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Tibet 11l (22000m?)

Yangbajing (4300a.s.1.=606g/cm?), Tibet, China
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Tibet 11l (37000m?2)

Yangbajing (4300a.s..=606g/cm?), Tibet, China




Tibet-111 (37000m?)
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Significance

How to point? ( detector)
Moon’s shadow In Cosmic Rays
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y from Crab
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Crab vy unpulsed

The broad-band gamma ray spectrum of the Crab Nebula
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Angle Distance (degree)

Flare y from Mrk501 (1997)

3.7c(Feb-Aug)~4.7c(Apr-Jun)
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Flare y from Mrk421 (2000-2001)
5.1c Tibet-1ll (22000m2) 457days
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Upper limits on galactic diffuse vy rays
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Northern Sky Survey
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How to obtain proton spectrum?
1996-1999 DATA (699days)

Proton

AS+ECfamily matching evente==)> ANN _ R
Identification

(Ey,Ny,< R > <ER>,sec(©), Ne ) (Correlations)
Data: ~200 ev. ~100 ev.
EC(y family) AS BD
Location(x, y) o o
Direction(e, ¢) o =< O
Measurement Parameter| Evy,Ny,< R > <ER>,sec(O) Ne= EO N,




Primary proton spectrum
(analyses based on Corsika QGSJET )
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Primary proton spectrum
(analyses based on Corsika SIBYLL )
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All - (P + He)

Primary All - (P+He) component
(analyses based on Corsika QGSJET )
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All - (P + He)

Primary All - (P+He) component
(analyses based on Corsika SIBYLL )
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Summary (Draft In preparation)

(1) Steepening of the proton energy spectrum
In the knee region Is observed.
power index=~-3.1 + ~ 0.15 above 500TeV

cf. Gaisser line (-2.74)

Primary Interaction ) B
Composition& Model dependence ) = 0.07 < O.tat

(2 ) Comparison with direct measurement suggests the
break point of protons exists around a few 100 TeV.

The knee of all particle spectrum (3-5PeV) Is
NOT composed of P + He component.



The anisotropy at the solar time frame

. Oh
« Compton - Getting effect \
(Compton, A. H., Getting, I. A. 1935, Phys. 6h /
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CG effect (Nov1999 — Nov2003)

PRL 93 ~3x101° EV in Total
061101,(2004)
Some other effects at low energies?
@ Differential
<0 Integral
S T e e Data-CG

local solar time [hour]

CG expected: ---
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Cosmic Ray Anisotropy at Sidereal
Time (Draft in preparation) 199enov-2003n0v
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Solar ACtiVity — Sunspots (Monthly)
Monthly Sunspots 1990-2003
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Solar Activity: Sunspot #, SMSMF, IMF

Sunspots # Stanford Mean Solar Magnetic Field (micrT) Magnitude of IMF (nT)
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Yearly variation of Sun’s shadow (10TeV)
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Cycle23 Smoothed Sunspot #
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Cycle 23 Smoothed Sunspot Numbers: Observed and Predicted
Sep 03
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Along a vertical line, each obsarved smoothed
monthly mean is compared

with its prediction 12 months earlier.

Insert balow shows spread

between observations and predictions.
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996 marks Cycle 22's maﬂlernmical-minimum.

Solar Cycle 23

+ April 2000 marks Cycle 23 maximum.

cf. Solar Geophysical Data

Min, Max, and Predictions
** Dctober 1996 marks the consensus minimum NGDC is now using.



Yearly variation of Sun’s shadow (10TeV)

SUN's shadow by Tibet-11,1ll Array (10TeV: Equivalent Tibet-Il)
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Sun’s and Moon’s shadows by Tibet-Ill (3TeV)

SUN and MOON's shadow by Tibet-Ill Array (3TeV: Full array)

WES]T Eas] wEST Eag? WEST EAgT WEET 4 “'B_N Eas?

m\
2 ] s 2 G 4 R M an ! s Lo, G
| 2 | 2 oL 2z ?1@\\ 25 | Al 2
; 1 & E e P E L E
= g . S~ 2 s e L I (b P By G e
| ™ L% [ - e . o o A
£ (E0 By, { s " bl 2 2 =4 .f\..f % 3 & 0 PF
g (e 8 JEay - S A Pl ) g S\ {2
8 : ) { :-_'\'-_F / 1 s l,-" Lok 5 1 ] . { &\ B B i'\._ Ay ..\l .\}
u L A et I.——.{_‘;, i * fll.:'}l'_a':‘:\'. 1 ¥ | r | o ™ B, u 2.."'}' "I I.I t S
A o N 4 ! £ 0 (R L\ g od A d - o~ £ 07/ [/ AR k ;
= . L = b / 225 L v ) | =t | ] s Tl | { ,¢
& = - & i 31/} i y (dy l ? \ i AN ST
=] | - H & | 5 & e 3} [ =) g SN a \ = A
T £ e LS g NE2Q(e)] v 9\ e (=N
- Y - b =y - ) i U - - e
5 Falh . £ { - L % AN ST g AN
- 3 ot :I e ) ' II.( ; = L iy - o y r.
| ﬁ ¥ H 7 - = ,'i_: Y \, L= | \ ; u'=-';
-2 b d | -2 32 -2 : : it -2 ; < }
- -1 0] i 3 -3 - W] 1 @ - =1 0 i F -3 - Q 1 Z
Angle Distonce (degree) Angle Distonce (degree) Angle Distonce [degree) Angie Distonce (degree)

2000 (T-1) 2001 (T-1) 2002 (T-1) 2003 (T-1)

WEST FAST WEST FAST

- 7 -+ - -

g § E E

— £ — a — - — .
w o a o
E\I = a &
) o L= L=
= Z = =
w T Lo o
o W o [
15 |5 L= e
2 2 2 2
1id g Ly s
= = 4 f=1
L] o o o
™ ™ m m
1= C i =

e z & g : = z

E E & g

: : A & : i & L b3 &

=2 =1 o 1 2 =2 =1 o 1 2 =2 =1 a 1 2 =2 =1 a 1 2
Angle Dislonce (degres) Angle Distance (degroe) Angle Distance (degree) Angle Distance (degrea)

MOON

Full set analysis : 3TeV



Angle Distance (degres)

Angle Distance {degrea)

Energy Dependence of SUN and MOON's shadow by Tibet-lll Array (Full array)
Preliminary
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Relation between Sun’s Shadow and Solar Activity

Normalized Significance of Sun’s Shadow

1996 1997 1998 1999 2000 2001 2002 2003

Defisit(o 13 16 6 5 1 6 5 7 (5.0E+06)
10TeV Event#  4.6E+06 6.6E+06 3.7E+06 6.1E+06 3.4E+06 4.9E+06 4.0E+06 2.7E+06
SUN Norm(o 13.5 14.0 7.0 54 4.8 6.1 5.6 0.6
Defisit(o 2 6 3 7

3TeV  Event # 776406 168407 14£+07 19e+07 (1-DE+07)
Norm(o 2.7 5.7 3.0 5.9

Solar Activity Index (Preliminary)

1096 1997 1998 1999 2000 2001 2002 2003

sqrt(Sunspot #) 28 47 85 99 114 106 105 80 APpr.—Sep.
Source Surface MF (uT)| 90 78 180 271 290 193 241 293 6 months
IMF at Earth's orbit (nT) 5.0 5.4 7.0 6.4 7.4 6.8 7.4 7.3 Average
Solar Activity index 1.0 1.2 2.2 2.6 2.9 2.4 2.6 2.5

Index = Average( Norm(sqgrt(sunspot#), Nrom(Source Surface), Norm(IMF) )
normalize to the value of 1996



Solar Activity vs. Normalized
Sun’s Shadow Significance
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Physics with Tibet-111 (37000m?)

e Primary : All particle 1016-1017" eV
(consistency with UHECR)
Modulation
° VvV Unknown DC & AC sources
(  0.5crab/yr@5ofor DC)
Crab multi-10 TeVy IC or 1TY
Single Counter Trigger mode
(sub100GeV GRB with GLAST)
Long-term AGN Observation
e Sun: Solar Cycle 23, 2417
e Efc...



What's After Tibet-Ill

Tibet-Ill Grants Iin Aid for Scientific Research:
Until March 2005

Next Plan

Higher Density in Tibet-Il
Upgrade of Burst Detectors

Cherenkov Detectors?



1. Sub-TeV

TeV (100 GeV — 10 TeV)
( 25r)

Whipple
0.1Crab/yr 05c

or



Sub-TeV

(4m* )

Tibet-111 3.75m 097
9200m?

30% -> Tibet-111 30



TeV
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Integral Flux {photons/ cm2s)
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3000 Tibet-111

1,000 TeV
/ 3yr

Knee= Knee
200 TeV
x10 /3yr



40cm x 50cm x 1cm

3.5cm(7r.l.)
Tibet-111 3.75m
213 ( 3000 )
> GeV

) > ANN



New Core Detector Sensitivitly (3 yr)

113
i 1 1 1 1 1 1 1 1 1 E M bl
Hono n
CARSA NI
(] =
HEJRA F—%--
BAZSIE —a—
=
FHERE

SO

. Tibsd- 4l —a—
- Ryan —+—4
lzil'l:ﬂ:l —_—
OIS
PO b=
- JOCEE ——
RLELEOE
EEEE =8--I
TBEOI=IET —a—
T =BYLL -—a-—I
- HEALCET b= =
7 amen —-a--

1e+1T HProbon

1e18 HHGlLm 3 110 gpm

1e+15

1414

FEE*ZS [oW 1. TP Esec 51]

1e+13 |- ron A 1000

{oe iz I I I I I I I I I
1ol 19l 1810 1811 1812 1813 1514 16415 1915 1517 1541

PRmary Enengy [« parbc k]




sub-TeV
R&D

R&D



