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PHASE LOCATION OF THE PULSED PEAK DETECTED IN GEMINGA
WITH THE FIGARO II EXPERIMENT.
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TABLE 1 — ISOLATED PULSARS (continued)
CNR, Palermo (Italy)

Nwhmm me_whouo%-mm %wwo 2-625 <017 <052
24.5 G Plane 5 ~am.M w% - mmco <037 <0.67 B. Agrinier, E. Barouch, R.Comte, D. Lemoine, and B. Parlier
24.5 G Plane 5 (off axis SE) NQc.A 25 - mww < Www < %Mw Service d'Astrophysique, D.A.Ph. P.E. , CEN, Saclay (France)
. . [ < L. < 0.
WM.W mmﬁa w. (off axis NW)  169.4 25 - 500 <037 <0.70 E. Massaro and G. Matt
NA.M S EM”M 2 MOMMmoM MMWV 87.3 2-500 <08 <154 Istituto Astronomico, Universitd *“La Sapienza“, Roma (Italy)
. offse 87.6 2-500 <057 <1,
34 Cas A iy < 1.06 M. Salvati
34 Cas A (off axis SW) MWWM w “ Www mew mew Osservatorio Astrofisico di Arcetri, Firenze (Italy)
34 C i ) : .
34 QMmBW.AMQ axis NE) 109.8 2 -500 <026 <032 P. Mandrou, M. Niel, and J.F. Olive
208 NGC mmz MMMW 2-625 <020 <035 CESR, Université P.Sabatier , Toulouse (France)
. 2-500 <029 <o.
218 SN 1993 1010 2-1000 <030 <032 Fopaning
222 MCG +8-11-11 99.9 2 - 500 < o.A_ < o.AA Istituto di Astrofisica Spaziale, CNR, Frascati (Italy)
227 SN o811l (0. SW)  100.5 2500 <034 <038 J.L. Masnou
213.4 25 - 1000 <0.18 < 041 UPR176 CNRS,DARC, Observatoire de Paris, Meudon (France)
m TABLE 2 — BINARY PULSARS G. Gerardi
. 24.5 } Istituto di Fisica, universita di Palermo (Italy)
. G Plane 5 178.5 2-50 <154 <292
24.5 G Plane $ (offse 87.6  2-500 <287 <535 ABSTRACT
. G PI ) : .
130 o EMMM WMAoQ.moO 88.4 2-500 <238 <448 The gamma-ray source Geminga was observed on July 9th, 1990
13.0 G Plane 25 (offset 136.8 2-500 <129 <188 in the low-energy gamma rays with the FIGARO II experiment.
13.0 G Pl set) 68.4 2-500 <212 <3.09 A first analysis provided evidence of a pulsed emission
. ane 25 (offset) 75.2 . 2-500 <183 <2093 characterised by a broad peak (Massaro et al, 1993)..A new
19 G Plane 58.1 872 2-500 < _.mc 1. folding of the data with improved pulsar ephemerides (Mayer-
19 G Plane 58.1 (offset) 429 2 - 500 . < 1.39 : Hasselvander et al, 1992) shows that the feature is located
19 G Plane 581 (offset) N:.w - <207 <186 4 in the off-pulse region. The presence of a possible emission
23 PSR Huow-wm . 2-500 <218 <19 o of the source outside of the pulsed region is discussed in
222 MCG +8-11.11 AMWM W -625 <067 <1.96 ¥ relation with the light curves in other energy bands.
S . -500 <1.11 v
wm me>~owo+mo 294.0 2-625 <074 M wwm ; INTRODUCTION
as 109.4 2 - ) : 1
34 Geminga 165.2 2 . M%w MMMM <168 : On July 9th 1990, the large area (3600 cm2) gamma-ray
208 NGC 6814 101.5 2 uo. : <172 : experiment FIGARO II (Agnetta et al., 1989), on board of a
227 SN 1993] 217, -500 <132 <143 ‘ stratospheric balloon, was pointed in the Crab Pulsar
4 3C 111 3 2-1000 <097 <224 : direction for more than seven hours (7:06 - 14:28 U.T.).
121.7 2 - 500 <125 <1.62 | Because of the large field of view of the experiment, the
ok 10-3 gamma-ray source Geminga was also observed with an average
-3ys! cm-2 fractional exposed area of 0.89.
The folding of the data with the Geminga pulsar
parameters (Mattox et al., 1992) provided evidence of a
pulsed emission characterised by a broad peak in the energy
range 0.14 - 0.48 MeV, and corresponding to a flux of
[ (2.7£0.9) 10-4 photons cm~2 s-1 (Massaro et al., 1993). The
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statistical strength of the detection corresponds to a
probability of a chance occurrence smaller than 10-3. The
time distance between the FIGARO and EGRET observations,
however, is so large that it was impossible to compute the
absolute phase location of the detected peak.

Afterwards Mayer-Hassewander et al. (1992) released more
accurate ephemerides of Geminga, valid for the interval
1990.3 - 1993.7 with a phase uncertainty of 0.1. Using these
improved parameters we performed a new folding of the FIGARO
data and obtained the absolute phase of the peak. In this
contribution we present this new result and discuss its
relation with the other light curves in the x and gamma-ray

bands. ;
THE FIGARO II RESULT AND THE GEMINGA LIGHT CURVE

The FIGARO light curve of Geminga, in the energy range
140 - 480 keV and ten phase bins, is plotted in Fig. la: a
single broad feature is evident with a phase width of 0.3.
The centre of this peak is at a phase distance of -0.19+0.1
with respect to peak 1 of the EGRET light curve (fig 1b,
Bertsch et al. 1992), and so the whole signal detected by
FIGARO lies outside the interval bounded by the two main
peaks. This finding indicates that the signal detected by
FIGARO does not appear to be related to the emission at
higher energies and therefore should be a manifestation of a
different component.

As it will be discussed in the following, the phase
structures of the Geminga pulse profiles from x to gamma-
rays are much different for different energies, and point to
a rather complex scenario, in which a possible
interpretation of the feature detected by FIGARO can be
found. :

A new visitation of the COS-B data (Grenier et al.,
1993) showed that Geminga can be detected as a point source
in the high energy gamma-rays also in the phase interval
following peak 2 and preceding peak 1, (0.02 - 0.35) in
Fig.l. The signal in this interval (called in the quoted
paper Interpeak 2) is characterised by a very soft spectrum
above 50 MeV. This finding was confirmed by the analysis of
the EGRET data (Mayer-Hasselwander et al., 1993) even if the
value of the spectral index is different.

The temporal and the spatial analysis of the COMPTEL
data (Hermsen et al., 1993) indicated the presence of pulsed
emission between 10-30 MeV only in the Interpeak 2 region
(Fig. 1c), coincident with the peak observed by FIGARO.

Finally the pulse profile of the ROSAT observation
(Halpern and Ruderman, 1993) in the band 0.53 - 1.5 keV
(Fig. 1d) shows again a single broad peak, but at a phase
different from all the previous features: it is located in
the Interpeak 1 region just before peak 2 of the high energy
light curve. It is remarkable that the phase difference
between this feature and that observed by us in the low-
energy gamma rays is 0.5, as the two main peaks at higher
energies.
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A POSSIBLE INTERPRETATION

A simple geometric explanation ow mcnﬂ patterns wm.nvmn
the x and gamma-ray emission of Geminga is a superposition
of several components originated in different regions of the
magnetosphere and having different energy spectra, as
proposed by Halpern and Ruderman (1993). .

These authors consider an outer-gap model 1Hn3 an
inclination angle of the magnetic axis to the rotation axis
close to 90 degrees: the high energy peaks are mswnmma in
the acceleration zone rather close to the light cylinder,
while the ~1 keV feature seen by ROSAT comes directly from
the polar cap. Halpern and w:amnsﬂ: expect, nvmﬂmmonm~‘m HOM
energy pattern with two bmmwm with a Uvmmm separation o
0.5, but, because only one 1is mﬂmmmnn in nrm‘wOMve @mnm~
they suggest that the magnetic field configuration 1s highly
asymmetric, with the dipole centre %wOmm to the neutron star

ce, quite similar to a sunspot.
m:ﬂmwsm %wo>mo data indicate the presence of a further
feature at the right phase distance from that of ROSAT and
of a comparable phase width. It could be the emission coming
from the other polar cap as expected moﬂ a centred dipole
field. The symmetry, however, nW::On be rigorous because OM
the very large difference in energy wnio orders o
magnitude) between the two signals. em:nmnw<mw<~ one could
explain it by assuming that the monH magnetic field near
the star surface is distorted by higher multipole ooabonw:nm
and that the lines of sight to the niﬂ poles cross regions
i ifferent field strength or curvature.

SHn:HMwnoanmeos the FIGARO results ﬂmwdmonnm the nozmemr
detection and provide evidence of a missing element in the
emission pattern of Geminga. The statistical QOSmH@mnom is
not compelling and is very important to try to confirm this
finding in the near future. We have another OUmNH<mnwo: made
during an earlier balloon flight on July 11th, 1986. The
present knowledge of the pulsar parameters, however, does
not allow to keep the phase coherence mwos 1986 to Hmwo.
More precise ephemerides can be obtained by Hmwmnwwo
together all the available high-energy observations: SAS 2,
COS B, GAMMA 1, and EGRET (Mattox et al.,1993).
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Fig. 1 Phase histograms of Geminga in several energy bands
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