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NECESSITY OF MULTIPOLAR FIELDS

% Pulsar Wind Nebulae
“ Pair cascades

Vela Pulsar and Wind Nebula in the X-rays



NECESSITY OF MULTIPOLAR FIELDS °

Pulsar Wind Nebulae
Pair multiplicity factor ~ 10°

¢ Mean free path for magnetic pair
production decreases with
curvature

¢ High pair multiplicity cannot be
achieved with dipolar fields.



NECESSITY OF MULTIPOLAR FIELDS

. Coherent Radio Emission

Pair multiplication
Two stream instability
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NECESSITY OF MULTIPOLAR FIELDS

. Coherent Radio Emission

Pair multiplication
Two stream instability

f(v) 4




X-ray Emission from near the
Neutron star surface

A Charged particles accelerated
¥ in a gap close to the poles

a Charge bombardment on
V polar cap leads to local
heating

A At ~ 1 million K,
Y predominantly X-rays




THE THADITIONAL METHOD

MEASURE THE
POLAR CAP AREA




MEASURE THE POLAR CAP AREA ¢

. Conservation of Magnetic Flux

BSurf ' Apc — Bdip ' Apc,dip
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MEASURE THE BLACKBODY AREA

. Blackbody Emission

102 — 120 eV @ 7.27 m BB
‘ =y - [=2.36 PL

: g::zﬁHﬁF--ﬁ-zfﬂﬂﬁ%*ﬁ s
. g

-5.
8.15 0.2 0.3 0.5 2.0
Energy (keV)



BEAMED EMISSION MODELS

o Beamed Emission

¢ Blackbody emission is isotropic .
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Polar plots of specific intensity from Hydrogen,
Helium, and Iron atmospheres (dash-dotted,
dashed, and solid)



MEASURE THE POLAR CAP AREA  ©

Blackbody and Atmosphere models are degenerate
Polar cap area estimate is unreliable
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EVIDENCE FOR BLACKBODY

Spectral analysis degenerate
even for high S/N spectra
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THE THADITIONAL METHOD

Polar Cap Area

Requires high S/N observations at
energies in which thermal PC
emission dominates.

Weak predictive power with current
data and telescopes.

We are trying to show how the method
Is usually misused in current literature.




THE ALTERNATIVE METHOD @

da /. » MEASURE THE OFFSET
| THERMAL EMISSION
AND
RADIO EMISSION




MEASURE THE X-RAY RADIO OFFSET ©

. Predictable Alignments of Emission from Dipolar Reglon

¢ Thermal radiation from the surface
and radio emission regions see a dipole

¢ Close alignment of thermal emission
peak and radio emission core
components

Phase



MEASURE THE X-RAY RADIO OFFSET ©

. Thermal X-ray and Radio Offset from Non-dipolar Fields

¢ Radio emission regions still from
dipolar region

¢ Thermal emission from foot of open
field lines

3'n 4'n

Phase



MEASURE THE X-RAY RADIO OFFSET ©

. X-ray — Radio Phase-Aligned Profiles
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MEASURE THE X-RAY RADIO OFFSET

. X-ray — Radio Offset Measurement
| JO108-143"
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MEASURE THE X-BRAY RADIO OFFSET

. X-ray — Radio Offset Measurement
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MEASURE THE X-RAY RADIO OFFSET ©

Fitting Sine curves to find thermal pulsations peak 25 015-0.30 keV
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THE ALTERNATIVE METHOD

Need a good sample with reliable
‘ thermal X-ray and radio offsets

Alignment =/= Dipolar
Mis-alignment == Multipolar

Emission Profile
Offset



EVIDENCE OF MULTIPOLAR FIELDS ©

Polar Cap Area

Weak predictive power with current
data and telescopes

Emission Profile

Offset

‘ Qualitative but very promising method



MEASURE THE CYCLOTRON LINE

Landau Level Transition in High B-field
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MEASURE THE CYCLOTRON LINE  ©

. Proton Cyclotron Lines in High-B Neutron Stars

1E1207.4-5209 Data and folded model
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MEASURE THE CYCLOTRON LINE  ©

. Weak Absorption (-like) Features in Radio Pulsars
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Residuals (Ay)

MEASURE THE CYCLOTRON LINE  ©

Proton Cyclotron Interpretation

| I 7T T T L N BLELP < e
y AR
L < -
/ v |
. 3 / /: /;//
v T + 1 < 10°F / R
| | I = 116 eV @ 49 m BB O / r 7. 7]
i < / : R PR % -
R A -
(T) — én/ué.|>
C L’ 7 7~ A s
e (//~ M
‘ L ool
| - C o0 27 .
- PSR J0108-1431 i S [-2-7|8
- — Vv A
‘ UC) PR /W- ¥
© P %
— AN e
~ 2 L L E_
(0)) 10 - < g
N b i d P = I
E 7 g g _|_
®© T = O]
© A P el ST o L Ny E
2.0 e 'I: o2 =113 L :’:/:_5 2 — ++ +‘|'++ +'|'+'|':|-|-:|' -l:-l-l-
1% C | ; -
e I A TN - i
-2.0 —|_ _|_ -'6- g 7 - s - a 80 ----------------------------- g _T__-I_- -I-+-+ 'l"-l-:I_H.F'h""'-I-—
o S 7830 —+
-4.0 _I_ 8 s “L - = 6.0 — _I_—I— -+
8 < « + CElo] s +
o { H_ dissoc / e -12. —=—-
15 0.2 0.3 0.5 1.0 e T
Energy (keV) 2 / PR : _| o 0.3 0.5 1.0 1.3
1 / - Energy (keV)
10 ¢ / p* cyclotron © : - :—.
| Lol | Ll | o ol / | Ll /HJI Z 1 4
10° 10" 10" 10'° 10" 10"

Magnetic Field (G)



ALTERNATIVE 2

Stronger evidence and detailed
modelling needed for confirmation

Cyclotron Absorption

‘ Very few detections




EVIDENCE OF MULTIPOLAR FIELDS ©

Polar Cap Area

Weak predictive power with current
data and telescopes

Cyclotron Absorption

Stronger evidence from 1-2
sources likely

Emission Profile

Offset

‘ Qualitative but very promising method



