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Pulsars emit coherently in radio from polar cap
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* Pulsars emit coherently in radio from
polar cap

* Many aspects of this emission are
unexplained
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Radio luminosity is independent of spindown luminosity
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Pair discharge in polar cap may create radio emission

* Polar cap has strong inductive E field which
creates pair discharge:

Neutron
star
surface
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Pair discharge in polar cap may create radio emission

* Polar cap has strong inductive E field which
creates pair discharge:

Neutron |. E field accelerates e- from surface to y ~ 10’
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Pair discharge in polar cap may create radio emission

* Polar cap has strong inductive E field which
creates pair discharge:

Neutron |. E field accelerates e- from surface to y ~ 10’

- 2. Primary e- continually curvature radiate

surface gamma rays
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Pair discharge in polar cap may create radio emission

* Polar cap has strong inductive E field which
creates pair discharge:

|. E field accelerates e- from surface to y ~ 10’

Neutron
- 2. Primary e- continually curvature radiate
W surface gamma rays | o
e 3. Gamma rays are absorbed in magnetic field

4. QED process continually creates lower

energy ¥ ~ 102 pairs
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Pair discharge in polar cap may create radio emission

* Polar cap has strong inductive E field which
creates pair discharge:

|. E field accelerates e- from surface to y ~ 10’

Neutron
- 2. Primary e- continually curvature radiate
curface gamma rays
e 3. Gamma rays are absorbed in magnetic field
4. QED process continually creates lower
energy ¥ ~ 102 pairs
- ‘cf{)’ » Continuously created y ~ 10“ pairs screen E

/ * Set up waves which become radio emission
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Ve analytically study screening, explain L., S,
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E field damping has two phases: nonlinear and linear
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E field damping has two phases: nonlinear and linear

|. Nonlinear waves, strong
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Nonlinear stage marked by strong damping
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Transition from strong to weak damping gives luminosity
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Weak damping in linear stage sets pulsar spectrum

* After transition, system enters linear stage
during which waves escape as radio emission
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Weak damping in linear stage sets pulsar spectrum

* After transition, system enters linear stage
during which waves escape as radio emission

U ° °
D 0.25- / * Across polar cap, emission escapes at
I different times with different £, @
o R
T —0.25- )| Relationship between E, @ gives spectrum
5 = A A
N —0.50- * £, W governed by ai_ZE + O%F =0
[©
£ —0.75- * Change in @ is slow compared to @
g | — from PIC simulation
—Ho0 ' - - * Applying WKB method gives relationship
0 1000 2000 3000
Normalized time E?2 ~ 1

* Compare to S, ~ @ L4110

Tolman | 16



Conclusions

* Pulsar radio emission may be created by electric field screening in polar cap
* Radio luminosity can be understood as transition from nonlinear to linear physics

* Radio spectrum can be understood from linear damping

Based on Tolman, Philippov, and Timokhin, In preparation, available shortly on arXiv

For more details, attend Princeton Astroplasmas seminar Dec. 3™ or |0 (date
uncertain)
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