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The second postulate of special relativity
states that the veloelty of electromagnstic radia-
tion is independent of the motion of the source.
In spite of recent experiments to test this pos-
tulate 1-5), the empirical evidences romaia
either of low accuracgv or subject to different
theoretical doubts 6-8), For a detailed review of
the situation, see, for example. ref. 2

To rompare experiments on this subject, it
has been assumed for simplieity that the velocity
of the radiation from a moving source s given by

cf=cthy, 1)

where v ie the velocity of the moving source and
k is a constant to be determined experimentally,
Special relativity requires, of course, £ = 0. The
best value quoted from astronomical arguments,
namely considerations congerning the orbits of
close binary stars 9-11), is £ <106, while for
terresirial tests the best results only give a #
value of the order of < 0.1. However, as there
is no justification for the linear devendence us~
sumed in eq. (1), this comparison of various ex-
perimenis is evidently rather arbifrary.

In order t0 increass the accuraey of the
terrestrial tests and in particular to search for
& breatziown of special velativity for source velo~
cities very close 10 ¢, & measurement has been
made of the velocity of ¥ raye from the decay of
7° mesons of energy >6 GeV [y = (1~ a2 )‘.: > 45
aecording t6 special relativity]. The velocity of
the ¥ rays was measured abgolutely by iiming
over a known distance.

' The mensurement was g*rformec. with the
CERHN Proton Synchrotrer: {P#), running at a
momentum of 19.9 GeV/c. 'F‘he ' weve pro-
duced i a Be target (¢ = 1 mm, length = 20 sam)
and the ¥ rays were observesd at an angle of =~ ¢
tc: the proton direction. Bending magnets close
0 the target were used {0 sweep away charged
particles giving 2n essentially neutral beam,
which passed thrvigh 2 5 mm diameter lead col-
limator and a permanent mzgnet about 50 m from
ihe target.
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The ¥ rays were detected by mecns of 2 £ mm
thick Pb con,erter foilowed by a small plagtic
scintiliator in colncidenze with a lead-glas: e~
renkov countey. The pulss height in this w3 used
to select y rays of energy =6 GeV. In{sont of the
detector system a large plastic scintillotor was
used as an anticounter to eliminate resideal
charged particles in the beam.

The time measurement wis bagsd on the
bunched structure of the $3 beam, The circulating
beamn consisty of bunches of a few nsec hali-width
aad separation about 105 nsec. In order fo con-
serve this busch structurs, the radlo frequency
soltage was maintained during the target irradia-
tion {100 msec).

The start pulses for a time-to-pulse-height
cor verter were taken {rom the small plastic sein-
+:1 ttor, and the stop pulses were derived from
¢ e P8 radio frequency. The pulses from the time-
to-pulse-height converter were fed to a multi-
channel analyser,

To measure the velocity of the ¥ rays two de-
tector positions A and B were used. The distance
between these {§ = 31,450 £0.0015 m) was chosen
to be very close to ¢/f, where § is the radio fre~
quency during the target irradistion (9.53220 =
0.00005 MHz). The y ray velocity {¢'} in then
fcund from

e = S/1/f+ ), (%)

Where & = fp - 4 ond {4 p are the times record-
ed in positions A, B, respectively, With this choice
of the distance $the two peaks appear almoat in
the same channels of the time sorter (& « 1/f),
and one obtaing & very accutate velocity meag-
urement ingensitive to errors in the calibration
and Upearity of the tedny electronics,

¥ig. 1 shows the experimental arrangement to-
gether with sample time apectra recorded in de-
tector positions A and B. Frr comparison, re-
cordings for two other positions A' and B’ are
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Fig, 1. The experimental arrangement and typical time spectra of the y raye,
recorded in the four detector positions A, A', B, B': Channel width 0.55 nsec.
The measuring time for 100000 counts in the peak was about 10 min.

posgitions can be obtained by utilizing the sharp
left part of the curves. In spite of a slow drift in
- -the peak positions (due in part to small changes
in'the PS itself), it-was ciear that there was no
constant difference correlated with positions A

also presented, A’ and B' are located 4.5 m from
A and B, respectively (as shown in fig. 1) and the
expected shift of *15 nsec is well verified.
* Although the peaks show an asymmetry origin-~
ating in the P8, an accurate estimation of the peak
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ané B. Choosing the most sluble periods, and
correciing for the Hnear drift, the mean valus
for the shift 18 found to be 4 = 0.008 £ 4,013
nsee.

The resuit for the velocity measurement of
yrays of energy = 6 GeV from a source with
£=0.99975 (according to special relativity} as
glven by eq. (2} is

£t = (2.9977 £ 0.0004) x 1610 em/sec .

¥ we i.ntetpret this result using eq. (1) with
¢=2.9919 x 1010 em/gee, the corresponding
value for & is:

E=(-3%13)% 1075,

Note that the ¥ rays observed in this experi-
ment pass throogh some beryilium, a thin mylar
window and about 80 m of atr before their velo-
¢ity is measured. As thie material is refractive,
the extinction theorem imnlies that the original
y rays from the moving scuwree will be glowly ab-
sorbed and repaced by similar radiation re-
emaiited by the stationary medinm, thus {nvalidat-
ing the experiment 7). This effect becomes im~
portant if the phase delay due to the medium ex-
ceeds say »/2n, where A is the wavelength of the
v rays. Deriving the refractive index for v rays
from the forward scattering ampiitude per elec-
tron A = 22/inc2, the maximum allowable dig-
tance becomes

dypax = (ndY1 =5 ko of atr

tor ¥ rage of 8 GeV, where a s the number of
electrons per em? of the medium. We tonciude
that reradiafion by stationsry material is & ne-
gligible effeet tn iz expuritnent.
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of the experiment. The coliaboration of the CERN
PS group, notably D. Dekkers, K Gase and W.
Richter ig gratefully ackncwiedged. We also wish
to thank Dre. H. G. Hereward and P, H. Blandley
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In this uote we give an evaluation of the radia~
tive corrections o the colliding beam reaction
etig™ — pren=. Weuse Eriksgon's work on the
renormalization groupy in electrosynamies 1 ¢
tbtain a tentative estimate of the higher order
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corrections in a. Our rzsults show that the high-
er ovder terms play z minor role for colliding
beam experiments in the energy sange of interest
for the various projects now under development
Qur caluulation of the two-photon contribu~



