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Introduction

The Rosetta spacecraft orbited and maneuvered in the vicinity of the nucleus of comet 67P/Churyumov-Gerasimenko (67P hereafter) for 26 months from August 2014 through September 2016 recording various measurements from 11 instruments on the orbiter. There were 10 more instruments on the Philae Lander. The mission was able to monitor the comet carefully at heliocentric distances from 3.5 AU before perihelion, through perihelion at 1.24 AU and out to 3.5 AU after perihelion. As such the combination of temporal coverage, sensitivity and resolution of all types of measurements was unprecedented.

In previous work we (Fougere et al. 2016a(Fougere et al. , 2016b) ) used measurements by the Double Focused Mass Spectrometer (DFMS) and the Comet Pressure Sensor (COPS) subsystems of the Rosetta Ion and Neutral Analyzer (ROSINA) package to determine the potential surface distribution of the four major ions, H 2 O, CO 2 , CO and O 2 . Those results covered the period from first close encounter in early August 2014 through the end of February 2016, two months before the comet's second equinox. We had used the determined potential surface distribution of H 2 O and CO 2 to compare with images of these two species taken with the VIRTIS-M (Migliorini et al. 2016) moderate spectral resolution imaging spectrometer and with various point spectra taken with the VIRTIS-H high-resolution spectrometer [START_REF] Bockelée-Morvan | First observations of H2O and CO2 vapor in comet 67P/Churyumov-Gerasimenko made by VIRTIS onboard Rosetta[END_REF]2016). The spatial distributions, abundances and derived productions of H 2 O and CO 2 from the DFMS/COPS-determined model were in quite reasonable agreement with both VIRTIS-M images of H 2 O and CO 2 taken in March 2015 and taken with VIRTIS-H spectra taken from November 2014 through January 2015. However, the DFMS/COPS-determined model generally predicted higher abundances by up to a factor of four in the weeks around perihelion of H 2 O than determined by VIRTIS-H and somewhat higher abundances of CO 2 . In this paper we have improved our earlier approach and extended a similar analysis through the end of DFMS data, a month before the end of mission in September 2016.

Reduction and Calibration of the ROSINA DFMS Data

The results presented in this paper all stem from measurements by the DFMS and COPS subsystems of the ROSINA package. The ROSINA package of instruments was described by [START_REF] Balsiger | Rosina Rosetta Orbiter Spectrometer for Ion and Neutral Analysis[END_REF]. The DFMS instrument measures high resolution mass spectra with a resolution of up to m/Δm = 3000 and as such can determine molecular, elemental and isotopic abundances even for otherwise normally overlapping masses such as CO and N 2 [START_REF] Rubin | Molecular nitrogen in comet 67P/Churyumov-Gerasimenko indicates a low formation temperature[END_REF]. The reduction procedure for the data on H 2 O, CO 2 , CO and O 2 presented here has been described in great detail in a series of previous papers (Bieler et al. 2015a;Bieler et al. 2015b;Fougere et al. 2016a;Fougere et al. 2016b). Briefly, DFMS mass spectra were obtained in several individual mass channels for the four major species and were given an absolute calibration using the total gas densities derived from the nude gauge measurements by COPS.

The full set of DFMS data analyzed here is shown in Figure 1, which shows the measured densities times the square of the comet-spacecraft distance. It is roughly broken up into 3 time periods. In the first the north pole is nearly continually exposed to the Sun and the two dominant species, H 2 O and CO 2 , are generally anti-correlated with one another. The second period runs from the first equinox until the second equinox when enough or all of the south polar region is illuminated by the Sun and the two dominant species, H 2 O and CO 2 , are generally correlated with one another. The third period runs to the end of mission and returns to the geometry when and CO 2 , are generally anti-correlated again. We will discuss the relative behavior of all four species later in this paper. Uncertainties in the COPS measurements of the total gas density are ~10%. The DFMS densities of each major species are constructed from individual DFMS spectra at each mass channel and then scaled to the total measured by COPS. The final uncertainties in the individual species densities are ~ 20%.

Potential Surface Activity Distributions: Methods

In an analysis of ROSINA COPS data from the first 5 months of the Rosetta mission, August through December 2014, it was shown using a simple analytic model based on assuming that a uniform potential activity from the surface when illuminated could explain much of the density variation of the gas as the comet rotated and the spacecraft position changed (Bieler et al. 2015a). One exception was that it appeared that some additional activity was required from the so-called neck region of the "duck" shape of the nucleus that is not far from the north pole. This was tested and verified in the same paper using both a hydrodynamic model for the gas flow as well as a fully kinetic Direct Simulation Monte Carlo model. Figure 1. Heliocentric distance dependence of DFMS densities normalized by the inverse square of the spacecraft-comet distance. From the top down the plots are for the H 2 O (blue), CO 2 (orange), CO (green) and O 2 (purple). The lines in each give the power-law fits for the three separate time periods as given in Table 1, dotted for phase 1, solid for phase 2 and dashed for phase 3.

In order to examine this idea more fully and instead of assuming the potential surface activity was driven by illumination uniformly from the surface, Fougere et al. (2016a) analyzed the H 2 O and CO 2 gas densities measured by ROSINA DFMS for the period from August 2014 through May 2015 with a least squares inversion scheme based on expressing the potential surface activity as a spherical harmonics expansion with undetermined coefficients. This covered the time period from the near nucleus measurements soon after rendezvous until the comet reached its first equinox. The technique assumed the same analytic model connecting illumination-driven surface activity to densities at the spacecraft as introduced by Bieler et al. (2015a) and described and used by Fougere et al. (2016aFougere et al. ( , 2016b)). The final potential surface activity distributions for H 2 O and CO 2 were then used as the surface boundary conditions and a physically-based coma was generated using the fully-kinetic Direct Simulation Monte Carlo (DSMC) model.

The DSMC models based on the spherical harmonics inversions were also used by Fougere et al. (2016a) to synthesize a series of H 2 O and CO 2 images obtained in April 2015 by [START_REF] Migliorini | Water and carbon dioxide distribution in the 67P/Churyumov-Gerasimenko coma from VIRTIS-M infrared observations[END_REF] using the Rosetta Visible and Infrared Thermal Imaging Spectrometer (VIRTIS) medium resolution mapping channel and a set of H 2 O and CO 2 column abundances vector of length M elements containing the DFMS data and x is a vector of length N containing the undetermined coefficients of the spherical harmonics for which we are solving. There are 15000 to 25000 data points total for each species. The potential activity
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where the function G give the variation of the flux with solar zenith angle defined by Bieler et al. (2015) as
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a surface triangle is not illuminated by the Sun. The factor λ is included here to enable correction of the approximate nature of the initial power-law assumption of the production rate as a function of heliocentric distance. Most of the values of λ range from 0.5 to 4 and serve mostly to correct densities for the initial assumed power laws in heliocentric distance.

Model Analysis

As in the papers by Fougere et al. (2016a) and (2016b) we have employed a 5th order spherical harmonics expansion with 25 undetermined coefficients to the DFMS measurements.

One change for this work is that having observed a noticeable difference in the activity between the pre-perihelion and the now extended post-perihelion variations of the four major volatiles, we have separated the data into three time groups: (1) from the beginning of the mission to the first equinox, (2) from the first to the second equinox, and (3) from the second equinox until the last data before the end of mission.

Figure 1 shows the evolution of the measured densities of the 4 species normalized by the square of the spacecraft-comet distance and fitted with power-laws for the three time periods shown as the overlain straight lines for each of the four species. Table 1 lists the values of the power-law exponents for the three time periods for the each of the four major volatile species.

Figure 2 shows the comparison of the measured DFMS number densities of H 2 O, CO 2 , CO and O 2 with those obtained by applying the potential surface activity distribution using the simple analytical model (Bieler et al. 2015a) that was used in the least squares fitting procedure.

The correlation coefficients for the model fits for the three phases (p1, p2, p3) are (0.971, 0.910, 0.895) for H 2 O, (0.924, 0.940, 0.952) for CO 2 , (0.832, 0.942, 0.947) for CO and (0.869, 0.559, 0.923) for O 2 , respectively. Tables 234give the spherical harmonics coefficients for the three phases, respectively. 
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Table 4. Real spherical harmonics and the normalized coefficients for time period Phase 3.
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There are likely changes in the near-surface composition throughout the mission that are responsible for the variations of the potential surface activity maps during the three mission phases. Such changes were seen in the color of the surface, which became more blue during the middle phase including perihelion [START_REF] Fornasier | Rosetta's comet 67P/Churyumov-Gerasimenko sheds its dusty mantle to reveal its icy nature[END_REF] indicating the presence of more water ice near the surface caused by the removal of surface dust in combination with deposition of water ice through internal recondensation (DeSanctis et al. 2015;Ciarniello et al. 2016).

Given the new surface distributions we have run new sets of DSMC models now spanning the entire Rosetta mission. Table 5 gives the times, heliocentric distances and solar latitudes for the 15 dates for which a set of 12 DSMC models were run, each set spanning one nucleus rotation. Figure 4 shows a comparison of the DFMS densities and those determined from the surface distributions and the DSMC model that follow power-law slopes discussed above. 

Gas production rates

Figure 5 shows a plot of the four gas production rates throughout the mission plotted as functions of heliocentric distance and time. For the first two studied periods the variations of productions rates of the four species are similar to the previous results (Fougere et al. 2016b).

The most remarkable behavior of the post-second-equinox period (p3) is the leveling of the CO 2 and CO production rates and the precipitous drop of the H 2 O and O 2 production rates. Surprisingly, although the northern hemisphere of the comet is again primarily illuminated after the second equinox as it was early in the mission before the first equinox, the water production rate drops continuously to well below the CO 2 production rate and nearly equaling that of CO.

Throughout the early period before the first equinox when the northern hemisphere was primarily illuminated, the water production rate was factors of 2 to 3 larger than those of CO 2 and CO at the same large heliocentric distances (~3.5 AU) and with the subsolar latitude still in being the north but being +20 o instead of +45 o .

The result of calculating potential surface activity maps for three time periods compared with the previous results (Fougere et al. 2016b) which used a single set of maps for each species for all times up to approximately the second equinox is overall a lowering of the production rates by about 30% with the peak values shortly after perihelion coming down by over 35%. Fougere et al. (2016b) and [START_REF] Hansen | Evolution of water production of 67P/Churyumov-Gerasimenko: An empirical model and a multi-instrument study[END_REF] had a peak water production rate of 4.0 x 10 28 s -1 whereas the new map has a peak value of 2.8 x 10 28 s -1 and with values within a month or so of perihelion down to about 1 x 10 28 s -1 which is closer to previous determination of maximum water production rates in in 67P based on ground-based and space-based measurements [START_REF] Bertaux | The water production rate of Rosetta target Comet 67P/Churyumov-Gerasimenko near perihelion in 1996, 2002 and 2009 from Lyman α observations with SWAN/SOHO[END_REF][START_REF] Schleicher | Compositional and physical results for Rosetta's new target Comet 67P/Churyumov Gerasimenko from narrowband photometry and imaging[END_REF], Hansen et al. 2016). This narrows the gap in the previously reported discrepancy between the ROSINA DFMS water production rates (Fougere et al. 2016b;[START_REF] Kramer | Seasonal changes of the volatile density in the coma and on the surface of comet 67P/Churyumov-Gerasimenko[END_REF]) and some remote sensing values, but does not completely eliminate it. We return to this comparison in the following section. [START_REF] Kramer | Seasonal changes of the volatile density in the coma and on the surface of comet 67P/Churyumov-Gerasimenko[END_REF] performed a similar surface activity map exercise on ROSINA COPS data. Their peak value was 4.0 x 10 28 s -1 but only when using an initial temperature that resulted in an outflow velocity of 1.5 km s -1 , which is much larger than our maximum value of only 0.8 km s -1 that is more typical of previous measurements of outflow velocities in comets [START_REF] Tseng | Cometary water expansion velocity from OH line shapes[END_REF][START_REF] Shou | A New 3D Multi-fluid Dust Model: A Study of the Effects of Activity and Nucleus Rotation on Dust Grain Behavior at Comet 67P/Churyumov-Gerasimenko[END_REF]) and in reasonable agreement with those determined directly from observations of MIRO [START_REF] Lee | Spatial and diurnal variation of water outgassing on comet 67P/Churyumov-Gerasimenko observed from Rosetta/MIRO in August 2014[END_REF][START_REF] Biver | Long-term monitoring of the outgassing and composition of comet 67P/Churyumov-Gerasimenko with the Rosetta/MIRO instrument[END_REF]. For the [START_REF] Kramer | Seasonal changes of the volatile density in the coma and on the surface of comet 67P/Churyumov-Gerasimenko[END_REF] case of 0.8 km s -1 they find a peak production rate of about 2 x 10 28 s -1 , which is in better agreement with our new value. [START_REF] Läuter | Surface localization of gas sources on comet 67P/Churyumov-Gerasimenko based on DFMS/COPS data[END_REF] also used an inversion model like that of [START_REF] Kramer | Seasonal changes of the volatile density in the coma and on the surface of comet 67P/Churyumov-Gerasimenko[END_REF] in order to calculate the time-averaged surface production rates of the same major volatile species from the DFMS/COPS data set. There are several important differences between our method and theirs. They calculate essentially a rotation-averaged production fluxes from the surface, whereas we separate the effect of solar illumination explicitly and calculate the potential surface production distribution. This allows us to reproduce the coma at any given time for direct comparison with any given remote sensing line of sight and solar illumination direction. This is of critical importance for the kind of multi-instrument comparison we show in the following section of this paper. [START_REF] Läuter | Surface localization of gas sources on comet 67P/Churyumov-Gerasimenko based on DFMS/COPS data[END_REF] calculate the surface distribution using many surface triangles providing a potentially more detailed distribution of sources on the surface whereas, as discussed earlier, we describe the surface distributions with spherical harmonics. Our final results are achieved by using our inverted potential surface distribution as the input conditions for fully-kinetic DSMC models that account explicitly for the solar illumination variation of the rotation-induced activity changes as well as the resulting time-dependent surface temperature distribution given by the thermophysical nucleus model of Davidsson and Gutierrez (2004[START_REF] Davidsson | Nucleus properties of Comet 67P/Churyumov Gerasimenko estimated from non-gravitational force modeling[END_REF][START_REF] Schleicher | Compositional and physical results for Rosetta's new target Comet 67P/Churyumov Gerasimenko from narrowband photometry and imaging[END_REF] which yields outflow speeds that vary with local solar illumination, rotation and heliocentric distance. [START_REF] Läuter | Surface localization of gas sources on comet 67P/Churyumov-Gerasimenko based on DFMS/COPS data[END_REF] calculated production rates over 11 day intervals whereas we can determine production rates from individual measurements following the rotationally dependent solar illumination induced effects on surface heating and then can average the results over any desired time intervals when appropriate. Between the two approached there are potentially small differences in production rates owing to the different ways that outflow speeds are determined, but these differences are rather small. In any case there is reasonable agreement with the overall variation of production rates of all four major species between the two approaches. Synthetic fluorescence spectra were computed using the model of [START_REF] Crovisier | Fluorescence Cascades of Water and Carbon Dioxide in the Emission Spectrum of Comet 9P/Tempel 1. Deep Impact as a World Observatory Event: Synergies in Space, Time, and Wavelength[END_REF], assuming a Boltzmann distribution for the population of the rotational levels of the ground vibrational state, and an ortho-para ratio equal to 3. By spectral fitting, this time we derived the rotational temperature (T rot ), which best fits the relative intensities of the 2.775--2.910 µm hot-band rovibrational lines. The column density was then evaluated using the fluorescence efficiency (gfactor) in this wavelength range for a temperature equal to T rot (Villanueva, personal communication, and Villanueva et al. 2012). Column densities derived from the 2.9-µm hotbands are about 35% higher than those published in Bockelée-Morvan et al. ( 2016). The origin of this difference is still under study. Table A1 gives the results of the column densities from the 2.775--2.910 µm hot-band, those from the previous results from the 4.45--5.0 µm hot bands and the ratios between the two.

Comparison

We have calculated the average ratios of the column densities from the new 2.8 µm hot bands to the column densities derived from our surface inversion model determined from the ROSINA DFMS data. These are summarized in Table 6. As in the previous studies, the abundances determined from the model fit to the ROSINA DFMS data are generally larger than those from VIRTIS-H, but the differences vary between the major species, H 2 O and CO 2 , and with the time during the mission. Although we now have the potential surface inversions performed for three separate time intervals during the mission and new VIRTIS-H column densities, the large difference for H 2 O between the two instruments during the perihelion period has been reduced from a factor of 4 (Fougere et al. 2016b) to a factor of ~3, so the discrepancy is smaller but remains. For H 2 O during the early part of the mission the average ratio is 0.69, but there is a fair amount of scatter in the individual results. For CO 2 in the perihelion period the results are rather consistent with a ratio of 0. 90, but for the early mission the ratio for CO 2 is 0.52. Figure 6 shows the production rates of CO 2 over the whole missing calculated using the potential surface activity results scaled to the DFMS data in 2-day averages (or 4 rotations of the nucleus) compared with production rates derived from the VIRTIS-H column densities of CO 2 using the relative spatial coma distribution taken from our new DFMS determined model integrated along all the VIRTIS-H lines of sight. As expected the differences in production rates are consistent with the ratios of column density given in Table 6.

Our peak value of 2.8 x 10 28 s -1 derived from the ROSINA DFMS data for water production is 50% lower than that found in our previous work (Fougere et al. 2016b) by using a potential surface activity distribution determined from ROSINA DFMS measurements from the perihelion phase of the comet between the two equinoxes rather than one for the whole apparition. The comparison of production rates between DFMS and VIRTIS-H in the preperihelion period around January 2015 shows that while the scatter overlaps, the DFMSdetermined values are on the average larger than the VIRTIS-H values, as before. Similarly Here we used the water column densities obtained from the over 4000 individual observations, concentrated during the period between the two equinoxes to calculate water production rates using the coma distributions obtained from our model that was determined from the spherical harmonics inversion of the DFMS measurements. These data appear in a supplementary file associated with this paper (MIRO_Columns.txt). The MIRO column densities were derived from lookup tables, where measured MIRO spectral line area ratios for H 2 18 O and H 2 16 O were compared to simulated line area ratios. To get the simulated line area ratios, line-of-sight profiles for number density, velocity and kinetic temperature were made, assuming a [START_REF] Haser | Distribution d'intensité dans la tête d'une comète[END_REF] model comet with an expanding coma and decreasing temperature.

The profiles used in [START_REF] Marshall | Spatially resolved evolution of the local H 2 O production rates of coet 67P/Churyumov,Gerasimenko, from the MIRO instrument of Rosetta[END_REF] to describe the density, velocity and temperature are taken from parameterizations made by [START_REF] Lee | Spatial and diurnal variation of water outgassing on comet 67P/Churyumov-Gerasimenko observed from Rosetta/MIRO in August 2014[END_REF], which were inspired by DSMC simulations from [START_REF] Lee | Non-LTE radiative transfer for sub-millimeter water lines in Comet 67P/Churyumov-Gerasimenko[END_REF] and [START_REF] Davidsson | Gas kinetics and dust dynamics in low-density comet comae[END_REF]. By varying the parameters, simulated curves for the change in the line area ratio of H 2 16 O and H 2 18 O with column density were made and thus the measured line area ratios could be used to derive an estimate for the column density. The sensitivity of the MIRO column density extends mostly from 1-50 km from the surface. There is little sensitivity at the very surface and for long columns near perihelion (~400 km nucleus/spacecraft distance) there is not much contribution close to the spacecraft. The method used here for determining production rates from the MIRO nadirpointing column densities is the same as we have done for VIRTIS observations above and in the earlier papers (Fougere et al. 2016a and2016b). Just as shown by the original Haser model determinations by [START_REF] Marshall | Spatially resolved evolution of the local H 2 O production rates of coet 67P/Churyumov,Gerasimenko, from the MIRO instrument of Rosetta[END_REF], there is considerable scatter among the results for all 4000 values. This is similar to what we find if use all 25,000 individual DFMS measurements.

Here we show water production rates on 2-day averages over the whole apparition for both DFMS and MIRO measurements. This corresponds to about 4 rotations of the nucleus and thus yields rotation-averaged values. For the MIRO data we take 2-day averages, which include intervals that are determined by no less than 8 points each.

Figure 7 shows a comparison of all DFMS, MIRO and VIRTIS-H water production rates over the entire mission. The agreement between the DFMS and MIRO measurements is quite good and shows a difference between both of these and VIRTIS-H, especially in the perihelion period. One caveat to the calculation of the water production rates using our coma model and the MIRO data is that the MIRO observations were made with 30-minute integrations and our relative coma model column density was extracted for the mid-point time of the integration. [START_REF] Shinnaka | Imaging Observations of the Hydrogen Coma of Comet 67P/Churyumov-Gerasimenko in 2015 September by the PROCYON/LAICA[END_REF]. They found water production rates of (1.46±0.47) x 10 28 s -1 , (1.24±0.40)

x 10 28 s -1 and (1.30±0.42) x 10 28 s -1 on 7.40, 12.37 and 13.17 September 2015, respectively.

These values are in reasonable agreement with the contemporaneous measurements from ROSINA DFMS and MIRO but larger than those from VIRTIS-H. 

Unusual composition variation from 1 August -31 October 2014

In the first 90 days of phase 1 while the water production rate drops somewhat, the CO 2 and CO production rates drop precipitously, and the O 2 production rate increases greatly. We have generated potential surface activity distributions for just the first 90 days to see if there was a change that could, in combination with solar illumination, be responsible for the unusual variations in production rates. Figure 8 shows a comparison of the potential surface activity distributions of all four species in period 1 (before the first equinox) with those for just the first 90 days. First, the water source distribution is not much different in the first 90 days compared to that determined for the whole of phase 1. The O 2 distribution for the first 90 days looks similar to that of water, but during the whole of phase 1 potential activity increases in the south. The distributions for CO 2 and CO do change.

During the first 90 days, CO has much more of its activity in the north than to the south compared with the north/south activity throughout phase 1 where the activity is more favored in the south. So there is more potential activity during the first 90 days when illumination heavily favors the north, but shifts to more to the south throughout the rest of phase 1. So it is likely there is some activation of the south polar region by the increasing solar exposure as the comet approached the first equinox. For CO 2 potential activity remains concentrated to the south, though the longitude distribution is more spread out in the remainder of phase 1 than in the first 90 days.

Mass and surface loss of comet 67P throughout the apparition

We have taken the volatile mass loss rate distribution over the surface of comet 67P using the potential surface activity and estimated the surface erosion loss as a function of location on the surface over the entire two-year mission. The results of the individual and total volatile mass loss rates at the end of the three studied time phases are given in Table 7. Not surprisingly nearly all of the volatile mass loss occurs in period 2 between the first and second equinoxes. We find a water mass loss of (4.9±1.5) x 10 9 kg and a total mass loss for the major volatiles of (6.1±1.9) x 10 9 kg. Consistent with our new lower production rates, this is below the total mass loss calculated by [START_REF] Hansen | Evolution of water production of 67P/Churyumov-Gerasimenko: An empirical model and a multi-instrument study[END_REF] using ROSINA COPS data and the previous coma models of Fougere et al. (2016b). 1.2 x 10 7 1.3 x 10 8 1.3 x 10 8 Total 2.7 x 10 8 6.0 x 10 9 6.1 x 10 9

Previously [START_REF] Hansen | Evolution of water production of 67P/Churyumov-Gerasimenko: An empirical model and a multi-instrument study[END_REF] found a water mass loss of 6.4 x 10 9 kg using ROSINA COPS data and the earlier coma model of Fougere et al. (2016b). Owing to our new modeling of the coma in three separate time intervals we find a total water mass loss of 31% lower than [START_REF] Hansen | Evolution of water production of 67P/Churyumov-Gerasimenko: An empirical model and a multi-instrument study[END_REF]. From their Haser model analysis of the nadir pointing MIRO observations, [START_REF] Marshall | Spatially resolved evolution of the local H 2 O production rates of coet 67P/Churyumov,Gerasimenko, from the MIRO instrument of Rosetta[END_REF] found a total water mass loss between the two equinoxes of (2.4±1.1) x 10 9 kg. However, using a 1D spherical Haser model on many nadir-pointing columns that came from much less active regions of the nucleus would likely underestimate the production rates and the resulting total water mass loss. Using a different MIRO data set that consisted of off-limb observations and a different modeling procedure that accounted for an aspherical coma, [START_REF] Biver | Long-term monitoring of the outgassing and composition of comet 67P/Churyumov-Gerasimenko with the Rosetta/MIRO instrument[END_REF] nonetheless found a similar total water mass loss of (2.4±0.1) x 10 9 kg. Our value of (4.9±1.5) x 10 9 kg is a factor of 2 larger but is consistent with the value of (4.8±1.5) x 10 9 kg found by [START_REF] Läuter | Surface localization of gas sources on comet 67P/Churyumov-Gerasimenko based on DFMS/COPS data[END_REF] from the same ROSINA DFMS data set but using a different model analysis procedure.

The total mass loss of the comet, of course, includes both the loss of the nonvolatile refractory component, or dust, as well as the volatiles. Both the dust production rate from the surface and the total net dust loss from the comet remain somewhat of a controversial topic (Fulle et al. 2016a(Fulle et al. , 2016b[START_REF] Fulle | The refractory-to-ice mass ratio in comets[END_REF][START_REF] Levasseur-Regourd | Cometary Dust[END_REF]. While several Rosetta instruments actually detected various sizes and numbers of dust particles and remote-sensing measurements of dust in coma were made by OSIRIS, VIRTIS and MIRO, there still remain some unknown parameters and incomplete sampling of dust particle sizes and masses. There is also a suggestion regarding gas activity lifting of either icy [START_REF] Keller | Insolation, erosion, and morphology of comet 67P/Churyumov-Gerasimenko[END_REF] or refractory [START_REF] Fulle | The refractory-to-ice mass ratio in comets[END_REF] particles, or both, that then fall back to the surface contributing to the surface mantle that may decrease or limit future activity [START_REF] Keller | Seasonal mass transfer on the nucleus of comet 67P/Chuyumov-Gerasimenko[END_REF], with most of the fall back likely transferring mass from the south to the north and consisting of larger and more granular particles.

For our simple calculation we calculate the total surface excavation depth assuming the total nucleus mass loss of 10.5±3.4 x 10 9 kg and total nucleus density 533 kg m -3 from the Radio Science Investigation (RSI) of [START_REF] Pätzold | A homogeneous nucleus for comet 67P/Churyumov-Gerasimenko from its gravity field[END_REF][START_REF] Pätzold | The Nucleus of comet 67P/Churyumov-Gerasimenko -Part I: The global view -nucleus mass, mass-loss, porosity, and implications[END_REF]. Over the whole 2-year period the volatile mass loss of the major species is (6.1±1.9) x 10 9 kg. Accounting approximately for the mass of all the minor volatile species taken together (LeRoy et al. 2015;[START_REF] Rubin | Elemental and Molecular Abundances in Comet 67P/Churyumov-Gerasimenko[END_REF] would raise the total volatile mass loss to about (6.3±2.0) x 10 9 kg. Figure 9 shows plots of the surface loss at the end of each of our three phases over the two-year mission, at the first equinox, at the second equinox and at the end of mission, respectively. Maximum erosion depths in the south polar region over the whole apparition of ~4 m were found for a refractory/ice loss ratio of 0.67, which is consistent with the average erosion depths in the south that were predicted by the model calculations of [START_REF] Keller | Insolation, erosion, and morphology of comet 67P/Churyumov-Gerasimenko[END_REF]. More than 95% of the mass loss occurs during the time between the first and second equinox.

Using the volatile loss from ROSINA would imply a net refractory mass loss of 4 x 10 9 kg or a net refractory/ice mass ratio of 1:1.5. If we take the full uncertainty ranges of the nucleus mass loss and our combined model plus ROSINA uncertainties we find a rather wide range for the refractory/ice mass ratio of 0.7 (-0.7 +1.0) or basically from 0 to 1.7. Depth results can be scaled simply enough for other dust/gas (refractory/ice) ratios, though clearly this does not account for variable dust/gas mass ratios over the surface. [START_REF] Biver | Long-term monitoring of the outgassing and composition of comet 67P/Churyumov-Gerasimenko with the Rosetta/MIRO instrument[END_REF] has recently made a similar estimate using different assumptions for the total volatile/ice loss from the comet starting with the water ice loss calculated from observations of MIRO over the whole mission. Although their water loss is about half of what we calculate from the ROSINA/DFMS results, their total volatile mass loss rate is about 2/3. Therefore, their refractory/ice mass loss ratio is 1.5:1.

Figure 9. Cumulative Erosion Depths at the end of each of three mission phases: 1st equinox, after 2nd equinox and end of mission. Note that by necessity the color contour look-up table is different for the first phase. A dust/gas (or refractory/ice) loss ratio of 1:1.5 is assumed for a nucleus of density 533 kg m -3 . Results can be scaled for other ratios.

A similar analysis by [START_REF] Biver | Long-term monitoring of the outgassing and composition of comet 67P/Churyumov-Gerasimenko with the Rosetta/MIRO instrument[END_REF] that includes also the nadir-pointing MIRO observations yields total volatile mass loss rate that is about 25% larger. These estimates are in contrast to the estimate by [START_REF] Fulle | The refractory-to-ice mass ratio in comets[END_REF] starting with the refractory mass loss from various dust measurements who find a refractory/ice mass loss ratio lower limit of 3.

Finally, these can also be compared with the dust-to-ice ratio calculated from the real part of the permittivity determined by the analysis of the propagation of the radio signal from the Comet Nucleus Sounding Experiment by Radiowave Transmission (CONSERT) instrument [START_REF] Kofman | Properties of the 67P/Churyumov-Gerasimenko interior revealed by CONSERT radar[END_REF][START_REF] Herique | Cosmochemical implications of CONSERT permittivity characterization of 67P/CG[END_REF]. The CONSERT measurements combined with their conclusion that the porosity of the nucleus is in the range of 75-85%, yields a dust-to-ice ratio in the nucleus in the range of 0.4 to 2.6 [START_REF] Kofman | Properties of the 67P/Churyumov-Gerasimenko interior revealed by CONSERT radar[END_REF]. This range includes the separate estimates from the ROSINA/DFMS and MIRO measurements at the lower end and go nearly to the lowest limit from the dust analysis by [START_REF] Fulle | The refractory-to-ice mass ratio in comets[END_REF]. [START_REF] Herique | Cosmochemical implications of CONSERT permittivity characterization of 67P/CG[END_REF] later assumed a priori a dust-to-ice ratio in the range of 4±2 from [START_REF] Rotundi | Dust measurements in the coma of comet 67P/Churyumov-Gerasimenko inbound to the Sun[END_REF] and from that could conclude that the dust-to-ice ratio is larger than 3. Most of the mass as measured in the coma by both mass spectrometry and remote sensing is lost during the period around southern summer, which includes perihelion. It is worth noting that [START_REF] Keller | Seasonal mass transfer on the nucleus of comet 67P/Chuyumov-Gerasimenko[END_REF] suggest that the composition of the coma over the southern hemisphere during southern summer is then likely to be much more representative of that of the nucleus itself.

Summary

We 1 with only some minor changes in the O 2 potential surface activity noted. This is not the case for CO 2 and CO. The potential surface activity distribution of CO has much more of its activity originating in the north than to the south during the first 90 days whereas throughout phase 1 the activity shifts to mostly from the south. The potential activity distribution of CO 2 remains concentrated to the south throughout the first 90 days and all of phase 1, but is spread out more in longitude in the remainder of phase 1 than during the first 90 days. It is also interesting to note that whereas water is the dominant species throughout the period before the second equinox, even at the beginning of the mission when the comet was at heliocentric distances larger than 3.5 AU, after the second equinox CO 2 becomes the dominant species in the coma and the water production rate falls to nearly as small as that of CO. Except for the unusual behavior during the first 90 days O 2 generally follows the variation of H 2 O even as the water production drops at large heliocentric distances after the second equinox.

The production rates from the ROSINA-determined model in the time interval around perihelion do still seem to vary with spacecraft latitude, although the variations are not nearly as large those seen in the density itself as the sub-spacecraft latitude moved north and south. This is worth future investigation with a more complicated model than the fifth order spherical harmonics expansion used.

Finally, we estimated the total mass loss distribution of the comet at stages throughout the mission. Not surprisingly most of the mass was lost during the few months around perihelion when the production rates were the largest. A total volatile mass loss of (6.3±2.0) x 10 9 kg was found. Also, not surprisingly most of the surface loss throughout the apparition occurs in the southern hemisphere because of its large solar exposure during southern summer that occurs just after perihelion. We also used the total mass loss of the nucleus reported by the RSI team together with the total volatiles mass loss that implied a refractory/ice ratio somewhat less than one. 

Figure 3 .

 3 Figure 3. Potential surface activity distribution for the species H 2 O, CO 2 , CO, and O 2 for the three time periods: (1) before the first equinox, (2) from the first to the second equinox, and (3) after the second equinox. The color scale gives the relative distribution of potential surface activity in each plot on a scale from 0 to 1.

Figure 5 .

 5 Figure 5. Production rates of H 2 O (blue), CO 2 (orange), CO (green), and O 2 (purple) throughout the mission as a function of heliocentric distance, R H in AU (top), and as a function of time (bottom). The vertical lines represent the first equinox, perihelion, and second equinox, respectively.

  of H 2 O production rates from DFMS, VIRTIS-H, MIRO, and PROCYON/LAICA and CO 2 production rates from DFMS and VIRTIS-HIn previous work(Fougere et al. 2016a(Fougere et al. & 2016b) ) we compared H 2 O and CO 2 column densities measured by the VIRTIS-H high-resolution infrared mass spectrometer[START_REF] Bockelée-Morvan | First observations of H2O and CO2 vapor in comet 67P/Churyumov-Gerasimenko made by VIRTIS onboard Rosetta[END_REF] & 2016) with those from the model calculations resulting from the ROSINA DFMS data inversion. We also calculated production rates resulting from both sets of data using the spatial distribution predicted by the model inversion. As discussed already, because the VIRTIS remote sensing measurements were made through columns that sampled the coma much closer to the nucleus, those data can give a more detailed picture of the small scale activity distribution from the surface than do the ROSINA measurements at the spacecraft because the variable density structures seen by VIRTIS tend to smear out at larger distances from the nucleus[START_REF] Combi | Narrow dust jets in a diffuse gas coma: A natural product of small active regions on comets[END_REF] where ROSINA sampled the coma. In addition, the effective FoV of ROSINA is much larger than the apparent size of the nucleus. Uncertainties for the DFMS model-determined production rates can be estimated from the uncertainties in the densities and the correlation coefficients of the model inversions. The uncertainties in the model inversion are uncorrelated with those of the densities, so the final uncertainties in the production rates of H 2 O, CO 2 , CO and O 2 are 30%, 33%, 33% and 37%, respectively.The VIRTIS-H H 2 O column densities in[START_REF] Bockelée-Morvan | Evolution of CO2, CH4, and OCS abundances relative to H2O in the coma of comet 67P around perihelion from Rosetta/VIRTIS-H observations[END_REF] were derived from the analysis of faint, optically thin, hot-band fluorescence emissions falling in the 4.45--5.0 µm range (order 0 of the spectrograph) where the rotational temperature was assumed. For this paper, new determinations were performed this time using more intense hot-band transitions detected between 2.775 and 2.910 µm in order 4 (see Fig.1of[START_REF] Bockelée-Morvan | Evolution of CO2, CH4, and OCS abundances relative to H2O in the coma of comet 67P around perihelion from Rosetta/VIRTIS-H observations[END_REF]).

  around perihelion the difference between DFMS and VIRTIS-H remains, but is somewhat smaller than found byFougere et al. (2016b) as well as by[START_REF] Hansen | Evolution of water production of 67P/Churyumov-Gerasimenko: An empirical model and a multi-instrument study[END_REF] who used the coma distributions fromFougere et al. (2016b).
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 6 Figure 6. Comparison of production rates of CO 2 determined from the ROSINA DFMS data (orange circles) with those from VIRTIS-H (black x's) from the observations of Bockelée-Morvan et al. (2015 and 2016) using the spatial distributions from the DSMC model. The vertical lines left to right represent the first equinox, perihelion, and second equinox, respectively.

Figure 7 .

 7 Figure 7. Comparison of Rosetta water production rates in comet 67P/Churyumov-Gerasimenko. The red +'s are the same water production rates in Figure 6 obtained by interpreting the VIRTIS-H measurements of Bockelée-Morvan et al. (2015 and 2016) with the ROSINA DFMS determined water potential surface distribution model. The blue circles are also the same two-day average values from the ROSINA DFMS measurements. The black circles are two-day averages determined from the column densities from the MIRO observations of Marshall et al. (2017) also using the coma distributions from our ROSINA DFMS determined water surface distribution. The blue X's are determined from the H Lyα observations by Shinnaka et al. (2017), the sizes of which are indicative of the given uncertainties. The vertical lines left to right represent the first equinox, perihelion, and second equinox, respectively.

  [START_REF] Marshall | Spatially resolved evolution of the local H 2 O production rates of coet 67P/Churyumov,Gerasimenko, from the MIRO instrument of Rosetta[END_REF] and[START_REF] Shinnaka | Imaging Observations of the Hydrogen Coma of Comet 67P/Churyumov-Gerasimenko in 2015 September by the PROCYON/LAICA[END_REF] show comparisons of various water production rates including those determined from ground-based and near Earth satellite observations from previous apparitions going back to 1982. These represent a wide range of types of observations including H Lyα and OH in the radio and UV. They cover a considerable range in values but generally spanning the range of the values shown here from the 2014-2016 apparition.

Figure 8 .

 8 Figure 8. Comparison of potential surface activity distributions during the first 90 days with period 1, August 2014 -May 2015. The color scale gives the relative distribution in each plot on a scale from 0 to 1 of potential surface activity.

  present a model inversion of ROSINA DFMS density measurements of H 2 O, CO 2 , CO and O 2 , in the Rosetta target comet 67P/Churyumov-Gerasimenko throughout the mission which calculates the potential surface activity of these species in response to solar illumination as the nucleus rotates and moves in its orbit over the 25 months of the near nucleus phase of the mission. The potential surface activity for the four species was calculated during three time intervals of the orbit: (1) from the start of the near nucleus phase, 1 August 2014 to the first equinox; (2) from the first equinox through perihelion to the second equinox; and (3) from the second equinox until August 2016 when the DFMS measurements ended. Using the potential surface activity distributions determined, 15 sets of DSMC models were computed covering the two-year period, with each set consisting of 12 models spanning the ~12-hour rotation period of the nucleus. Interpolation and scaling of these 180 model calculations then provides a realistic description of the full variation of the major volatile species at any time during the mission. The results of the DSMC models were then shown to compare very favorably with the ROSINA DFMS densities, consisting of more than 50,000 individual measurements.The coma models were used to calculate the production rates of the four species throughout the mission. The coma model distributions were then used to analyze remote sensing measurements of H 2 O and CO 2 made by the VIRTIS-H infrared spectrometer and of H 2 O by the MIRO microwave instrument, and production rates of those species were compared with those determined from the model fit to the ROSINA DFMS densities. The discrepancy between the ROSINA DFMS production rates and those from VIRTIS-H obtained using different hot bands during the month around perihelion was improved somewhat, but remains and is still under study. However, the H 2 O production rates determined from nadir-pointing MIRO data and the DFMS-determined potential surface activity model were in much better agreement with those from DFMS throughout the mission, though the scatter in those results was larger.The MIRO observations used were viewing nadir columns directly to the nucleus often from near terminator locations. ROSINA was sampling the densities from similar spacecraft locations as MIRO. PROCYON was observing the entire large-scale hydrogen coma and should provide a reasonable global estimate of the production rate independent of pointing. VIRTIS was mostly viewing the active sector nearer the sub-solar point. However, ROSINA was sampling more directly the same regions of the nucleus but at other times when the illumination conditions were different. The difference in production rates around perihelion between the ROSINAdetermined model, the nadir-pointing MIRO and the PROCYON values determined from H-Lyα on the one hand from the lower values from our analysis using the same model on the VIRTIS columns still needs further investigation.The variation of production rates was shown to be different during the first 90 days of the mission than during the remainder of the pre-first-equinox time period. The water production rate decreases somewhat during this period but those of CO 2 and CO drop precipitously, and the O 2 production rate increases greatly. Using the same spherical harmonics inversion technique we looked at the potential surface activities of the four species during just the first 90 days (August 1 to October 31, 2014) and compared them with those throughout phase 1 from the beginning of the mission through the first equinox. The potential surface activity distributions of O 2 and water look similar to one another and look similar during the first 90 days as they do throughout phase

  

  

Table 1 .

 1 Parameters used in the analytical model to de-trend the input DFMS data for computing the surface activity distribution inversions. Best fit of potential surface activity distribution (black) compared with the ROSINA DFMS measurements of H 2 O (blue), CO 2 (orange), CO (green), and O 2 (purple) using just the simple analytical model ofBieler et al. (2015a). The left and right vertical lines give the times of the first and second equinox, respectively.

	Species	β-period 1	β-period 2	β-period 3	a night
	H 2 O	4.96	5.17	8.86	2 per cent
	CO 2	0.85	2.37	-0.83	2 per cent
	CO	-0.15	4.44	0.69	10 per cent
	O 2	5.71	4.94	7.17	2 per cent
	Figure 3 shows the potential surface activity distributions for the four major volatiles as a
	function of latitude and longitude on the nucleus of 67P. A number of interesting things can be
	seen by inspection. First the potential surface source distributions of H 2 O and O 2 are very similar
	for each of the three time periods. This further enhances the conclusions of Bieler et al. (2015b)
	that the O 2 is predominantly associated with H 2 O ice and despite the high volatility of frozen O 2 ,
	the release of O 2 in comets is mostly controlled by H 2 O.		
	In contrast that of CO 2 has most of its dominant activity in the south with little in the
	north compared with H 2 O and O 2 . This is consistent with the first reported DFMS results by
	Hässig et al. (2015) and with VIRTIS results first reported by Bockelée-Morvan et al. (2015). In
	addition the potential surface activity distributions are quite similar throughout the whole
	apparition, unlike those for the other species that change noticeably over the three studied
	periods. The distributions of CO and CO 2 are very similar for the second and third time periods,
	that is, after the first equinox, but before the first equinox the distribution of the CO surface
	source is quite different. CO has a major source in the north coinciding with H 2 O as well as
	activity in the south similar to but not quite as strong as CO 2 .	

Table 3 .

 3 Real spherical harmonics and the normalized coefficients for time period Phase 2.

	Term Y 0	Expression 1	H 2 O coefficient 4.895834e-01	CO 2 coefficient 1.375611e+00	CO coefficient 4.609846e-01	O 2 coefficient 2.407584e-01
	Y -1	sin(ϕ) sin(θ)	-3.628282e-01	-4.683337e-02	2.602201e-01	-1.642184e-02
	Y 0	cos(θ)	-2.644014e-01	-2.335596e+00	-5.886954e-01	-1.625394e-01
	Y 1	cos(ϕ) sin(θ)	5.399610e-01	-4.373107e-01	-1.177043e-01	5.914185e-02
	Y -2	sin(2ϕ) sin2(θ)	-8.288829e-02	9.081417e-02	6.886639e-02	2.291460e-02
	Y -1	sin(ϕ) sin(θ) cos(θ)	-1.459630e-02	-3.300306e-01	-2.445945e-01	-4.651805e-03
	Y 0	3 cos 2 (θ) -1	3.385707e-01	1.239087e+00	2.656085e-01	1.044153e-01
	Y 1	cos(ϕ) sin(θ) cos(θ)	-3.197988e-02	-7.304284e-02	3.411257e-02	-8.059736e-04
	Y 2	cos(2ϕ) sin 2 (θ)	-1.070801e-01	-3.457324e-01	-9.687787e-02	-1.179830e-01
	Y -3	sin(3ϕ) sin 3 (θ)	-7.809985e-04	-2.156722e-01	-1.349597e-01	3

Table 5 .

 5 Geometries for the DSMC performed simulations. For each of the 15 dates in the table 12 hourly simulations were run covering one nucleus rotation each.

	Date	R au (au)	Solar Latitude ( o )
	2014-08-23	3.50	43.6
	2014-12-23	2.71	32.6
	2015-03-04	2.18	20.3
	2015-05-06	1.70	1.7
	2015-06-08	1.48	-12.9
	2015-07-01	1.35	-25.3
	2015-07-22	1.27	-37.3
	2015-08-16	1.24	-49.0
	2015-09-25	1.35	-49.3
	2015-10-28	1.54	-37.8
	2015-12-01	1.78	-25.8
	2016-01-14	2.12	-13.4
	2016-03-30	2.69	1.30
	2016-06-06	3.15	10.3
	2016-09-25	3.80	20.0

Table 6 .

 6 Ratios of H 2 O and CO 2 column densities from VIRTIS-H spectra and the DFMS fitted model

	Species and Time Period	VIRTIS-H/DFMS Model Ratio
	H 2 O Early Mission	0.69
	CO 2 Early Mission	0.52
	H 2 O Perihelion Period	0.34
	CO 2 Perihelion Period	0.90

Table 7 .

 7 Mass loss in kg from gas sublimation of H 2 O, CO 2 , CO and O 2 .

	Species	Before 1st Equinox	Before 2nd Equinox	End of Mission
	H 2 O CO 2 CO	2.2 x 10 8 2.3 x 10 7 1.2 x 10 7	4.8 x 10 9 8.6 x 10 8 2.0 x 10 8	4.9 x 10 9 8.8 x 10 8 2.1 x 10 8
	O 2			

Table A1 .

 A1 Revised VIRTIS-H column densities based on the 2.775-2.910 µm hot bands Heliocentric distance [au] Column #4 LOS mean distance to the nuclei center [km] Column #5 mean LOS position angle relative to the Sun (PA(Sun)=27 o ) [deg] Column #6 H 2 O column density from 4.450-5.030 micron [10 20 m -2 ]; uncertainty in parentheses. Column #7 H 2 O column density from 2.775-2.910 micron [10 20 m -2 ]; uncertainty in parentheses. Column #8 Rotational temperature from H 2 O hot band [K] Column #9 Ratio of column densities from 2.775-2.910 micron hot band to from 4.450-5.030 micron hot band *** More detail on observing/geometric conditions please read Bockelée-Morvan et al. (2016)

	Obs ID	Start Time	r h	ρ	P.A.	N 4µm (H 2 O)	N 2µm (H 2 O)	T (rot)	ratio
	T1_00395011055	2015-07-08T21:11:00.3	1.316 2.82	259	9.25 (2.88) 10.96 (0.18) 128.7 (2.6) 1.12
	T1_00395322550	2015-07-12T11:46:52.6	1.302 2.70	274	10.10 (0.77)	9.80 (0.18)	125.7 (3.2) 0.95
	T1_00395742154	2015-07-17T08:15:55.9	1.286 3.10	272	6.33 (0.36)	7.48 (0.13)	120.7 (2.4) 1.14
	T1_00396199623	2015-07-22T15:23:57.9	1.271 2.69	266	10.00 (0.41) 12.25 (0.20) 141.8 (2.9) 1.19
	T1_00396220410	2015-07-22T21:10:24.7	1.270 2.98	266	9.79 (0.28) 12.38 (0.17) 126.4 (2.2) 1.21
	T1_00396659230	2015-07-27T23:06:40.5	1.259 4.01	247	6.48 (0.17)	6.14 (0.12)	111.4 (3.1) 0.92
	T1_00396826054	2015-07-29T21:20:59.8	1.255 3.56	265	6.62 (0.44)	9.53 (0.16)	125.9 (2.4) 1.38
	T1_00396842044	2015-07-30T01:47:25.8	1.255 3.59	265	7.27 (0.48)	9.82 (0.16)	110.7 (2.4) 1.31
	T1_00397038715	2015-08-01T08:25:16.8	1.252 3.08	270	7.10 (0.39) 10.28 (0.19) 131.5 (2.7) 1.41
	T1_00397871165	2015-08-10T23:32:29.0	1.244 6.23	286	4.19 (0.40)	7.35 (0.12)	93.8 (3.3)	1.72
	T1_00398347798	2015-08-16T11:56:25.1	1.244 3.58	267	9.21 (0.63) 12.70 (0.22) 121.0 (2.6) 1.36
	T1_00398603680	2015-08-19T11:08:06.5	1.246 2.96	263	10.20 (0.50) 12.82 (0.23) 136.3 (2.6) 1.25
	T1_00398619671	2015-08-19T15:34:33.4	1.246 2.97	262	11.60 (0.64) 12.42 (0.18) 129.3 (2.1) 1.06
	T1_00398640452	2015-08-19T21:20:58.5	1.246 3.47	262	8.90 (0.61) 11.27 (0.20) 138.9 (2.6) 1.24
	T1_00398729980	2015-08-20T22:13:06.6	1.247 4.58	258	8.32 (0.38) 11.00 (0.20) 113.6 (2.6) 1.31
	T1_00398970868	2015-08-23T17:07:54.5	1.250 3.78	256	8.27 (0.33) 11.13 (0.20) 118.7 (2.8) 1.31
	T1_00398986563	2015-08-23T21:29:29.5	1.250 3.82	255	7.44 (0.36) 12.55 (0.18) 119.9 (2.2) 1.65
	T1_00399198695	2015-08-26T08:17:52.6	1.254 4.25	264	6.87 (0.36)	9.47 (0.20)	116.3 (3.1) 1.32
	T1_00399208316	2015-08-26T10:58:13.4	1.254 3.95	263	9.30 (0.99) 11.43 (0.17) 112.4 (2.5) 1.21
	T1_00400195914	2015-09-06T21:25:16.9	1.280 4.92	266	5.25 (0.49)	7.03 (0.11)	111.6 (2.5) 1.31
	T1_00400216374	2015-09-07T03:06:16.9	1.281 4.87	268	5.64 (0.43)	7.82 (0.12)	112.1 (2.6) 1.34
	T1_00400232094	2015-09-07T07:28:16.8	1.282 4.83	268	3.64 (0.60)	7.94 (0.12)	106.6 (2.5) 2.12
	T1_00400252549	2015-09-07T13:09:16.0	1.282 4.83	270	5.35 (0.35)	8.42 (0.11)	107.1 (2.5) 1.54
	T1_00400407713	2015-09-09T08:15:16.0	1.288 3.14	263	8.22 (0.49) 12.50 (0.19) 125.9 (2.3) 1.46
	T1_00400433767	2015-09-09T15:29:34.0	1.289 3.72	262	7.42 (0.30) 10.83 (0.16) 109.8 (2.0) 1.40
	T1_00400470243	2015-09-10T01:37:26.0	1.290 5.78	263	4.93 (0.18)	6.99 (0.13)	89.2 (3.1)	1.39
	T1_00400748481	2015-09-13T06:54:44.2	1.301 3.58	265	7.13 (0.29) 10.07 (0.12) 119.8 (2.1) 1.35
	T1_00400765976	2015-09-13T11:46:19.3	1.302 3.61	265	10.00 (1.00) 12.22 (0.20) 124.5 (2.7) 1.20
	T1_00401717336	2015-09-24T11:55:21.0	1.347 5.02	275	3.68 (0.19)	7.12 (0.17)	98.5 (4.0)	1.88
	T1_00401994267	2015-09-27T16:57:54.5	1.362 6.88	282	2.41 (0.18)	3.31 (0.09)	77.1 (6.9)	1.34
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