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The muon’s magnetic moment anomaly, and hence g-factor anomaly a = i(g-2) , has been measured in the 
CERN muon storage ring. Final results are a@-) -a(p) = (50 f 75) x 10-8 . anda = (116616+31)x 10-8. 
which is 1.8 standard deviations above the theoretical value ath(b) = 116~60 x 10-8 . 

The anomalous part of the muon g-factor, 
a = s&-2), is calculated from standard quantum 
electrodynamics [I]. 

a =o/2n + 0.7658 iy2/v2 + 2.49 03/v3 +. . . 

= 11655.7 x lo-’ (1) 

where the o3 -term is obtained from an estimate 
of the sixth-order contribution to the electron 
anomaly [2] (0.13 cr3/r3), plus a calculation of all 
sixth-order terms which are different for the 
muon [3], and using [4] o-1 = 137.0359. 

Adding a contribution from strong interactions 
151, the current theoretical prediction is 

atheory = 11656.0 X lo-’ (2) 

with an uncertainty (due to strong interactions) of 
less than 3 X lo-‘. Possible weak interaction 
contributions have also been considered [6]. 

We determine the anomalous part of the mag- 
netic moment with the following experimental 
arrangement. Injection of polarized muons into 
the weak-focusing ring magnet (p = 250 cm, 
B = 1’7.11 kG, pee = 1.27 GeV/c) is accomplished 
by the forward decay of pions produced when a 
target in the magnetic field is struck by 10.5 GeV 
protons from the CERN Proton Synchrotron [?] 
(see fig. 1). The polarization direction of the 
muons as a function of time is followed by record- 
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ing electrons emitted by muon decay in flight. 
These electrons emerge on the inside of the ring 
and produce a large pulse in lead-scintillator- 
sandwich shower detectors. The detection elec- 
tronics is biased to accept only the highest ener- 
gy electrons which must come from forward 
decay in the muon rest frame. As a result, the 
counting rate is modulated by the muon preces- 
sion due to the anomalous moment at frequency 

W a = a(e/m,c)B , (3) 

Fig. 1. Plan of 5-metre diameter ring magnet. The 
proton beam enters through a hole in the yoke and hits 
a target in the magnetic field. Muons created by n-p 
decay are stored. The counters detect electrons from 
p-e decay. The four probes of the NMR magnetometers 
are injected into specific locations on the muon orbit 

every 200 cycles of the PS. 
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Fig. 2. Distribution of decay-e lec tron  events as  a function of t ime. Lower curve shows rotation frequency of muon at 
early  t ime.  A, B, C: late t ime data, 2 0 - 1 3 0 / ~ s e c  showing ( g -  2 ) - p r e c e s s i o n .  Data are fitted from 21 to 190/.Lsee. 

w h e r e  B is  the t i m e  a v e r a g e  m a g n e t i c  f i e ld  fo r  
the  e n s e m b l e  of m u o n s  wh ich  c o n t r i b u t e  to the 
da ta  [e.g.  8]. The  m a g n e t i c  f i e ld  i s  m e a s u r e d  in 
t e r m s  of the c o r r e s p o n d i n g  m e a n  p r o t o n  p r e c e s -  
s ion  f r e q u e n c y  ~o" 

The  v a l u e  of ~e/moC ) f o r  the muon  is  ob ta ined  
f r o m  the r a t i o  of muon  to p r o t o n  p r e c e s s i o n  f r e -  
quency  in the s a m e  f ie ld ,  ~ -= ¢0~/OJp . We have  

(e/moC) B = ~(1 + ~)(1 +a )  -1 ~p  . (4) 

k has  b e e n  m e a s u r e d  by Hutch inson  e t  al .  [9] fo r  
muons  s topped  in w a t e r  r e l a t i v e  to p r o t o n s  in 
w a t e r .  In ou r  c a s e  the  muons  a r e  in v a c u u m ,  
w h i l s t  the  p r o t o n  e n v i r o n m e n t  i s  a s  b e f o r e .  The  
c o r r e c t i o n  (1 + ~) i s  the d i a m a g n e t i c  sh i e ld ing  
of muons  in w a t e r ,  r e l a t i v e  to v a c u u m ,  c a l c u l -  
a t ed  by R u d e r m a n  [10]. 

E q u a t i o n s  (3) and (4) y ie ld ,  fo r  the  r a t i o  
(Wa/~  p) wh ich  we m e a s u r e ,  
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Wa/~- p = a (1  + a )  -1 k(1 + E) . (5) 

A s  the  r a d i a l  m a g n e t i c  g r a d i e n t  n e c e s s a r y  f o r  
v e r t i c a l  f o c u s i n g  i m p l i e s  a f i e l d  v a r i a t i o n  of 0.4% 
o v e r  t he  8 c m  r a d i a l  a p e r t u r e  of t he  m u o n  s t o r a g e  
r e g i o n ,  a m a j o r  p r o b l e m  i s  to  d e t e r m i n e  t he  
m e a n  r a d i u s  of t he  e n s e m b l e  of  m u o n s  w h i c h  c o n -  
t r i b u t e  to  o u r  c o u n t s .  T h i s  h a s  b e e n  o b t a i n e d  b y  
m e a s u r e m e n t s  r e l a t e d  to  t he  r o t a t i o n  f r e q u e n c y  
of the  m u o n s .  A s  t he  i n j e c t i o n  p u l s e  i s  on ly  5 - 10 
n s e c  long,  a n d  the  r o t a t i o n  p e r i o d  T = 2vp/f l  c i s  
a b o u t  52.5 n s e c ,  t he  m u o n s  a r e  i n i t i a l l y  b u n c h e d ,  
a n d  t he  c o u n t i n g  r a t e  i n  t he  d e c a y - e l e c t r o n  c o u n -  
t e r s  i s  m o d u l a t e d  d u r i n g  the  f i r s t  few m i c r o s e c -  
o n d s  ( s e e  l o w e r  p a r t  of f ig.  2). A n a l y s i s  of t he  
m o d u l a t e d  r e c o r d s  y i e l d s  t he  m e a n  r a d i u s  to  
± 2 r a m ,  a s  s h o w n  by  t e s t s  on  M o n t e - C a r l o - g e n e -  
r a t e d  da ta .  

E x p e r i m e n t a l  c h e c k s  i n d i c a t e  t h a t  t he  m e t h o d  
i s  v a l i d .  H o w e v e r ,  a 25% l o s s  of p a r t i c l e s  o c c u r s  
b e t w e e n  t he  m e a s u r e m e n t  of T a n d  t h e  m e a s u r e -  
m e n t  of COn, r a i s i n g  t he  p o s s i b i l i t y  of a c h a n g e  of 
r a d i u s .  E x p e r i m e n t s  w h e r e  we  r e s t r i c t e d  the  
h o r i z o n t a l  a p e r t u r e  f r o m  t he  i n s i d e  a n d  f r o m  t he  
o u t s i d e  of t he  r i n g  i n d i c a t e  t h a t  the  m e a n  r a d i u s  
d o e s  not  c h a n g e  w i t h  t i m e  b y  m o r e  t h a n  1 m m .  
We a s s i g n  a n  o v e r a l l  e r r o r  of ±3 m m  in  r a d i u s .  

W e  f i t  t h e  d a t a  w i t h  a f u n c t i o n  t h a t  a l l o w s  f o r  
t h e  t i m e  d e p e n d e n c e  of t he  l o s s e s .  T h e  r e s u l t s  
v a r y  l e s s  t h a n  ± 0 .2  s t a n d a r d  d e v i a t i o n  a s  a f u n c t -  
ion  of the  s t a r t i n g  t i m e  of t he  f i t .  

T h e  s t a t i s t i c a l  e r r o r  i s  ± 2 . 3  × 10 -7  . T h e  f l u c t -  
u a t i o n s  of the  r e s u l t s  of e i g h t  d i f f e r e n t  r u n s  a b o u t  
t he  m e a n  g i v e s  X 2 = 7 .84  c o m p a r e d  w i t h  6 .35 e x -  
p e c t e d .  T h e  r a n d o m  e r r o r  h a s  b e e n  i n c r e a s e d ,  
by  t he  s q u a r e  r o o t  of t h i s  r a t i o ,  to  ± 2 . 5  x 10-7  . 

To  t h i s  m u s t  b e  a d d e d  t he  e r r o r  in  m a g n e t i c  
f i e l d  c o r r e s p o n d i n g  to  ± 3 m m  u n c e r t a i n t y  in  
r a d i u s ,  d i s c u s s e d  a b o v e :  t h i s  c o n t r i b u t e s  
± 1.9 x 10 -7  e r r o r  i n  a .  T h e s e  two e r r o r s  a r e  
c o m b i n e d  q u a d r a t i c a l l y  to  g ive  t he  o v e r a l l  e r r o r  
of ±3 .1  × 1 0 - 7 .  

T h e  r e s u l t  i s  

a e x  p = (11661 .6  + 3.1)  x 10 -7 

o r  

a e x p -  a t h e o r y  = + ( 5 . 6 ± 3 . 1 ) ×  10 -7  

= + (480 ± 270) p p m *  

T h i s  r e s u l t  t e s t s  QED to  new l e v e l s  of p r e c i s -  
ion.  F o r  e x a m p l e ,  a c o n v e n t i o n a l  h i g h  m o m e n t u m -  
t r a n s f e r  c u t - o f f  [11] of A ~ 5 G e V / c  wou ld  lower 
t h e  t h e o r e t i c a l  r e s u l t  b y  270 p p m  a n d  t h i s  a p p e a r s  
u n l i k e l y .  A c o u p l i n g  of  t he  m u o n  to  a n  u n k n o w n  
b o s o n  f i e l d  [12] c o u l d  c a u s e  e i t h e r  a n  i n c r e a s e  o r  
d e c r e a s e .  

W e  w o u l d  l ike  to  e x p r e s s  o u r  t h a n k s  to  Dr .  S. 
V a n  de  M e e r  who  c o n t r i b u t e d  g r e a t l y  to  t he  d e s i g n  
a n d  o p e r a t i o n  of t he  e x p e r i m e n t .  W e  wou ld  a l s o  
l i ke  to  t h a n k  P r o f e s s o r s  L.  M. L e d e r m a n  and  M. 
T a n n e n b a u m  f o r  t h e i r  p a r t i c i p a t i o n  i n  p a r t  of t he  
e x p e r i m e n t ,  a n d  f o r  s t i m u l a t i n g  d i s c u s s i o n s .  W e  
a r e  a l s o  g r a t e f u l  f o r  t he  c o n t r i b u t i o n  of a n  o n - l i n e  
c o m p u t e r  by  t he  U n i v e r s i t y  of M u n i c h .  
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