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The Tibet ASy Collaboration

Papers (in refereed journals):
1. Cosmic-ray energy spectrum around the knee obtained by the Tibet

experiment and future prospects
Advances in Space Research, 47, 629-639 (2011)

2. Cosmic-ray energy spectrum around the knee observed

with the Tibet air-shower experiment
Astrophysics and Space Sciences Transactions, 7, 15-20 (2011)

3. Observation of the Fermi pulsar catalog at TeV energies

with the Tibet air shower experiment
Astrophysics and Space Sciences Transactions, 7, 211-215(2011)
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1. 32nd ICRC (Beijing, China, August 2011), 16 presentations

2. 14th Workshop on Elastic and Diffractive Scattering(Qui Nhon,
Vietnam, December 2011), 1 presentation
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Tibet Muon Detector(MD) Array
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2011 Tibet Muon Detector (MD)
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Including the Solar Wind Properties

Deficit ratio (%)

.................................................................................................

1996 1998 2000 2002
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Potential Field Source Surface (PFSS) Model

Altschuler and Newkirk, Solar Physics, 9, 131 (1969)
Hakamada, Solar Physics, 159, 89 (1995)

oE :
Plasma velocity is small ( B/c << 1) = o

Local and short-lived electric currents are ignored =2 J =0

: Current-free
Maxwell equations

VxB=0 - B=-V¥
V-B=0

Scalar potential W has to satisfy the Laplace equation
V¥ =0

Scalar potential Y can be expanded to spherical
harmonic series



Spherical Harmonic Series
U(r, 0, ¢) =10 »_ > Pr(0)x

n=0m=0
m( T n Cm _T:_G_) n+1 ™ cosm e
[ @) o () aomms o meee
r\" my (T0 ™! /7 Y
+{d::°(-?_—(;) +(1-dp) (2) }lf;zsmmqb] ,
Boundary condition at Rss J
LP(RSS’H’ ¢) =0 I"
.- - B ?’—'O, =0, B¢ = “ I‘ ‘%'su&(?

e I

Solar surface magnetograph

-4 with the Kitt Peak Vacuum Telescope
S utilizing the Zeeman effect

(Fel 868.8, 630.1 and 630.2nm)




Spherical Harmonic Series

U(r, 0, ¢) =10 »_ > Pr(0)x

n=0m=0

+ {d:;‘ (%)n +(1—dp) (T—;Q)RH} f;Z‘/si/nmqb] ,
/

Boundary condition at Rss

Y(Ry, 0,¢)=0

/
! Closed line

- T
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e I

Solar surface magnetograph

-4 with the Kitt Peak Vacuum Telescope
S utilizing the Zeeman effect

(Fel 868.8, 630.1 and 630.2nm)




Magnetic Field Lines by PFSS Model

Carrington Rotation Number = 1909 (Cosine Theta) Carrington Rotation Number = 1963 (Cosine Theta)
Longitude= 0.0 dgr Latitude= 0.0 dgr Longitude= 0.0 dgr Latitude= 0.0 dgr
0.0 = |Br| < 1000.0G : N= 90
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White light image
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This photograph of a total solar eclipse was taken by Miloslav Druckmdller and
colleagues from Brno University of Technology, Czech Republic, during an
eclipse on July 22, 2009.




Current Sheet Source Surface (CSSS) Model

Xuepu Zhao & Todd Hoeksema, JGR, 100, 19 (1995)

CSSS
PFSS
_____ PFCS
Rep = 1.6
Rss = 2.5

Abstract:

The model includes the effects of
the large-scale horizontal
electric currents flowing in the
inner corona of the warped
heliospheric current sheet in the
upper corona, and of volume
currents flowing in the region

_ where the solar wind plasma

totally controls the magnetic field.
The model matches the MHD
solution for a simple dipole test
case better than earlier source
surface and current sheet models



MR FRKE T Bogdan & Low, ApJ, 306, 271 (1986)
Magnetostatic force balance Low, ApJ, 293, 31 (1985)
current (J)
GM
Fr=0

Magnetic force, gas pressure and gravity

Analytical solutions

1 1 0°Y 5 O°Y -
J=—[1-7n(r)]
Ul sm6?6¢6r a¢ar
oY . 10Y , 1 oY,
B=-n(r)—f-=—0-

or r 060 rsin@ o¢

2
n(r) = (1+ Ej a : length scale of horizontal
r electric currents in the corona



Xuepu Zhao & Todd Hoeksema, JGR, 100, 19 (1995)

Soues Sudase 7% Inner region (Rs < r < Rcp)
- C Surfaoce r=R \
g /ui& :;: ZZZRe ) P"(cos ) (g, cosme + by, sinmo),
Sclar S ce r= =1 m=0
/ Ro(1+a)
® i1
( ............ B0 =0 o
\\ Y Middle region (Rcp < r < Rss)
N =7 //
N s D g = ZZRC ) P"(cos®) (g7, cosmo+ hy sinmg),
™~ —_— . - =0 m=0
_ -1
Free parameters B = R [+1 o Bewsp +0)™ ]
a :length scale ' - R (Rensp + @) Ry (Rss +a)?H!
Rcp : cusp surface .t  c+a }
Rss : source surface (r+a)*! (Rg+ a)?+!

N : Maximum principal index



Coronal Magnetic Field at the Solar Minimum
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Deficit ratio (%)

Comparison between CSSS and PFSS

Expected from Sun size”
Data —8—

PFSS + Radial depend V,, —e—
CSSS + Radial depend V,,, —e—

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
Year

Data — MC(PFSS) y?/dof = 68.7/14 (5.70)
Data — MIC(CSSS) y?/dof = 24.3/14 (1.70)
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