Rotating Vector Model and Radius-to-frequency Mapping in the
Presence of a Multipole Magnetic Field

1. Introduction 5. Radiation Beam Evolution in Coexistence with
pulsar’s conventional magnetosphere model: a large-scale Dipole and Quadrupole Fields
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polarized radiation component (PA): Pbeam X l/v — consistent with RFM, but Pbeam is indeed wider than that in

dipole case — coexistence of dipole and quadrupole fields should be considered
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disappearance of multipole field with time
FRB (fast radio burst): diversity of period-folded PA features of the bursts
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observation: anti-RFM & variety of PA Poeam =
— multipole magnetic fields may exist in pulsar’s magnetosphere
— correction of RFM and RVM in the presence of multipolar fields
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(dimensionless treatment is used for the retardatlon height r and the magnetic
field strengths (Bgy, = 1and Bgyaq = bg)
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2. Description of the Multipole Magnetic Field radius: Poem =P/

Considering a simple axisymmetric and 3 o7
force-free magnetic field in vacuum, then we 7 Prean = PRSI
; : 21+7)
get the general expression of the scalar potential : : -
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3. Relation between Emission Point and Line of Sight
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For a small 0, the relation between the emission point at (r,0) and the size 3 V- 2 ms¢ )

of the emission cone finally can be simplified as: Pocam = 2T T oA 200+ ,,2) Figure 4. Magnetic field
= 0 0 structure with misaligned
Oops = 1.50 (I=1, dipole magnetic field case) quadrupole and dipole fields
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Bops ~ (3 + 1) (I-pole magnetic field case) 6. Discussion
. s . . (D Narrowband emission is comsidered in this paper;
This qualitatively reveals the frequency evolution behavior of the pulse Broadband emission model: radiation with a broadband frequency can
profile described by RFM phenomenon. e e O TER RS b R

(@ Compared with Yamasaki et al. (2022), we consider the relationship
4. RVM in the Presence of the Mu|t|p0|e Magnet|c between the line of sight and the emission point in the case of the general
Field _ multipole field, and use the RVM as a geometric constraint.

2 (3 The emission height can be deduced when the specific radiation and
b x D) Lorentz factor y are determined.
the vector 2, b, and are all the same for a dipole or multipole field — the
expression for PA will also be the same for a dipole or multipole field. 7. Comclusion

The modification of RVM and RFM in the presence of multipole
AN magnetic fields are calculated in this research.
sinay, sin(¢ — Gom) 1 A pure dipole field, a pure quadrupole field, a superposition of dipolar
and quadrupolar fields are considered to describe pulsar’s magnetosphere.
As for RVM in the presence of multipole field, the expression of PA will
) ' be the same, with possible changes in the inclination o and phase constant
tan(yp — o) = - > 2 o parameters ¢o.
* " cosasing — sina cos¢ cos(@ — o) For the evolution of radio pulse profile width with frequency, a pure
C k ¢ - B dipole or quadrupole field can explain RFM; when both of them coexist,
tTh}allirgi?E:r%gltthevgr? fﬁ) en rfltants (#mand o) Figure 2 GeometryFo e the trend of profile evolution can explain the anti-RFM phenomenon in
: presénce of the multipole field some frequency range.

Differential geometry: PA can be calculated by tany =

Spherical trigonometry: PA for a multipole
field is

tan( = o) = cosay, sin{ — sinay, cos{ cos(¢p — Pom)
which is the same as the dipole case




