Response to Referee #2

We thank the referee for his/her thorough reading of the paper and for the suggested improvements.   We have taken steps to respond to all of the concerns, as explained in detail below.

1) We have taken the referee’s suggestion and dropped the two paragraphs.

2) We have taken the suggestion and combined Figures 1 2, and 3 into a single, 1-page figure.

3) To produce 3-hr spectra for 3 species for all five of these events would involve 240 separate spectra using data from five separate instruments.  Even for protons alone it would be 80 spectra.  While the results might well prove to be instructive, the effort involved is beyond the scope of this paper.  We have, however, tried to respond to the referee’s concerns by following the suggestion of discussing the fact that the fluence spectra reported here do correspond to events at different longitudes, with different shock speeds, and, as a result, they most likely represent a range of different conditions (see the first 3 paragraphs of Section 3.2).

4) We have examined the full 3-D proton angular distributions for these events and determined that these are real anisotropies due mainly to the Compton-Getting effect.  Note that the solar wind speeds were very high during much of this period.  The 5th paragraph in Section 3.2 has been modified somewhat to explain this more clearly. 

5) We thank the referee for pointing out that the entry in the Reames (1999) table was actually derived from 1 to 4 MeV/nuc data in an earlier paper.  We have corrected Figure 10 to reflect this.  We agree that CME-driven shocks most likely accelerate a mixture of remnant suprathermals from several sources as well as coronal material.  The discussion in Section 3.3 has been modified to explain the situation more clearly. 
6) We do not expect H/He to be photospheric – we were merely pointing out that the integrated fluences were close to this ratio.  This discussion in Section 3.3 has been revised to include reference to existing coronal measurements of He/H and O/He and to mention FIP and or FIT fractionation.

    Appropriate references have also been added.

7) We have now combined the high-energy electrons that were in Figure 11 with the 100-180 keV electrons that were in Figure 3.  The combined plot makes up the third panel of Figure 1.

8) The longitude corrections in Emslie et al. are actually not symmetric about the central meridian. The e-folding value for events to the east is 25° and it is 45° to the west.  These corrections were derived from >10 MeV/nuc H and O data between E25 and W85. They reflect the fact that 9 of the 10 largest events recorded since 1976 come from the interval from E30 to W30, while only one of the largest events comes from west of W40. 


The referee suggests that in the September 28, 1978 event the fluences measured at W50 and E50 differ by “orders of magnitude” as shown in Reames et al. (1996).  We found the measured 3 to 6 MeV proton intensities plotted in Figure 6 of Reames et al. (1996) and estimated the fluences by reading off intensities every 6 hours for all three spacecraft (IMP-8 at 1 AU; Helios 1 at 0.72 AU and W71, and Helios 2 at 0.73 AU and W108. (The event originated at W50).  To do this it was necessary to interpolate over a few data gaps.  The table below gives our estimate of the measured fluences, the corrections according to our model, and the resulting fluences corrected to central meridian at 1 AU for all 3 spacecraft.  For Helios 1 & 2 we must also make a correction for radius – we assume that the fluences scale as R-2, as in Reames and Ng (1998).  We assume that the “multiple-crossing” correction is the same for all spacecraft.  The uncertainties follow the same prescription as in our paper.

Note that the measured IMP-8 and Helios fluences at the spacecraft differ only by a factor of ~3 – not “orders of magnitude”.  This is largely because a significant fraction of the fluence comes from the period after the shock has passed and all three spectra are essentially the same. Once corrected for longitude and radius, the IMP-8 and Helios-1 fluences agree to within 10% (after very large longitude corrections).  This is much better agreement than could be expected.  The Helios-2 fluences are off by a factor of ~2, but the agreement with IMP-8 and Helios-1 is well within the estimated uncertainties.   

	Spacecraft
	IMP-8
	Helios-1
	Helios-2

	Longitude
	W50
	W71
	W108

	Radius (AU)
	1.0
	0.74
	0.72

	Measured Fluence
	7.5 E3
	2.6 E3
	1.0 E3

	Radial correction
	1.0
	.548
	.518

	Longitude correction
	3.04
	17.1
	75.0

	Est. Fluence at central meridian  (/cm2sr-MeV)
	2.3 E4
	2.5 E4
	4.0 E4

	Uncertainty
	+1.7, -0.9 E4
	+7.8, -1.9 E4
	+30
, - 3.5 E4


     The results of this comparison agree, well within the uncertainties, and similar agreement is achieved for the higher energy data in Figure 6 of Reames et al. (1996).  However, we are not claiming that we have an accurate model for all events that originate at E50.  Note that we are only using our model out to E8, where the correction to get back to central meridian is relatively small compared to in the 9/23/78 event. 

We agree with the referee that data from multiple spacecraft can potentially improve on the approach in Emslie et al (and we have already suggested that STEREO + near-Earth data can do a better job).  The results of this comparison, suggested by the referee, provide support for the approach of Emslie et al. and suggest that the assigned uncertainties have not been underestimated.  We are working with SOHO investigators to make improved estimates of both SEP and CME kinetic energies, but this work is just getting underway.

9
) The referee is concerned about the reality of wave spectra with positive or zero slope over an appreciable span in rigidity or energy.  Perhaps wave spectral slopes ≥0 do not exist over an appreciable range in rigidity, but they have already been predicted to exist in such 
events by Ng, Reames, and Tylka (2003; hereinafter NRT) who have calculated wave spectra and the mean free path resulting from proton-amplified Alfven waves.  These waves distort the background (e.g., k-5/3) wave spectra by adding turbulence over a rigidity range of a factor of ~100.  Over portions of this rigidity range the wave spectra in NRT are positive in slope (typically over ~x3 in rigidity or ~x10 in energy) or at least ≥0 (over approximately x10 in rigidity and a factor of ~x100 in energy).  This can be seen in Figure 3 of NRT.  The rigidity range over which these changes in wave-spectral slope occur includes the resonant energies of particles near the spectral breaks that we observe.  We therefore suggest that features such as this in the wave spectra (and in the resulting diffusion coefficients) may organize the observed scaling (and Q/M dependence) of the spectra reported by us (and by Cohen et al. 2005).   

     We understand that the wave features calculated by NRT are not strictly power-laws, but a power-law approximation is not bad over a factor of ~3 in rigidity (~10 in energy), and power-law approximations have a long history in this subject.  It is not possible to characterize more complex functions from the simple 1-parameter scaling we have done.  The rigidity where the slope is ≥0 at 0.10 – 0.15 AU (Figure 5 of NRT) is ~100 to 300 MV, corresponding to 5 to 50 MeV protons – consistent with the location of the breaks we observe in the proton spectra.  Note that the spectral comparison that we have made is only over a limited energy range (approximately a factor of ~4 in energy or ~2 in rigidity), where the spectra steepen.  We are not dealing with the low-energy power-law region where shock acceleration models predict the same slope for all species, or with the high-energy region above the breaks, where the spectra also have similar slopes in most cases.  We therefore suggest that the indications that we find of wave spectra with positive slopes may not by unreasonable – they are consistent with published simulations for large SEP events such as these.  The discussion in on pages 24 and 25 has been modified to explain our reasoning more clearly.  

     We agree that this association may be speculative and that this interpretation could be incorrect.  If the waves are not really present with sufficient intensity then these ideas could be on the wrong track – but we do not see the risk in making this suggestion.  We have modified the discussion to make it more clear that there could be other explanations for the location of the spectral breaks (see end of the 3rd to last paragraph in Section 4 and the end of the 4th paragraph in Section 5). 

10) The referee suggests that if protons do not fit on the power-law, then there is no power law.  We believe that a power-law remains a possibility in some events, as did Tylka et al. (2000) who suggested (based on H and He comparisons) that these breaks typically scale as a power-law in (Q/M) with an index that is typically 1, but is occasionally ≈2.  Tylka et al. assumed that the power-law fits all species.  The paper by Li (2005) predicts that the break-energies should scale as (Q/M)^2.  The measurements by Mewaldt et al. for the 10/28 event (in preparation) were limited to the time of shock arrival.  They find that 8 species from He to Fe scale as (Q/M)^1.55 to (Q/M)^1.77 (depending on the approach used to identify the break energies).  The protons clearly do not fit on this power law, but both Zank and Li have stated that this behavior is not unexpected since protons create the waves and therefore may not be test particles.  In the 10/29 event Mewaldt et al. al. observe a power law in Q/M with and index of ~1, and here the protons do fit.   Clearly the Eo parameters for the H and He fits in Table 4?5? do not scale as (Q/M)^2, but this could well be because protons do not behave as test particles in large SEP events such as these.   

The referee has questioned the wisdom of using the model of Li and Zank (2005) to estimate the number of crossings if the (Q/M) dependence of the breaks does not scale exactly as (Q/M)^2.  We see no reason to doubt the results from this model on this basis.  The model by Li and Zank includes acceleration and transport by diffusion and convection.  It predicts reasonable spectral shapes, and predicts that the number of crossings should grow approximately logarithmically with energy.  Unpublished simulations by Giacalone also show a logarithmic dependence on energy.  We used the functional form found by Li and Zank and normalized it to simulations by Giacalone for a range of energies.  Our quoted uncertainties cover a range of possible diffusion coefficients.  
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