
accelerator is then too small to account for the needed 7-ray power. (Disk 
shock acceleration mechanisms are discussed in these Proceedings by Spruit.) 

b) Recombination of magnetic field lines above the inner part of this disk as they 
are stretched by disk-star rotation (11). Problems with such a source for elec­
tric field acceleration include the needed pulse to pulse reproducibility of the 
above argument 5) in what is generally expected to be a rather chaotic pro­
cess. In addition requirement 7) may be difficult to satisfy: typical canonical 
ambient plasma densities around the accretion disk are of order 101 6cm , 
very far indeed from that suggested as needed if the accelerator power is not 
to be shared by so many particles that too few reach the required energy. 

c) A steady dynamo with quasi-steady E • B acceleration, similar to tha t sug­
gested below for the main very high acceleration mechanism in the Crab and 
Vela radiopulsars (14, 15, 12a, 12b). Is there any possibility that an acceler­
ator of this sort could survive in the expected relatively dense plasma of the 
disk-star environment? (The answer is, probably, not likely.) It is only to the 
extent tha t the TeV/PeV da ta seems persuasive tha t a closer look at unlikely 
models may be warranted: all models, at this time, seem unlikely. 

A toy model which gives a time indpendent E • B accelerator is sketched in 
Fig. 1. 

Figure 1. Geometry of a (closed) gap above a Keplerian disk when the disk Q(r0) > Q. 
and the corotation radius r c o where the disk and star corotate is not far beyond r0 (ref. 
12b). 

An aligned neutron star with an axially symmetric magnetic field is sur­
rounded by a differentially rotat ing conducting disk. Each ring of the disk rotates 
at its Keplerian speed. From the inner edge of the disk at r = rr, to the coro­
tat ion radius at r = r c o the disk rotates with an angular speed Qa(r) > Q*, the 
neutron star spin rate . The neutron star 's magnetic field also threads the disk. 
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Figure 6. Model ca\culations for the evolution of the ')'-ray luminosity (L"y) of a strongly 
magnetized (D. - 3 · 1Q12G) pulsar as a function of pulsar period (P) (ref, 18). 

L')' grows until it somewhat exceeds 1036erg S-1 and f --t 1. No further growth is 
then possible and self-sustained outer-magnetosphere accelerator pair production 
ceases for still longer P. The estimated number ('" 40) and luminosity of such 
intense ,-ray sources are of the same order as those of the still unidentified st rong 
Cos B sources. Tt is tempting to propose that these Cos B sources are indeed 
dying Vela type ,-ray pulsars. Even if various outer-magnetosphere accelerator 
details do not survive, the general argument that lengthening P beyond Vela's 
will increase f (a growth already apparent in the transition from the Crab to Vela 
pulsars) may be expected to be quite robust so that the predicted growth in L-y 
and subsequent ,-ray turn-off should remain valid. 

St rong ,-ray sources mayalso be achieved for much smaller P when B. is 
small enough. The magnetospheres of many members of the millisecond pulsar 
family resembie the outer-magnetosphere of the Vela family so that many of them 
may be detectabie as strong ,-ray pulsars. 

The crucial question of how canonical radio pulsars may continue to be radio 
emitters even if strong outer-magnetsophere e± production is quenched has been 
discussed elsewhere (17, 18). 

6. POSSIBLE EXO-MAGNETOSPHERIC ORIGINS FOR ADDITONAL 
CRAB PULSAR MeV AND TeV RADIATION 

Because the Crab model calculations and observations agree roughly over aspectral 
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interval of 10 orders of magnitude and a photon flux spanning 20 the log-log plot of 
Figures 4 and 5 show a rat her promising fit. The data theory comparison in Figure 
7 (20) more clearly emphasizes the differences between theory and observations. 
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F igure 7. Emitted energy per decade of photon frequency for the erab pulsar (ref. 20) . 

We note first that the calculated synchrotron light is almost an order of magnitude 
larger than that observed. However, the Crab model calculation does not exploit 
the spectral break of Equation 8 which is predicted to be near optical frequen­
cies for the Crab outer-magnetosphere. lts inclusion can very significant ly reduce 
model predictions. T he failure of the model to re ach observed intensities around 
an MeV raises more serious questions. The data themselves have been acquired in 
a variety of different programs and show considerable scat ter and lack of consis­
tency. The largest observed excesses over model calculations are generally those 
from long term observations from satellitesj rocket, and balloon flight data have 
been closer to theoretical predictions (cf. 16, 22). It is, perhaps, possible that 
much of the excess is in transient activity usually missed in shorter time obser­
vations. Aspectrally broad (transient) excess around an Me V may possibly have 
a very different kind of origin from the rest of the Crab pulsar emission. Most 
of the Crab spin-down power is probably carried beyOlld the magnetosphere light 
cylinder as a 30 Hz (electro-)magnetic field spun off by the rotating dipole of the 
neutron star and a TeV - PeV e± wind. The pairs are created within the magne­
tosphere but receive most of their ultimate energy beyond it from accelerat ion by 
the rotating magnetic dipole. This ultra-relativistic e± wind (whose power may 
approach 5· 1038erg S-I) can inverse Compton scatter on the pulsar's radio and 
optical emission. Near the magnetosphere where there is still a significant angle 
between the wind direction and that of the radiation photons (both approach exact 
radial flow only far from the magnetosphere) inverse Compton scat tering of the 
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