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° Flrst afew def|n|t|ons

= Plckup ion: A neutral atom in the hellosphere that
~ becomes ionized and is then ‘picked up” by the
solar. magnetlc f|eld and swept outward . -

Inner source: A source of pickup i |ons near the
-sun, pnmanly inside 0. 5 AU |

— Alfvén wave: A noncompresswe dlsturbance wave
: propagatlng anng a magnetlc f|eId I|ne with a
_speedof T o .
L= bAdlabatlc coo |ng Adlabatlc coollng occurs when
the pressure of a gas is decreased, such as when

it expands into a Iarger volume The relatlon s
PV o S |




From outside'the
heliosphere

| Erom mterplanetary dust
comet tails - ‘

Generally |on|zed between

o Ionlzed at 50 solar radn or. :
‘|less - - |

FIat dlstrlbutlon W|th Cutoff at
W=2 e _

‘.DlstrlbutiOn beake at of
. |before W=1 (critical reglon
W= 0.6-0.8). ~

.Compes_.itiOh thoughtto -

match interstellar medium |

~ | Composition largely matches
solar wind, including volatiles:




Current Theorles '

. Work to date takes |nto account dust cloud '_
populatlon from 10-50 solar radi

« Stationary neutrals assumed for both g
- interstellar and inner source plckup o

.« C*'N*. Ne*, OF populatlon mdrcates solar
| wmd embed/release process with dust
- grains since in the SW those ions are
- highly Charged and Ne weuldnt be in
- mterplanetary dust B




Add|t|on of new veloc:|ty
IS Components (1)

Current theorres assume statronary neutrals

| NeutraIs arise from dust grarns splrallng |nto the 7.
~sun on Keplerran orbrts

These orbits become much faster as they get

| .closer to the sun, approachrng and even
| surpassrng the speed of the solar wind .

- The neutrals I\/IUST have the same initial speed

- as the dust grains, ‘and this translates into

| .S|gn|f|cant veIocrty perpendlcular to the B- freld




Add|t|on of new veloc:|ty
= Components (2)

I\/Iost models of PUI d|str|but|ons assume a frame movmg
with the solar wind, in which we can remove the motional:
~ electric field o _(TXE ST |

~As one gets closer to the sun, the Alfven wave speed i

rises significantly, and these waves |mpart an eIectrlc -
field to-the partlcles as they pass '

We propose that the full thermal motion of newly picked
up inner source ions must take into ‘account both the
~ Alfvén wave speed and the rotatlenal motlon of the - |
particles B e

Result: far. hlgher |n|t|aI thermal veIOC|ty than preV|oust
.ConS|dered WhICh reIates to the adlabatlc coollng rate




Velocity Comparison

Comparison of velocity components
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- Solar wind and Alfven wave speeds
in the near solar region. ..

The field-aligned speed of ions is the
sum of U, and V_, and is.thus -
domlnated by V., whlle the

-perpendicular Veloc1ty at 1nJect10n
- will depend on the azunuthal speed
of the source dust



Relevant Formulae

| .P'roton:Speed.": | U = 130*(2 5-1. 5630)*
AlfV»en Speed V =20%* \/(Bz + B2 )/ N

2 *10° -R: radlal distance in solar radu |
rR? ,.' ' B: magnetic field in nanoTesla (nT
A0S0 SO U: flow speed inkm/s -
= U | V,: Alfven speed in km/s

P M N: number density in cm-3’
2%10°*(0.7 +0.3* 65) . _—-Lambda latitude in degrees :
N, = pl - (0 at equator)

o e C *P 2 o s
_ U & G Grav1tat10nal constant

. G*M
gm tal speed V orbt = \/ I

(1 -—)

.‘.- B

/




Neutral Source Populatlon i

Dust d_lstrlbutlon '
Neutral 'Prgﬁdu_ctibn- Rate °

Neutra P.'opulation? |

needed to match Values measured at 1 AU .

+
.

»
S




| vi.COn,tinu_i_ty eqn. -

- Assume radial .
“ivariance i




a=1 case: 1/r neutral production

Radial number density profile for H+ PUIs assuming 1/r neutral production
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‘-2 oo icion
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Radial number density profile for H+ PUIs assuming 12 neutral production
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Observatlons

R Inereasrng lambda decreases peak dens1ty
¢ Increasing lambda moves peaks outward .
* 0=1 case uniformly has lower peaks at: further
oo rad1al drstanees than a= 2

ource H+ density Location of peak inner source H+ densi
T T T

T
— 1% neutral production 2 )

N i — 1/ neutral production
1/ neutral production b P! 7

— 1/r neutral production




Observed H+ dlstrlbutlon and flt

SWICS Ulysses
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T ; Adia_batic_ COO“ng i

2 -1

th, peak n peak

‘ Wlth the GIoeckIer result, we now have aII
the vaIues necessary | |

+ Solve for the thermal veIOC|ty at 1 AU

. Lambda vaIues where the model f|ts the
~ measured data can be traced back to a o
glven plckup |cn peak Iocatlon |

. ; Vi 1 AU ,0bs n 7’
Adlabatlc reIatlon ' V ] =( “’U]




Adiabatically cooled PUI thermal velocities at 1 AU

— 1/2 neutral production
— 1/r neutral production
== 12 neutrals (only Vsw)
—— 1/r neutrals (only Vsw)
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- Modeled thérmal Veloc1t1es at 1% U for i1 and _
0=2. Dotted lines include only the ‘standard sz VGlOClty
component sohd hnes 1nelude proposed addltlonal

; components :




+ Lambda values for our model at 15Rs and 35Rs '
. Lambda values for tradltlonal model at 63 Rs "

~and 101Rs.

. Peak Iocatlons 7 6 12 8 31 6 and 37 Rs
respectively i

_ Pickup peaks far Closer for new model than
traditional model ‘ |

‘ | _Three missions pIanned for near-solar |
. observatlon Sentlnels Solar Orblter and Solar |
| .Probe - e R




Model matches and upcomlng
& _missions

x 10" Particle densities for potentially accurate cases and ranges of study for future missions

~ Solar Probe (4 Rs t0 5 Al

Solar Orbiter (45 to155 Rs)

Sentinels (56 to167 Rs)

—— alpha=2, new model
—— alpha=1, new model
—-—- alpha=2, old model
—-—- alpha=1, old model
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Radial Digt(;nce (Rs)
> Partlcle dens1ty curves for & Valu 5.0 :‘model matches ,
-.0=1 cases have hlgher peaks than" 0= ;cases, % Values for the-
two cases do not match as in prev1ous ﬁgures :
Also dlsplayed are orbit ranges for upcommg missions.




o H‘aFdWa re Wfo'rk g

. I am worklng on nanoscale uItraV|oIet '
fllters that may be of S|gn|f|cant use on |
those m|SS|ons | |




- Near the Sun pickup ions have velocity

A -components not seen in the outer hellosphere

« We modeled H+ PUI densities for a wide range _
- of parameters_ and used an adiabatic cooling

model to determine which parameters match
~conditions measured Al

' Results mdrcate a plckup process happemng far
- closer to the sun than tradltronal models predict

« Upcoming measurements WI|| determme who'i IS
- rlght s ' |




o Thamkyos
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