N
N

N

HAL

open science

Discovery of New Gamma-Ray Pulsars with AGILE
A. Pellizzoni, M. Pilia, A. Possenti, A. Chen, A. Giuliani, A. Trois, P.

Caraveo, E. del Monte, F. Fornari, F. Fuschino, et al.

» To cite this version:

A. Pellizzoni, M. Pilia, A. Possenti, A. Chen, A. Giuliani, et al..
Pulsars with AGILE. The Astrophysical journal letters, 2009, 695 (1), pp.L115-L.119. 10.1088/0004-

637X/695/1/L115 . insu-02882253

HAL Id: insu-02882253
https://insu.hal.science/insu-02882253
Submitted on 18 Aug 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Discovery of New Gamma-Ray


https://insu.hal.science/insu-02882253
https://hal.archives-ouvertes.fr

arXiv:0903.0087v2 [astro-ph.HE] 25 Mar 2009

THIS IS AN AUTHOR-CREATED, UN-COPYEDITED VERSION OF AN ARTICLE ACCEPTED FOR PUBLICATIONN THE ASTROPHYSICALJOURNAL LETTERS.
IOP PUBLISHING LTD IS NOT RESPONSIBLE FOR ANY ERRORS OR OMISSIONS IN THIS VERSN OF THE MANUSCRIPT OR ANY VERSION DERIVED FROM
IT. THE DEFINITIVE PUBLISHER AUTHENTICATED VERSION IS AVAILABLE ONLINE AT 10.1088/0004-637X/695/1/L115.

Preprint typeset usingTegX style emulateapj v. 08/13/06

DISCOVERY OF NEW GAMMA-RAY PULSARS WITHAGILE

A. PELLIZZONIY, M. PiLIa1:2:3 A, PossSeNTE, A. CHENZ4, A. GIULIANI 2, A. TROIS?, P. CARAVEO?, E. DEL MONTE®, F. FORNARI?,
F. FUSCHING®, S. MEREGHETTF, M. Tavani 7, A. ARGAN®, M. BURGAYL, I. COGNARD®, A. CORONGIW, E. COSTA®,
N. D’Amicol, A. DE Luca?910 p EsposiTd?, Y. EVANGELISTA®, M. FEROCP, S. bHNsTON, M. KRAMERYZ, F. LONGO!3,
M. MARISALDI®, G. THEUREAUB14, P. WeLTEVREDEM, G. BARBIELLINI 13, F. BoFFELLI®1®, A. BULGARELLI®, P. W. CATTANEO?,
V. Cocco®, F. D’AMMANDO®7, G. DE PaRIS®, G. DI CocccP, |. DONNARUMMA®, M. FIORINIZ, T. FROYSLAND*7, M. GALLI 18,
F. GIANOTTI®, C. LABANTI®, I. LAPSHOV®, F. LAZZAROTTO®, P. LiPARIY?, T. MINEO8, A. MORSELLY, L. PaccIANI®, F. PEROTTR,
G. PAaNO®7, P. Rcozzal® M. PREST, G. PUCELLA®, M. RAaPISARDAZY, A. RaPPOLDI?, S. SABATINI ®17, P. SOFFITTAS,
M. TRIFOGLIO®, E. VaLLAZzA 13, S. VERCELLONE?, V. VITTORINI?, A. ZAMBRAZ, D. ZANELLOY, C. RTTORI?L, F. VERRECCHIAY,
B. PREGERL, P. sanToLAMAZZA 2L, P. Gommi 2L, L. SALOTTI?2, AND G. F. Bignami 10
1 INAF-Osservatorio Astronomico di Cagliari, localitha Paggei Pini, strada 54, 1-09012 Capoterra, ltaly; apelliza@stro.it
2 INAF/IASF-Milano, Via E. Bassini 15, 1-20133 Milano, Italy
3 Dipartimento di Fisica, Universita dell'Insubria, Via \éagigio 11, 1-22100 Como, Italy
4 CIFS—Torino, Viale Settimio Severo 3, 1-10133, Torinojyita
5 INAF/IASF-Roma, Via del Fosso del Cavaliere 100, 1-00133rRpltaly
6 INAF/IASF-Bologna, Via Gobetti 101, 1-40129 Bologna, ital
7 Dipartimento di Fisica, Universita “Tor Vergata”, Via delRicerca Scientifica 1, 1-00133 Roma, Italy
8 Laboratoire de Physique et Chimie de 'Environnement, CNR85071 Orleans, France
9 INFN—Pavia, Via Bassi 6, I-27100 Pavia, Italy
10 |stituto Universitario di Studi Superiori, V.le Lungo Tim Sforza 56, 27100 Pavia, Italy
11 Australia Telescope National Facility, CSIRO, P.O. Box Efping NSW 1710, Australia
12 University of Manchester, Jodrell Bank Observatory, Mastield, Cheshire SK11 9DL, UK
13 Dipartimento di Fisica, Universita di Trieste and INFN-&&ie, Via Valerio 2, I-34127 Trieste, Italy

14 GEPI, Observatoire de Paris, CNRS, Université Paris Did@ace Jules Janssen F-92190 Meudon, France
15 Dipartimento di Fisica Nucleare e Teorica, Universita diiRaVia Bassi 6, Pavia, |-27100, Italy

16 ENEA-Bologna, Via Biancafarina 2521, 1-40059 Medicina (B@aly
17 INFN-Roma “La Sapienza”, Piazzale A. Moro 2, 1-00185 Rontaly!

18 INAF/IASF—Palermo via U. La Malfa 153, 1-90146, Palermajyt

19 INFN-Roma “Tor Vergata”, Via della Ricerca Scientifica 10133 Roma, ltaly

20 ENEA-Roma, Via E. Fermi 45, 1-00044 Frascati (Roma), Italy

21 ASI-ASDC, Via G. Galilei, -00044 Frascati (Roma), Italycan

22 pS|, Viale Liegi 26 , 1-00198 Roma, ltaly
Received 2009 January 08; Accepted 2009 February 27

ABSTRACT

Using gamma-ray data collected by tAgro-rivelatore Gamma ad Immagini LEggero (AGILE) satellite
over a period of almost one year (from 2007 July to 2008 Juwe)searched for pulsed signals from 35

potentially interesting radio pulsars, ordered accordng., U VEd™ and for which contemporary or re-
cent radio data were availableAGILE detected three new top-ranking nearby and Vela-like psilgath
good confidence both through timing and spatial analysisoigrthe newcomers we find pulsars with very
high rotational energy losses, such as the remarkable PSBB58 with a magnetic field in excess of'10
Gauss, and PSR J2229+6114 providing a reliable identidicditir the previously unidentified EGRET source
3EG2227+6122. Moreover, the powerful millisecond pulsaBBl-24, in the globular cluster M28, is de-
tected during a fraction of the observations. Four othemismmg gamma-ray pulsar candidates, among which
is the notable J2043+2740 with an age in excess of 1 milliargjeshow a possible detection in the timing
analysis only and deserve confirmation.
Subject headings. gamma rays: observations — pulsars: general — pulsarsvidthdil (PSR J2229+6114,
PSR B1509-58, PSR B1821-24) — stars: neutron

1. INTRODUCTION as well as understanding the sites where charged partiges a

Although the bulk of the electromagnetic energy output of accr?leijated_. hani d sites of th .
spin-powered pulsars is typically expected above 10 Mev, he dominant mechanisms and sites of the emission most
only ~ 0.5% of the radio pulsar population has been clearly probably depend on the rotational per®dnd magnetic field

: PP ) : . . Bofthe neutron stars, with the millisecond pulsars (e.g.dHar
identified in the gamma-ray domain (Thompson 2004; Pelliz ing et al. 2005) behaving differently from the “classical",

zoni et al. 2008; Halpern et al. 2008). Such meager harvest . > ; e )

is to be ascribed, most probably, to the relatively low sen- Nigher magnetic field ones. Population synthesis simulafio

sitivity of gamma-ray instruments with respect to radio and featuring comprehensive statistical analysis of diverselm

X-ray telescopes. Poor gamma-ray pulsar statistics hasdee €IS Of emission geometry and beaming, yielded very differ-
ent numbers of radio-loud and radio-quiet pulsars potkytia

major difficulty in assessing the dominant mechanism which d bl . Gonthi |
channels pulsar rotational energy into high-energy emissi Jetéctable as gamma-ray emitters (see e.g., Gonthier et al.
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2007). However, such simulations are poorly constrained byradio telescope of The Australia Telescope National Rgcili
the source sample currently available and only a much larger(ATNF). Details about radio data analysis procedure in ase f

sample of gamma-ray pulsars could help discriminating dif-
ferent emission models.

Astro-rivelatore Gamma ad Immagini LEggero (AGILE) is
a scientific mission of the Italian Space Agency, dedicated
to high-energy astrophysics (Tavani et al. 2008) launchred o
2007 April 23. The sensitivity to photons with energy in the
range 30 MeV to 30 GeV of thAGILE Gamma-Ray Imag-
ing Detector (GRID; Prest et al. 2003; Barbiellini et al. 2D0
together with a time tagging accuracy of a fewand a very
large field of view £60° radius) all makeAGILE perfectly
suited for the detection of the time signature of new gamma-
ray pulsars.

The large field of view oRAGILE allows long uninterrupted

AGILE are described in Pellizzoni et al. (2008). Timing solu-
tions for the detected pulsars can be requested by corgactin
the corresponding author.

2. AGILE OBSERVATIONS AND DATA ANALYSIS

Pulsar data were collected since the early phases of the mis-
sion. Timing observations suitable for pulsed signal asialy
started in 2007 July (at orbit 1146) after engineering teats
the payload. In this Letter, we analyze data collected up to
2008 June 30.

AGILE pointings consist of long exposures, typically last-
ing 10-30 days, slightly drifting<{1° day™) from the start-
ing direction in order to match solar panel illumination eon

observations and simultaneous monitoring of tens of nearbystraints. TheAGILE total exposure (computed with the GRID

radio pulsars belonging to the “gamma-ray pulsar region” of
the P-P diagram characterized > 2 x 10! G and spin-
down energyE,ot > 1.3 x 103 erg s (Pellizzoni et al. 2004).

At variance with the behavior at soft X-ray energies, where
the emission is proportional to the rotational energy log&s o

the squared distance factdi(0 Ed™2, whered is pulsar dis-

scientific analysis task AG_ExpmapGen) for the 11 month
data span considered is typicaffyi0° cn? s for each target.
Data screening, particle background filtering and event di-
rection and energy reconstruction were performed byAthe
ILE Standard Analysis Pipeline (BUILD-15). We adopted the
AGILE event extraction criteria and timing procedures cali-

tance; e.g. Possenti et al. 2002), the expected gamma-raprated and optimized with the observations of known gamma-

flux of radio pulsars is directly correlated to the Goldreich
Julian current/open field line voltage (Cheng & Ruderman

ray pulsars as described in Pellizzoni et al. (2008). In par-
ticular, we performed our timing analysis looking for pulse

1980; Harding 1981). It can be estimated according to the lawsignals using botlE > 50 MeV G class events (i.e. events

F, O VEd™2 (Kanbach 2002; Arons 1996), which is known
to reasonably fit EGRET pulsars. The large dispersion of
such fit (probably due to different beaming fractions) pro-
vides the minimum/maximum normalization values, allowing
a worst/best case approach for the gamma-ray flux estimate
Following such an approach, we have built a sample 400
radio-loud pulsars which are likely to be above th&ILE
sensitivity thresholdRyin > 2 x 108 ph cm? st atE > 100
MeV). Of course, we are fully aware that the actual number

identified with good confidence as photons) and the combina-
tion of G+L events (L events are significantly contaminated
by particle background) collected within 66rom the center

of GRID field of view and with an extraction radius around

Soulsar positions optimized as a function of photon energy ac

cording to the point-spread function (PSF) and background
level of AGILE. For noisy observations in confused regions
(e.g. for J2229+6114), an extraction radius~& (well be-

low E > 50 MeV PSF) was used to optimize the signal-to-

of detections will depend upon the emission model geometrynOise ratio. Source position accuracyi®’5s at present level

and efficiency.
Top-ranking targets with pooAGILE exposure, well-

of targets exposure.
Given the measuredGILE’s time tagging accuracy of

known pulsars already deeply investigated at the epoch of<200 us and the good radio monitoring (i.e., valid epoch

EGRET observations, and sources reserved toAGHE
Guest Observer Program were excluded from our list which
encompasses 35 gamma-ray pulsar candidatesthis Let-

ter we present results about isolated pulsars only. The five

pulsars in binary systems of our sample will be discussed in
subsequent works.

range, adequate number of time of arrivals (ToAs)) avatlabl
for the majority of our targets, the most significant pulsigd s
nal detection is typically expected within the errors of the
dio ephemeris frequency values. In particular, we perfarme
standard epoch foldifgover a frequency range defined ac-
cording to 3 errors of radio ephemeris.

Since gamma-ray pulsar detection must start from an at 1he frequency resolution is 0%k (whereTgs is the time
least approximate knowledge of recent pulsar ephemeris, aspan relative to the coverage of each target) and we oversam-
dedicated pulsar radio monitoring campaign has been underP!ed it by a factor of 10 (0.03fs is the frequency step of our
taken. Conservatively, we present here timing analysis re-grid). Since theAGILE useful data span for pulsar detection is

sults and detection claims only for pulsars having sim@tan
ous radio ephemeris for the whole releva@!LE observing
epochs. Our campaign will continue throughout %@l LE
mission for most of the targets (accordingly to their vikibi
ity), using two telescopes (Jodrell Bank and Nancay) of the

typically of the order of few months, implying a period sdarc
resolution of<10710 s, the resulting number of independent
period search trials turns out to be few tens while no indepen
dent trials on period derivatives are needed.

Pearson’s¢ statistics is applied to the 10-bin folded pulse

European Pulsar Timing Array (EPTA), as well as the Parkes Profiles resulting from each set of spin parameters, yigldin

1 n ranking order: J0737-3039*, J1833-1034, J1744-1134Q}1000,
J1747-2958, J2043+2740, J1730-2304, J1513-5908, J1EG2=5-51909—
3744*, J1357-6429, J1531-5610, J1809-1917, J1617-5085332137,
J1801-2451, J0940-5428, J1549-4848, J1718-3825, JUE2-21730—
3350, J0900-3144*, J1420-6048, J1739-3023, J1751-285804—-2717*,
J2229+6114, J1105-6107, J1721-2457, J1124-5916, JI722-31740—
3015, J1823-3106, J1745-3040, J1016-5857 (the asted&laies binary
systems). See http://agile.asdc.asi.it for details aB@ILE Data Policy and
AGILE Team Targets List.

the probabilities (weighted for the number of trials penfied
on the data set) of sampling a uniform distribution, assessi

2 The on-axisAGILE PSF 67% containment radius 4s 10° for E = 50
MeV, ~ 5° for E = 100 MeV, and~ 0°5 forE = 1 GeV.

3 When adequate radio observations covering the time spére gftmma-
ray observations are available (i.e. where WR/E terms are included in
TEMPO2 ephemeris files; (Hobbs et al. 2004, 2006; Edward& 2086)),
we account also for the pulsar timing noise in the foldingcedure as re-
ported in Pellizzoni et al. (2008).
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TABLE 1
EMISSION PARAMETERS OF THE SEVEN PULSARS DISCUSSED IN TEXFIRMLY DETECTED GAMMA -RAY PULSARS ARE REPORTED IN THE UPPER PART
OF THE TABLE)

PSR Name G.lon. G.lat P 78 D2 logE  x24(Ng)®  otime®  ospace” F,9  logL,® L,/E
deg deg ms yr kpc  erghs erg st

J2229+6114 106.65 2.95 51.6 .0k 10* 12.0 37.35 6.0(36) 5.0 7.5 264 35.36 0.01
J1513-5908 320.32 -1.16 150.7 6% 10° 5.8 37.25 4.2(3) 4.0 6.4 346 35.04 0.006
J1824-2452 7.80 -5.58 3.0 .10 4.9 36.35 4.2(1) 4.2 3.6 185 34.62 0.02
J1016-5857 284.08 -1.88 107.4 1210° 9.3 36.41 6.0(69) 4.8 12.3 626" 35.71 0.2
J1357-6429 309.92 -2.51 166.1 3% 10° 4.1 36.49 5.2(7) 4.7 1.8 <14 <34.35 <0.007
J2043+2740 70.61 -9.15 96.1 .2k 1CP 1.1 34.75 4.1(1) 4.2 0.6 <6 <32.84 <0.01
J1524-5625 323.00 0.35 78.2 2% 10* 3.8 36.51 4.6(4) 4.3 1.0 <16 <34.34 <0.007

aDispersion measure distance and characteristic age ettéiom ATNF Pulsar Catalog (http://www.atnf.csiro.as#arch/pulsar/psrcat/; Manchester et al.
2005). For J2229+6114, Halpern et al. (2001) derived a mhotter alternative distance of 3 kpc from X-ray absorption.
bpearson’s(? statistics applied to the 10-bii, > 50 MeV folded pulse profilesNy is the number of steps over period search grid, see text).
CPulsed emission detection significance (weighted acaagifdir Ng ).
dikelihood analysis detection significance and flux (er@per limit) in units of 10% ph cn? s71 (E > 100 MeV), obtainined by search for a source near the
ulsar direction.
pe E > 100 MeV luminosity assuming traditional 1 sr beam emissiuah photon index 2.0 (for J2229+6114 the measured photox iofi2.2 has been used).

fPossibly multiple sources. Source confusion may affectdhok significance.

the significance of the pulsed signal (sinusoidal or not). In resolution. Bothy? statistics and?/H-test provide compara-
fact, applying this statistics to the well-known EGRET puts  ble detection significances, except for PSR J2229+6114. The
(Pellizzoni et al. 2008), we obtained a perfect match betwee Z2 test applied to this pulsar provides slighly better results
the best period resulting froGILE gamma-ray data and than the other statisticZf = 39.5, Z% = 45.9 correspond-
the period predicted by the radio ephemeris with discrepan-ing to an~60 detection). Furthermore, we verified that our
cies comparable to the period search resolution. Furthermo analysis procedure (potentially affected by instrumestated

we verified our timing results also applying bin-indepertden systematic errors and biases in events extraction critgoes
parameter-free statistics as tAgtest (Buccheri et al. 1983) not produce fake detections at a significance level above 3
and theH-test gde Jager et al. 1989) that are typically more when the radio-ephemeris are applied to randomly extracted
sensitive tharny“ tests for the search of sinusoidal pulses. In AGILE data.

particular, the use of thi-test is suggested if no a prioriin-  Four targets are also firmly detected by the likelihood spa-
formation about the light curve shape is available as in our tial analysis. It is not surprising that spatial detectiembiss-
case. ing for weaker targets at the preséy@®I|LE exposure level.

First, for each target we searched for pulsed signals usingin high-background regions of the Galactic plane, our mlilse
the whole available data span. Later, each observatiorkbloc emission search sensitivity can be better than our spaii a
was analyzed to check for possible flux and/or pulse profile ysis sensitivity. Furthermore, timing analysis can be iupl
variability. to the full AGILE event list (i.e. G+L event classes extending

We also performed a preliminary maximum likelihood up to 60° from the center of the field of view), while, cur-
analysis (ALIKE task) on th&GILE data for the regions con-  rently, spatial analysis is only fully calibrated for the @ss
taining our targets in order to exploit the instrument's@na  events detected within 4@rom the center of the field of view.
ing capabilities to assess gamma-ray source paramete®s, He  However, some of the non-detections in spatial analysis are
we focus on timing analysis leaving detailed source pasitio  indeed, puzzling. According to Figure 1, PSR J2043+2740
ing, flux and (phase-resolved) spectral analysis for fupare  has a pulsed flux and light curve very similar to PSR J1513—
pers when higher counts photon statistics on each target wil 5908 (note that both are based on G+L events). Moreover,
be available and instrument effective area calibratiotisbsi J2043+2740 is out of the Galactic plane, in a region well ex-
consolidated. posed and with low diffuse emission. Thus, it should have

been detected by the image analysis more easily than J1513—
3. NEW GAMMA-RAY PULSARS 5908, which sits in a higher background region, unless, of

Table 1 lists the emission parameters of the seven pulsargourse, they have very different spectra.
discussed in this Letter. The resulting radio-alignedtligh  Pulsars in Table 1 are ranked according to their overall de-
curves are plotted in Figure 1 where for each pulsar the ac-tection significance. Pulsars firmly detected both throirgh t
tual bin size and energy range has been adjusted accordinghg and spatial analyses are placed above the line. Pulsars
to the available statistics and light-curve structure. Ween  detected through timing analysis alone await longer siault
that in all cases radio and gamma-ray timing results are com-neous gamma-ray and radio observations for confirmation and
patible, with the highest significance frequency detected i reliable luminosity estimation.
gamma rays within the errors of the radio ephemeris value, In Table 1, the most significant detection is
considering also the period search resolution. Examples ofPSR J2229+6114 for whichGILE detected pulsed emission
the exploration of much larger frequency search grids are(radio/gamma-ray periods discrepangy10'! s, Figure
shown in Figures 2 and 3 for PSR J2229+6114, for which 2) and pinpointed the most likely position £ 106°86,
the best gamma signal is withirrfrom the radio peak, and b = 2°94) to~0°2 from the radio pulsar. Our detection pro-
for PSR J1824-2452, for which the radio—gamma frequencyvides a reliable identification for the previously unidéietl
discrepancy is comparable with the gamma-ray period search
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J2229+6114

J1513-5908

J1824-2452

J1016-5857

J1357-6429

J2043+2740

J1524-5625

0.0 0.5 1.0 1.5 2.0
phase

FiG. 1.— Background-subtractel > 100 MeV folded pulse profiles (ex-
cept for theE > 50 MeV J1357-6429 light curve) of the pulsars shown
in Table 1. Events extraction radius is optimized as a fonctf energy
(see the text). All pulse profiles are obtained using G evdadsconly
except for PSR J1513+5908 and PSR J2043+2740 that haver lughets
statistics because detections are obtained including Geebteclass. For
PSR J2229+6114 the histogram of th&5 (G+L) events wittE > 1 GeV is
also shown. Absolute timing is performed for each targeé rain radio
peak (1.4 GHz) corresponds to phase 0. Possible fluctuatibiise dis-
persion measure over the considered time interval are rpectad to sig-
nificantly affect phasing results, given the time resolutaf the available
gamma-ray light curves.

EGRET source 3EG2227+6122 £ 106°53, b = 3°18).
The AGILE source position, pulsed flux, and photon index

RED CHI-SQUARE

A B N PR R B
—6x10-11 —4x10-11 —2x10-1" 0 2x10-11 4x10-1T 6x10-" 8x10-!
P_AGILE-P_RADIO [s]

Fic. 2.— PSRJ2229+6114: gamma-ray period search result ¢(perio
trials versusx? Pearson statistics). The radio period (vertical line at
PaciLe —Prabio = 0) is 51.64101208(3) ms (PEPOCH = 54575.5856 MJD).
The most significant gamma-ray pulse profile is obtained FTEC?,‘LE =
51.64101208862), a value within the & error on the radio period (vertical
dashed lines).

inferred by X-ray observations (Halpern et al. 2001) and
isotropic emission, the pulsar gamma-ray efficiency would
be ~ 0.5, a factor of 20 higher than that quoted in Table 1.
In modern pulsar beaming models (in particular high-atigtu
models) the assumption of isotropy in luminosity calcualati
could be a better approximation in most cases, implying
that efficiencies should be increased by roughly an order of
magnitude from those based on the commonly assumed 1 sr
beam (Watters et al. 2008). Anyway, precise efficiency mea-
surements await for a better assessment of pulsar distance,
flux, and beam geometry.

PSR J1513-5908 (B1509-58) was detected by COMPTEL
in the 1-10 MeV range, while EGRET reported (Fierro 1996)
only marginal evidence for a weak4o source at- 1° from
the radio Jaosition, with a pulsed emission upper limit of
<58x 108 ph cm? s, The AGILE discovery of pulsed
emission from PSR B1509-58 relies also on as6detec-
tion of a gamma-ray source (possibly multiple sources) at
<0°4 from the radio position. The main gamma-ray peak
at phasev 0.35 in theAGILE light curve is aligned with the
soft gamma-ray peak seen by COMPTEL in the 0.75-30 MeV
band (0354 0.03; Kuiper et al. 1999) slightly trailing the hard
X-rays single peaked light curves (Saito et al. 1997; Ro#s.et
1998). A second possibile peak in tASILE light-curve at
~ 0.85 could have correspondence with the marginal feature
seen in the 10-30 MeV COMPTEL light curve. The COMP-
TEL sharp spectral break between 10 and 30 MeV (Kuiper
et al. 1999) is confirmed by oUkGILE point at 100 MeV.
Our data imply a softening of the photon index frem1.7
to ~ 2.5 going from tens to hundreds of MeV. Such a low-
energy break, compared to the more common GeV spectral
break in gamma-ray pulsars, could be the telltale signattire
the photon splitting process inducing significant e.m. adsc
attenuation due to the strong magnetic polar field (grehtar t
103 G) of this pulsar (e.g. Harding et al. 1997).

At variance with all the other targets, the millisecond pul-

(~2.2) are consistent with the EGRET values (Hartman et al. sar J1824—2452 in the Globular Cluster M28 was detected by
1999). The gamma-ray light curve of this pulsar (detected up AGILE with good significance (greater thanYand perfect

to over 1 GeV), featuring just one prominent peak shifted

radio—gamma periods match, only in the time interval 54339—

180 in phase from the radio main peak, is shown in Figure 54344 MJD (Figure 3). The main radio peak at 1.4 GHz is

1. It is worth noting that assuming a distance~of3 kpc

coincident with the broad single peak seen in gamma rays.
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RED CHI-SQUARE

P T
—1x10-10

P R PR R
—5x10-11 0 5%10-1
P_AGILE-P_RADIO [s]

1x10-10

FIG. 3.— PSR J1824-2452: gamma-ray period search result. The ra

period is 3.0543151208713(1) ms (PEPOCH = 51468 MJD). Thst sig-
nificant gamma-ray pulse profile is obtained REE} ¢ = 3.054315111) ms.
The corresponding radio-gamma periods discrepgf 2! s is compara-

ble to the period search resolution in the considered data €#339-54344

MJD).

Only marginal detection was obtained integrating other ob-
servations with comparable exposure or the whole data span
Noise fluctuations could possibly explain the apparent-vari

ability. Alternatively, although its gamma-ray efficienapd
high stability of spin parameters are compatible with riotat

powered emission, some additional mechanism disturbiag th
neutron star magnetosphere in the dense cluster envirdnme
could be invoked to explain the variable gamma-ray phe-

nomenology of this peculiar pulsakGILE timing failures at

submillisecond level in some observations (mimicking seur
variability) cannot be excluded. However, this seems @yjik

since we verified both timing accuracy and stability~a200

1S level with Vela pulsar observations. Confirmation of this

tantalizing result about physical variability will rest taamger
monitoring campaigns.

marginally compatible with 3EG 1013-5915, for which multi-
ple associations were proposed (Hartman et al. 1999). Fhe re
gion, originally covered by the gamma-ray source 2CG 284—
00, discovered by COS-B (Swanenburg et al. 1981), is very
complex. Other nearby sources, and in particular pulsar
PSR J1016-5819 (not belonging to our sample), could signif-
icantly contribute to the high flux observed BEILE in this
region.

Of the remaining three pulsars, detected only through tim-
ing analysis, the most notable is certainly PSR J2043+2740
which, with an age in excess of one million years, would be
the oldest ordinary (nonrecycled) pulsar seen in the gamma-
ray domain. The precise measurements of its flux will yiedd it
luminosity and thus its efficiency, a parameter of paramount
importance for the understanding of gamma-ray emission as
a function of the pulsar age.

According to their timing and spatial analysis outcomes,
light-curve profiles, and radio—gamma phasing upshots,
PSR J2229+6114, J1513-5908 and J1824-2452 can be con-
sidered rather solid detections. If the detection of J1016—
5857,J2043+2740, J1357-6429, and J1524-5625 will also be
firmly established, our seven object sample, together \uith t
detection of J2021+3651 (Halpern et al. 2008), would imply
that gamma-ray emission is a common feature of luminous
radio-loud pulsars, be they young or old. Indeed, our list en
compasses the second youngest (J1513-5908) and by far the
oldest nonrecycled pulsar (J2043+2740) detected at gamma-
ray energies. The gamma-ray pulsar search and the improve-
ment of AGILE timing procedures requiring unprecedented

Tong integrations is an ongoing effort, in close collabimmat

with the radio observers. We trust that the new gamma-ray
pulsar detections presented here will trigger multiwanvegth
observations (e.g. in X-rays) simultaneous to the contisiyo
improvingAGILE andFermi (formerly GLAST) exposures on
these targets. The availability of high-resolution lightwes

and their precise multiwavelength phasing will pave the way
to improve pulsar models as well as our understanding of the
pulsar population as a whole.

PSR J1016-5857 stands out in Table 1 for its very high effi-
ciency in converting rotational energy loss into high-gryer We thank the referee for her/his useful recommendations
gamma rays. This may be ascribed to distance uncertainand comments. The Parkes radio telescope is part of the
ties, as happened to be the case for the recently discoveredustralia Telescope, which is funded by the Commonwealth
PSR J2021+3651 (Halpern et al. 2008) for which the dis- of Australia for operations as a National Facility managed
tance derived from the dispersion measure is certainlyasver by CSIRO. We thank Jules Halpern and Fernando Camilo
timated. Furthermore, we note that the positiba-(284°47, for useful discussions and contributions on gamma-ray pul-
b =-0794) and flux of theAGILE gamma-ray source is only  sar timing.
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