Reply letter to the reviewer for paper #33:

The authors appreciate the reviewer many encouraging comments. The comments are very useful for improvement of our manuscript. Therefore, we made revisions as possible as we can. The revisions and replies to the comments are explained in the following.

(Reviewer comment 1)
Consider changing: sample particles are “given randomly” with ‘generated randomly’.
Providing the field-shape or -strength of the first solenoid in the beam formation region and the approximation of the RF-induced magnetic field could provide additional insight (only for future publication).

(Reply 1)
The description is revised: “given”  “generated”.
Yes, we are now proceeding to make clear the relation between the 4 MHz oscillation of plasma density (namely, Balmer alpha intensity) and the 2 MHz oscillating beam halo. One of the possible candidates is the external magnetic field line on axis, which has same direction with the ICP-RF field in one phase but has opposite direction in the other phase. 
For the future publication, we will make experiment by changing solenoid field strength to see the time structure response of the beam phase (or emittance). Then we move on to the numerical analyses to understand the experimental results. 
The reviewer’s comment is very encouraging.

(Reviewer comment 2)
And impressive +/- 12.5 % fluctuation of the emittance is measured within one RF cycle, on other systems beam intensity fluctuations were observed, 
It would be interesting to add this value for the J-park source (does the beam intensity increases in phase with the higher emittance and with the same amplitude) again for future publication.

(Reply 2)
We agree that relation between the beam intensity and the emittance is important. If the beam current at the emittance monitor shows higher peak at the phase which higher emittance is observed, we can conclude that the additional halo component is extracted each 2 MHz without changing the “base” beam profile (in low emittance phase). As we do not have method to measure the emittance and the beam current simultaneously, we will modify our monitor system for the future publication. The authors appreciate the reviewer these important comments.
(Reviewer comment 3)
Superposition of the min and max Emittance phase spaces illustrates selected regions of phase space affected by the RF field present in the beam formation region. 
I would favor FFT analysis of the signals and plot separately the DC, 2 and 4 MHz components on the xx’ plane but the author’s choice is adequate to illustrate the different behavior of selected regions beam core, asymmetric component, converging and diverging halos. 
Point A is at the emittance ellipse centroid (EEC) you introduce a DC-component (Direct Current) it may be more effective to the reader to describe all signals as a superposition of DC, 2 and 4 MHz and keep discussion on possible origin for the discussion section.

(Reply 3)
As the reviewer mentioned, the phase space (at the high and the low emittance time-phases) in the present manuscript is particle plots (dots) in order to show clearly the difference between the two time-phases by intuition. We also agree to the reviewer that the FFT analysis of the signals in the DC, 2 and 4 MHz in the phase space gives more information. 
As we need to modify our monitor program to introduce FFT analysis, the 2 and 4 MHz distributions in the “full” xx’ plane takes time. However, in the revised manuscript, we added the FFT analysis result on x axis (0 mrad) in order to be able to compare with the DC beam current distribution as in Fig. 9 (b) below. 
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FIGURE 9. (a) Spatial distribution of the DC current component at the angle 0 mrad and the position range -2 to 2 mm in the beam phase space in Fig.7. (b) Spatial distribution of the 2 and 4 MHz components at the angle 0 mrad and the position range -2.5 to 2.5 mm in Fig.7. 

The amplitudes of the 2 and 4 MHz components are square root of the power spectrum density, so the amplitude are proper to the original beam current WF amplitude. From the result above, we obtained new information that the strong 2 MHz component exists in just outer part of the beam core (around ±0.7 mm). By comparing this result with the phase space (in Fig.7 below), this 2 MHz peaks correspond to the diverging halo (the conclusion is same as in the original manuscript). On the other hand, the 4 MHz components show 5 peaks. We think that 2 peaks at around ±0.7 mm are the 2nd harmonic of the 2 MHz 
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FIGURE 7. The beam phase space at the phase 1 and 2 in Fig.6 (a). The blue dots are the particle plots for the phase 1 and the red dots are for the phase 2. The beam phase space in the phase 1 is plotted in front of the one in the phase 2. Indicators to show each components of the phase space are shown; (1) beam core: yellow dashed oval, (2) diverging halo: light blue dashed oval, (3) converging halo: yellow S-shaped curve and (4) asymmetric halo: black dashed oval.

oscillation. The reasons are (1) the amplitudes of the 2 MHz peaks are much larger than that of the 4 MHz peaks which makes the 2nd harmonics to be comparative to the other peaks, and (2) these two peaks are relatively wide (0.4 – 0.6 mm) while the other peaks have 0.2 – 0.4 mm widths. The wide peaks are due to the effect of the 2 MHz peaks. The other peaks can be explained by the intersections between x axis and the “S-shaped” converging halo as in Fig.7. The points A and C are at the intersections so we see the 4 MHz oscillation there while the 4 MHz amplitude is relatively small in the other regions. 
Together with the revision related to Fig. 8 (mentioned in the “Reply 4” of this letter), we have revised the relevant part of the manuscript as followings. The revised part is shown in the red characters.
(original manuscript) 
Figures 8 shows the characteristic beam current WFs measured by the FC in the different beam components. The data point A – D corresponds to the point in the beam phase space (Fig. 7); point A at the beam core: (x, x’) = (0, 0), point B at the diverging beam halo area: (x, x’) = (0, 40), point C at the converging halo area: (x, x’) = (2, 0) and point D at the asymmetric component area: (x, x’) = (3.4, 80), respectively. At point A, a 2 MHz oscillating beam current takes place on the DC current component. This is because the diverging and converging halos are superposed on the beam core at the center. The DC current components at the angle 0 mrad and in the position range -2 to 2 mm are plotted in Fig. 9 (a). The spatial distribution of the DC current shows the Gaussian profile in the area corresponding to the beam halo, namely -0.5 to +0.5 mm in the position. The DC current component also takes place in the outer part of the Gaussian, which corresponds to the beam halo contribution. As the point B in Fig. 8 shows, a strong 2 MHz oscillation component takes place in the diverging halo, where no DC component exists. Figure 9 (b) shows the expansion plot of the WF at point C. The beam current shows oscillation with the doubled RF frequency (4 MHz). As a result of superposition of (2) the diverging halo and (3) the converging halo on the (1) beam core, the oscillating part of the beam current at point A shows a combination of 2 MHz and 4 MHz. However, the 4 MHz oscillation component is seen in small area around point A and C, while the 2 MHz oscillation component is seen everywhere in the diverging halo. On the other hand, (4) the asymmetric halo shows the beam current WF with smaller amplitude in a magnitude of order than the other beam components. In Fig.10, time variations of the average position and angle of the beam phase space are shown. Amplitudes of the position and angle are around 0.06 mm and 1 mrad, respectively, which are smaller than the spatial resolution of the emittance monitor data acquisition. If the asymmetric component is dominant, oscillation of the averages should not be negligible. We conclude that this asymmetric component is not effective. As a result, contribution of the 2 MHz component in (2) diverging halo is dominant when all the beam current WFs in the phase space points are integrated. This leads to the oscillation of the macro beam parameters with the frequency up to 2 MHz as in Fig. 6.
(Revised Manuscript)
Figures 8 (a) shows the characteristic beam current WFs measured by the FC in the different beam components. The data point A – D corresponds to the point in the beam phase space (Fig. 7); point A at the beam core: (x, x’) = (0, 0), point B at the diverging beam halo area: (x, x’) = (0, 40), point C at the converging halo area: (x, x’) = (2, 0) and point D at the asymmetric component area: (x, x’) = (3.4, 80), respectively. As the WF signals in point C and D are relatively low, a scaled plot is shown in Fig. 8 (b). The point A is the emittance ellipse centroid (EEC) where the beam core, converging and diverging halos are superposed. Resultantly, 2 and 4MHz oscillating components of the beam current takes place on the DC current component. The DC current components at the angle 0 mrad and in the position range -2 to 2 mm are plotted in Fig. 9 (a). The DC components in the beam current are calculated by averaging the minimum peaks of the WFs at the corresponding phase space positions. The spatial distribution of the DC current shows the Gaussian profile in the area corresponding to the beam halo, namely -0.5 to +0.5 mm in the position. The DC current component also takes place in the outer part of the Gaussian, which corresponds to the beam halo contribution. Figure 9 (b) shows the spatial distributions of the 2 MHz and 4 MHz (doubled RF frequency) components by FFT analysis of the beam current WFs at the angle 0 mrad and the position in the range of -2.5 to 2.5 mm. The amplitudes of the components are square root of the power spectrum density, so that the amplitudes are proper to the original WF signal. At the beam core part (-0.5 to 0.5 mm) where the strong DC component is seen in Fig. 9 (a), amplitude of the 2 MHz component shows low peak. A strong 2 MHz oscillation takes place at the position around ±0.7 mm while the DC component is reduced. This position corresponds to the diverging halo as seen in the point B in Fig. 8 (a). Therefore, origin of the strong 2 MHz oscillation is the diverging halo. On the other hand, the 4 MHz component in Fig. 9 (b) shows several peaks at positions 0, ±0.7, -1.8 and 2.0 mm. The 4 MHz amplitude peaks at ±0.7 mm are the 2nd harmonic of the 2 MHz oscillation due to the diverging halo. As the 2 MHz amplitude is much larger than that of the 4 MHz peaks, the 2nd harmonic is comparative to the other 4 MHz peaks. The width of the two peaks of the 2nd harmonics are 0.4 – 0.6 mm due to the effect of the 2 MHz amplitude peaks while the other peaks have only 0.2 – 0.4 mm width. The other peaks correspond to the ‘S-shaped’ converging halo as shown in Fig.7. Number of the intersections of the converging halo and the x axis is three. Two of the intersections are point A and C in Fig. 7. At these points, the 4 MHz oscillation is seen in the beam current WFs in Fig. 8 (a) and (b). As a result of superposition of (2) the diverging halo and (3) the converging halo on the (1) beam core, the oscillating part of the beam current at point A shows a combination of 2 and 4 MHz. However, as in Fig. 9 (b), amplitude of the 4 MHz oscillation component is much smaller than that of the 2 MHz component. On the other hand, (4) the asymmetric halo shows the beam current WF with smaller amplitude in a magnitude of order than the other beam components. In Fig.10, time variations of the average position and angle of the beam phase space are shown. Amplitudes of the position and angle are around 0.06 mm and 1 mrad, respectively, which are smaller than the spatial resolution of the emittance monitor data acquisition. If the asymmetric component is dominant, oscillation of the averages should not be negligible. We conclude that this asymmetric component is not effective. As a result, contribution of the 2 MHz component in (2) diverging halo is dominant when all the beam current WFs in the phase space points are integrated. This leads to the oscillation of the macro beam parameters with the frequency up to 2 MHz as in Fig. 6. 





(Reviewer comment 4)
Figure 8: possible improvement: consider scaling the signal of point D (barely informative as very close to the axis line) and scale signal form point C to separate it from signal B.
Figure 9 : consider replacing DC by core beam current on the plot. I guess that the signal presented in 9a is time averaged, if yes please specify.

(Reply 4)
We added the additional figure (Fig. 8 (b)) which scales the signals of Point C and D. The revised Fig.8 is following:
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	(a)
	(b)


FIGURE 8. (a) Beam current wave forms measured by a Faraday-Cup in the emittance monitor at points A – D in Fig. 7. 
(b) a scaled plot of wave forms at point C and D.

The DC current in Fig. 9 is correct. However, we did not mention how the ‘DC’ component is calculated. As shown in Point A on Fig. 8 (a) above, it is difficult to decide the DC component in a fixed value because the minimum peaks of the oscillating part are different each phase. Therefore, we simply calculated the ‘averaged’ DC component by averaging all the minimum peaks in interval of 2 MHz. By dealing the averaged DC component at each x position, we obtained the Gaussian distribution in Fig.9 ((a) in the revised version). The explanation is added to the revised manuscript:
(Revised version)
The DC current components at the angle 0 mrad and in the position range -2 to 2 mm are plotted in Fig. 9 (a). The DC components in the beam current are calculated by averaging the minimum peaks of the WFs at the corresponding phase space positions.


The authors thank again the reviewer for the kind and the encouraging comments.
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