REPLY TO REFEREE 2. 

(The referee’s text is marked by yellow shading). 


We appreciate the very careful review of our article by Referee 2. The referee’s comments have helped to greatly improve the paper and should be acknowledged (we hope) in the paper.  

The main disagreement that we have with Referee 2 is that he/she regards the paper only as a case study. Nevertheless, we have as our main goal a summary of the problems and findings in the exterior cusp physics in the Interball era (for the special issue, devoted to Interball results, it looks as if Referee 1 outlined this as an advantage). At the same time, understanding the limitation on journal space, we are trying to make a compromise: to limit ourselves in data presentation to one case with most fortunate spacecraft positions and IMF (interplanetary magnetic field, we are sorry for the use of the acronym) stability, and by showing how this case (and other discussed ones throughout the text and in the section 6) is related to the nearly contemporary statistics. This case provides a good illustration both for the most common features of TBL (turbulent boundary layer) and for some specific phenomena during stable northward-dominated IMF. Availability of the event-oriented MHD-modelling facilitates comparison of the multi-spacecraft data.  Note that ~ half of the core text represents DISCUSSION, versus the case description. Thus, we stress and clarify our paper aim, as we see it.  At the same time we are point by point responding to concrete remarks of Referee 2. 

Note that our replies are not marked by yellow shading.

Report on manucript 01115-IN by S. Savin et al, entitled ‘Magnetosheath/Cusp interace’

General comments

1. In this manuscript plasma and fields data from two spacecraft are gathered with results from MHD simulations to draw an overview of the northern cusp during an essentially northward IMF interval. An important part of the presented data have already been published and discussed , but this is nevertheless a very interesting piece of work, certainly worth publishing in Annales Geophysicae and the authors have undoubtly a lot to say about processes in the cusp. Unfortunately the style and overall organization of the manuscript make it difficult to read and the abuse of acronyms is exasperating. In this respect subsection 5.5 is caricatural and looks like
Subsection 5.5 does not exist; in subsection 6.5 we have reduced the number of acronyms.

 an encrypted text! Moreover many points need clarification before recommendation could be made for publication: this manuscript needs a deep and thorough revision.

2. Figures are too small and overloaded with too many details. It is mandatory to improve the legends which are almost inexistent.

This is has been done

3. The manuscript should be focused on the case study. Section 4 devoted to the statistical survey of the turbulent boundary layer through  INTERBALL data should be separated from this study and considerably developed, it deserves a clearer and exhaustive presentation.

On this point we disagree with Referee 2 and agree with Referee 1 (see comments above)     

4. Pages of the manuscript are not numbered: I assume page 1 to begin with the abstract.

We have now produced a page-numbered copy (from our co-author J.A. Sauvaud, who submitted the paper to the Ann. Geophys. in Toulouse).

5. It is mandatory to improve the English style, especially to correct numerous misuses of articles ‘a’ and ‘the’. In too many places it is difficult to guess what the authors mean.

The main text has been revised by N. Maynard (who originally had been a co-author). We sent the rest of the text for revision to an American co-author. 

6. Instead of repetitive notations like BzSM or SMBz, it would be sufficient to say when presenting the data set that Solar Magnetic coordinates are used throughout this paper.

For the most of the paper we use the GSM frame, while modelling has been done in the SM frame.

Detailed comments

0. Title and abstract

The title and abstract are not pertinent and they do not reflect that most results presented and discussed in this manuscript concern a single event during “dominant northward IMF conditions”   as mentioned on page 3 (8th line from bottom). Two pages only over 32 are devoted to a statistical survey of INTERBALL observations of the turbulent boundary layer during a one-year interval.

We have kept the title based on our comment above.

Abstract

· line 6, remove ‘widely accepted’

Done.

· lines 15-16, ‘most probably’ is surprising because this paper is mainly a case study

We have used the term ‘most probably’ because cascade-like features are defined subjectively, e.g., there is a comment below on this. (About the case study refer to our remarks at the very beginning of our response.)

· line 29, ‘TBL represents an open system in a non-equilibrium steady state’: steadiness is far from demonstrated and seems indeed very unlikely. Moreover the allusion to self-organized criticality remains very fuzzy and nothing substantiates this idea.

The statement is softened; see also text below (especially for self-organized criticality).

1. Introduction and definitions (p1)

Page 2

· Plate A1 illustrating the nomenclature of various areas of the cusp should be a separate figure with a normal size.

This has been done.

Page 4

· line 5: ‘either local and remote from the cusp’, should it be ‘either local or remote’ ?

Yes, ‘either local or remote’

· line 11: add Belmont and Rezeau (JGR 106 (A6), 10,751-10,760, 2001) to the list of references dealing with reconnection.

This has been done.

2. Sites of MSH plasma penetration on May 29, 1996 (p4)

a. TBL wave signatures (p6)
Page 4

· Last line: comment of plate A2, panel g: does the light blue curve correspond to the proton cyclotron frequency?     
Yes, it has been added.

Page 5

· line 9: the ‘increased … wave activity’ is visible only after 03:00 and not 02:50.

The change has been made.

Page 7

· line 8: ‘correlated with the ULF magnetic bursts’, is it truly ‘correlated with …’ or just ‘simultaneous with …’?

‘simultaneous’, the text has been changed.

· line 22: ‘weak emissions close to proton cyclotron frequency …’ are barely visible on Plate A2(g)

They should be visible in the newly-enlarged Plates. 

· Figure 1A: what are the vertical scales for the three different plotted quantities?

The vertical scale is unique; the units for each parameter are given in brackets along the vertical axis

· Page 10

· line 2: the reader is invited to compare Figure 3a with panel A2(g), but the time intervals do not overlap, and Figure 3b with panel B1(i) which have such different resolutions that any comparison is hopeless

We are asking the reader to compare the spectral resolution obtained by two different analysis techniques, ie., the FFT and wavelet analysis, REGARDLESS of the time intervals and time resolution.

· lines 2-4: how do the authors recognize cascades in wavelet-spectrograms like 3a or 3b? This recognition seems rather subjective, like for panel B2

The statement has been softened; we would appreciate suggestions for an objective method of finding cascade-like features in wavelet spectrograms. We have tried to lend support to our method by a further discussion of bi-spectra.
· line 11: ‘the only longer disturbance on Polar at 05:26-05:45 UT (Plate B1) …’, sorry I do not see what is peculiar to this interval and the Interball data are not shown…

Corrected.

· line 15: spelling ‘Morlet’ instead of ‘Morlett’

Done.

Page 11

· line 30, the last one: ‘… with that of launched the sunward jet at …’, this is unclear, might it be replaced by ‘ … with the process at the origin of the sunward jet at …’? That these sunward propagating waves could have their origin in the TBL is one possibility but this is not demonstrated.

We do not discuss HERE the origin of sunward waves (to avoid confusion we soften the last paragraph).  We emphasise strong tailward waves to highlight the value of LOCAL TBL processes versus those in the tail (from the remote reconnection site, predicted by an MHD model).   For further discussions see below.

b. TBL: random or organized

Page 12

· line 5, as noticed by the authors a kinked power-law spectrum of magnetic fluctuations is not a characteristic signature of self-organized criticality

It is not a UNIQUE signature, but it agrees with self-organized criticality.  What we tried to say is that such spectra might originate from other reasons (in  the MSH) as well 
· line 12, the dashed violet line for the perpendicular temperature in figure 4 is hardly visible, this figure should be modified.

It has been modified.

Page 13

· lines 8-9: sentence beginning by ‘This is a certain feature …’ is unclear

The sentence has been revised.

· line 11: ‘have been predicted’ instead of ‘has been predicted’

Done.

· line 13: is ‘opportunity’ the right word? ‘possibility’ seems to be more appropriate?
Agreed, it has been changed.

· line 13: ‘both of them’ instead of ‘both them’

Done.

· lines 18-19: first sentence of the paragraph is obscure

It has been revised.

· line 21: ‘Plate B3’ instead of ‘Plates B3’

Done.

· line 21: the direct or inverse cascades suggested by overlayed black lines on the wavelet spectrogram are highly subjective, at least at this stage of the discussion

The remark has been softened (see also remark to page 10, lines 2-4)
· line 22: ‘isolated maxima’ instead of ‘isolated maximums’

Corrected.

· line 26: ‘the 1.7mHz ranges even inside magnetosphere’, what does it mean?

It means that the 1.7mHz fluctuations are visible even inside magnetosphere’

· line 28: ‘maxima’ instead of ‘maximums’

Corrected.

· line 33: ‘stationarity’ instead of ‘nonstationary’

We have checked again in the SWAN software description : The proper term is ‘nonstationary’. 

Page 14

· different notations for the same function on lines 2 and 3 (formula)
· lines 4-5: ‘lmax is the maximum number of lags’

Yes, noted.

· line 5: here the mean value is noted μ but was noted μc in formula of line 3

Both should be μc
· line 6: ‘A time overlapping of 90% is done’, this is not clear

Revised to ‘A time overlapping can be done’

· formula on line 8: what is γ ?

Revised to ‘Then, the result is expressed in terms of number of the periods (by selection of appropriate γ).’
· line 14: ‘marked by an ellipse with the circled label A’
Done.

· lines 21-23: sentence beginning with ‘While period of …’ is not clear

Revised to ‘While the period of ~ 3 mHz signal on Interball (Insert A) is short (of the order of the TBL crossing time, see Plate A2), the wavelet analysis segregates the correlation time at this frequency (> 2 periods) relative to the neighboring ones’.

· line 27: ‘the orbit of POLAR’ instead of ‘the Polar orbit’

Done.

Page 15

· line 4: ‘the repetitive flows should be seen as exclusion only’, what does it mean?

· ‘the repetitive flows should not be seen during steady solar wind conditions,’

· line 13: I suggest ‘W(a,t) is the wavelet transform defined by equation (2)’

· OK

· line 19: why do the authors qualify fA as a ‘resonant’ frequency ?

Because it is seen throughout the TBL in Plates B3,  B4  and displays phase coupling in three-wave processes in Plate B5 (we use ‘resonant’ following the term ‘Alfven resonator’ of Stasiewicz et al., 2001, as mentioned above).
· line 22: ‘dominant’ instead of ‘dominating’

Changed.

· line 31: ‘… that is centred at fA …’, is ‘centred’ the right word?

Changed to ‘visible’
Page 16

· line 1: ‘horizontally-spread’ instead of ‘horizontal-spread’, but it is improper

Changed to ‘horizontally-spread’

· line 6: ‘maxima’ instead of ‘maximums’

Corrected

· line 10: ‘fourth’ instead of ‘forth’

Corrected.

· line 18: ‘furcated multi-frequency … interactions’ ?

Changed to ‘interactions which have many branches (paths)’ 

Page 17

· line 2: ‘the above-mentioned resonance’, which resonance?
Text has been clarified

· lines 4-5: ‘the main cascade is organized at low (resonant) frequencies throughout the wide frequency band’, I do not understand this sentence.

Changed to ‘the main cascade is synchronized by low (‘resonant’) frequencies throughout the wide frequency band’.
· line 7 : ‘preferred’ ?

Changed to ‘chosen’
· If the lower frequencies are more important it would be nice to show the lower frequency parts of the bi-spectra.

This has been changed as suggested.

3. Comparison with MHD model (p17)

Page 17

· lines 23-24: ‘The broadness of the maximum current sheet itself is believed to be due to MHD (=large scale) waves, which are reproduced by the model.’. This seems questionable if the displayed diagnostic is an instantaneous snapshot and not an averaged diagnostic over a time interval of the order of the period of these large scale waves: this point should be explained. The broadness is more likely due to numerical dissipation or to a coarse grid as confirmed by subsequent discussion on page 18, lines 12-13: ’… due to inability of the model to reproduce sharp gradients’. 

The displayed diagnostic is an instantaneous snapshot; Chris Russell checked with the global model movie to verify that this ‘thick’ current sheet is a persistent feature. However, your guess is correct: waves are seen as substructures of the sheet even during stable solar wind conditions. Returning to Plates A5, you could compare the current sheets at the bow shock and at the noon MP: the “TBL” sheet is 2-3 times thicker.  As for ‘sharp gradients’,  the degree of the sharpness can be seen e.g. in corrected Figure 4 (more deteails are in Savin et al., 1998a, Russell et al., 1998).  We estimate those gradients in Fig. 4 as being of ~ several hundred km, while minimum grid step > 1000 km. This enables us to reproduce processes with scales >3000 km.

Page 18

· line 13: ‘Plate B1(b)’ instead of ‘Plate B1(d)’

Corrected.

· line 30: Plate A5 is both too small and too dark to see what the authors comment.

Revised to show the details that are discussed.

Page 19

· line 10: ‘The most probable reason for that is a rather crude model grid’. How crude is this grid? This should be detailed. 

· line 11-12: ‘… while superposition of the local resonance-like medium-scale disturbances in the model on the global structure is not excluded’. This is unclear and more explanations are needed. ‘(see discussions above)’: in which section or subsection. Please give details. 

Details have now been given.

· line 28: ‘… and stability in UT’, what does that mean?

This has been clarified.

· line 29: what does mean ‘the characteristic model convection pattern’? Is it the ionospheric convection pattern from the global MHD simulation or from another model? Please explain. How does it compare with convection patterns estimated from ground based radar observations?

We use only a global MHD (Fedder’s) model; the text has been corrected. No comparison with ground data has been undertaken.

· line 34: ‘The model predicts …’, is it the MHD model?

Yes, this has been clarified.

· line 34: ‘POLAR remains magnetically connected to the ionosphere for the entire period’ is suggested to replace ‘Polar connection to the northern pole’

The change has been made.

Page 20

· line 26: ‘In Figures 5b and 5c one can see quite narrow jetting …’, what does mean ‘quite narrow’? Is the convection velocity displayed at the ionospheric level or near the reconnection site, this is not clear. I guess that it comes from the MHD simulation: could the authors provide a map of the convection velocity in order to give the reader the possibility to see how narrow this plasma jet is?

· Line 27: ‘we imply that this narrowness is an inherent feature of the RRS at its altitude’, does it mean ‘we suppose that …’?

Yes it does.

· Lines 29-30: ‘… for every particular IMF orientation.’ Could the authors explain that? 

This expression corresponds to anti-parallel fields near the MP; please see corrected text.   

4. Interball-1 TBL encounters on March 1997- March 1998 (p21)

This statistical study of INTERBALL observations of the turbulent boundary layer during a one-year interval is used to say that the event of May 29th 1996 occurs in the cusp indentation revealed by this study: this does not add much to the discussion of the case study. The extensions of the turbulent boundary layer in the tail are another  interesting feature evidenced by this study.

We comment on the statistical picture and use it to generalize the TBL properties. We have a number of opponents who think that the dominant IMF Bz>0 case differs significantly from, say, Bz<0. The figure demonstrates that the TBL on May 29, 1996 does not differ substantially from other cases (it only differs in being closer to the Earth due to the high SW density on this day)
Then the interpretation of the case study that magnetic bubbles result from a diamagnetic effect is generalized: ‘We believe that …’ (page 22, line 27). But what the authors present to support this generalization is not clear enough (page 22, lines 31-34). Have they done a correlation analysis of plasma and magnetic pressures? If this is the case, it would be nice to present the results in greater details, saying readers what have been exactly done.

We refer to Savin et al., 1999 for more details (see also Savin et al., 1998b). In several case studies we have gotten the respective support for a diamagnetic effect. We expect that it would be possible to derive some simple statistics the using magnetic the field in hand. The general problem for Interball data is low (2 min) time resolution of plasma data. Thus, we are unable to do the statistical check of the pressure conservation in ‘diamagnetic bubbles’, which have characteristic time scales <1 min. Instead, we compare the magnetic field pressure deficit with plasma heating in the TBL. 

At last a comparison is made with ULF magnetic fluctuations close to the bow shock. It is said that the amplitude of ULF fluctuations in the frequency band 2-8Hz  at the bow shock is 1.5-2 times the amplitude in the turbulent boundary layer (page 23, lines 12-13); that seems in contradiction with ‘their characteristic amplitude is much less than in TBL’ (page23, line 15). The ‘characteristic amplitude’ is not defined. The section ends with a speculative assertion: ’… their frequency in the plasma rest frame might fit the characteristic TBL spectra …’. Could the authors demonstrate this point ?     

We give the characteristic amplitude of the BS turbulence (2-3 nT) at a few Hz. At fractions of Hz the BS disturbances have smaller amplitudes as compared with the TBL. As for the Doppler shift accounting, there is still a problem in getting the quantitative estimate for the ULF fluctuations, even for obvious Cluster cases. However, we are still trying to do this in the future. WE DO NOT THINK that THE TBL waves can be accounted for by soley by the ones in the BS.  Thus, we mention an opposing point of view when coming back to this point in Section 6 (see the text correction). 

Page 21

· lines 2-3 from bottom: ‘for the statistical study we accept equality of the ULF power at all three magnetic components’, that should be justified in some way.
Having a random distribution of the fluctuations in the spacecraft frame we’ve checked the hypothesis in 5-10 case studies.  For the statistics we’ve used Bx RMS (root mean square), which is regularly calculated as a key parameter, multiplying it by sqrt(3)

· line 4 from bottom: ‘raw’ instead of ‘row’

Corrected.

Page 22

· lines 1-7: the selection criteria are awkwardly explained. These sentences should be rewritten

This phrase has been revised  by Nelson Maynard.

· line 10: ‘the gap between the southern events … wings’, this is unclear.

This has been clarified.

· line 18: what are ‘semi-open mantle lines’ ?

They are those lines that originate in the ionosphere, and extend to the MSH (“polar cap”)

· lines 19-20: could you present data to support this ‘anticipation’? l

· ines 21-26: the ‘TBL wings’ are characterized by a magnetic AC power exceeding a given threshold, it is not demonstrated that they correspond to plasma penetration and the conclusion is not supported by any plasma data.  

‘The TBL 'wings' indicate the possibility of MSH plasma penetration’ (see also Savin et al., 1999)
During the review of our paper, Maynard N.C., S.Savin, G.A.Erickson, H.Kawano, Z.Nemecek, W.K.Peterson, J.Safrankova, I.Sandahl, J.D.Scudder, G.L.Siscoe, B.U.O.Sonnerup, D.R.Weimer, G.R.Wilson, W.W.White, Observation of the magnetospheric “sash” and its implications relative to solar-wind/magnetospheric coupling: A multisatellite event analysis, J.Geophys. Res., 106, NA4, 6097, 2001 was published with corresponding discussions. HOWEVER, WE WOULD NOT LIKE TO INCLUDE ANY REFERENCE TO THIS PAPER IN ORDER TO ALLOW THE PUBLICATION TIME  FOR PAPER TO BE FINITE.
5. Discussion and conclusions (p23)

a. TBL common properties (p23)

It is said in this section that some fraction of magnetic bubbles is transported across the magnetopause. That would be an interesting fact but it has not been addressed during the data analysis and this conclusion is not allowed. 

The conclusion has been softened. 

We would like to note that the paper is summarising many years of studies, not necessarily May 29, 1996 only. We would also like to infer some hypotheses in the discussion section (hoping to be able to check them in future studies). We apologize if not all of our guesses in this section are sufficiently supported.  We are trying to clarify our remarks on these pursuant to your comments.

b. Multi-scale reconnection (p24)

Page 24

· lines 25-27: ‘Both maximum and average … the average one.’ This sentence is not clear and should be rephrased

This sentence has been rephrased.

Page 25

· line 9: how is defined the magnetopause displayed in Plate A3?
c. Local versus remote mechanism of MSH plasma penetration into cusps (p27)

d. Interaction of MSH flows with the outer cusp throat (p29)
The Magnetopause grid is described on page 27 (in SECTION 6.2) – We have used a modified Sibeck model MP adjusted to Polar-Interball MP crossings on May 29, 1996

Page 29

· lines 20-23: these two sentences are not clear. The magnetic field being continuous through a rotational discontinuity, I do not understand how this rotational discontinuity could separate ‘the reconnected and entirely magnetosheath field lines’? That ‘the Rd could represent the outer wall of the Laval nozzle’ is also unclear and needs clarification.  

· line 26: ‘that in turn causes the RD displacement’, which displacement?

The rotational discontinuity is described in Savin et al., 1998a. Prior to the RD  the magnetic field is intermediate between those of the MSH and magnetosphere (thus, we suppose that the magnetic field could be reconnected there). After the RD, the magnetic field follows the MSH field. How and why it could separate different regions: reconnection models include rotational discontinuities. Even the MP is regarded as a RD when the magnetic field is believed to reconnect through the MP.  Similar RD features outside the MP are seen in about 1/3-1/4 of the MP crossings of Interball, Polar etc. As for the Laval nozzle analogy, this is a boundary and in fact large density, and sometimes velocity, rises are seen mainly between it and the MP (we will present Inteball/Cluster examples at EGS2002). If the MP can be an RD, what prevents another RD from being a wall for a Laval-nozzle channel? We cannot say more now. We have softened our phrases to try to attract the attention of researchers to these strange facts. 

e. TBL sources and character (p31)

Page 32

· lines 3-6: ‘We would like to attribute the kinked MSH spectra … as the common MSH property.’. Sorry, I am totally confused by this explanation which appears just now and was not evocated when discussing Figure 1b in subsection 2.1 (page 10)

This has been corrected.

We tried to discuss particular features of the data in the data section. Then, we returned to them in the discussion section if we felt that they could address  common TBL etc. properties. The kinked spectra in the MSH are really puzzling: we do not usually get spectra of the TBL type (which we detect almost every time in the TBL) in the MSH. Recently we have found that a SW disturbance (e.g. discontinuity) might result in similar spectra. Thus, we do not think that the kinked spectra are characteristic of the (steady) MSH.  HOWEVER, SUCH KINKED SPECTRA ARE CHARACTERISTIC FOR THE TBL (at least for relatively steady SW conditions). 

References

· reference of the paper by Q. Chen, A. Otto, and L.C Lee is wrong

This has been corrected to 103, 151-161, 1997.

Add and discuss the following references:

· S.A. Fuselier, K.J. Trattner, and S.M. Petrinec, JGR 105(A1), pp 253-266, 2000

We are familiar with this paper.  It ignores the stagnation region physics by Haerendel 1978 etc. We recommended at list to discuss this topic in a following their paper, sent in press

· V. Angelopoulos, F.S. Mozer, J; Bonnell, M. Temerin, M. Somoza, W.K. Peterson, H.L. Collin, and B. Giles, JGR 106(A4), pp 5987-6006, 2001

· C.T. Russell, G. Le, and S.M. Petrinec, JGR 105(A3), pp 5489-5495, 2000

· G. Belmont, and L. Rezeau, JGR 106 (A6), 10,751-10,760, 2001

We included the necessary references, thank you ( we are trying to limit ourselves to publications AVAILABLE BEFORE our paper submission)

Figure captions 

should generally be rewritten accordingly to reorganized figures and should be much more informative.
This has been done.

