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Heliospheric modulation (distortion)
iIn MHD model heliosphere
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Phase-space density of CRs: f (1, p, t)

Df = af+dl‘ 5f+dp daf (5f> . f(re, Pg,t) = f(rg, Pp, t)
ot dt or dt op \dt/, » Obtain model f(rg, pg, t)
ap _ Ze (E +— X B) best-fit to the observed
e f(Xg, Pe, b).

» We use MHD heliosphere by
N. Pogorelov+ (ApJL 812 L6
2015) for CR orbit
calculation.
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-4000 -3500 -3000 -2500 -2000 -1500 -1000 -500 0 500 for quantitative bESt-fitting.

X(AU)

Model 1 (four parameters fit):

f(rg,pp,t) =1+ f¢ + Ay cos(uy) + Ayjcos®(uy) + Ay, cos(uy)
2 orientation of Ay, (a4, 01,)




Recent study based on intensity mapping
Zhang+, ApJ, 889, 97 (2020)

Using orbits of monochromatic 5 TV protons

(a) Data Anisotropy @ Earth (b) Best-fit

SN

(c) Anisotropy @ outer boundary

Dipole amplitt{e along By,

Parameter Name Value

IAmelitude of pitch-angle dipole A, = (0.165 + 0.002)% |

Amplitude of pitch-angle quadrupole A> = (0.015 + 0.002)%
CR density gradient |G.| = (0.021 =+ 0.001)%/R,
Normalization / fo =1+ (0.024 + 0.001)%

/(Reduced v% =4.5)
Dipole amplitude along B, x Vf

» Dipole amplitude A, along B, is dominant
» CR density gradient direction (Vf) close to Vela

> But fitness is too poor (y?2 = 4.5) :



Weighting with composition & E-spectra by MC

(instead of using monochromatic protons)



Best-fit results with Model 1

B, interstellar B

V,, V.. interstellar H & He flow

ecliptic plane a b
-------- magnetic equator
, 4 ‘\\ \‘\ ™
7 B ) e -

_____ hydrogen deflection plane

Model 2: f(rz, pg,t) = fC6 + 3,7 YL fIY/™(6,¢) 6,¢: Dec, RA.

Nparam. = (Lmax + 1)2_1 (= 440 for Ly, = 20)

o N B [=)]
Significance

| | |
(=2} ~ N

» A4 is also significant with V, f apart

from Vela (closer to Geminga).

» y?is reduced to 1.62 from 4.5, but
fitness is still poor.

» Best-fit with Model 2 is examined.
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Best-fit results with Model 2

L. .. =24 (624 parameters) y2/ndf= 1393 /1432 =0.973 (76.4 %)

@) (b).

360°

999999

999999

~ \ > L __=24is needed to get
™)  areasonable y2.
» Unrealistic small-scale
anisotropy appears @
outer boundary.
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Using 12 MHD snap shots

Corresponding to 10-year observation by Tibet in A<Q epoch
234250




Power spectrum using average orbits
in 12 MHD snap shots

» Lmax~10 is still needed to get a reasonable y°.
» Unrealistic small-scale anisotropy (L >3 ) still
appears @ outer boundary.



CR intensity distributions at different boundaries?
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Results: intensity distributions @ different outer boundaries




power per Im (ortho-normalized)

Power spectrum

MHD model A<O MHD model A>0
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Alternative MHD heliosphere?

Polar jets confined in Parker field.
“Croissant heliosphere” by Opher+, ApJL, 800, L28 (2015)
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Summary

>BAISNDFEHBD IO TATA— ARIISLEEETHIL
[Z&KY). reduced y?Z KMEIZ T 52 &MV H K T= (4 parameter-fit
T.4.5>1.6 d.0.f=2052) H, AL+ 7

> Best-fit C{F 5 1=0uter boundary E D B A IS FE &
MEEINTEHY. reduced 2 Z1REEICETTITH=HIZIE.
LM20f 2 EEX TOEREAENBE,

> ERIEARR (R9108RE) 12X 9 6 12{E D MHD-snap shotZEf1E
aTEICAWSE, EORIREIC—EREN R onT=H ., &AEL
TL>23DEREAENDLE,

» Outer boundary LIZIHWEBGZESREA X, KEEENBIERZ
WDITAZETEAVT S,

= “comet-like”7&heliosphere DFE{Z IS IEZF B A HEE D
HEINTELY,
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