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ABSTRACT

We describe in this paper measurements made on the decay pro-
ducts of 11 T-mesons observed in large nuclear emulsion block detectors.
Out of the 33 charged decay products, 27 have been arrested in the block,
and were identified as m-mesons. The charge of the 7-meson was found
to be positive in 6 cases. In one case the charge of the r-meson is possi-
bly negative and in 4 cases it could not be determined. Omitting one
7-meson in which a high energy y-ray is emitted and which has been
reported earlier' the weighted mean Q-value of the remaining 10
T-mesomns is:

‘ Qr =76-34+0:3 MeV
which gives the mass of the 7meson as-
mr = 968-7 £ 0-6m,

This value is slightly higher than the mean value 965-5 407 m, com-
piled by Amaldiezal? from measurements of various laboratories.

e

WE have so far observed 11 cases of disintegration of r-mesons at rest into
charged =-mesons. These events occurred in three emulsion block detectors
whose construction has been described elsewhere.®> ¢ Of these 11 T-mesons,
7 were found by tracing 7-mesons from the end of their range back towards
their origin; the remaining 4 +-mesons were discovered during systematic
scanning. Ten of the 11 +-mesons could be traced back to the nuclear
explosion in which they originated.

Of the 33 charged decay products, 27 came to rest in the emulsion
‘blocks, and were identified as 7-mesons (18=*, 8=, and 1 more m-meson
‘with a probably negative charge). The charge of the -meson was positive
in 6 cases. In 1 case (74) observational conditions at the end of one of the
7-meson tracks are unfavourable. The w-meson becomes suddenly very
steep near the end of its range and stops after travelling another 712 p in
the emulsion. We have not been able to detect any decay electron at the
22
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point where the particle stopped nor any point where change of direction
or of grain density suggests that the #-meson decayed into a p-meson. Hence

this w-meson might be negative.  If this interpretation is accepted 7y gives
rise to two negative and one positive w-meson.

Table T gives the results of measurements on all 11 events. =, =, and
7y have already been reported.®  Their Q-values given in Table I are slightly
ditferent from those reported earlier, because we have based all our analyses
on a slightly maodified range energy relation.s

7y iy abnormal sinee nearly 50% of the available kinetic energy is carried
away by a y-ray and not by the three #-mesons.  This event has been dis-
cussed in detail inoan earlier paper by Daniel and Yash Pal! =, and «
suffer inclastic collisions before they come to rest. These collisions have
been discussed in a previous paper by Daniel and Lal,” but the data pn the
decay products of these r-mesons have not been published before.

The first four columns in Table 1 give information on the parent particle.
The r-meson number is given in column 1, column 2 gives the description
of the nuclear event in which the 7-meson originates (we use here the nomen-
cliture of Brown eral™). The range of the =-meson before it comes to rest
and the encrgy of the r-meson at emission are given in columns 3 and 4
respectively,

The next 4 columns of Table 1 give information on the decay products.
The charge of the =-meson is given in column 5 when it can be inferred from
its behaviour at rest (¢ ¢ decay or capture star). 'When the charge of
the =»-meson is unknown a question mark is inserted.

The range of the #-mesons is given in column 6. All range measure-
ments were carried out independently by two observers.  The symbol (1)
in eolumn 6 sipnifies that the particle comes to rest in the block and its total
eange s been measured.  The symbol (o) indicates that the particle escapes
and only the observed portion of the range is given.

The energy of the w-meson is listed in column 7. The range-energy
curve which we used® is based on a flat p-meson range of 574-5 - 7-7
while in our detector the mean range of flat p-mesons obtained from the
decay of =-mesons at rest is (579-9 | 3:6)n. Hence we have reduced the
observed ranges by the ratio 574-5/579-9, before using the range-energy
relation,

The angle between the tracks is given in column 8. The Q-values and
their estimated crrors are obtained as follows: If all the three m-mesons
come 1o rest in the block, the Q-value was obtained by merely adding the




A
& B oa &
& Y o9 W Hil-¢z il
-G
? o 1o A Reey o Ljaajduo
i8. “gg.l L R Py {0} ga5y i P2uo0] 3y 10u pjnoo AW 3y 01
o ) 09- 11 1) 1567
o C-8¢ 01 psoiz fed-
LE R : F9-%7 (1) g85ey 1L-8¢ 0L6- 99 +y 6
: 69-6 () oriz -
— :
o TL-8€ (M osrzz -
88 074z ¥I-Z€ (1) 08¢91 - 0+ 0SI-1 i +g #8
Z St-€ () gce +
<
= _ 0S-9¢ () LLL0¢ -
% 06- T00-1L 88-LT (1) zogs + 61-79 00Z-2 s +zT L
m 79-21 (® s8sze +
= 8-T¢ (1) 19897 + \
M 8- F18-9L L0-LT () forz1 — 9-88 001-+ a7 49z 9
06-971 ) 628 +
< & z5-0% ) peTie +
v, 88- F£0-9. ST-LZT =4 20-6Z () TeLET é 0-Lp STE-T1 a1+8 %S
8 VL-8S] = » 619 () 0501 -
01-2¢ Aer-A )
< 08-9p1 = 4 (¢-T ¥9-0¢) (0) Qosz (-) do
& 6 VFT-8L 000-95 =g 09-€1 () 1z6¢€ -+ 6-SYT  00L-8 uy +6 14
nw $8-87r = » £8-1 O 1 -+
. 0€-6L =4  S0-6¢ (0) oc81y i
w 65-TF 88-61 08-311 = ¢ (80-1¥ 86-67) (0) ooo¢ A 9-€¢ LyL: ® 0I-+¢€1 £
o 08-19T =» $8-9 @ SITI -+
— P l=r
06-68 =4 (00- 1¥ 0z 8¢) (0) poge ¢ ;
69-1F 9%-51L 06-2¢] = ¢ 6C-2C 0) 9¢9g + LTE £99. 4 9 (4
09 Tp[ = » S| () 8g9p )
08-001 = T 12 = 4 0L ¥0p-¢p) ©) 000t ()¢ ,
EO-TFH2-9L  §8-17] = [.g4 == ¢ 2192 ) syeit oz ¥9 L9£0- LA £ I
0T LET == €T == m LL-9] M 295 S | :
(APN) (s20180p) (A LA ofiuy (A2I) (wo)
~f anea-O sojduu onuy, Adrougyg ofuwy Jo ufiig Adsoury afuny wALIO ON
N 6 8 L 9 § 14 £ < I
SonIeg L1mpuosag SNIRY JuaIn g




Analysis of +-Mesons 25

energies of the three m-mesons. The indicated error on the Q-value con-
tains only the effect due to straggling. We have calculated the effect of
straggling on the basis of the formula given by Symon.® But we have increased
the theoretical values by 209 which seems to be required to obtain agree-
ment between Symon’s calculations and the experimental straggling value
of Fry and White.10

If one of the mesons escapes, Q-values are calculated from the remajn-
ing 5 observables (2 momenta and the 3 angles). By choosing 1 of the
momenta and any 2 of the remaining observables, one obtains 5 different
Q-values. The Q-values given in Table I represent the average of these
5 determinations and the error given is the maximum deviation of any of
these 5 values from the average. '

The most serious uncertainty arises from variations in the thickness
of individual emulsion sheets. The method by which we have tried to mini-
mise this effect is given in the Appendix.

CONCLUSIONS

Omitting the 4 body decay =,, the weighted average Q-value was obtained
by choosing weight factors inversely proportional to the square of the error
attached to each value. Our best Q-value is:

Q, =763 4 0-3 MeV
and
m, = 968-7 + 0-6 my*

This value is about 1-6 MeV higher than the value obtained by Amaldi®
on the basis of data reported by many laboratories at the Padova Conference
on Elementary Particles in 1954.

Figure 1 shows the distribution of our values together with those from
other laboratories.

Omitting the abnormal =, we have computed the ratio E=/Q, for
those cases in which the charge of the =-meson is known to be positive and
in which the negative m-meson has been identified. The mean value

<%L:> — 0-3360 4 0-0026

indicates complete symmetry in the energy distribution among the decay
products.

* mr is calculated from the relation mr = 2max+ 4 ma~ - Q, where my+ and my— are those
given by Smith, Birnbaum and Barkas.!
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APPENDIX

An accurate determination of the range of particles and hence their
energy, requires a knowledge of the emulsion thickness before processing.
A private communication from Ilford Limited states that variations as high
as 107; can occur in the thickness, between different parts of the same
emulsion sheet, as well as between different emulsion sheets although usually
variations are much lower. In the construction of two big emulsion blocks,
we have used five different batches. of emulsion sheets manufactured on
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different dates. Each batch consisted on the average from 50-100 sheets.
Their mean thickness was determined as follows:—

We measured the range of 50 flat u-mesons emitted from -mesons at
rest and of 14 steep u-mesons which occur in a single batch of emulsions.
The average range of the steep u-mesons depends on the assumed emulsion
thickness 4. 'We chose for the average emulsion thickness in the batch that
value of d which makes the mean range of flat and steep u-mesons identical.

The relative mean emulsion thickness in different batches was obtained
by determining separately the mean projected length of heavy primary nuclei
which traversed plates belonging to different batches. In this way we found
that our emulsion blocks were composed of emulsions belonging to 5 differ-
ent manufacturing batches with mean thickness of 600 u, 637 u, 650 p, 660 p
and 667 u respectively.
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