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Heliospheric modulation (distortion)
In MHD model heliosphere

Ice Cube (20 TeV)
basi et al., arXiv:1005.2960v1, 201
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Phase-space density of CRs: f (I, p, t)

Df = af+dr af+dp of <i> ~ 0 f(re, pe, t) = f (x5, Pp, t)

ot ' dt or ' dt op \ot)
dp dr » Obtain model f (rg, pp, t)
—=Ze|E+—XB .
dt ( dt ) best-fit to the observed
—————————————————————— model f(rE) pE; t)-
7 f(\rB' P5:8) 3 \We use MHD heliosphere

\ by N. Pogorelov for CR
6 1 =10 \ : .
1%1(?(1 %(5) \ orbit calculation.
- _ \ » Assume uni- and bi-
eliosphere  dijrectional anisotropy for
f(xg, Pg,L).

observation

| i > Take accounts of
f(e, Pe t) & ,"’

composition, E-spectrum
! and AS-array performance
MHD boundary  ¢or quantitative best-fitting.



- - By N. Pogorelov
MHD model used in this work >/ V. "og90reoy. .,
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Model: f(rg, pg,t) = fCC + XSl f'Y™(6,¢) 6, ¢: Dec, RA.
Nparam. = (Lmax + 1)2_1 (= 440 for L4y = 20)




Weighting with composition & E-spectra by MC
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HEALPix (Hierarchical Equal Area iso-Latitude Pixelation)

Npix = 12 * Nside?
Nring = 4*Nside — 1

Nside =1 Nside = 2
Y /7

4*Nside pixels along equator

Tibet data
Nside=16

For —20° < DEC < 80°
2056 pixels, 37 rings

pixel size~5°x5°

CR trajectories
Nside=32

pixel size~1.8°x1.8°




Boundaries at r = 100, 250, 630, 1580, 3980, 7000 AU
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Observed at Earth

1.0010 '™ B, interstellar B
1.0005 Vi, Ve interstellar H & He flow
360° 000 ecliptic plan

v « - « magnetic equato
————-hyd ogen deflection plane
G bestfit CR density gradient

Best-fit
Reproduced at Earth at boundary (r=rg)

“““ I'max =4
| (Nparam.=26 )

’ v%/ ndf = 0.962

rg=
630 AU *°

I'max =8
(Nparam.=80 )

v2 / ndf = 0.982

I'max =20
, (Nparam.=440 )

v?/ ndf = 0.942



Fitting with the averaged f (rg, pg, t)s
at r,=630, 1580, 3980, 7000 AU
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Power spectrum
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“To do” list.

» Discuss the heliospheric modulation of

f(rg, pg,t) by suppressing the apparent
dependence on rg.

» Analyses with other MHD heliosphere models
(e.g. models by Washimi+ & Opher+).

» Examine the observed E-dependence of
anisotropy (below/above 100 TeV?).

» Analyses of sub-TeV anisotropy:
e Solar cycle variation?

* Solar modulation of amplitude?
10
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