polar cap polar cap à à 50 GeV50 GeV
Date: Wed, 22 May 2002 13:47:02 -0400 (EDT)
From: Alice Harding <harding@twinkie.gsfc.nasa.gov>
To: D.A. Smith <smith@cenbg.in2p3.fr>
Subject: MS pulsars
Hi David,
I know it has been a long time since I promised to get you a list of pulsars to observe with
Celeste, but other things just seemed to get in the way ...  Anyway, I did a crude estimate of 
expected flux at 50 GeV for the ms pulsars in the ATNF catalog.  In the polar cap model, ms
pulsars are the only sources which are expected to have detectable emission above 30 GeV.  
More of the details are in my paper that was just accepted and is on astro-ph/0205077.  In ms 
pulsars, the electric field is unscreened by pairs, so the particles accelerate to the curvature
radiation reaction limit and radiate a very hard spectrum (photon index -2/3) out to energies of 
20-100 GeV, depending on pulsar parameters. IF the flux is high enough, you might see it.  So 
my list of the top candidates based on a rank ordering in flux*E^2 at 50 GeV is

J0437-4715 J1744-1134 J2124-3358 J0030+0451 J1959+2048
J1300+1240 J1024-0719 J0034-0534 J1012+5307

Several of these, J0437-4715, J2124-3358 and J0030+0451 are X-ray pulsars.  Just about all 
of these are nearby sources, less than a kpc.  
I hope you will be able to hunt for a few of these and let me know if you need any more info.
Best Regards, Alice
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Les pulsars Les pulsars optiquesoptiques

Seulement 5 connus…

Des candidats:

γ
γ
γ

γ
γ

γ
geminga

(Cette article est une excellente introduction au sujet.)



Pulsar timing with Nançay Pulsar working group, 21 February 2006

David Smith 27

HESS HESS est est formidable!!formidable!!

Sol vous l’a dit… le réseau de 4 
« imageurs Tcherenkov » de 12 
mètres fonctionne très bien en 
Nambibie depuis plus d’un an.

Il est en train de découvrir un tas 
d’objets galactiques qui mériteront 
un follow-up Nançay et/ou 
GLAST.

Science 307, 1938-1942 (2005)

“A new population of very high energy gamma ray sources 
in the Milky Way”

A&A 442, L25-L29 (2005)  

“A possible association of the new VHE gamma-ray source 
HESS J1825-137 with the pulsar wind nebula G18.0-0.7”
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~3
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GLAST verra 1 gamma du Crabe par 500 rotations = 16 secondes
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Thorsett n’exclu pas Nançay de cette liste…
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Une Une occasion pour occasion pour NançayNançay

1. Nançay n’a pas forcement vocation de faire concurrence aux usines à
éphémérides. En revanche GLAST saura avaler tout ce qui nous 
voudrions lui proposer.

2. Le gros besoin d’un suivi soutenu me semble être une belle opportunité
pour Nançay: on pourra étudier en profondeur un petit nombre d’objets 
qui nous intéressent particulièrement.

3. On serait heureux de travailler avec des pulsaristes sur un assortiment 
délectable de pulsars gamma, et de candidats, dont d’éventuels 
« gemingas ».
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