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Radio PSR: E, /dt>L

rot
B
Table 1. Summary Properties of the Highest-Confidence and Candidate Gamma-Ray
Pulsars
;
f
| Name P T E Fe d Lue n
(8] (Kv) (erg/s) (erg/em?s]  (kpe) (erg/s) (Ez=1 eV)
Crab 0.033 1.3 45 x10%¥ 13 x 107° 20 5.0 x 10%° 0.001
| | B1509-58 0.150 1.5 18 % 10% 88 x 107" 44 16 x 10% 0.004
| Vela 0.080a 11 7.0 x 10*® 99 x 107° 0.3 86 = 10* 0.001
| 5 B1706—44 0.102 17 34 x10* 13 x 10°° 23 6.6 x 10% 0.019
¥ ! B1951+32 0.040 110 3.7 %« 10%® 43 x 1071 25 25 x 10 0.007
. ¥ Geminga 0.237 340 33 x 10 39 x 107" 016 9.6 x 10% 0.029
B1055—52 0.197 530 3.0 x 10 29 x 107 072 14 x 10* 0.048
B1046—58 0.124 20 20 x 10°F 3.7 x 107" 27 26 x 10°° 0.013
BOG56+14 0.385 100 40 =10 16« 107" 03 1.3 = 10% 0.003
JO21844232  0.002 460,000 2.5 = 10% 91 x 1071 27 6.4 x 10% 0.026

355+ 4% 4= A 4 Dh he i k|

Thompson astro-ph/0312272
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Radio Optical X-Ray Gamma Ray
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A spectral cutoff above several GeV,

(3) the spectra vary with rotational

phase iIndicating different sites of

emission;

(4) the particle flux from the open regions

of the magnetosphere (Goldreich-Julian
current).
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T B EHARE. TPiTHEBR AR

B F—cE=e QBR,/c
P =GM /R

cos B = +3-12. ,
& For Crab Pulsar: .
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# A% R W, # (Mono-generator )

@_ For the Sun:

E =10V

: q % For Crab Pulsar:

E_. =101V
E=B.QR* Sin® 8 /(2¢)
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1. Gap: Iinner gap & outer gap

2. Space Charge Limited Flow:
Slot gap

3. Annular gap
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LAST [+)OPEN
FIELL LENE

Ruderman & Sutherland, 1975

Emission beams in RS model

[ FULSE ENVELOPE
INTENSTY

Hollow cone only!
Low freq: wide beam!
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Two polar cap regions

The annular gap
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The boundary conditions are the same as that the authors
used hefore.

(1) K = 0 at the surface level
(2) @ =0 at the surface and at the interface hetween the

closed magnetosphere and the open field lines
(3) Fully charge separated magnetosphere.

V-E = 4n(p— Pygj)
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Light Cylinder

, --Region (a), a “favorable” region, which
' means that the electric field towards to the
star surface, and the negative electric
particles can be accelerated.

--Region (b), owing to Imew/nzl > 1, 12<0 and
mea <) the negative electric particles can

not accelerated easilly.
--Region (¢), they did not consider this region.
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& The polar cap model
the polar cap are (Muslmov & Tsygan1992):

" 1) E "B = 0 for the magnetosphere within the closed field

lines,

2} @ =0 at the surface and at the mtertace between the

| closed magnetosphere and the open field lines,

3) E| = 0 at the surface level, whereE | :1s the electric
field component parallel to the magnetic field.

4) Last but not least, 1t 15 assumed that the outflow is

stationary and the magnetosphere remains

AXISVINm etric.
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EYFTEERmM P = Pygj

Arons and Scharlemann(1979)
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Slot gap model

\E.Bam
Slot gap N, Favorably curved B field
A
AT . Slot gap
v Pair plasma K <
/ . + beam L 4
. \ :
If :
: Closed B s
: zone v PFF—
.“‘
N . Unfavorably
\ ‘b curved B field
“‘0‘ \I
h f'-_-""-:-:-‘"-u
e~ Ll ‘-"h.
~. .
""N.‘ o
& .\\\‘
\'\ s
l\'
Closed \
zone \
Beam_.f" |
/ ".' lf
Slot gap .."' Pair plasma /
‘l.' + hﬂam . ey
':"' J \ -, —_ . '.-"'
-," — S|ot gap
Favorably curved B field \\\

Arons,J. 1983, ApJ

30



Light Cylinder

P
< EB=0  Closed region

1 -B(R B
pir) =~ 5 kR
? N () — cos (( 1)
po(1) — pgj(r) = —HB[TJ (cos — cos (), Po(r), ’ﬂgj(rj cos ((r) '

Qiao, Cui,Lee, Wang , Xu 2006
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Drifting sub-pulses

Accelerators:

. Inner vacuum gap

(Ruderman & Sutherland
1975)

requiring high binding
energy of charges on
stellar surface

Xu,Qiao Zhang,
1999,ApJL,522,L.112

Deshpannde & Rankin,
1999,ApJ, 524,1008
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Inner annular gap

{1 Light cylinder

MNull charge
face’

Qiao,Lee,Wang,Xu,Han 2004a, ApJL
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., Inner annular gap
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B Bi-drifting: fitting
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O besreation
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Mclaughlin 2003,astr-ph/0310454 \
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LAST [+)OPEN
FIELL LENE

Ruderman & Sutherland, 1975

Emission beams in RS model

[ FULSE ENVELOPE
INTENSTY

Hollow cone only!
Low freq: wide beam!
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; Basic picture of the ICS model
Qiao & Lin,1998, A&A

Meutron Star

w=2v?w,(1-Cos 6 )

45



““* |CS Model: emission beams ~ Core +cones

'. b
e 40 r
' Magnetic i R,
| I Magn e
- g Axis 20 |- % 4
M c T of S, =
“L ’ @ N
8 A, -20 - »
2 Emission Beam ? Jﬂ"‘“ﬁ‘m
B 5 _ L ri?‘r‘fﬂ!!!fﬂm-"””"
? S| Rotation ~or
.F\ -"'?{-. g_ AXIS I—AIll'.:II ' I—IEOI — lfl.'! — IEIOI ' I4|[ll
‘-;: | fi i} 8, cos ¢,
- = ) .
n L Neugon Star 0 Qiao & Lin, A&A,1998
2 c
S
1R
0 0
0
0 /
\-/I | | |
5 10 15 20 25

Qiao, 1992



430MHz
’_//\\ﬂ

B8700MHz

100 |
&0

@ 100

wof

L L L L L
-20 -10 0 10 20
Longitude [deg]

f \ 430N bz

f \ T4200hz
’ \ 2700Mhz
M

TO0Mhz

-20 -10 8] 10 20
T I T I T I

y T
10.5GHz

4.0GHz

~ N 1.4GHz

Relative Intensity

L. L 1
20 20

40 0 10
Longitude (in Deg)

| | T [ U ]
| PSR 0525+21 DM= 50.B77

430 MHz / S s \

2380 MHz [ Y
4800 MHz [ / |II

| . | 1 I
—-25 ] 25

Pulse Longitude (°)

There are various beam
width- frequency relations,
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x=0°. 3=14

a=11.6%6=—-1°"

Frequency Ah(?) () i km y© rikm)® rikm)®
64402 55+0.1 1999+ 06 355015 62+0.1 4466+ 2.0
408 MHz 143+66 1904 223+x066 3 T7x116 1.7+0.5 337 x152
0 1.4 13 23 11.7
59.2 + 0.1 5.1 +£001 171.2+ 04 304.8 + 0.7 AR08 + 0.9
610 MHz 203 +1.3  22+001 319+ 1.8 S6.T7+32 56.0+ 4.2
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Zhang, Qiao, Han, Lee, Wang ,

AA,2007



L Polarization: Beam shift—PA jumps
&

celestinl sphere

Xu, Qlao & Han, 1997, AA
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PSR B1055-52 :

| observational constraints
* 1). Inclination angle

; e  a=74.7 dgree

7+ 2). Viewing angle

e ([ =114dgree



Gamma-ray

Thompson et al. 1992
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Observed emission beams

From observation, the radiation location can be
determined uniquely for this star.

Wang et al.2005
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"= Annular & outer gap model

The observations show that the radiation position
locates in the annular region.

Light cylinder

Wang et al.2005
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Theories
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60



Light

Cylinder

null charge surface
Q-B=0—*
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Future obs. & theories

| » Pulsars: NS or Quark stars ?
* Free flow: sparking or not ?

* Free flow: can produce drifting
sub-pulse?
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MPI{E - Bonn Pulsar Group

Radio: 473-4%
Gamma-ray: Two pulses & very wide
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Introduction

Radio & gamma—-ray obs.
Particle acceleration: g.g 40

§

s 1 The magnetosphere

i ).

E 3.

! 1) Vacuum gap; 2) Free flow
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" Outer gap model
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Introduction : two models
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