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Introduction

Brief review:

— ACRs begin as neutralatoms in the interstellar medium; they driftinto the heliosphere; become
ionized; pickedup by the magnetic field lines frozen into the expanding solarwind and
accelerated somewherein the heliosphereby some process —everyone agrees on this scenario.

Prior to the termination shock (TS) crossing by V1 on 16 December 2004, almost
everyone thought the TS was the place where the acceleration occurred via diffusive
shock acceleration.

Neither V1 nor V2 observed the expected energy spectrum from DSA at the TS.

Instead, the energy spectra unfolded to the expected shape as the Voyagers moved
deeper into the inner heliosheath.

Among the theories that ensued, one noted that it still could be the TS doing the work
via DSA, but doing it further back along the flank or tail where the magnetic field line
Voyager is on would be connected to the shock long enough to accelerate the particles
to ACR energies and where the injection energy could be lower. (McComas &
Schwadron, 2006; Kota, 2008; Kota and Jokipii, 2006)

The unfolding spectra would result from a diffusive flow of these flank/tail ACRs towards
the nose region where the Voyagers are located.

If so, one would expect to observe an anisotropy in the intensity: J, =Jo*(1 + &;-A),
where A denotes a particular telescope’s boresight vector (LET A in this case).

— (this ®; denotes direction particles are coming from and is the way the analysis was
done; &, =-1.193*®; is direction of flow and the 1.193 corrects for wide opening
angle of telescopes)

The diffusive anisotropy &4would be obtained from &4 = 84,0 - 0cc, Where &g is the solar
wind convective anisotropy due to the Compton-Getting effect. 2



Introduction (continued)

5.c =< (2—-2y)/v) >V wherethe averageis over the energy
spectrum,dJ/dE=AEY, v = particle speed, and V = solar wind
speed.

Result: We do find a diffusive anisotropy of 0.5-35 MeV protons,
consistent with a flow from the flank or tail of the heliospheretowards
the nose.
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detector

window

LI

LET A telescopeon Voyager 2

Perpendicular H with ~0.5-35 MeV

thickness radius
Trigger
3 um Al 1.7695 cm

\ Thresholds
(3.47 ym Si) T
1.5240 cm

33.53 ym Si 0.9471 cm —:-F— 0.206 MeV

4075cm |
0.213 cm
3534 ym Si  0.9491 cm -— < 2k, 0.211 MeV
4479 ym'Si 1.1263 cm = 1.129 MeV
4486 pmSi 1.1332cm T 1: 0.200 MeV
0.095 cm

Coincidence equation for rates used in magrols is often
window.L1.L4 but sometimes window.L1.



"magrols” = 1-10 revolutions -about*R axis
N CCW as viewed from Sun.
7~ 2000 seconds per. revolution.

Inter)sit'y of low eneréy ions
measured every 48 sec on CRS.
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No magrols for V2 in 2016 but resumed in 2017 - 2019
with 1 or.2 revolutions per magrol maneuver.



Corr LA rote < 28.1260 (s™')

Corr LA rate + 26,3303 (s7")
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Doy of Yeor 2017

Typical 10-roll maneuver
in 2011 in LET A
telescope.

Typical 2-roll maneuver in
2017. Roll modulation
still evident and usable.



LA + 28.11 (s7")

LC = 28.97 (s7)

LD = 29.68 (s7")

Feb 12 10:03 2019

File : ~oce/sm fvoyoger /LAY /48s_ mtﬂfvﬂﬂﬂfrtuﬂrt_dultufvz miagrol_fitdelta.063.ps
V2 Roll 63 2011,/298 VSW=-3543.74; xz_ 2.132e+01; nfree = 310

9.032e-01;
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0 30 60 g0 120 150 180 210 240 270 300 330 360
Deg from N towards T
Param Value sig— sig+ Param Volue sig— sig+
Jo 2.B43e+01 4. 404e—-02 4.403e-02 (1] 3.43Be-02 - -
6_R -2.734e-02 (ossumed; in 5/C frame) 8 (w/r R) 142.7 - -
8.7 =1.294e-02 1.306e-03 1.306e-03 A (N=>T) 326 -
d_.N 1.635¢-02 1.303e-03 1.302e¢-03 V_R (km/s) 96.9 (ossumed; in S,-"’C frame)
xC 1.007e+00 1.743e-03 1.743e-03 VT (km/s) 45.9 4.6 4.6
xD 1.025%+00  1.768e-03  1.768e-03 V.N (km/s) -57.9 4.6 4.6

Showing fitting results
for all three telescopes
binned in N-towards-T
angle for roll on 2011/298.

Fitting procedure for
anisotropy vector
components has 5 free
parameters: Jo, delta T,
delta N, and two
intensity normalization
factors between the three
telescopes.

delta R is derived from
PLS observation of V_R
and converted via
Compton-Getting factor.

Componentsin N-T plane
are very insensitive to
choice of delta_R.



g, (true)

8, (true)

Jurn 17 13:37 20189 File : ~ace/sm/voyager /LAY /485 _rotes/v2 /3Dfits /fil_delto /v2_CRS_delta_components_time.ps
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V2 flow direction anisoiropy components for 0.5—-35 MeV H for all 55 magrols
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Flow direction results in N-T
plane for all 55 magrols.

Some fits, in red, don’t satisfy
a good-fit criterion (9).

Transients, in blue, identified
by examining the 3 rates
involved and requiring they
look “typical” of an
undisturbed time (14).

32 good fits, in green, no
transients.
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Figure 5. Distribution of angles in the RT plane in 2007, 2010, and 2013 (white lines) and Gaussian fits to these distributions (blue lines). The average RT angle and
the width of the distribution, both from the Gaussian fits, are given in each panel.

(A color version of this figure is available in the online journal.)

To get diffusive anisotropy we need to get Compton-Getting anisotropy and for
that we need to know the N and T components of solar wind speed. As the flow
turns away from the radial direction in the heliosheath, that gets to be a
problem due to PLS instrument response, as shown above.

PLS can determine the angle correction needed only for long time averages,
not for the day of the roll as would be ideal.

We have applied an angle correction for the day of the roll based on selecting
days with RT and RN angles that reasonably match the long term averages.

That selection reduced the number of rolls from 32 to 17. 10
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V2 PLS RT and RN angles dota for all mogrol days in green
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Corr and Uncorr RN angles

Corr and Uncorr RT ongles
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V2 flow direclion anisoiropy components for 0.5-35 MeV H for selected mogrols
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Diffusive &1 =-(3/v)K-grad U/U
~-0.03

Diffusive oy = ~0.01
So, diffusive flow is

equatorward and towards
nose from flank or tail.
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Summary

Observation of diffusive flow of ACRs from +T towards —T direction
supportsideathat ACRs are primarily accelerated back along flank or
tail of termination shock.

Supports picture of ACR acceleration and transport of McComas and
Schwadron, 2006, Kota and Jokipii, 2006, and Kota, 2007.

Furtherrolls on V2 are not expected to yield data useful to this study

sincenow in LISM and ACRs are gone.

McComas & Schwadron 2006 KotalCRC 2007
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The End
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