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~1900  
 
 
 
 

 
 
 
 

  Eiffel Tower
J.Elster , H.Geitel, C.T.R. Wilson    Th. Wulf 
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1911-1912
 

 RaC 
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Domenico Pacini (Italy) 1911  
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Cosmic Ray Research  1910's-1930's 
 
1912:   :  HESS 
    Kolhörster 
    ………… 
1920's :   :      Clay, Millikan , Compton 
  :       Skobeltzyn 

: Bothe, Kolhörster
     …………… 
1930's Positrons  
  East West Effect      
    
  Electron Showers   
 
  Muons 
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Kolhörster  

Rutherford
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(1929) 
1928:  Niels Bohr Institute  
      
     1929:  
     1929:  Dirac Heisenberg  
         
               

1931:
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 : 1931   
  
  
 

 
 

 10cm. H:2000 

 
  

  Blackett (1932-33), 
   Blackett:  Nature (1933) 
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1932 33  
 
 
 

 
 
 Positron    MUON?   Electron Shower  

Anderson    Kunze:1933   Blackett & Occhialini  
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 : 1935-1939 

  1936 - 37       
1938      ( ) 

 
 
D: 40cm dia 
H: 1.7 Tesla 
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Muon ? 
 

Nedermeyer-Anderson; Street-Stevenson; Nishina-Takeuchi-Ichimiya 
     
E.R.Bagge   P.Kunze       (1933) 

…………………………………   (1935)
J.Wheeler   A-N         (1936) 
 

B.Rossi   N-A + S-S        (1937) 
 

J.C.Street   J.F.Carlson & J.R.Oppenheimer (1937) 
 

P.M.S.Blackett  N-A +  S-S +  N-T-I    (1937) 

A.Pais    C.F.Powell ( —µ)       (1947) 
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MUON
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

        (1932-39) 
       Galison: The Discovery of MUONS 
       (Letters, Photos, Memos, etc) 
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20cm  

 2 : ( 1930-1937) 

QED  >137mec2 

QED Break Dow  

   me<<  M  << Mp  
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1937

Neddermeyer & Anderson  me< M<Mp, M ( 5-1000)me 
 
Leprince-Ringuet    BreakDown of QED 
 
Blackett & Wilson     BreakDown of QED 
 
Street Stevenson    130±33me 
 

, ,       223±39me 
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Anderson, Neddermeyer ; Aug.(1936) 
 
 

 
 
 
 
 

 
300me: 

Anderson, Neddermeyer  
. 
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Neddermeyer Anderson; May (1937) 
       Phys Rev 50(1936) 263 

 
      
 
 
 
 
 
 

 

~3c.u.
Blackett 200MeV  ! 
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1937  7  27

(Letter No. 616) 

 
(Letter No. 617) 
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Aug.(1937)
Phys Rev. 52(1937)1198.Dec.1

 
 
 
 
 

       Dia. =40cm ,  
       H= 1.7 Tesla. 
  

           =223±39me  
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Street, Stevenson;  Oct.(1937) 
  Phys Rev 52 (1937) 1003, Nov.1 

 
 
 

Detector   Track A : Proton   Track B: 130±33me 

130±33me. (  vs. ) 
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 .  (1937 7  27 )  . (1937 8-9? ) 
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  H =  7x105 gauss cm  =>  7.4x105 gauss cm        
  =  2.4x105 gauss cm =>  4.9x105 gauss cm 
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1937  8 5   10 15  
 

:  H = (7.0±0.7)*105    (7.4±0.3)*105 
:  H = (2.4±0.1)*105     (4.9±0.1)*105  

1/6- 1/7 Mp      1/7- 1/10 Mp 
 

284 ±22me     223±39me 
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Phys. Rev. Dec .1   Phys. Rev . Nov.1 

  
 

            
             J.C. Street and E.C. Stevenson 
        
 
 
 

(Received August 28,1937)     (October 6, 1937) 
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Kunze:    Mar.24 (1933)  Z.Phys. (1933) 
 
Neddermeyer, Anderson: Mar. 30 (1937)    Phys. Rev.May.15 
 
Street, Stevenson.1:   Meeting (April 29, 1937) Phys. Rev.June.1  
 
Street, Stevenson.2:  Oct.6 (1937)  Phys. Rev.L.Nov.1 
 

:   Aug.28 (1937) Phys. Rev .Dec.1 
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MUON  
Neddermeyer - Anderson  Insufficient Evidence? (Blackett

 Street-Stevenson
 

: Street Stevenson
 MUON : ~207me,  Nishina: 223±39me,   Street: 130±33me. 
 

Street Stevenson
?.  

 

Muon  
!! 
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 ( -1945 ) 
 

3500 m.w.e  (1939-44)

(1937-38)
       

 (1941…)  
    
 
              

(1942-43) 
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(1400m.w.e., 3000m.w.e,1939-1944) 
 

      1951
 
 
         (Bollinger) 
    Shimizu Tunnel 

     

     
         
   
 
 
 
 
 
           Y.Miyazaki, Phys Rev. 76(1949)173 
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1942.Mar.7  
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Amsterdam   2.1GV  Clay    (1949) 

 
London    2.1GV  Duperier  (1945) 

 
Friedichishafen  2.2GV  Ehemert  

 (1948) 
 

Norfolk    3.0GV  Berry & Hess (1945) 
 

     11.4GV    (1942) 
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 (1935 )

……(1932,……

(1943……)

1942

(1943)
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(~1950) 
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(1953-) 

2770m  

  
  
 
 
 

 
 
 

(1955-76) 
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Lord Schein Star     Hopper Biswas Star 
Fermi
Landau
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  1955

jet Shower      Lord Fainberg Schein ~1013  
       Hopper Biswas   ~1012eV

Bollinger ~1014eV

EAS  1015-1016 eV
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A.

B.
  2   (NK ) 
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1956       
                    17 chambers 
                   7 Balloons 
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  20Jets (1013eV - 1014eV) 
47 o

o  390 ± 20MeV 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

         (1956) 
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ECC
 

X 1958
 ~1015eV

o 2  (1960)
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1971
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ECC
 

(1968 2001) ~ 5m2sr.day TeV
  
 

          15 Flights 
E3J          4 Flights in US 
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ECC

JACEE  (1979-1995 )  
 14 Flights , 63m2 day  ~ 1015eV      
          
             
            
            
 
 
 
 
 
 

RUNJOB (1995-1999) 
 11 Flights: 
 24m2 day ~ 1015eV 
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BESS Collaboration (1993  ) 
 

       
 

1993-2002  9 Flights  Canada 
2004,2007  2 Flights  Antarctica 
          Pamerla     AMS 
 

 
 
 
 
 
    BESS Polar II   2007-2008 Flight, 24.5days 
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 Anti Proton ~10,000  0.1GeV- 4.0GeV 
 Primodal Black Hole    <10-7/pc3yr 
 Anti Helium/ He   < 6.9x10-8 
 Proton Spectrum      BESS Polar II  
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Calet (to be Launched on ISS , 2014) 
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      APPENDIX 
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                                                         From the Talk by Hörandel at Denver meeting , 2012, July.  
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1930  
 

Anderson, Neddermeyer:    15cm  0.79Tesla 
 

Street, Stevenson:      20cm   0.35 Tesla 
 

Crussard, Leprince-Ringuet: 50cm  1.3 Tesla 
 

Blackett,Occhialini, Wilson:   25cm  1.4 Tesla 
 

:    40cm  1.7 Tesla 
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Paper submition 1937  8 5  
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References on MUON Discovery 

Original Paper (1930-1939) 
 
Y.Sekido and H. Elliot:  Early History of Comic Ray Studies  (1982) 
 
Rossi: Cosmic Rays (1964) 
 
L.M. Brown and L. Hoddeson:The Birth of Particle Physics (1983) 
 
P.Galison: The Discover of MUONs  (1982) 
 
Archives: Nishina Memorial Fundation (Letters, Photos ,……) 
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Magnet Spectrometers 
 
 
 
 
 
   
 

                                  
 

Pamela 
                             
                             
 
 
 

       

            
   BESS         AMS 

    



 60 

 
 

Balloon Observation at McMurdo 
                   

 
 
 
 
 
 
 
 
 

   Tiger              Polar Flight          Tracer  

    
 
 
 

                                     
                                                                       

   

        
 

   CREAM                  BESS               ATIC        


