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Introduction Results -
Brief reversals in the solar wind’s magnetic field direction are In both Figures 1 and 2 the kink directly preceding the vertical tube Figure 5
termed switchbacks (SBs). The origin of SBs is not yet fully would constitute a switchback. For this nonlinear wave to resultinthe = ° . 0,
understood, although interchange reconnection iIs among the SBs observed at >10 R¢, by PSP for example, it must not be a transient (top) and 6, (bottom) R
mechanisms proposed. Utilizing Thin Flux Tube (TFT) models,  feature of the MHD equations. Showing this indirectly, we measure the over time, for g e S D
our work investigates non-linear wave solutions to the MHD Eqgs Independent geometric aspects listed in Figure 2 over time and found [0.1,0.8]. Both 6, and ”E’D:m\, . -
and shows support for reconnection as a generator of SBs. them all to approach constant values (Figures 5 & 6). Figure 3 shows 2 canbe seento &:\ E
: : : - clearly approach a " /\\\ 3
that, in the co-moving frame, the perpendicular flow speed vanishes S S

constant value.

Model and Initial Conditions

Following reconnection, the flux tube evolves according to the
TFT model [1], composed of the energy equation,

v or=—p(l-5—2)+ B (557) ngA(T)+§u(i-%)2+H(l,t), (1)

and the parallel flow speed approaches the Alfven speed. Along with e
the fact that the propagation velocity matches the Alfven speed this o 100 200 300

constitutes a steady solution of the momentum equation: % -0. While  Figure 6
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. . . . . The evolution of R,
this shows the nonlinear wave Is a persistent, steady solution and of the nonlinear

supports interchange reconnection as a source of switchbacks, it does \yave for fifteen initial
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and momentum equation,
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Por = (E = p)a — (1 -2 )VJ_ (gn) [=-+ 5B [lg(l a)] (2) not fully explain the origin of its circular geometry, although some conditions -
The field strength in the flux tube iIs set by an external field relation to the 65y, Ry, and R, IS apparent. B €[0.1,0.8]. 155
consisting of: | | N I Wave Geometry of -
1. Afield strength falling as 1/ out to a radius R, Figure 2 (Right) i ) 50 100 e 250 300
2. Auniform field, By, at r > R, Nonlinear wave from I _ FU rther WO rk
Interchange reconnection, at angle 65y, occurs between a example run at 250 s. ~r E We found ' f f f 1 cho
closed circular flux tube of radius R,, and an open field line. This We Chsrfifte“ze_the_ : : fe oun f;l nor:jlnear \(ljvave (:j Somhe or[jn_ Irom all c 0|C|es
flux tube, initially at a fixed, uniform B is the initial condition (IC). ‘é"avge y q”agt't'es' = 7oF { orlC. We found 6, to depend on the radial wave trave
= le R 1: U2, Ray, AN =t 1 time from R, to R,,, (see Figure 4). Further work Is
Xampie ~un Xarc center, WHICh CAN £ | 1 needed to fully understand the creation of the nonlinear
50 [T Jaaa T P T M A R TS be derived from , 6, 5 551 S Y | o
— 1o | | 6., and R,,. All angle 5L | 1 wave. We also plan to increase the initial closed loop
ok and radii were s 6ol -] pressure, adding gas dynamics.
= — 15¢ . measured using g [ | i
S [ g £ tangent vector ? I . Acknowledgements
5 T i »  approximations and “E ' -1 This work was funded by NSF Grant Number 1851822
5 80 5 indexes were found i | | } Y, . .
- Eﬁ using the flow speed, o : : 1 As part of the Solar Physics REU at Montana State University
= | £  Figure 3.Asample i I I !
g { 40 ﬁ path, over Wthh a SB i : Rare Center : i | Refe rences
S 20 | 5 could be identified is e o e P ~———— 1. Longcope & Klimchuk, 2015, ApJ, 813, 131
'?— E aISO ShOWﬂ. x—Distance from Origin [Mm} SO0 i : : : | : : : | : : : | : : ]
i | 1001 | ospon0 s | —— Vertical Flow Speed 19+ Figure 3 (left) - K gy = 12 -
| — Alfven Spead T _ : - w B = 110 _
— Parallel Flaw Speed : Flow speeds in the wave’s reference i i . % i
| 3 _ ' —— Perpendicular Flow Speed | .- | * ¥ .
al. | R Lol B0 | - frame, v, = v,. The velocities plotted 150 i . * " y ]
T T S B o) 10 0 In O A0051015%075 are from the tube section highlighted i # % # " y * 1
Figure 1 x—Distance from Origin {Mm Temperature (MK} E-D.- | INn black on the left. The parallel flow o - ;.EI:E?& " I & .
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Th_e evolution, dri\{en primarily by magnetic tension, begins at_ the Figure 4 (right) :ﬁfg :
point of reconnection. The temperature around the reconnection | _ Shows the relation between 6, and 50 - —
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