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In the 30-100 MeV AGILE |
sensitivity is competitive (500 The 1 GeV Fermi sensitivity is much
cm? eff. Area for timing). better than the AGILE one.



Pellizzoni et al., 2009b

New Gamma-Ray Pulsars
J2229+6114, J2021+3651, .: Vela-like

“_1.5'1 IS8 saga1e
A EENEREE

B1509-58 : High B pulsar

B1821-24: ms PSR in Globular Cluster

J1016-5857: possibly 3EG source
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J2043+2740: oldest gamma-ray pulsar
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INTENSITY AS A FUNCTION OF TIME

Crab Pulsar SR1509-58 Yela Pulzar
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PSR B1509-58 with Comptel
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PSR B1509-58 with AGILE (1)
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Pilia et al. ApJ, 723, 707, 2010

Detection of PSR BL3-38 and its pulsar wind nebula in MSH 15-52 using Fermi - LAT
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The "soft" .:-pulsar B1509-58

Detection of PSR B1508—58 and its pulsar wind neluls in MEH 15—52 wsing Fermid - LAT
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PSR B1509-58 with AGILE (2)
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Polar Cap - Photon Splitting

Harding, Baring & Gonthier 1997

- Third order QED process
- Forbidden in vacuum

-For B<B, ( Byispy=3.1X10"G ) it takes place
BEFORE the threshold for pair production

- y—oyy So that high energy emission (> some
GeVs) is inhibited
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Photon Splitting - Pair Production

B 107
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& — angle between the photon momentum Pilia et al. 2010

and the magnetic field vectors
- Given the observed cutoff energy ( £.,=81£20 Mel),
the corresponding magnetic field is B'=0.3. This implies
emission at height h~1.3 R, above the PC, where the pair
production ensues.



Alternative scenarios
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TWO POLE CAUSTIC GAP
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FiG. 9.— Collection of sample light curves for the TPC model. Four select w (values in bottom right panel) are shown for each panel; the radio pole has closest
approach at phase=0. The values for the number of all peaks, the number of broad peaks and the maximum peak separation (in %) are indicated by each curve.

Intensities are normalized to pulse maximum.
Watters et al. 2009
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Fic. 14.— Light curves for the Two Pole Caustic (TPC) model. Each panel shows curves for four values of the gap width w. The curves are labeled with the
number of major peaks and the peak separation, in percent.
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Geometry Constraints

OUTER GAP TWO POLE CAUSTIC GAP
x~60 ° C~T75° x~35° C~90°
X = magnetic inclination

C = viewing angle

- x<60° at the 3 ¢ confidence level (Crawford et al. 2001)
-If €>70°(Melatos 1997) then ®a>30°at the 30 level

- For these values, however, the Melatos model for the

spin down of an oblique rotator predicts a braking index
n>2.80 slightly inconsistent with the observed value
n=2.839(3) (Livingstone et al. 2005)



A Slmllar Case.. PSR BO656+14
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New Results from Ferrmi

J1513 95008 L 1105801 0AS0ESEQD2FIFEQE _Ferminew EVT _testD_3011
= T T T =

1200 :— _: 1700 E_ _E
1eao :— _: > 1550 E_ _E
u = e
E < 500 - ] = F
w BooF = g 1600F
MeV 8 e = A 1550}
400 ; —f 1500 ; —z
200 - 24950 3 3
o - 2900F 3
= . o> E E
o.0 ;.5 N F._Pu_l_snkop:agE - 1 5 2.0 ; 2850 E_ —E
1 SR ; 1 F wlaar ioalineg — elli=>oni ila. Trais ? 8 2500 E— —E
1200 - | 2750F -
EL L
C ] 2650 F -
E <300 g sof s E ]
8 - = C COMPTEL ]
600 [— ]
- = as0 ]
MeV - = = - ]
4oof— — W [ i
- . = L .
200 ;— —; E,‘ 900 :_ _:
ol 1 L 1 1 'CI!_ : :
e a8 PULSAN FHASE - 20 asor .
AGIF Pulsar Ploslne — Pellzronl. Plifo. Trale [ ]
500 C ]
-
© 1210F COMPTEL
N * 1205F 3
" n F ]
5 300 O 1200 ;— —;
E <150 T nesf 3
200 = 3 ]
8 11890F =
MeV o T 3 E
'-'h': 1B5E E
Q 1 1 1 Q = : ? : =
o.o a5 1.0 1.5 2.0 00 0.5 1.0 1.5

Vo
B

PULSAR FPHASE
AL F Pullar Ploaling — Pelliizrani. Pila. Traie Phogaa



Interpretation

Our observations are compatible with emission from the
polar cap regions powered by photon splitting cascades.

This likely inerpretation could represent the first
physical measurement ever made related to the QED
photon splitting process.

The fact that PC emission at HE appears rare
might be explained by the requirement that a number of
conditions concur to have low magnetospere emission,
e.g. an aligned geometry and high magnetic fields.

New class of "soft" gamma-ray pulsars?




PSR J1846-0258 in SNR Kes 75
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Pulsar vs Magnetar




AGILE Observations of
PSR J1846-0258
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Spectrum of PSR J1846-0258
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J1846-0258 vs J1119-6127

ST L

[+ High B (49X 1096 |y
* High B (7x1013)6
e B =18(6) MeV £ igh B (7 x )

E cutoff %% . Ecumff ~1GeV

-* No evidence for

geometry = * Close to orthogonal ¢

-+ Best explained by & geomery

. polar cap + photon i * Best explained by
splitting - outer gap emission

= E iﬂllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Pilia et al. submitted Parent et al. 2011



Diversity & Evolution

The IiVeS Of ulsars A pulsar’s magnetic field
p at birth and its age when
astronomers observe it likely
KEY 1\ determines its classification.
. " : While each group has certain
High-magnetic-field radio pulsars s :
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P-Pdot

Diagram for High B Pulsars
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Evolutive Path?
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Evolutive Path?
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Importance of the Toroidal Field

Period Derivative (10" s s1)

Period ()

SGR 0418+5729

Rea et al. 2010



Interpretation

A progressive alignment of the spin and magnetic axes
(wéjO7) could trigger changes in the
toroidal field structure which would explain the magnetic
activity and consequent observed decrease in n (Ikgll).

A magnetic field above the quantum critical value is
observed and an alighed geometry is proposed.

Our observations are compatible with emission from the
polar cap regions powered by photon splitting cascades

also responsible for the absence of radio emission (high B).

Are we withessing a conversion?




FuTure Work
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