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DETECTION OF POSITIVE w MESONS BY m* DECAY
M, Jakobson,* A, Schulz, J, Steinberger'

Rediation Laboratory, Department of Physics
University of California, Berkeley, California

December 21, 1950

Abstract. A method of meson detection similér to that of Rasetti,,Alvérez,
and steinbefger-Bishop:has been developed using the w* decay for identification,
The pulses caused by a n* meson passing fhrbugh one transtilbene crystal

and stopping in a second opens & gate of width 0,08 psec, which is delayed 0,025
p,séc° If the.p4 pulse arising from the decay of the stopped n* appears during
the time the gate is open, the meson is counted, The amplifiers and coincidence
circuits ;re of a distributed tyﬁe._ The gate generafor is a non-symmetricel
cathode coupled multivibrator using miniature tubes, A measurement of the mean

life of the n* meson has been made by varying the gate delay and a value of

2,54 ¥ 0,11 x 10'8 sec, has been obtained,

¥ Whiting Fellow, University of California

T Now at Columbie University, New York, N, Y,



UCRL=1061

B

; DETECTION OF POSITIVE m MESONS BY m+ DECAY
M, Jakobson, A, Schulz, J, Steinberéer

December- 21, 1950
Introductiong Photons from the 322 Mev sygchrptrdn'at Berkeley strikigg 8 2 in,
polyethylene'cube provided a source of ot mesons, The previous electronic

1,2,3

methods of meson detection make use of the y*— B* decay for identification,
. 19 y

RecentAdevelopments in electroniés4’5 and scintillation counters have reduced

resolving times of amplifiers end coincidence circuits from '910"7 sec, to ~10-8

sec,, .& time which is smaller than the half»lifp of the w* meson, meking feasible
| w* decay deteétion électronically° >in~qrder to construct a wt decay délayed'

qoincidence apparatus & circuit tﬁat would discriminate apd meke a gate of a few wt
half-lives duration -with a rise time less than a half-life was needed fo com-

plete the decay scheme, Byft&king a. conventional cathodé coupled multivibrator,
making it nonesymmetricaliand:reducing ﬁhe time constants reSponéible for slow
rise tiﬁe and, long pulse durati§n,'a circuit meeting the requiremenfs was obe
tained, |

As a check that the particles identified by this method are mesons: (1) The

energy df_the,photpn beam was reduced below threshold for w* production aﬁd-né
counts other than’accidentél background appeared, - (2) The plateau for pulse
2B (Fig, 1) is long end f;at, indicating the same ionization loss, as would
occur. for a 4 Mev p* meson arising from decay of & stopped ¥ ﬁeson,.V(S).Com-
bining.n* decay counting with the p* meson decay scheme gives the expecfed num-

ber of w*su*, B* coincidences,

Method of ﬂ*'Deééy Idenfification° Photomultiplier\pulées afising from a w¥

meson passing through one transtilbene crystal and stopping in a second are
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 amp1ified:by distributed amplifiers? ofvgaiﬁ ~10 and fed'iﬁto thé distributed

coincidence circuit A5 A1l cebles used are of type RG 63/ with Z, ~ 12577,

The output of the distributed coincidence circuit is delayéd, amplified, and

fed into a gate generstor consisting of a hénogymmetrigal cathode coupied
multivibrator, as shown in Figures 1, 20‘ Thevmulti#ibrator‘tubés are matched
tﬁbes with the 6AN5 selected for high Gp, The_reasdn for this selectién is
that. the conducting 6ANS must be in a region of high Gﬁ to cut off rapidly when

8 negative pulse is put on the grid, A 6AKS is used as the non~conducting tube

so that it will hold the 6ANS off for only a shqrtvtime,

-~ .The gate rises in 056051xsec. and lasts for 0,08 usec, By varying the
.grid return: of .the 64K5, the"gat;-width can be Qhanged. Below~widthsléf 0,06
“ysec, the gate generator becomes a.pulse broadener and loses its discrimination
prépertieso

. Signals 2B (Fig, 1) from the last dynode of the photomultiplier on the

stopping crystal,: are mixéd with the delayed gate in the distributed coincidence

circuit B, These delayed ébineidences,‘with a short delay, are composed of
stopped n* mesons whose décayjp#'s appear‘during the time the gate ié open;
andefuaccidental delayed coincidences, In order to obtein the accidentel
delayed coincidences, the gate is delayed to a region long compared to a

w* mean life,  This method is valid as long as the dufation of the beaﬁ'is much
longer than the gate plus delay times, The beam used was the synchrotron spreéd
out ‘beam which has a pulse duration of- ~ 2000 ysec, A small proportion of the
delayed cOincidencés are neither due to theﬂi,a,"e mesons from decay, or accidental;
but are due to the u* or p~ mesons decaying to Bt»aﬁdrleaving more than 3 Mev
in the crygtal, Hence a small constent background of 4 percent is always

present, -

w
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As & eheck on meson 1dent1flcatlon the output of the wt decay can be used

to open another set of gates to meke delayed 001n01dences with the p031trons:w‘

_arlslng from the deeay of the p mesons, Thls scheme further reduces the backm'

ground and alSO the efflclencyD Its usefulness depends upon the probablllty of.
an a001dental celncldence eaeh tlme a geate of 2 p,seeo duration is 0pened to
catch nheLPesltron fren the u ImeSOn decay, |

The plateaus obtalned for 1A and 2A pulses (Flgo 1) are of the same form
as neferenee 3, For 2B pulses 8. plateau wa.s obtalned whleh is shown in Flg, 3;

This is due to the faet that the p* mesons ar131ng from the decay of the w*

mesons at rest are monoenergetic and have four Mev to lose in the crystal,

ngp §Qn of Detectlgn.Methgd o The pr1n01pa1 advantage of ﬂ* decay'detectlon
is the reductlon in aeeldental baekground For no llmltatlon 1mposed by elec-'

tronlcs the reductlon Would be eseentlally glven by the ratio of the n* mean

1ife T tth T e,
ife it o e p mean llfe ’mp+w |

.. ‘Accidental background w* decay o jjmn*

~ hocidental background decay Tt ~ 0,01

For the elreu1+ deeerlbed herea +hle reduetlon is not reallzed due to the

facf that 1no dleerlmlnators w1th pulse output of w1dth lO =€ are ava:.\.la]eleo
Hence, pulses lA and ZA are o£1§ dlecrnmlna ed in tlme9 not individually in
pulse helght The output of the eoln01dence Ais dlscrlmlnated by the gate o
genera’coro In uses the background due to nt decay is 1/&0 of that due to p
decayo' Slnee the pulse w1dth out of thls dlstrlbuted ampllfler is of the
order of a nt halfallfe, the efflelencv in tlme is about O 35 (fractlon of ni

mesons decaying when the gate is open) For the pt deeay eleetronles of

reference 4, the efficiency in time is 0,7, However, the positrcns have an
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energy sbectrum, and due to thevlarge number of lightly ionizing and léw
‘enefgy partioles around the synchrotron, the positrons corresponding to_the'
ldrgest energy ioss only muét be selected,by‘discriminator setting, Siﬁce the
p mesons are monoenergetlc and have a short range, essentlally all can be col-
lected, maklng the over-all efficiency of # * decay conparable to that of . the

slower oountlng scheme, Plateau operation is possible with n decay , whlch

aids in stability and in determination of the actual number of stopping mesons,

By actually counting n* mesons instead ofp,+ mesons, one does not need

to worry about u~ meson corrections or possible y meson pair production., Also

.,
~

the scheme may be useful in detecting other decay products of the vt méson, if

any exists,

Measurement of m* Mesn Life, In order to measure the u* mean life, the delay

of fhe gate is made variable by tho introduction of‘oalibrated cables oetWeen\
coincidence 01rou1t A and the gate generator., Lengths of'RG 63/U cabié Wore
oallbrated by feedlng a short pulse, approx1mately 10"8 seconds in w1dth into
a parallel circuit consisting of the delay cable and the vertical plates of a
synchrosoope. The end of the delay cable ot the synchroscope is ternﬂﬁated
above tho characteristic impedance; and the far end is left open,‘givigg rise
to p031t1ve reflectlons at either end and permltodng the use of second reflec-
tions, Slgnals reflected from the far end of the delay cable return and appear
on the scope trace at a time later than the 1n1t1a1 signal, The trace conn'
talnlng the 1n1t1a1 31gna1 and the reflectlons was photographed At iﬁtervals,
15 end 45 megacycle 51gnals from a Hewlett—Packard 31gnal generator. we;e also
photographed ‘The 15 megacycle 51gna1 was calibrated dlrectly agalnst‘statlon
W WV, and the 45 megacycle 51gna1 used to calibrate the sweep time base over.

smaller 1ntervals, was calibrated by the 15 megacycle signal,

7
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Comparators were used to measure the separaﬁion.of thejrefiections,_‘Fig; 4
is a plot of the time-of signal transit agaiﬁst cable length for:éach-of the .
cebles, The points fell on a straight line which-does not intercept the origin,
A velocity of (0;812;5 0,012)c was obtained, The length of the cable divided -
by the.velccity does not give the .delay because of end,effects,in the.connectors.
As seenfffom the graph (Fig, %)sgthe end effect is of. the order of 107° seconds,

_,The“meanulife deta was taken by vafying the gate delay cyclically from short

to long delay, Many cycles were traversed in obtaining the data, This was done
to eliminate the effect of.fluctuations'in the‘beam,‘uncertaintyiin beam integra-
tion, and pessible drift in the detection gear, Since the length of the gate is
long compared to a meanvlife,fdata plotted directly from rea&ihgs form essentially
an integral.curve. The.finite3leng£h of the gate does not need to be taken into
acqounf,,sinceﬁthis does not effect the sloPe of the curve,

A total of 5641 mesons was obtained with a background of 398 at each of
the seven delays, Since this %agkground occurs at each of fhe delays, it must
be multiplied by the number of delays to give the total background, This re1-=-w
tively high backéround is due to operation at maximﬁm beam levels, More beam
time was allotted to the background delay because it is used at each point, The
slope of the mean life curve (Fig, 5) was obtained by least squares fitting,g
Weights were assigned to the points on the basis bf the statiéfical.errbfiiﬁ:
couﬁting and the esfimated.error in the delay measurements of the cables,

For measuring the mean life, the decay of ﬂf mesons in flight need not be
considered, since we need only measure the lifetimes of thosé which stop in the
crystal, Célculations $h°W that the effect on the measured n* mean life of the

decay of the u* mesons into positrons may be neglected, This is due to the fact

that only a small fraction of the positrons occur at each delay; in addition, only

.about 30 percent or less of the positrons lose sufficient energy in the crystal

to make a delayed coincidence,
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. The mean .life obtained was {/\C'm = 2,54 % 0,11 %1078 sec, (standard
.deviation indicated), or a half-life of | | Jp = 1.76 20,08 x 1678 sec.

“PeierlsiO gives for the statistical error in a2 mean 1ife -cb'un.ting experiment - - -

ST,’Z = —G—’fl’%—— where o is a function of the number of mean lives over which

the counting takes place (tabulated in Peierl's article), and M is the niumber of
.coutts, En'hi;s' yields a 3 percent statistical error, “which, vwhen combined with the
error “in cable delay measurement, gives the standard dev:i.'atibn”indizca;ted above,
This value is in: agfeement ‘with that of reference 8 but "oufsi.de' ‘the standard
deviation of the walues of reference 6 and 7,
" “'Theanks a'-fe due Professor B, McMillan and ’.“‘-?fo:f-‘e:s,so‘r 0, Chamberlain for

“suggestions and entouragement, to Dr, Leininger for kindly providing ‘the crys=
“tals, and ‘the synchrotron crew for aid in carrying out the bombardments,

This work was performed under the auspices of the Atomic Energy Commissionsg’

Information Division
~$0b/1-10+51 o
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Figure Captions.

Fig, 1
Fig, 2

Fig, 3

Fig, 4

Fig, 5

~ Block diagram of electronics

Clrcult dlagram of more unconventlonal electvonlcs

“Pul se 2B plateau (pulse correspondlnv to s meson) Plot of delayed

coincidence counting rate against the relative height of a pulse-
required to meke delayed coincidences, Obtained by counting the
number of delayed 001ncldences for different gain settings of
amp 2B, '

Plot of RG'GS/ﬁ eabie delay (in 10-8 sec,) ageinst length of cable in
meters, The result is a straight line that does not intercept
the origin, This indicates finite delay for no cable length

‘which is.the result of the delay due to cable end connéctors,
Velocity obtained is (0,812 % 0,12)¢, :

The number of m* mesons at each gate delay plotted against the gate
delay, The number of 1+ mescns is obtained by counting at each
delay for the setme .total beam and then subtraéting from the shorter
delays the number of delayed coincidences occurring at a long delay,
The gate delay time is’ the time between the start of. a pulse

‘openlng a gate and the start of the gate

< qe
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