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Abstract - propagation speed of?’Na-isotopey-radiation 511 keV was measured in water, with anavithout flux.
Key Words: propagation speed?Na-isotope, electronic coincidence method.

1) Introduction - The propagation speeB9) of visible light -a short frequency range in thege frame
of electromagnetic radiationER)- in air was measured, during the last hundreds{féausing a great deal
of different methods, with high precision resulesny achieved. Presently, a conventionally accepaduak

is C= 299,792.458 mf8 (C reporting to the latin wordeleritas: “speed swiftness”). The value BR's PSin

a gas, air here included, is approximately the samen compared to such number in vacuum, because of
the very smalER dispersion in gases. Therefore, as usually acdepte may admit thdER's PSin air and
vacuum have the same value.

Further improvements of detection and electroniasneng systems allowed to determine such parameter

asPSby usingRy®**®"8Lorder of magnitude values comparable to those mnedsor visible ligth-, with
an advantage that such experiments could also hsured in a Iar%;er variety of propagation mediahis
context, to compare with our already performed mesmsents in aif, we extended such measurements in
water as a propagation media.

As already well settléd®, to perform such measurements the availabilitg Bfy source in which twdRy

are emitted simultaneously in opposite directioneng out to be essential to the feasibility of the
experiment, as far as no reflection techniquesccda used. Such suitable source, in all cases,theas
positron emittef?Na placed in a metal container in which the positrars stopped and annihilated when
reacting with the medium electrons, in such waygiodating -as it is very well established from
momentum/energy conservation l&kstwo Ry, energy511 keV each, both emitted simultaneously in
opposite directions.

2) Experimental — The measuring setup (Fig. 1; Photo 9] included twoRY detectors DET1
(photomultiplier XP-2020Q + BaFscintillator) andDET2
Fig. 1: Measuring Setup (MS) (photomultiplier XP-2020 + CsF scintillator), eachtioem

connected to an electronic fast-slow coincidenageudi
[slow branch: amplifier AMP), timing single channel

A, - . constant fraction timing discriminatoiICETD); time to
awp—pl sca | comc 1 s pulse amplitude converteAC)]. Finally, the slow-fast

|

= —p- TAC — converter/multi-channel  MCA). More detailed
explanations about construction and performancsuch

(CMca measurement oPS in air resulted inC= 301,817.077
m/s™), 0.67354 % larger than theCODATA value. The

time differences -water tube interposed or notthef two oppositely emitteRy originating from a~ 7
nCi/*Na v-emmiter, as far as they appeared as coincidence spespiayid in aMulti-Channel . In order

% T (SCA), universal coincidence COINC); fast branch:
coincidences were recorded on an analog-digital-

| an MS can be found elsewhéf®™ A previous

experiments consisted in the measurements of mesitr

to calibrate théVIS five spectra were measured in air in such a wayttie

G- A e = X— ﬂg] distance difference between them We40 m a distance that avoided their
Y=Yo (2 o PL™ 552 interference upon the measurements due to MS tsaution. All the so
Eq. 1 - gaussian function measured coincidence spectra were fitted with “gians function”, as

founded in th®ORIGIN softwaré*? (Eq. 1).
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As a first step of the experiments, it was measthed
time calibration of theMS by using a Time Calibrator
(TC), range 0.08s-period 0.0lus, which produces
two pulses with highly precise variable delays
between their outputs; which, by their way, were
directed to theTAC whose amplitude outputs is
related to those delay3able | - cali9agg. Finally,
the averagéme calibrationdisplayed by thé/S was
0.1002204 ns/cha result extracted from fittind=(Q.

2).
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All the next PS experiments, besid&xp. 1, were

performed with the511 keV Ry detected byDET2
propagating in water; therefore, it was fundametdal
know if it was not completely attenuated duringsthi
propagation and still appeared in thHRET2: a
comparison between tHéNa emission spectra in air
and after propagating across water, in both sdoati
crossing a distance df.40 mis displayed inFig.(3),
where the511 keV in the crossing-water spectrum,
even attenuated, appears reasonably well defined.
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Experiment 1 (Exp. 1) in this experiment, in air,
which can be seen as a test experiment, the five
coincidence spectra were recordéd!l0 m each one
apart from the otherF{g. 4). The difference between
both extreme spectra's fitted centers channels,
corresponding td.60 m was estimatedt81.01748 ch
— 127.94094 ch = 53.07654 ctaking into account the
time interval related to this difference,319352207 ns

the PSCy= 1.60 m/5.31935221 ns= 300,788.505 m/s
— 100.332 % of the standard accepteGODATA
value.

The “zero” channel, central fitted point of the
coincidence spectrum measured with both detectors a
the minimum distancé cm from the?’Na source, was
the 127.94094 ch used as “zero” in all the next
experiments.
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Experiment 2 (Exp. 2): in this experiment coincidence
2007 X°'1iff8287 spectra were recorded with th&l keV Ry detected by
' DET2 after propagating in fluxless water kept in a
1.40 m long glass tube,. The difference between both
1500 ] extreme spectra’'s fitted centers channels, wamastil:
176.98287 — 127.04794= 49.93493 tdking into account
107 ’ the time interval related to this differen&00449866 ns
J Y the PS Cyater = 1.40 m/5.00449866 s279,748.301 m/s
‘) — 93.313 % of CODATA air value.
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Fig. 5 — water without flux
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2000 ] Experiment 3 (Exp. 3):in this experiment the measured
VAR of the water tube was made like tErp. 2 but with flux,
W | \ the stream direction was right to left, in oppositeRy,.
5] The difference between both extreme spectra’s was
! estimated:177.0253 — 127.04794= 49.97736 dhking
500 ] into account the time interval related to this eliénce,
: .. 5.00875101 ns the PS Cyater= 279,510.799 m/s—
e & 93.234 %of CODATA air value.

Channel

Fig. 6 - water flux direction: right to left
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Experiment 4 (Exp. 4) in this experiment the measured

of the water flux was made in the same directiofRpf

/ The difference between both extreme spectra'sdfitte

3 : centers channels, was estimated d%7.18683 -

,,,,,,,, B et 127.04794= 50.13889 c¢lhtaking into account the time

o R interval related to this differenc,02493961 nsthe PS
Cuwater= 278,610.313 m/s—» 92.934 % of CODATA air

value.

Fig. 7 — water flux direction: left to right
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80007 Xc: 175,94022

i Experiment in air (final): in this experiment, as a

\ comparison with the preceding ones, the measured
coincidence spectrum displayed theé5.94022channel
as the fitted central one, almost two channelsrieetoe
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‘ fitted with the interposition of water; in a cledisplay
of a time shortening of th&1lkeV PS in air when
. compared td’Sin water.
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Table | — Measured Parameters

experimental conditions archives A-channels
water flux (opposing Ry propagation) | stream2 [177.0253 —127.04794= 49.977365.008751 ns
fluxless water semfluxo 176.98287 — 127.04794= 49.934935.004498 ns
water flux (direction Ry propagation) fluxoend [177.18683 — 127.04794=50.138895.024939 ns
fluxless water quitefim |177.3383 — 127.04794= 50.290365.040119 ns
coincidence spectrum in air arfinal  |175.94022 — 127.04794= 48.892284.90000 ns
emission spectrum/water interposed | aguafull
emission spectrum in air ar28fim
calibration with coincidence cali9ago 33.88-133-232.80-333-433

3) Concluding Remarks-

a) the electronig-y coincidence method showed to be a valuable methatetsurdS of electromagnetic
radiation in air and water, even when measurecatiy short distances.

b) in the above estimations it was taken into antanly thefitted peak's centerof the coincidence
spectra, neglecting any deviation concerned thakes as done, for instance, by tiwem of those spectra.
c) thePSfinal results are closely related to & calibration conditions due to crystal scintillasoshapes
and sizes, as well as detectors distances to engnsitiurce.

d) irrespectively the water flux directid?s, as expected, showed to be smaller in waterithai.

e) possibility of measuring sudhS in material media non-transparent to visible ljgattopic that the
LCA/CBPF Laboratory is presently extending to ptesand metals.
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Fig. 8 - MS photo - LCA/CBPF
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