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Structures of Heliospheric Current Sheet and Recurrent Trains of
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Abstract

The 27-day variations in the intensity and recurrent trains of enhanced diurnal anisotropy (DA) of

Galactic cosmic rays (GCRs) as observed by the Princess Sirindhorn neutron monitor at Doi
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Inthanon with cutoff rigidity of 16.8 GV are associated with changing structures of the heliospheric
current sheet (HCS), especially during declining phase of the 23rd solar minimum cycle. We
proposed that an asymmetric GCR modulation is contributed by GCR drift along the asymmetric
helio-latitudes of the tilted HCS. The HCS drift thus provided a unidirectional latitudinal gradient of
GCRs (Vh) which associated with the recurrent trains of enhanced DA. Most of the enhanced DA
depend on the sign of the interplanetary magnetic field B, along a B xVh gradient anisotropy, We

conclude that the structures of the HCS play a role in the 27-day variations in GCR intensity and

recurrences in diurnal variation under solar minimum conditions in the inner heliosphere.

Keywords: cosmic rays, solar wind, anisotropy, Heliospheric current sheet

o
Unm
' A va a o oA
lugraflndfanssugiozdiga wudnd
o a . A
lassgiavesangiozawalng Aaafioslu
BINIATTRINIATIATIER LLa:MguiauvLﬂﬂ”u
a 6 v %
ardonadarua IuLIaIUTEN I 27 T 0
lassgfananiisznavudls 1) aNgIpE
mwm%'agdﬁmU'mé’haam]mm;uiﬂiim
L3 =3 Q a
(coronal holes) oAt luuulsad
U390 450-800 Alatuasdaiunf 2) uSiam
a%ATNILINYKIIN (corotating  interaction
. 4 . e da
regions) Tatdulassansuuunadaniinain
amﬁmmmﬁaguﬂ:mﬁ’uauq’%mﬂ'smﬁw‘i'l
wae 3) uHunIzuaLadlaailes (Heliospheric
A ' a
current  sheet) TauddiadlamAusaaniiu
uTmnIwimanfidneiny lasngulalsw
WnuSawalnguesnasuIaNunwILL
FIUNAIIDNAE wazawinundinanidasang
' A < A A o A
23N@ NANIABLDURUWINTILALINLTRIBEEN
A eda . a &
INNAINNATNTWHUNTEuRLIRIaFI A YT
aunans sunulassanvasngulaliwiuazda
‘mau,ajmﬁﬂazgnﬁ'mﬂuimaﬁwlummmﬂu
aumu&imﬁm:vﬁwmaLmﬁ:ﬁﬁ%quvlﬂﬁ'u
a ¢l 1Y = e o o
A91ag mﬂgﬂuumeﬁﬂmasﬂaamﬂﬂ
PYIRUWIN LN LRANNTLTIRINIDDNITINAY

el agInaanlan

MUY nveIsIgAaainm
WANAN FATUNANTENUAIN AT CRRRCE SR

'
a

mg‘uvlﬂﬂ”umamﬁmﬂ druans i Lty
A 3y 2 % o o a X
Wowsn”  nswlsEndszdniuieduainnng
mgmamﬁ'ﬁLawaaiaﬂlumm:ﬁﬁﬂmﬂumﬁ@
A A o & ' A o
YILATDINDIAVWNULAN LT 1ATAINTIVIG
A1050% NMAKRIUTBINIGILATLLIR 1 3%
=2 ' o A A AdAa o =<
INNTANBINDIN SIFABRUNNANRIINWD I
500 GeV l@TUNANIINUINNAIIBNNALTLAT
' = ' A . A
FUINLNLAANTZHINIANNATIZABILITAIAIN
' e P A
Tdgdngvaaruianisnsowanlolalnsd
. o , 4X e
1/329719% (diurnal  anisotropy) niwagny
o o A a 3 6
WaIINWURITIFAARIN. LInLaaswawlalainsd
ﬂim"'rj”ﬂ@Umﬁmﬂummmnmmauqa
smdwmswﬂmm%’ﬁﬁmaaay&ma%’aﬁﬂaaﬁﬂ
I@]muq%uum:mwﬁaL“I‘Twaaagmﬂ%'dﬁ
ABFUNNILANANANLFURUIN LN LARNTTIING
3,4 A o o
ANILATIENA SLuﬂiauwmgluWiawvlﬂﬂuma
A gWUIN mswwua:nwvﬂalmmmmu
' A ¥ A o ' =
(ﬂm'mamivglo‘nmmuvlﬂnuammmmaﬂ
szauNnAA) aunsanazrinansn bl vinlw
NSNILANLAIVITIRABRINNLANANBNUI
laifimslwagnTegian dulunsaudradavas
Tantiu Q’ﬁ'@mmuﬁumﬂ%aqw%maa%’aﬁ
ﬂaaﬁnﬂmﬁﬂﬁﬂﬁmguiawfidLiwajiamnﬂ

dn19 18 ﬁ'z‘[uaﬁaaﬁmaaﬁé’am@ o



Imaﬁwuﬁiummmaﬁia sAsSuazILIUN...

189

a6
DU BN, Atk

UsdanuansaasLaan (drft) ﬁamsﬂ:ﬂu
LwIGIaN ﬁ]::é'oLﬂmﬁumzuaagmﬂ@”ﬂﬁﬂu
LLauvlaIGnIﬂiﬁﬁﬂguiauI@maﬁiyvl,ﬂmu
Arnsvasalaaslan mIwdsiuuuuting
gnaRINadafian1svaLanlalslnidainain
LAZUNIASIBNIFIIIVLI (train) vosuewlals
Tnsdusziriuivonsdnnnuazidoudiuuy
Jau 27 i'w'édmag;LﬂuL’;awawfus’ﬁ NWITE
f:ﬁ'i'@qﬂizmﬁ'ﬁ'ﬁ]zﬁﬂm’imﬁzﬁmmu waule
TolnsdaRnauwialusianfanTsuunais
mﬁﬂﬁﬁﬂ"]@%ﬂq@ (Solar minimum conditions)
mau’i’g%’mq%m:ﬁ 23 1efnsnalniifinada
maasnudasanuituuazuanlelolnsd
ﬂuaa%’aﬁﬂaaﬁnmLLﬁnﬁﬂIui:%dwaLWa@‘%ﬂqﬂ
VBIIINIFILZ Waaztulinmuiirswma
yaanstasnudasluszosauiildoanin

mmﬂﬁag’lﬂﬂaﬂvlﬁ

A5NITANBWINNIY

®

L= | a aaa &Y
ayavdAaaNnuazIsIATIRRYaYA
ﬁagam’mLiw%'aﬁﬂaaﬁﬂmuﬁﬂaﬂ
Teunangane lagsniaInaiaiInsonasn
& U L a o
53 smmﬂfl,uvl,@miwaammmmaummu
18 %ae@ THANIAIZIN NMB4 801%aTI370
ﬁ'smauﬁ%uﬁiﬁaagu’%nmﬁa@@asﬁu‘nuuﬁ
Uszinalng m mmqaﬂizmm 2,560 LUAT
Aa o A & A
waiifnandmanin 1859 asmunie uas
98.49 8IFNAZINEBDN ANTALTNAINLTILNTI

v

dgagadmivanfiaiaiafiainsaulag lu

N3 LL&]L‘V\ﬁﬂEL‘HaLLu’J AIIUIA 16.8 GV

Tan

ﬂTagamsﬁfuﬁamamwﬁ'ﬂmﬁmu
mmﬁmwé’ummmﬁﬂwﬁaq@mﬂu 2007
=S a 6 v a 6
04 @a1A¥ 2010 RNALATIZAGIBNTUATIER
a15uafia (harmonic analysis) lagnN3™d@
dafenfoniy 24 1aluseantd lwiund

@

magammmﬂﬂmnﬂd’l 3 ﬁ'aiwaa:vLajgﬂ

W ltlunsieedt LLaz"}TaHa‘ﬁ"jNﬁa 3
fﬂIudazgnLﬁuLﬁuﬁwmsﬁumaﬂmafu
(interpolation)

lunmAAlensvansueindnsbuaazin
(:aanana, UT) Wi ANV BY g F 92
wnssTuiuna LLé’ﬁQﬂﬂmﬂ”uw}ﬁﬁ'umﬂﬁ
yaganud W = 21T / 8.64x10° Fundi nie
21T \SLasudaih

F(t) = D, cos Wt+ D, sin Wt 1)

la D_usz D fAeasdilsznevvasuanlalslng

y

DUsed1in waz ¢t AaaaMSuduuaITuln

(2
adda

AW UT 39n35% mmmmﬂwammuﬂﬁg@
o & Ao a A o A
awsuaziianfssdnaafindrananniiga (iWa)
YasnawbalalnsdiszdninvasTiFaasinm
wandn'le
TOYANAIFNITHINANATEA
1*’1?‘*1]”9%émU*‘ﬁ'ﬂmmaammﬁmwmawﬂummﬂ
MAG

UYaIg1haIN1e Advanced

Szﬂ’j’]d@’]’]Lﬂi’]:ﬁﬁ]’]ﬂLﬂ%ﬂdﬁa
SWEPAM
Composition Explorer (ACE) iaz OMNIWeb

LIRULTALADTUILNARNUDIRUINLALARD

LR

1 L% 6 d'
FERIANATIERLAENTITRInU Tz nauLaAE
T LIV IRMINBNLABNLUANA Geocentric

A =g o
Solar Ecliptic (GSE) N1594n% x Fannlan bl

A € dq‘IL o & A

A9Nad wnw z ThlgsnilavadTzuiu
a Aada d“ll’ w A dl o v A
§3230 uazunu y B Ugananvinlvszuuie
mﬂauym‘i FIWLTALADTUDIRWINLNLARNND
PNAIA901N A WAL 8ANITNAIBNAE BeY
é’uﬁ‘wﬁﬁm&uﬂnﬁ 45 2IA1VDINANN
FUTNBULRANLARULULLNAEINISALNES
(Parker spiral) luszu1ugiozdf na1ida
amml,aimﬁﬂszwjfmmamﬁzﬁgﬂﬁmum']ﬁ
fesiwie B, > B, uazlitadoaniia B, >
B, NM3uN@IVBIUHUNITUR bEITUNIIEIUI D
AIINNITILATIEANUAIAILAARUINANE
(Potential Field Source Surface; PFSS) w&4
Solar (WSO)

Wilcox Observatory



a 6 a
MIFANemaaiuazinalulad

190

)
o

m3dszguiTnng WE1IAINITY AN 10

magnetograms  &nudanaInlaliuign
fuwrannIsanaswu i lasilusvaIais
afadaruuuUdIaeIawINANY lasauly
aenanazgnisauliagluuwiiad o A

a

Aia o dunid 2.5 winvessalaisanfiag

o

LWBUSEIN AN IENUYBIANFIHENMNANTING

' 1% [ 7
(ﬂaiﬂiﬂ FIWIFWIUAINNTI

Nan1INaaad
nmsuisenvasnanlalalnsidszaninuas
[ a & A [
SidaaaNnnuananInIaY 27 %

A A a £
ANUATIRNIRIakawlalalnsDALAadw
ot LaNdfae >0.25% dalitoanuaaug
7 7w) lunanoseunInyusedIaliefiag
Tus2910 20072008 lavuwanlalalnsd
U323 uNww? LT NN 09I BT 0RAUUIAANNY
AANIIVDIFUI VLN LAANTERIIIANILATIZRN
fanaldlundazsouninyuadaiiarfiad

A o [ o a A

Weadasnulassaudoswamaulalsnide
A a Fo A A

sunaIaIMTANINILAsudTIFAaadnldmg

Al LAIFINANIZNUABNITLANRIDRAT WA

yasuanlalalnsd® lud 2000 laiwuwuin
wanlalolnsdivenoen agnslsianaulugaed
2010 léwuavruuanlalolnsdivanssaann
asugadlu Figure 1 uazlu Table 1 lasfiuan
ﬂﬁgﬂiﬂmaﬁﬂqdﬂiﬂumdﬂ 2007-2008 L&z
Wumimﬁﬂmmma;} 3 ;sﬂu,uuﬁa (n) N3
mﬂﬁﬂﬁﬁ%ﬁdﬂﬁgdﬁdiulﬂrpjayjiuﬁﬂ
au’muximé‘ﬂvjaL“}Tﬂmdmﬁmﬂmwdw N9y
mg‘umiy%\‘]ﬁu (Carrington Rotation 32821181
27.23 21%) CR2092-CR2093 (1) N13281862
i fsulngaglufieauauiminysaan
AMNANAE 3211319 CR2093-CR2096 (")
M3 ndaoennsluiasuuutingn
LAz eeaNAlIaNNagluIznIng CR2097-
CR2098 uazidufisingsinain auanuenlols
Tnsdfmvawadn (ﬂa%@i”wgﬂm) faulng
Vl,aivl,@”agluﬁnm‘mam’nuq’%mmmﬁ’aﬁdﬁm
nnmgulaliu U939 CHEHEL PRHIT LT SHEY
minfﬂuflumm@;maumnﬁm‘fuﬂ%aamwm
wanbalolnyd

[ T

(ST
1

CR2092
(DOY 8.4 - 35.8)

[ S SIS

[T NS
1

CR2093
(DOY 35.8 - 63.2)

[Ny
I

6

CR2094
(DOY 63.2 - 90.6)

[ S P R S R N N A )

(SRS

CR2095
(DOY 90.6 - 118.0)

PSNM (Doi Inthanon)
Count rate (<10 W)

CR2096
(DOY 118.0 - 145.4)

CR2097
(DOY 145.4-172.7)

=
CR2098
(DOY 172.7 - 200.1)

15

20 25

Days after Start of Carrington Rotation

Figure 1 Count rate of the Princess Sirindhorn Neutron Monitor at Doi Inthanon as a function of

time, showing recurrent trains of enhanced diurnal anisotropy (DA) in 2010, indicated by arrows,
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compared with magnetic sectors (toward, T, or away, A) for seven successive Carrington rotations,

CR2092-2098. Shaded areas represent HSSs with solar wind speed =450 km s,
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Table 1 Trains of enhanced diurnal anisotropy at Doi Inthanon during 2010

Day of | Duration (day) | Diurnal variation (%) Phase Magnetic sector
year Max Mean Mean + s.d. (LT)

1-11 11 0.38 0.30 15.2+4+1.3 Toward & Away
34-42 9 0.53 0.39 16.84+1.6 Toward

48-56 9 0.75 0.55 16.94+1.0 Mostly in Away
75-88 14 0.54 0.42 17.94+1.0 Mostly in Away
112-119 8 0.63 0.55 16.3++£1.3 Mostly in Away
139-148 10 0.64 0.46 16.84++1.9 Mostly in Away
154-172 19 0.74 0.49 17.3++1.1 Toward & Away
186-201 16 0.50 0.40 16.92+2.1 Toward & Away
250-259 10 0.70 0.60 18.1+2.1 Mostly in Toward
Note:ltalized data refer to recurrent trains
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Figure 2 Reversed time plot of a Wilcox Solar observatory (WSO) synoptic chart for Carrington

rotation (CR) 2093. Thick line represents the heliospheric current sheet (HCS). Above and below the

HCS indicate the Toward and Away sectors, respectively.
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