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'l%e second postulate of special relat ivi ty 
s~.tes that the velocity of electromagnetic radia-  
tion i s  independent of the motion of the enforce. 
In spite of recent experiments to test  this  pos- 
tuiate 1-5), the empirical  evidences remain 
either of low accuracy or subject to different 
theoretica ! doubts 6-8). For a detailed review of 
th~ situation, see, for exan~ple, ref. 2. 

To compare experiments on this subject, it 
has been assumed for s implici ty tlmt the velocity 
of the radiation from ~ moving source is  given by 

c' = c + k v ,  (I) 

where v is  the velocity of the moving source ~md 
k is a constant to be determin,.~l experimentally. 
SPecial reiat ivi ty requires,  of course, k = 0. The 
bes~ value quoted from astron,)mica! arguments,  
n~ne[y considerations concerning ~he orbi ts  of 
close binary stars 9-II), is k < i0 "8, while for 
terrestrial tests the best results only give a /~ 
ValUe of the order of I~ < 0.1. However, as there 
is no justification for the linear deyendence as- 
sumed in eq, (I), this comparison of various e×- 
perimente is evidently rather arbitrary. 

In. order to increase the accuracy of the 
terres~rzal tests mad in part icular  to search for 
a b r e ~ o w n  of special r e~ t iv i t y  for source velo- 
cit ies very close t o c, e. measurement has been 
made of the velocity of ~/rays from the decay of 

2 mesons of energy >6 C-eV [?. = (1 -~ )'~7 > 45 
according to special relativity]. The velocity of 
the y rays was measured absolutely by t iming 
ovsr ~t lmown distance. 

The measurement was Ferformed with the 
CERN Proton Syushrotror (P~,), rurming at a 
momenttun of t9.~ GeV/c .  The ~O's were pro- 
dused in a Be target  (~ = 1 ram, length = 20 ram) 
and the T rays were observed at  an angle of ~ 6 ° 
tc the proton d~xection. Bending magnets close 
to the b~xget were used to b-weep away eharg~d 
part icles giving ~n essentially neutral  beam, 
which passed thr  v~gh a 5 mm diameter lead cot- 
timator and a per'reorient m~.gust about 50 m from 
dm target. 
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The Y ra y a  were deter.ted by m e t n s  of a 4 mm 
thick Pb eo~;¢rter  foiinwdd by a smal l  piaetJe 
scintillator In eofnclder, ce with a lead-gias~ ~e-  
renkov counter. The pulse height in this w~ used 
to select 7 rays of energy ~ 6 GeV. In front of the 
detector system a large l~iastic scintlllz.tor was 
used as an anticoanter to eliminate res id  "~2 
c,~rged par t ic les  in the t e ~ .  

The time measurement w'as t-~s~d o~. the 
it, inched .~tructu~e of the ~?S beam. The circulat ing 
beam consists  of btmehes of ~ few ~see halt-width 
a~id separation about I05 nsec. In order to con- 
e~e this bunch si~ucture, the radio frequency 
:ollage was maintained d~clng the targe~ irradia- 
tion (100 msec). 

The start pulses for a time-to-F~ulse-height 
cot verter were taken from the muall plastic soin- 
~[) trot, and Lh.e stop pulses  were derived from 
+ ,e PS r~.dio frequency. The pulses  from the t ime- 
to-pulse-height converter were fed to a multi- 
ciiannei e~l!yser.  

To measure the velocity of the y rays two de- 
tecb)r positions A and B were used. The distance 
be~-een these (S = 31.450 *-0.0015 m) was chosen 
to be- very close *~o c/f, where f is the radio fre- 
quency during the t~rget irrad:~tio~ (9.S3220 ± 
0.00805 MHZ). The )' ray veloci(y (c') io then 
found I t em 

c' ~ s l (1 . / f  +/ ' )  , (~,) 

where A = t B - t A and tA, B are the t imes record-  
ed in positions A, B~ r e~ee t ive ly ,  With this  choice 
of the distance S the two peaks a~pcar a lmost  in 
the same cha~Jnele of the time sort~.,r (A << l / f ) ,  
and one obtains a very  accurate velocity meas-  
urement Insenslt!ve tO errors Ln the c~tltbratinn 
;~nd B~)earity of th(~ timing electronics, 

Fig. i shows the experlme~tal arrangement to~ 
gether with sample time ~pectra recorded in de- 
tector positions A and B. F~r comparison, re- 
cordings for ~vo other portions A' and B' are 
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Ffg, 1. The e~erimental  arrangement e.ud typical time spectra of the y rays. 
recorded in the four detector position~ A, A' ,  B, Bt~ Channel width 0.~5 nsec. 

The measuring time for 100000 counts in the peak w~s about 10 rain. 

i 
a lso presented.  A '  and B' a r e  located 4.5 m f r o m  posK~ons can be obtained by uti l izing the sharp 
A and B, respec t ive ly  (as shown in fig.  1) an d the ~ left par t  of the curves .  In spite of a slew drLft in 
expected shift  of ± 15 nsec  i s  wel l  ver i f ied,  the peak pos i t ions  (due in par t  to smal l  changes 

Although the peaks  show an a s y m m e t r y  orfg~u~ in  the PS i tself) ,  i t  was  c lear  that there was no 
ath~g in the PS~ an accura te  es t imat ion of the  peak constant difference correlated with posit ions A 
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and B, Choosing the most  f~labl~ periodic, a~i  
correlating fop the linear driR~ the  mean valat~ 
for the shift ts  found to be a = 0,005 • 0,013 
n3ee,, 

The re3uR/or the velocity measurement of 
~,ray3 of energy >~ 6 GeV from a source with 
~= 0.S9975 (according to special relativity) as 
given by eq. (2) is 

c '  = (2.9977 ~ 0.0004) x i0 I0 cm/sec  

If we interpret this remdt using eq. (I) wflh 
c = 2.9979 × 1010 era/see,  #he corresponding 
value for k ~s: 

k = ( - 3 ~ 1 3 )  X l 0  "5. 

Note that the T r~ys ob3erved in this  experi- 
ment pas3 through some beryllium, a ~hin mylar 
window and about 60 m of el2 before their  velo- 
city is mea3ored. As fide material  i s  refract ive,  
the e x t i n c t i o n  theorem im, p'de~: that the 6rigirm! 
yrays from the moving ~ma'ee will be slow)y rib. 
s0rbed m'd replaced by s imi lar  radin~itm re-  
emfited by the stationary med~Im, thus Invalidat- 
ing the experiment 7). This effect becomes im-  
l>gr~ant if the phase delay due to the medium ex- 
ceeds say~./2~, where X i s  hhe wavelength of the 
rays. Derlvh*g the  refxactive index for ~ rays 

from the forward sea~ering amp1Itude per elec- 
tron A = v2/mc 2, the  raa .~tmum a.L!owable dis-  
tance becomes 

dma x = (knA) "1 ~ 5 km ot a i r  

for ~' r a ~  f~ 6 GeV, wh~r~ n ~ the n~mst~r of 

t } ~  rera~l~lo*~ by ~ta~i~ry mater ia l  is a ne- 
gtigibl~ e~ect  in tht~ e ~ - ~ r ~ * ~ ,  
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In this uote ~;e give an evaluation o~ the radta- 
Live eorrec~ons to the collldh~g beam reason 
e++e TM ~ ~;++~'. We use Erlksson's work on the 
renormz1~f~on gr0,z~ "~ electrodyn~/nles I) to 
obta in  a tentative e s ~ m a t e  of the higher order 
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correct ions in a .  Our re~al ts  show that the high- 
e~ order  t e r m s  pLay x mlr~or ro le  for  colllding 
beam ey4~eriments in the energy ,:ang~ of fateres~ 
fc~z the  v ' ~ o u s  p r o j e c t s  now  unde r  ~ e v e l c ~ m e n t  ). 

Our ~ 1 ~ l a t i o n  of the two*phone oontr i l~-  


