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Model
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The model of pulsar emission through superluminally induced
polarization currents (SLIP) predicts that pulsations produced by
such currents (induced at many light cylinder radii by a rotating,
magnetized body), as would be the case for a neutron star born
within any star of > ~1.4 M, will drive pulsations close to the
axis of rotation. Such hlghly colllmated pulsations (<10™*), and
the similarly collimated jets of particles which it drove,
including 10 M, with velocities of up to 0.95 ¢, were
responsible for the features of its very early light curve (days 3 -
20), the "Mystery Spot," observed slightly later (days 30 - 50
and >), and later, in less collimated form, the bipolarity of SN
1987A itself.

The pulsations and jet interacted with circumstellar material
(CM), to produce features observed in the very early light curve
which correspond to: 1) the entry of the pulsed beam into the
CM; 2) the entry of the 0.95 ¢ particles into the CM; 3) the exit
of the pulsed beam from the CM; and 4) the exit of the 0.95 ¢
particles from the CM.

Because of the energy requirements of the jet in these early
stages, the spindown required of its pulsar could exceed 10
Hz/s at a rotation rate of 500 Hz. There is no reason to suggest
that this mechanism is not universally applicable to all SNe with
gaseous remnants remaining, and thus SN 1987A is the Rosetta
stone for 99% of SNe, gamma-ray bursts, and millisecond
pulsars.
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Fig. 6. The reason why SNe are bipolar is
because of what the pulsar within them does in
the 1 few months. Pulsars are a significant,
and unignorable part of the SN process, and SN
calculations are orders of magnitude more
difficult than ever imagined.

Fig. 1. SN 1987A as of December 2006, as viewed with the HST
(NASA, P. Challis, & R. Kirshner, Harvard-Smithsonian Certer
for Astrophysics). North is up, eatis to the left. The axis of
“ " bearing of 194°
hasa

bearing of 179°). The pulsar within this remnant (and all oma
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contributes t0. single time (dimension 0) for an abserver. Thus the
Vidistance law goes on forever for the cusp.

(Blue - non-rotating. Red - rotating clockwise.)

Fig. 3. A rotating, magnetized body produces a In the SLIP model,
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Fig. 4. A polarization current source, rotating mecaebe_ 13

clockwise, at 5 times the light cylinder radius.
Contributions to the cusp run from 140° to
nearly 20°, almost a third of an entire revolution.
This is the well-known “cusp” of the SLIP
model, whose intensity diminishes only as
I/distance due to temporal focusing. Itis the
circular analog of a shock wave. The range of

sources contributing (o the cusp (a single pont  Fig.9
of observer time) runs from 140° to 20°, a third

of an entire revolution.
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Fig. 10. Measurements of displacement
(lower) and observed magnitude (upper)
of the “Mystery Spot™ (MS) from SN
1987A, at Hoo and 533 nm, vs time, from
Nisenson et al. 1987, ApJ, 320, L15, and
Meikle et al. 1987, Nature, 329, 608.

Fig. 5. A polarization current source, now rotating
counterclockwise at 5 times the light cylinder radius,
starting just >180°, and ending at just <180°, produces
pattem of emission (Huygens wavelets as colored circles)
‘which i initially focused on its light cylinder (inner
circle) just <360°, and then progresses out of the plane
with time (sce next). The range of sources (dots),
contributing to the cusp, runs from red through magenta
10 blue (180° o 320°), again a third of an entire
revolution.
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Fig. 11. After Hamuy & Suntzeff 1990, AJ, 99, 1146, and
Wamsteker et al. 1987, A&A, 177 L21, the very early
luminosity history of SN 1987A as observed with the
CTIO 0.41-m and the Fine Error Sensor of IUE. Data

taken at Goddard Space Flight

Center by Sonneborn &

Kirshner, and the Villafranca Station in Madrid, are

marked as blue X’s, and green

+s, respectively. Various

stages of beam/jet breakout and interaction with polar
ejecta are labeled. The flux level near day 20 corresponds
to 5.8 magnitudes above the day 7 minimum, the same

(see Fig. 10) as that of the MS
30, 38, and 50.
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Fig. 12. The approximate path
of the “Mystery Spot™ (MS)
relative to SN 1987A and the
equatorial ring (ER -- shown in
cross-section).
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Fig. 13. The geometry of the “Mystery Spot,”
(MS — red dot) associated beam/jet, and direct
line of sight from SN 1987A. It takes an extra &
days for light from 87A to hit the polar ¢jecta
(PE —an extra /3 days to the PE midpoint), and
proceed on to the Earth. The distance from 87A
to the MS, at day 30, is ~20 light-days. An
offset by the 0.5° half collimation angle of a
GRB over this distance would delay the flux by
about 100 s, the characteristic delay for long
duration, soft spectrum GRBs (EGRBS).
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Fig. 16. The configuration in which the light
from the center of the exposed part of the now
fading jet lies on the dropping luminosity curve
at day 6 (point ‘B’ in Fig. 11).
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Fig. 13) using the constraints shown in Figs. 10 and
11. Here o is the fraction of the way through the
polar ejecta that the Mystery Spot had penetrated at
day 37.8, when its projected offset from SN 1987A
was 0.060 arc s. The solution for a=0.5 gives:
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Fig. 15. The geometry of the 87A glowing beam/jet (BJ),
initially opaque shroud, and UV Flash (which may have
an enhanced beam of its own in the jet direction (here 75°,
down and to the right). The center of the emerging jet
produces the rising 1nmmos|ly shown in Fig. 11 atday 3.3
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Fig. 18. The intense center (~1°) of the jet begins to
pmdube light (red) as it penetrates into the polar cjecta
(u cen), producing the jump in luminosity at day 9.8

. top scale for the intense red column in this figure
[mn visible in Fig. 11 for the same time. The
penetration may continue because the cross sections for
this process are orders of magnitude smaller than for the
UV Flash. The collimation factor for the jet s also >10°
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Fig. 19. Afer fltering through the polar cjecta, the enhanced
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Fig. 20. The photometric data from the CTIO 0.4-m telescope s ,_*|“J¢\.‘L,J|.)__,.,¢_M B

plotted against time for days 6-50. Excess lightin the B, R. and
bands was observed at day 19.8, but was also observed in the

same bands in spectra taken by Menzies et al. (1987) on day
19.50, and Danziger et al. (1987) on day 19.76 (and this might

have been the case: P ay for

available data). V band lightis only slightly enhanced. and U
band light is slightly suppressed. The R band light is associated

‘with an enhancement of the Ht line, and the 1 and | band light
matches the colors speculated for the 2.14 ms signal from SN
seen by Middleditch et al. (2000). The excess light

in Fig. 11 for day 19.8 can be used for a lower limit

te for the isotropic luminosity of 109 ergs/s for the 2.14

ms pulsations.
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Fig.23. The 2.14 ms signal (1op = fundmental + 2
harmonic). the Mt. Canopus 1-m
Tasmania, was consistent with the LCO 2.5-m Wratten 87
magnitude of 21. Afler 1993, August 23, the probability
that the 2.14 ms signal was not real was 10"°. The fact that
the pulsar s not visible now, in spite of any amount of
wishful thinking on the part of many. only means that it ran
out of plasma, and has entered the Cas A phase. That i the
‘boundary condition for these obiects, as 9% of SNe, near
enough o tel, show no evidence of a non-thermal source at
late times (19867 is the exception). The real questions to be:
answered were: Did a pulsar ever appear, and if so, when
and why, and what did it o to the progenitor star? The
SLIP model has answered these questions satisfactorily.

From Kann & Klose, |
Proc. 2007 Santa Fe
50. GRB Conference.
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Fig. 21. Particles in the jet begin to clear the polar cjecta (mostly
hidden green cone section), producing the decrement in
luminosity visible in Fig. 11 near day 20.8 (top scale for the
black dashed line in rhis figure [21]). A luminosity decrement,
possibly indicating particles clearing the polr ¢ject, appears in
Fig. 11 justafter thi time (black, dashed line o top scale). Each
of the polar et contains as much as 2x10° M, and this can

Pulsars, ALL!

Fig. 24. The premicr prediction of the SLIP model
i that gamma-ray burst afterglows will be
essentially 100% pulsed.

resultin a spindown of 10° Hs for a pulsar spinning at 500 Hz.
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Fig. 25. In supernovae, the pulsar blows out the poles (PR -
e hard figure. and it docsn't stopdoing that unil ther i o
material d it. This i

by Type Ia SNe, because the pulsar forces the lhermonuclear
ball (TNB) to remain toroidal for all of the lifci SN,
allowirg much of the positron annihilation gamn

escape from a much higher mass TNB

Line of Sight (tt-d)
Fig. 22. Particles continue to inject energy into the
Mystery Spot around day 30, where its offset from SN
1987A was 0.045 arcs. Rather than a luminous strip, the
Mystery Spot has become a more spherical plume.
Penetration into a very deep (~13-14 light-days) polar
cjecta is consistent with the Mystery Spot offset measures
plotted in Fig. 10. There is no hard limit on its width at
this late stage. The Mystery Spot was also observed on
days 38 and 50.

expected (still smaller than the red curve plotted in the upper
right frame) because of the exposure of the rear, forward-
Tooking face of the toroid, as the PBF thins in the weeks past
maximum light of the SN.

Conclusions
The model of pulsar emission by superluminally induced
polarization currents (SLIP) predicts that gamma-ray burst
afterglows will be pulsars. If this prediction holds up, then the
SLIP model is correct, and concordance cosmology (dark energy
and dark matter) is likely to be invalid, i.e., bad science,
presently institutionalized in grant opportunities by both the
DOE and the NSF. Specifically, the SLIP model can account for
the many phenomena observed at early times from SN 1987A,
whose pulsar literally eviscerated 10 M of ejecta into two polar
jets, and enforced a toroidal geometry on the remainder of the
equatorial ejecta. This geometry and mechanism apply to all
SNe observed so far, which makes it extraordinarily difficult to
calculate, or to establish a representative local sample of any
type of SNe, including Ia’s. Because the local sample of Ia’s
was selected on the basis of obeying the width-luminosity
relation, in which the positron annihilation gamma-rays were
well encapsulated, this sample undoubtedly lies at the high end
of the range in mass, and hence is too luminous to be
representative of a distant sample which could not be so
carefully selected. The most likely interpretation of SNe Ia data
is that there is no anomalous dimming of the distant sample, and
therefore no direct evidence at all for the existence of dark
energy. And if dark energy goes, then there’s no longer any
sleazy numerical coincidence to argue for dark matter, so that
goes as well. What can people work on instead? Not to worry,
there are enough problems on SN 1987A to put them all to
work. This research was performed under the auspices of the
Department of Energy, and supported by the Los Alamos
National Laboratory LDRD-DR research grant 20080085DR.
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