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The absolute ver t ica l  muon intensity in the range 0.2 - 1000 GeV/c has been determined from 4 different 
measurements .  The best  fit differential and integral intensities turned out to be 10 - 25~ higher than p re -  
vious spectra  which have usually been normalized to the intensity at 1 GeV/c given by Rossi  in 1948. 

In m o s t  c o s m i c  r a y  e x p e r i m e n t ,  in which  the  
muon  s p e c t r a  at s e a  l e v e l  a r e  be ing  m e a s u r e d ,  
the  shape  of the  s p e c t r a  r a t h e r  than the  abso lu t e  
i n t e n s i t y  has  b e e n  of p r i m a r y  i m p o r t a n c e .  It has  
b e e n  n o r m a l  p r o c e d u r e  to n o r m a l i z e  the  v e r t i c a l  
d i f f e r e n t i a l  s p e c t r u m  to the va lue  2.45 × 10 -3  
c m - 2 s r - l s e c - l ( G e V / c )  -1  at 1 G e V / c  [1]. R e c e n t l y  
h o w e v e r  the  i n t e n s i t y  at th i s  s t a n d a r d  m o m e n t u m  
has  b e e n  r e m e a s u r e d  [2, 3] and t u r n e d  out to be  
26~o h i g h e r  than the  R o s s i  va lue .  In c o n s e q u e n c e  
doubt  has  b e e n  c a s t  on the  v a l i d i t y  of t h o s e  s p e c -  
t r a  which  w e r e  n o r m a l i z e d  to the R o s s i  v a l u e  [4]. 
In the  fo l lowing  an a b s o l u t e  s p e c t r u m  in the r a n g e  
0.2 - 1000 G e V / c  is  r e p r e s e n t e d  which  was  d e t e r -  
m i n e d  by four  d i f f e r e n t  m e a s u r e m e n t s  c a r r i e d  
out in Kiel .  

The  m e a s u r e d  abso lu t e  v e r t i c a l  i n t e n s i t i e s  of 
t h r e e  s p a r k  c h a m b e r  s p e c t r o g r a p h s  and one ab-  
s o r p t i o n  s p e c t r o g r a p h  a r e  p r e s e n t e d  in t ab le  1. 
The  s m a l l e s t  s p e c t r o g r a p h  r e c o r d e d  the  f lux in 
the  m o m e n t u m  r a n g e  0.2 - 6.0 GeV/c  (exp. No. I) 
[5, 6], the  s econd  s p e c t r o g r a p h  in the  r a n g e  0.2 - 
10 GeV/c  (III) [7, 8] and the  l a r g e s t  s p e c t r o g r a p h  
in the r a n g e  10 - 1000 GeV/c  (IV) [9, 10]. F r o m  
al l  t h r e e  s p e c t r o g r a p h s  only  da t a  which  c o r r e -  
spond to a r e l a t i v e  a c c e p t a n c e  l a r g e r  than 0.7 
and a m o m e n t u m  s m a l l e r  than the  m d m  of the  
i n s t r u m e n t  w e r e  a c c e p t e d  in t ab le  1. By m e a n s  
of an a b s o r p t i o n  s p e c t r o g r a p h  the  a b s o l u t e  v e r t i -  
c a l  i n t ens i t y  has  b e e n  d e t e r m i n e d  at 1.11 GeV/c  
(II) r e s p e c t i v e l y  1 GeV/c  [2, 3]. The  i n t e n s i t i e s  of 
the  f i r s t  two s p e c t r o g r a p h s  (I, III) have  been  
m e a s u r e d  in r e l a t i v e  uni t s  b e c a u s e  of the u n c e r -  
t a incy  in the a p e r t u r e ,  which  i s  about  10~o. T h e s e  
da t a  w e r e  n o r m a l i z e d  to the  a b s o r p t i o n  m e a s u r e -  
m e n t  at 1.11 GeV/c  (II). The  r e l a t i v e  i n t e n s i t y  
e r r o r s  (I, III) i n c l u d e s  bo th  s t a t i s t i c a l  a s  n o r m a l i -  
za t ion  e r r o r s  The  da t a  of IV w e r e  m e a s u r e d  in 
a b s o l u t e  uni ts .  Al l  da ta  r e p r e s e n t  the to ta l  s p e c -  

t r u m  of muon  i r r e s p e c t i v e  of w h e t h e r  the  muons  
a r e  a c c o m p a n i e d  by s e c o n d a r i e s  o r  not. 

The  e x p e r i m e n t a l  da t a  of t ab le  1 w e r e  u s e d  to 
d e t e r m i n e  an abso lu t e  v e r t i c a l  muon  s p e c t r u m  at 
s e a  l e v e l .  In a t h e o r e t i c a l  a n a l y s i s  of our  da ta  
we have  f i t t ed  our  d i s t r i b u t i o n  to the fo l lowing  
p h e n o m e n o l o g i c a l  f o r m :  

dN(E) 
d E  = PA (E+ AE) -'Y 

K r  2 B 2 ( E + A E  + B 2 ) - l } ,  

, - i  . . . . . . . . .  i . . . . . . . .  i . . . . . . .  
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Fig. 1. The absolute vert ica l  muon spectra  in Kiel.  
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Tab l e  1 
The  m e a s u r e d  a b s o l u t e  v e r t i c a l  muon  i n t e n s i t i e s  in Kie l  

20 S e p t e m b e r  1971 

M o m e n t u m  M e a n  
r a n g e  m o m e n t u m  

GeV/c GeV/c 

Di f f e ren t i a l  Re l a t i ve  N u m b e r  R e l a t i v e  
i n t e n s i t y  e r r o r  of  m e a s .  a c c e p t a n c e  

-2  -isec-l(GeT'J)-Iv/c % particles c m  s r  

Exp. No. 

re f .  

0 . 2 -  0.5 0 .34 

0 . 5 -  0.8 0 .64 

0 . 8 -  2.0 1.32 

2 . 0 -  4.0 2.86 

4 . 0 -  6.0 4.91 

0 . 9 8 -  1 . 2 4  1 . 1 1  

0 . 2 -  0 .4  0.29 

0 . 4 -  0.6 0.50 

0 . 6 -  1.0 0.79 

1 . 0 -  i . 5  1 .24 

1 . 5 -  2.5 1.95 

2 . 5 -  4.0 3.17 

4 . 0 -  6.0 4.91 

6 . 0 - 1 0 , 0  7.76 

10 - 13 11.4 

13 - 17 14.8 

17 - 25 20.5 

25 - 40 31.4  

40 - 70 52.3 

70 - 128 93.0 

128 - 250 175.0 

250 - 450 329.0 

450 - 1000 642.0 

(3.92 ± 0.62) x 10 -3  16.0 125 0.83 

(3.59 ± 0.49) x 10 -3  13.5 121 0.91 

(2.57 ± 0.29) x 10 -3  11.3 360 0.96 

(1.11 ± 0.13) x 10 -3  11.7 259 1.00 

(4.13 ± 0.59) x 10 - 4  14.0 96 1.00 

(2.90 :e 0.20) × 10 -3  6.8 6030 1.00 

(3.57 ± 0.35) × 10 -3  9.7 224 0.79 

(3.70 ± 0.35) x 10 -3  9.4 270 0.92 

(3.41 ± 0.28) x 10 -3  8.3 524 0.97 

(2.73 ± 0.23) x 10 -3  8.3 537 1.00 

(1.73 ± 0.15) x 10 -3  8.1 685 1.00 

(7.92 ± 0.65) x 10 - 4  8.3 471 1.00 

(4.24 ± 0.37) x 10 - 4  8.8 337 1.00 

(1.84 ± 0.17) × 10 - 4  9.3 292 1.00 

1.13 ± 0.01) x 10 - 4  1.1 7670 0.73 

6.04 ± 0.08) x 10 -5  1.2 6470 0.86 

2.51 • 0.03) x 10 -5  1.3 5931 0.95 

8.01 :e 0.13) x 10 -6  1.8 3754 1.00 

1.89 ± 0.05) x 10 -6  2.4 1767 1.00 

3.38 :~ 0.14) x 10 -7  4.0 613 1.00 

5.19 ± 0.37) x 10 -8  7.1 198 1.00 

7.84 ± 1.12) x 10 -9  14.3 49 1.00 

6.40 ~- 1.92) x 10 -10 30.2 11 1.00 

i 

[5,6]  

II [2, 3] 

I I I  

[7,81 

IV 

[9, lO] 

w h e r e  B 1 = 9 0 G e V ,  B 2 = 4 5 0 G e V ,  r 1 = 0 . 7 6 ,  
r 2 = 0 . 5 2 ,  E -: m u o n  e n e r g y  a t  s e a  l e v e l ,  h E  = 
e n e r g y  l o s s  f r o m  p r o d u c t i o n  to  s e a  l e v e l ,  P = s u r -  
v i v a l  p r o b a b i l i t y  o f  m u o n s  f r o m  p r o d u c t i o n  to  s e a  
l e v e l .  T h e  u n k n o w n  p a r a m e t e r s  a r e  A ,  7 ,  K .  
A m a x i m u m  l i k e l i h o o d  t e c h n i q u e  h a s  b e e n  u s e d  
f o r  t h e  f i t t i n g .  T h e  b e s t  f i t  s p e c t r u m  y i e l d s  
A = 0 . 1 9 9 ,  7 = 2 . 6 3 ,  K = 0. F r o m  t h e s e  b e s t  f i t  
p a r a m e t e r s  t h e  d i f f e r e n t i a l  a n d  i n t e g r a l  i n t e n s i -  
t i e s  a t  s e a  l e v e l  a n d  t h e  c o r r e s p o n d i n g  s l o p e s  
w e r e  c a l c u l a t e d  a t  s t a n d a r d  m o m e n t a  ( t a b l e  2) .  
In  f ig .  1 b o t h  s p e c t r a  a r e  p r e s e n t e d  t o g e t h e r  
w i t h  t h e  e x p e r i m e n t a l  d a t a  of  t a b l e  1. 

In  f i g .  2 t h e  d i f f e r e n t i a l  a n d  i n t e g r a l  s p e c t r a  
o f  o t h e r  m e a s u r e m e n t s  w e r e  c o m p a r e d  w i t h  t h e  
K i e l  s p e c t r a  ( t a b l e  2).  T h e  K i e l  s p e c t r u m  h a s  

b e e n  u s e d  a s  r e f e r e n c e  s p e c t r u m ,  t h e  e r r o r  b a n d  
i s  d u e  to  t h e  e r r o r s  o f  o u r  d a t a .  T h e  d i f f e r e n t i a l  
f l u x  o f  t h e  H W - s p e c t r u m  [11] i s  l o w e r  b y  1 0 -  25% 
in  t h e  m o m e n t u m  r e g i o n  0 .4  - 4 . 0  G e V / c .  T h e  
s p e c t r a l  s h a p e s  o f  b o t h  s p e c t r a  a r e  s i m i l a r  f o r  
m o m e n t a  l a r g e r  t h a n  10 G e V / c  b u t  t h e y  a r e  d i f -  
f e r e n t  in  t h e  a b s o l u t e  i n t e n s i t y  b y  25%. C o n s e -  
q u e n t l y  t h e  i n t e g r a l  f l u x  o f  t h e  H W - s p e c t r u m  i s  
n e a r l y  o f  t h e  s a m e  s p e c t r a l  s h a p e ,  i t s  a m p l i t u d e  
h o w e v e r  b e i n g  l o w e r  b y  20  - 25%.  R e g a r d i n g  t h e  
O W P - s p e c t r u m  [12] t h e  r e l a t i v e  d i f f e r e n c e  i s  
a b o u t  20% a t  20  G e V / c  a n d  a m o u n t s  to  2 - 10% in  
t h e  r e g i o n  o f  1 T e V .  T h e  r e l a t i v e  d i f f e r e n c e  on  
t h e  s p e c t r u m  of  M e n o n  e t  a l .  [13] i s  g r e a t e s t  
(25%) a t  20 G e V / c  a n d  i s  n e g l i g i b l e  f o r  e n e r g i e s  
l a r g e r  t h a n  150  G e V / c .  T h e  a b s o l u t e  i n t e n s i t y  
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Table  2 
The bes t  fit absolute  muon s p e c t r a  and the 

cor responding  power exponent at s t andard  momenta  

M omen-  Different ial  Integral  
turn in tens i ty  Ydiff in tens i ty  

GeV/c cm - 2 s r  - l s e c  -1 -2  -1 -1 
GeV/c cm s r  sec  

~int 

0.2 3.73 x 10 -3 0.06 9.94 × 10 -3 0.05 

0.4 3.72 × 10 -3 0.16 9.18 x 10 -3 0.13 

0.8 3.10 x 10 -3 0.38 7.81 x 10 -3 0.28 

1.0 2.79 x 10 -3 0.49 7.22 x 10 -3 0.35 

1.5 2.14 x 10 -3 0.73 6.00 x 10 -3 0.50 

2.0 1.67 x 10 -3 0.93 5.05 x 10 -3 0.63 

3.0 1.06 x 10 -3 1.24 3.72 x 10 -3 0.82 

5.0 4.97 × 10 -4  1.63 2.26 x 10 -3 1.08 

7.0 2.73 x 10 -4  1.87 1.52 x 10 -3 1.24 

10 1.33 x 10 -4  2.10 9.42 x 10 -4  1.40 

15 5.40 x 10 -5 2.32 5.13 x 10 -4  1.57 

20 2.70 x 10 -5 2.46 3.21 x 10 -4  1.68 

30 9.59 x 10 -6  2.63 1.57 x 10 -4  1.82 

50 2.36 x 10 -6  2.83 5.93 x 10 -5 1.99 

70 8.92 x 10 -7 2.95 2.98 x 10 -5 2.09 

100 3.04 x 10 -8 3.07 1.38 x 10 -5 2.20 

150 8.51 x 10 -8 3.20 5.55 x 10 -6 2.30 

200 3.35 x 10 -8 3.28 2.84 x 10 -6 2.36 

300 8.70 x 10 -9 3.37 1.07 x 10 -6 2.43 

500 1.52 x 10 -9 3.46 3.03 x 10 -7 2.50 

700 4.71 x 10 -10 3.50 1.30 x 10 -7 2.54 

1000 1.34 x 10 -10 3.54 5.23 x 10 -8 2.56 

m e a s u r e m e n t  w i th  t h e  MARS s p e c t r o g r a p h  of 
W o l f e n d a l e  [14] a r e  i n d i c a t e d  by  o p e n  c i r c l e s  and  
l o w e r  t h a n  t h e  r e f e r e n c e  s p e c t r u m  by  11% and  
17% r e s p e c t i v e l y .  T h e  m e a s u r e d  i n t e n s i t y  of 
She ldon  [15] i s  l o w e r  by 5 - 15% t h a n  the  r e f e r -  
e n c e  s p e c t r u m .  T h e  r e s u l t s  of  t he  m e a s u r e m e n t s  
of C o t t r e l l  et  al .  [16] h a v e  b e e n  r e a n a l y s e d  in  
t e r m s  of t h e i r  e n e r g y  d e p e n d e n c e  and  a r e  p l o t t e d  
a s  t r i a n g l e s  in f ig .  2. At 5 G e V / c  t h e i r  i n t e n s i t y  
i s  h i g h e r  by  40% t h a n  t he  r e f e r e n c e  s p e c t r u m ,  
t h e  o t h e r  two p o i n t s  c o r r e s p o n d  to  t h e  H W - l i n e .  
T h e  s p e c t r u m  of A u r e l a  et  a.l. [17] i s  l o w e r  by  
20% in  t h e  i n t e r v a l l  1 - 100 GeV/c  and  in  a g r e e -  
m e n t  wi th  t h e  p r e s e n t  w o r k  fo r  m o m e n t a  g r e a t e r  
t h a n  100 GeV/c .  

T h e  p r e s e n t  w o r k  i n d i c a t e s  t h a t  t he  a b s o l u t e  
i n t e n s i t y  s p e c t r a  of m u o n s  w e r e  u n d e r e s t i m a t e d  
by  10 - 20% b y  m a n y  i n v e s t i g a t o r s .  
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Fig. 2, Relat ive d i f fe rences  of o ther  worke r s  f rom the bes t  
fit Kiel in tensi ty  e.g. (diff IntHw - d i f f  IntKiel)/diffIntKiel .  
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