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Figure 3.2 minutes of the rotation angle of the magnegtd and the resulting
-100 switchbacks.
22 30 07 15
AUG AUG SEPT SEPT
DATE IN 2019 _
Figure 1. Magnetic eld components measured in the spiral coordinate system 100 order-1 polynomial mel
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Figure 2. Number of switchbacks during the 28 days of Figuees a function

of the cutoff angle, which is the rotation angle of the magnetid from the

Parker spiral that dees the end of a switchback. Because the switchback rate may be a function of both the
) solar wind speed and the spacecraft radial position, an approach
3. Data Analysis was adopted to separate the effects of the two variables and

A 2 minute interval of magnetic eld rotation angles determine the switchback rate dependence on each. To improve
measured during an extremely active period is presented irfhe statistics of the analysis, th&000 1 hour average steps at
Figure3. The average number of switchbacks per hour will be radial distances to 100 solar radii for orbits 3, 4, 5, 6, and 7
shown to be about two and this interval has four switchbacks inwere aggregated into the data set after current sheet intervals
2 minutes. The black circles at the top of thgure identify were removed. The magnetield data in these analyses were
these switchback start times. For a cutoff angle neartBé produced by the Fields instrument suite on Parker Solar Probe
number of switchbacks can be estimated by eye to be about 1XBale et al.2016, while the wind speed came from the Sweap
while, for a cutoff angle of 1% there is only one switchback instrument suit¢Kasper et al2016.
during this time interval. Switchbacks may also bends as A series of Poisson regression models was developed to
abrupt changes of the magnetield direction. According to  predict the switchback rate as functions of wind speed and solar
this de nition, examination by eye suggests that there may bedistance(see theAppendixfor detaily. These models assume
four or ve switchbacks in the interval shown. that the logarithm of the observed switchback rateis a
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Figure 5. The dashed curves are Poisson linear regressions of the switchback rate on solar wifpdispiAy) and the radial location of the spacec(péinel(B)).

The panels show that the average switchbackttaedashed curvemcreases with solar wind speed and does not depend on the spacecraft radial position. The solid
black curve in pandlA) is the contribution to the switchback rate resulting from the spacecraft sampling more radial information per hour at higher solar wind speeds.
The colored points are the underlying observations, with the color indicating the radial gpsitiel{A)) or wind speedpanel(B)).

Poisson random variable with Via cross validation, the ordér> 1 models did not provide
nE[slv, d] = f(v, d), better ts than the rst_-order model to tr_]e data on switchback
_ _ rate versus solar wind speé and radial locatior{see the
where v and d are the solar wind speed and distance, appendix for detaily. The rst-order model prediction is
I’eSpeCtlve|y, and the eXpeCtatIEI[l] is the rate parameter of shown in Figure 4, with the color contours indicating
the Poisson distribution. The logarithm of the expectation wassyitchbackshour as a function of solar wind speed and
used to prevent negative values of the switchback rate fromyagial distance. The faint black points represent the individual
occurring. For the functioh polynomial functions of ordek data points used to obtain the This plot may be understood
with k ranging from O to 4 were tested, where the kth-order by imagining a horizontal hie at any radial distance.

function includes all terms up to orderi.e., Along such a line, the switchback rate increases with solar

fHv,d) = B wind speed. Similarly, along a vertical line at any solar
d) = B B B wind speed, the switchback rate is approximately constant,
A d) 0BT o showing that the switchback rate does not depend on radial
L, d)= o+4B v+ B+ 3 +Bud’+ svB dBtance. B
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Figure 6. The switchback rate dependence on wind speed and distance from the Sun f@ Baeker Solar Probe orbits studied in this paper. In every orbit, the
switchback rate increased with solar wind speed and did not depend on radial position. This shows the robustness of these results.

Because therst-order model linearly combines solar wind f(v) = ¢ +B v, as inBFigureés(A). The dashed line indicates
speed and radial distance, one is jusdi in examining the  the resulting switchback rate as a function of solar wind speed
marginal regression model based only on solar wind speedand the colors of the data points indicate their radial locations.
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