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(iii) n-meson decays through the following modes:
n=>yEy
nom+r’+a
non o +a’
nontta+y
(iv) Decay width I of 7 is 1.30 keV, giving its lifetime 7= 0.5 X 107'% s, since

t=—

T

8.5.4 Baryons

Following the discovery of several mesons in cosmic rays and laboratory experiments,
considerable research was carried out on the heavy unstable particles during the early 1950s,
which revealed a rich variety of particles which were classified according to their masses,
lifetimes and decays.

+
In Table 8.7, mass, magnetic moment and lifetime of J” = 1 baryons are given. The spin
g 2 g 2

1/2i baryons are classified into two categories:

1. Nucleons
2. Hyperons
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TABLE 8.7 Mass and lifetime of particles and antiparticles of spin 1/2 baryons

Baryon Antibaryon Mass (MeV) Baryon magnetic moment Lifetime (s)
(nuclear magneton)

P 7 9383 279 Stable
n w 939.6 ~191 885.7
A A 11157 —0.61 26x 1070
BF 1189.4 +2.46 0.80 x 107°
0 1192.6 = 7.4 x 107
= 1197.4 ~1.16 148 x 107"
=° 1314.8 -125 2.90 x 10
=5 13213 —0.65 164 x 10"

Nucleons (p, ):  Protons, neutrons and their antiparticles belong to this category. The
proton (meaning first: Greek) owes its name to the fact that the simplest nucleus, that of
the first element—hydrogen, is just the proton tself. Both these particles have spin 127
and hence they are fermions. Under the influence of nuclear force, both proton and
neutron are stable inside the stable nuclei. However, a free neutron is unstable an

decays as under:

nopte+V
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with a half-life of about 886 S, i.e. 15 minyges
the nuclei. Unlike free neutron,
and neutron have antibaryon p

. Hyperons:  The term hy,

: . However, jt acts as stable particle inside
a1ree proton i considered to be 5 stable particle. Proton
artners called antiproton and antineutron respectively.

known hyperons are: A (lambda), 3 (si

xi) carryj i
hyperons, which has spin 3/2. & Ting spi

n % and Q (omega)
(i) A-Hyperon

T tp S A+K
The charge of A is zero,

be 1115.7 MeV and its h
are:

and its antiparticle

is X. Mass of A-hyperon was found to
alf-life is 2.63 x 10-10

s. Main decay modes of A-hyperon

A=sp+n
A—>n+g°
Like beta decay, A can also emit a lepton pair or even a photon as
Asprety,
Asn+y

though with a Jess probability.

The last decay involves both weak and
electromagnetic interactions.
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(i) =-Hyperons

There are three T-hyperons X, £° and L7 their antiparticles are T+, T° and T~
The X*-hyperon was first identified in a cloud chamber in 1953. Next year, the
negative counterpart, X7, was observed in a diffusion chamber exposed to negative
pion beam of the Brookhaven cosmotron. Lifetime of £* is 0.80 x 10-1° s and mass
is 1189.4 MeV. The main decay modes of X* are the following weak decays:

' sp+al
S on+at
However, it can also emit a lepton pair
TFoAtetty,
and even photon in the following decay,
T op+y
arising through a mixture of weak and electromagnetic interactions.

Lifetime of £~ is 1.48 x 10-1° s and mass is 1197.4 MeV. The main decay mode of
I s

I on+n
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(iii)

and with less probability it decays to
S onte +V,
The neutral member of this family, 50 was observed later in accelerator
experiments. Mass of 50 is 1192.6 MeV, its main decay mode is
OS5 A+Y
with half-life of 7.4 x 102s.

yperons
=-hyperon also known as cascade hyperon e:

corresponding antiparticles are Z* and E°.
=~ has half-life 1.64 x 10705 and mass 1321.3 MeV. It decays dominantly as

xists in two forms =~ and Z° their

EoAtT
However, it can also decay through the following decay modes:
SA+etV,
TS ATV,
P

It is to be noted that no positively charged counterpart of 2
The £ hyperon was postulated to be a charge doublet by Gell-Mann with neutral
=0 as its partner. During the period 1954-56. the emphasis shifted from the
s to experiments on the particle accelerators, in which several
Z) and new hadrons were observed. In such
105 and mass 1314.8 MeV. Its dominant

~ has ever been observed.

hyperon
studies of cosmic ray:
above mentioned (e.g. K, A, Z and
experiments, =0 has half-life 2.90 x 10°
decay is
2 s A+n®

though it also decays through the following modes:

AR AR TRE A
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Here also photon emitting decays occur through combined weak and

electromagnetic forces.
(iv) Q-Hyperon
Q- was discovered in the following reaction:
K +p>Q +K +K°

It has negative charge, and its main decay modes are:

Q S5E T
Q e+
Q > A+K
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/Its half-life is 0.8 x 07'%'s and mass is 1672.4 MeV. Its magnetic moment is =2.02

nuclear magneton.

paryon Resonance States
a
A large ™

paryons, €ight h
{he baryons with spin >1/27 decay quickly through strong interactions, living around 1072 s,

roughly the time taken by light to travel across a proton. These are called baryon resonances. Out
of the ten JP=3/2% baryons, only Q" being stable against the strong interactions, decays

through the weak interactionS/ -

umber of baryon states carrying spin 1/2h to 11/2h have been observed. Out of these
JP =1/2* and ten J* =3/2* are called low-lying baryons. Like mesons, most of
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8.5.2 Hadrons

The hadron family contains baryons and mesons:

(i) Baryons are particles having mass in the 938 MeV to few GeV regions and spin half-
integral multiple of k. Since they follow Fermi-Dirac statistics, these are known as the
fermions. )

(ii) Mesons are particles with spin angular momentum either zero or integral multiple of h.
They follow Bose—Einstein statistics and are known as the bosons. Some of the
properties of the mesons are given in the following paragraph.

The hadrons appear in certain grouping, which are designated by their spin g.f) and parity f(l;n)
That means, all the particles in one grouping carry the same spin and same paréty. The' list o3 4( te
hadrons started growing with H. Yukawa’s prediction of three pions (x*, 2% m)in 19 10
eXplain the nuclear force between protons and neutrons. These were called mesons (meaning

: s .
middle: Greek) as their masses lie between that of the electron and the proton. Pions and many
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osmic rays, which Weit REOWN 1o
high-energy particle accelerators,
spins (up to 6 h for mesons, and
tury. Collectively these are known
having spin higher than 12
whereas the lowest spin
interaction  (lifetimes

such particles were discovered in the pioneering works on ¢
leave traces in a cloud chamber. With the construction of
hundreds of new and unstable particles, carrying even high
13/2 Ii for baryons), were created in the middle of the 20 cen!
as hadrons (meaning strong: Greek). Most of the observed hadrons
are found to decay within around 10 23, and are called resonances,
states decay through weak interaction or electromagnetic
~107'%5). Only proton so far has been found to be stable.

8.5.3 Mesons

These are the particles, whose masses lie between ~ 130 MeV to few GeV. Mesons with spin zero
to 65 have been observed. So all of them are bosons. Most of them decay through strong
interactions, and are called meson resonances. Lightest of them, having spin zero and negative
parity (J” = 07), 7-mesons (or pions), K-mesons (or kaons) and 7-mesons belong to this group.
Obviously they have zero magnetic moments. In Table 8.6. mass, lifetime and dominant decay
modes of J” = 0~ mesons are given. We now discuss the some more properties of these mesons.

TABLE 8.6 Masses, lifetime and dominant decay modes of mesons =0

Particle Antiparticle Mass (MeV) Lifetime (s) Dominant decay modes
ks x 139.6 26 x 107 [
° 7 135.0 0.84 x 107" -2y
K K 493.7 124 x 107# K* = ptvan
K° % 497.6 k9% =090 x 1071° K - 2a/3nimev,

K9=51x10"*
n n 547.5 0.5 x 107 n® - 3m/2y

m-Mesons (Pions)

In 1?354 H. Yukawa proposed that the strong force between nucleons in a nucleus must be
mediated by particles, called pions (), of around 140 MeV mass. Pions exist as positively (),
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negatively (') and neutral (7°) states. In 1947, a University o1 Bristol group was the first to
provide the evidence of charged pions by observing their weak decays in the nuclear emulsion
photographs. It was also found that the muons arising in these decays possessed a unique energy,

thus indicating that the pions decayed into two particles as
ottty ettt v+,
TV, S+ Yyt Y,
Evidence for the neutral pion was obtained in 1950 through the appearance of electron—positron
pairs in the nuclear emulsions, since 7’ decays electromagnetically as
2 y+y

and the photons are materialized as electron—positron pairs.
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0] pions exist as posiuvely (7 ), negalively () and neutral (77) states.
(ii) Pions have also been produced by the following reactions:

prpont+d
ptnon +p+p
v+p— 70+ P
(i) Mass of t-meson is 139.9 MeV and that of n°is 135.0 MeV.
(iv) Charged pions have several possible weak decay modes, which are:
Tttty
T utV,
o’ tetty,
e YV,
The first two are the dominant decay modes. 7° decays through several channels
electromagnetically, however, its dominant modes are:
> y+y
B sette +y
(v) Lifetime of charged pions is 2.60 X 1078 s, and that of neutral pion is 0.84 x 10765,

K-Mesons (Kaons)
(i) Kaons exist as positively (K*), negatively (K*) charged and their respective neutral

partners (K° and K°). The first evidence of neutral and charged kaons was obtained in
1947 in the cosmic radiation studies with cloud chamber and nuclear emulsion by

observing their decays emitting two charged pions (z* +7~) or three charged pions
T+t +7).
(ii) Kaons having mass around 495 MeV are produced in the following reactions:
TH+p > KO+ N
n+p—>n+t K +K
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T +posK +K' +p
(ili) Charged kaons decay dominantly through the following leptonic modes:
K" =+,
the first evidence for which was obtained by Paris Group using double cloud chambers,
or nonleptonically as
K'or+n
(V) Lifetime of K* = 1.24 x 10°*s.
M-Meson
((I:; T-meson occurs only in uncharged state.
T-meson can be produced by the following reactions:
T+ iH-p+ptn
K +p—>A+tn




