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y-ray pulsars:

young radio-loud
radio-weak

millisecond pulsar

Nancay (France)

s
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@ first blmd search y.ray ms pulsar (10" free trials thanks to orbital info in the optical)

PSR )1311-34:

@ extreme black widow, now seen in radio
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Lo pulsations

@ pulsation detection
® folding the P and P known at other A

® blind search: trial and error in the P, P space

Fermi LAT y -ray pulsars

- T—

originally discovered in .yrays O, radio A, Xrays E
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1@ 575 unassociated 2FGL sources

@ pulsar likeness

. oy Ackermann et al., ApJ 753, 83 (2012)
® low varlablllty Lee et al., MNRAS 424, 2832 (2012)

® expo-cut-off spectra
® multiple techniques for ranking sources

® + patience ! a year to get orbit, position, P, longer to proper motions (Shlovskii effect)

. ' ' |
-~ © or toward globular clusters with no - x  AGN |
. . ] Ix x
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Pulsar without timing solution
Timed pulsar

Radio MSP discovered in LAT uniID
LAT radio-loud pulsar

LAT radio-quiet pulsar

LAT millisecond pulsar T
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‘ young p[jlsar Brs ~ 108-10°T
ms pulsar: Bns ~ 104-10° T

light cylinder Ric Q = ¢
retarded potential near cylinder
wave zone beyond

unipolar induction

___\. magnetosphere filled with charges U . —!

trailing

L 2
7

% ® force free plasma if

§ pay = —2¢)- B
E L B (B lines = equipotential)
P1

® acceleration E/ if p # pg
@ spindown power o ' trailing

Pray = // E /\ﬁdeﬂ

o

27
— :B2 SR6 894(1 —+ Sin Oé)
3
3,u0C
W t —2
- Epr(t) =Eini ( 14+ —
> Tini
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@ polar cap + slot gap ' B
\ ® above polar cap

E/ => e*; + Beurv — Y1 curvature rad. < >
Y1 + B = e*; = cascade + synchrotron N\ /

N\
® near last closed B line: E// | slower acceleration '\ \ .
C

+

thus pair formation front moves up: slot gap C e*

e* + Beurv = Y : curvature radiation in E,=C b/
:—J I - . + =
% adiation-reaction limit eE, =7 s - e & E, =0

@ outer gap | et / closed field
~ ® current through light cylinder + Poisson => E region
e*; + Beurv = Y1 curvature rad.
Y1 + Y2 = e*; = cascade + IC + synchrotron polarcapt,
© accelerator power in all models depends on gap width wgap L B
3 : _— null-charge surface
L, o< L+ Woap X Eosr
gap widens with age d
: >
\ A
. ik

g last-open B field line 2
g | Y
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| ‘ photons emitted along B lines

;
i
@ phase shifts because of retarded potentials,

by
L

. time-of-flight delays, light aberration

radio core + cone emission
® r~0.05-0.1T Rc

low & high slot-gap beam
® r<0.95Ric

@ one-pole-outer gap
® Rhun <r<0.95 Ric

@ striped wind

® B reconnection in wave zone
r>5 Ric=>E/
=> Doppler boosted synchrotron

Sunday, 22 September 13
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~ © spectral evidence : no spectral cutoff 13
~ from magnetic pair production el |
® => 10 TeV accelerator in the slot gap % F i3 L
B [ 1¢s ¢
or outer gap S F i S X
s S
w — - ©
Re) <
2
>’ “B 100 =
@ radiation patterns : fits of y-ray and all B :
. radio lightcurves with the different mode " [~ Maximum Liikelhood Model II:
® no single model can reproduce = o o .
the variety of lightcurves 107 1 10
Energy (GeV)
despite large choice of & and T
Radio Loud (25) Radio Quiet (29) MSP (40)
& Slot Gap
)
* & Quter Gap § g
S5
- Pair Starved % §
PC £ £
W PC xS

. U RSN SRS NENESIOASANNEA W Y B A SR,
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® radio-loud objects for & ~ T
® radio-quiet objects

@ suggestion of
® one pole seen in Yy rays
® opposite pole seen in radio

%@ little evolution of peak separation with E

Peak Separation (A)
o O
= %

o
N

0.0¢

large |o - T] for the striped wind and
skewed to T > o for the slot gap

40

20

20 -

| 2

LAT radio-loud pulsar
LAT millisecond pulsar

LAT radio-quiet pulsar

all
radio-loud

OPC

Pulsars with OrJE, Peak

Radio Lag (6)

40 60
a, (deg)

80

Pierbattista+ 2012
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lightcurve fits using the radiation patterns of the

different models

= pulsar orientation T and magnetic obliquity «

ex: double pulsar J0737-3039

= orientation consistent with polarisation data

® radio + Y-ray profile fits
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TPC OG '
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® polar + RVM fit
o (0) 98.8"'8'1‘5
C (°) 95.8+13-2_, , Porb = 147 mn
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LAT radio-loud pulsar |7
LAT radio-quiet pulsar

LAT millisecond pulsar

| 103’
@ large dispersion in isotropic luminosities
dominated by 10%°
® distance uncertainties
. 35
® £ beaming factors 10
® roughly consistent with slot-gap and 3 )
- 2 10
outer-gap predictions 5
-
re .
=@ the older, the harder in y rays, 10
the more efficient in Ly/E
1032 L
/ _imzong J0437-4715
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A LAT millisecond pulsar
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® the abundance of LAT pulsars with
ages < 100 kyr => unexplained evolutior

in the extraction of the dynamo power
as the pulsar slows down, i.e. in the
evolution of the starvation gap width

® the high probability of observing both
the radio and y beams at high E
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pulsar counts
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a LAT log(Edot) (W) log(Edot) (W)
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LAT scaled
———

radio-loud fraction

among Y pulsars
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32

Grenier+. 2014, in preparation
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 likely SSC origin

@ tection of 100

B Aleksic, et al, 2012
-10
P2 OFF P1 p2 -
2700 MAGIC, 46 - 416 GeV TEn:i:;ﬁ:;dzaA 1 D E
e ims e [
N, S 75116 Sig-i0de| et
)
ATt R &
MAGIC, 138 - 416 GeV T:';T;;s;s::: E _11 i
22,=59.88 (4.50) [ ln
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M, = 416+-68 Sig = 620
Q
| | =
1 i |'I I o I fl e
| MAGIC, 46 - 138 GeV | _ Enties 74828 L
R . 13 4l (P1+P2),, MAGIC Stereo, this work
el 2 1077 Fl @ (P1#P2): MAGIC Steren, this work
o F| @ (P14+P2). MAGIC Mono (Aleksi et al. 2011)
. [ [ (P1+F2),, Fermi-LAT (Abdo et al. 2010)
0 02 04 06 08 1 12 14 16 18 2 rd:i,,j - + (F1+F2); Fermi-LAT (Aleksit et al. 2011)
rhese || -=— (P1+P2), VERITAS (Aliu et al. 2011)
—@— MNebula, MAGIC Stereo, this work
ID-H |- Nebula, MAGIC Stereo, ICRC 2011
[ |—#— Nebula, Fermi-LAT (Abdo et al. 2010)
- | —— Lol pulsed, OG+ pairs (this work)
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" Crab pu PNV 2
o ROOa . Crabpulsed spectrum. A 0 A
@ Y rays at sub-TeV energies from inverse Compton scattering (SSC or on stellar radiation)
IbQ ex: outer gap model from Hirotani /,*
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pulsar wind nebulae A\

HESS J1857+026 Crab Nebula

HESS J1837-0657 MSH 11-62 HESS J1023-575
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.SR B0531+21

G15.4xxx

20:00.0

Latitude (deq.)
Latitude (deg.)

-13.58

25:00.0 J

Galactic

Galactic

_14

-46:30:00.0

Declination (J2000)

s

,+* 3EG J1639-4702

277.5 277 276.5 276 275.5 ",:‘—__--errmcircle
v

Right Ascension (J2000)

(i)
321 320 319 318

0 319 3 260
Galactic Longitude (deg.)

Galactic Longitude (deg.)

16:40:00.0

@ extended PWNe dominate the Galactic TeV source population: confusion threat for CTA

Sunday, 22 September 13




retarded potentials => elmgn. wave outside the light cylinder

©
r——ll
. |

-

h@ wind = toroidal (wound up) field frozen to a e*- ion plasma

W o pulsarwind S0

@ o ratio = Poynting flux / particle energy flux (Rees & Gunn 74, Kennel & Coroniti '84)

B12 C/Mo . . : . E
©= " 2 Epsr =Ew +tEeg = Ey = adl
MwViw (yleC )

l1+0

|

|

|

|

. 0>>1 EM wave takes the pulsar energy away (near light cylinder)
0 << 1 pulsar energy transferred to wind particles (near terminal shock)
shocked wind => pitch angle for e* => synchrotron + IC nepula

ambient
medium

silent
? @ unshocked
wind y ~106

O <<]1

contact discontinuity

2
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@ MHD 5|mulat|0ns
(Komissarov 2004+

Bucchiantini 2005+...)
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@ Doppler de/boosting
& red/blue shift of '
the observed flux in the

20 ¢

Inner torus & jet
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T T I ]

<
N
-
]

0.4 0.6 0.8

2. The & = 0.3 model atr = 190. Left panel: Ratio of magnetic to gas pressures, p.,/p,. Right panel: Magnitude and direction of velocity.

facteur Doppler du jet : @ = Tjet(1 + Bjet COS Pjet )
decalage spectral: hvgps = D.hvjg

(IS +1| .

"surintensite”: |, = D
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L 4

synchrotron losses

dominate

2
5

*»< syn + IC losses and E(t)
€

:

S oL 20 30
T, E Radius (arcsec)
] - young PWN
Z 10°
= =
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10t =
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= old PWN
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ox: HESS J1825-137
® TeV tail Ltev ~ 50 pc: e*(TeV) + CMB-IR = y(> 200 GeV)
® X-ray tail Lx ~ 5 pc: €200 TeV) + Bequip(1 nT) = X

multi-layer model => rapid diffusion of pairs to 80 p

PSR J1826-1334

2 =

(0

autre ex:

E 2-10 TeV

PSR J1301-6305

08-25TeV

1 gl B Bk bt Bk b Bk b Bty Bk R Bk
—;r. fiz '0!,.'
t ..L synch i by
.:‘ 10 y : IC ’;
I e, o
S joee | N ik
Z \\ | S
. \ / \\
= © current models too crude wrt the B structure in the tail, QL] VRN S S SR 104 (DU |
£ . : : = ‘
~  thus wrt the pair losses in the tail L i
: : o : E 1ot t .
=> coupling MHD with radiation yield necessary G 10 2 1
(O. de Jagger, Bucchiantini) 9 1o ) 3N
3 R
- 10°% Eob i d oiound oaiead o M . ol saned suvel suml sl SR

10:\ ]04 ]05 106 107 ]00 ]09 IO'° 1011 ]012 '10" 10:4
Energy (eV)

Y AT

o D e Sy A Tr
AN M ‘I“,.“/I':'A I

Sunday, 22 September 13



N\ /’ \ ',~ '___-‘.".’-__ B \=/,
WS )Y AT}
]r-"|'*—-—-,"‘ ‘|‘| ‘." ) AI
X i | | '-' ) .-

. advected flow = Iarge variations in Ve|OClty,» density, B mtenSIty => strong lmpact on X- ray +Y yield

= detailed MHD modelling to understand population trends

Velocity magnitude + streaomlines; o = 0.02

supersonic

3 \ - >
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~ © the long-lived TeV tail trails farther & farther
behind the running pulsar 2

J" <-;'.I.- -.v

) |

@ young & energetic pulsars favoured
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e Y-ray stellar binaries Al

” » M
Lst o ¢ S‘“ '...PSR " 1FGL -  HESS

4613303 Cyg 23 g .usw: " B1359-63 J1018.6-5856 J0632+057

p R \
” g - . a2 -
. v oo . p . ‘ B A"
. At v % . .
& s (L . -

"on e . S g s cobdh i S MCHRED 41 A gt oo S

2.Qkpc - Tkpc 29%pc. ~ 23kpc + 5.4kpc
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. . .‘ : . ‘ 2 : i ' - y »

o6V
' ‘ l ® [6.6 days
09.5Ve
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Lo rotation powered

LS | +61°303, LS 5039
& PSR B1259-63
(HESS J0632+0577?)

Cometary radio emmission

anisotropic IC + anisotropic e* cascades
ok for TeV modulation in L55039
not ok for the others
B1259 flare at odd orbital phase
Doppler boosting
ok for TeV+X modulation of LSI
origin of pulsar-like GeV emission ??

use of PWN compression along the orbit to

probe the wind physics

accretion powered

Cyg X-3
(Cyg X-1?) P

Relativistic jets

f; Compact object

of center

Ultraviolet and
optical emission

7

GeV+radio activity
Doppler boosting of IC
in jet and counter-jet
ok for GeV+X modulation if pu-blazar
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use of the Y rays to probe the launch of the

jet from the corona
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