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羊八井国際宇宙線観測所 

90o522E, 30o102N,  4,300 m a.s.l. (606g/cm2) 
中国チベット自治区羊八井(ヤンパーチン) 

北京 

成都 
拉薩 

標高3650m�

車で1.5時間 
羊八井 
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チベット空気シャワー観測装置 (Tibet AS)	


p  中国チベット (90.522oE, 30.102oN) 標高4300 m

p  シンチレーション検出器数 	
0.5 m2 x 789
p  空気シャワー有効面積	
 	
~37,000 m2　	


p  最頻エネルギー 	
 	
~3 TeV
p  角度分解能 	
 	
 	
~0.9o @3 TeV
p  視野	
 	
 	
 	
~2 sr

à空気シャワー中の二次粒子(主にe+/-,γ)を観測し	

   一次宇宙線エネルギー、方向を測定	




地下 2.5m (物質厚 ∼ 515g/cm2 ∼19X0)	


7.2m×7.2m×水深1.5m　水槽　192台	


20”ΦPMT　2本 (HAMAMATSU R3600)	


水槽材質：コンクリート	


　　　　　　 白色反射材	

	


チベット水チェレンコフミューオン観測装置 (Tibet MD)	


à空気シャワー中のミューオン数を測定し、ガンマ線／核子選別	

    	


ミューオン検出器	


       　～10,000m2	


原子核起源空気シャワーを99.9%以上除去 (>∼20TeV)	


~4200m2	




33%�

+1/3 MD 

~10倍 @10TeV 
~15倍 @100TeV 

+Full MD 

3~4倍 @10TeV 
~15倍 @100TeV 



２０１４年3月より5プールの観測開始!	






4,200m2�

地下施設�



YAC 計画　Knee領域一次宇宙線組成	


1.875 m
YAC detector (100)
YAC detector (24)

Iron (0.9 cm)

Box

Pb 3.5 cm

Scint.

Figure 3: Schematic view of YAC-II array (left) and a YAC detector structure (right).
The YAC-II array consists of 124 detectors. The inner 100 scintillator units are arranged
as an array (10×10 grid). Each detector has an area of 50 cm × 80 cm and it is placed
with 1.875 m interval. The outer 24 units of the sizes of 50 cm × 100 cm are arranged
around the inner array and they are used to reject non core events whose shower cores
are far from the YAC-II array. Each detector consists of lead plates with a thickness of
3.5 cm above the scintillator to convert high energy electrons and γ into electromagnetic
showers.
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Figure 7: Contour map of typical high-energy core events of proton origin (a) and iron
origin (b) simulated for the YAC-II array. Some parameters about primary nuclei are as
follows: Proton, E0=2.02× 105 TeV, zenith angle=23.5◦, Ne=1.81×106; Iron, E0=3.43×
105 TeV, zenith angle=34.4◦, Ne=1.63×106. Proton-induced event (a) looks more like
concentric circles, while iron-induced event (b) shows very irregular structure. In addition,
the top burst size (Nb

top) among fired YAC detectors by proton event is greater by about
one order of magnitude than that of iron event in spite of their close accompanied air-
shower sizes Ne.
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観測装置　2014年３月からDAQ開始	


青　期待値	


MC Proton	
 MC Iron	




雷雲からの高エネルギー放射線	
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Tibet ASγ Collaboration

ICRC 2013, Session: SH-EX (ID:0505)

1. Experiment

    This observation has been operated by single (double) counting technique with a CAMAC scaler 
module. This technique is not for air shower detection, it is for background radiation detection. 
Data records number of events per 1ms for two trigger mode, ANY-1 and ANY-2, where ANY-1 
represents any 1 hit detector with discriminator level equivalent to 0.6 particle among all and  
ANY-2 represents the 2-fold coincidence of any hit detectors among all. In this observation, 
available number of scintillation counters is 82 as shown yellow symbols in Fig. 1.

Abstract
     There are various explanations about the origin of lightning during 
thunderstorms. A possible explanation is that the cosmic rays may be cause of 
triggers of lightning.  To measure the correlation between atmospheric 
charged particles and atmospheric electric field, we have installed some 
atmospheric electric field meter inside the Tibet Air Shower Array (4,300m 
a.s.l.)  since  February 2010.
   In this poster, we report preliminary result of coincident observation of data 
from the array with single particle counting technique and atmospheric 
electric field during thunderstorm in the 2010 rainy season.

2. Results and Discussion
    In the 2010 rainy season, there were at least 16 active thunderstorms with lightning 
discharges occurred frequently near the Tibet air shower array at Yangbajing, Tibet. The single 
and double counting rate increased with the passage of each thunderstorm. Figure 2 shows 
several thunderstorms event. The time fluctuation of the counting rates and  the magnitude of 
electric field were measured by each event. The magnitude of electric field  indicated the move of 
thunderstorm and step changes of electric field indicate lightning. 

    It is found that the increment of single and double counting rate is in the strong correlation 
with the thundercloud. Though it is uncertain whether these particles generated by  
thunderclouds came on the ground, it is suggested that a thundercloud emits charged particles 
above 3 MeV energy by some kind of mechanism.

    We plan to perform detailed data analysis and estimate energy spectra when the counting 
rate increased were obtained by simulation.

Tibet III Array

30 m

@Google Map

Scintillation Counter 
Array( ~22,050m2, 667 counters)

Plastic sintillator: a 0.5 m2x 3 cm in 
thickness below a lead plate of 0.5 cm 
in thickness

At Yangbajing in Tibet, China 
(90.522˚E, 30.102˚N, 4300 m a.s.l.)

Mode Energy ~ 3 TeV
Angular Resolution ~ 0.9˚ (> 3 TeV)
for normal trigger (4-fold coincidence)

    To measure electric field variations, two commercial electric field mills (BOLTEK EFM- 100) were 
installed on the premises. One is mounted on the ground, while the other is located on the roof of a 
central building; hereafter, denoted as EFM-1 and EFM-2, respectively. The two mills are arranged ∼25 
m apart with a vertical distance of 3.4 m. Individual output signals are transmitted to the central 
building with optical cables, directly fed to PCs and recorded every 0.1s as the magnitude of electric field  
in the range ±40 kV/m with a resolution of 20 V/m.

Figure 1: Tibet air shower array. Yellow symbols are 82 
scintillation counters using the single counting 
technique. EFM-1 and EFM-2 are electric field mills 
(BOLTEL EFM-100).

EFM-2

EFM-1

Figure 2: Examples of the fluctuation of the counting rate associated with 
thunderstorm. There are events for (a) and (b) on May, 24, 2010, (c) on July 
20, 2010,  (d) on July 22, 2010. Red and blue circles indicate the single 
particle and double particles counting rate, respectively. Black solid and 
green dash lines indicate the magnitude of electric field for EMF-1 and 
EMF-2, respectively.
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in thickness

At Yangbajing in Tibet, China 
(90.522˚E, 30.102˚N, 4300 m a.s.l.)

Mode Energy ~ 3 TeV
Angular Resolution ~ 0.9˚ (> 3 TeV)
for normal trigger (4-fold coincidence)

    To measure electric field variations, two commercial electric field mills (BOLTEK EFM- 100) were 
installed on the premises. One is mounted on the ground, while the other is located on the roof of a 
central building; hereafter, denoted as EFM-1 and EFM-2, respectively. The two mills are arranged ∼25 
m apart with a vertical distance of 3.4 m. Individual output signals are transmitted to the central 
building with optical cables, directly fed to PCs and recorded every 0.1s as the magnitude of electric field  
in the range ±40 kV/m with a resolution of 20 V/m.

Figure 1: Tibet air shower array. Yellow symbols are 82 
scintillation counters using the single counting 
technique. EFM-1 and EFM-2 are electric field mills 
(BOLTEL EFM-100).

EFM-2

EFM-1

Figure 2: Examples of the fluctuation of the counting rate associated with 
thunderstorm. There are events for (a) and (b) on May, 24, 2010, (c) on July 
20, 2010,  (d) on July 22, 2010. Red and blue circles indicate the single 
particle and double particles counting rate, respectively. Black solid and 
green dash lines indicate the magnitude of electric field for EMF-1 and 
EMF-2, respectively.
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雷雲からの高エネルギー放射線	


AS シングルカウント 
 
AS ダブル(Any 2 det.)	


電場計(EFM-1) 
電場計(EFM-2) 

ICRC 2013	


１年間に少なくとも 
16個の相関イベントあり	




まとめ	
 

•  Tibet MD & YAC検出器 
- 2014年3月にデータ取得を開始 
- 現在も順調にデータを取得中 
 

•  雷雲と高エネルギー放射 
- 雷と相関のあるイベント増加を観測 
 

•  宇宙線異方性については次講演(宗像) 
 


