Rbstract:

This is Bubble Chamber Film Analysis. ©One does not have to
set up the equipments to produce the interactions and decays of
particles, but has to scan through 500 frames of film which show

the decays and interactions of particles. Numbers of beam tracks

(K~™) are counted for every ten frames. The final results are:

(i) Branching Ratio of K- ->u~+T"4+0" is 6.67;1; /‘,‘,.La,
(ii) Total Cross-Section 0 = 26.02£4.24 mb ,&Wa«»vk

. . - -4 ey
(iii) X* lifetime T =1.33%10 %0.16x10 sec

with
(a) Beam:K mesons with momemtum 1.5GeV/c
(b) 25'*' Bubble Chamber

(¢) Interactions: K + p
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Introduction:

The following pages are written in the attempt of giving a
brief introduction to the essential concepts needed for the
Bubble Chamber experiment. Of course, many important topics and
details will be omitted due to the limitted length of this report
and the lack of my knowledge on the subject.

Atom was once believed to be the smallest thing in the
world. This idea was rejected when protons, neutrons, and
electrons were discovered to be the constituents of the atom.
And then , in the last few decades, the neucleons were found
consisting of quarks. So, qguarks, with the electrons, also known
as leptons, now become the fundamental particles which we all
believe that can not be divisible. The sizes of the constituents

of mattér are summarized in the fcollowing table.

Table 1:
Molecules 167 -15g cm
Atoms about 10“8 cm
Nuclei about 1642cm
Nucleons about 10—‘3 cm
Quarks Electrons <16Is —10—'6 cm

All known particles can be divided into three groups:
leptons, Dbaryons, and mesons. Besides these three main groups;
there is one other; the intermediate bosons. This group consists
of particles, such as photon, that serve as <carriers ot

interactions. The last two come from the combination of quarks.
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So, a brief discussion of quarks is helpful. Quarks are point-

1ike objects and carrying fractional electric charges of 2/3 and

-1/3. They occur in several varieties, called flavors:
w;d; 8 e,b,E. Like the anti-property of the particles, each
flavor has its own antiquark. They are 4, d, 5, &, b, t. Wwith

these six quarks and their corresponding antiquarks, all the

known particles can be created.

Table 2:
Quarks Antiquarks
Clarge Spin Flavour Charge Spin Flavour
4 -
2} 172 Up (u), Charm (c), Top (t) * -2/3 172 fi, © ¢
-1/3 1/2 Down (d), Strange (s), Beauty (b) +1/3 172 d 5 B

The baryons and mesons are collectively designated as
hadrons, or strongly interacting particles, because they interact
via strong force. The baryons are formed from any combination of

three gquarks and the mesons consist of a gquark and antiquark

pair.

Baryon . Meson
Fig.1l: Quark structure of hadrons ( g stands for any
gquark flavor )
For example, a proton consists ¢f a combination of u, u, and
d quarks, giving total electric charge cof (2/3+42/3-~1/3)=1 unit of
charge. On the other hand, a neutron consists of d, d, and u
guarks with & total charge (-1/3-1/3+2/3)=0 unit of charge.

Strangeness of some particles come¢ from the strange quark s. For



example, k¥ is composed by u, E; /< comes from d, u, s.

There are six different leptons. Tabyle 3 1iste Chase
leptons, their masses, spins, electric charges, 1lifetimes, and
decay modes. Of course, for each lepton, there is an anti-
lepton.

Table 3:

LEPTONS (Spin 3) é

Lepton Charge Mass Lifetime Principal decays i

= . e =) 0.511003 oey =2 E
First generation { . 0 0 - e ‘.
e : - = 105.659 2.197 X 1076 al. i
econd generation o 0 0 - =3 f‘
r - T =1 1784 3.3x107" pvb,, €vy,, py, '
Third generation { % 0 0 e - b
!

i

I‘

MEDIATORS (Spin 1) ;

Mediator Charge Mass Lifetime Force '5
gluon 0 0 ee] strong ]
photon () 0 0 @ electromagnetic i
Ww* ] 81,800 unknown (charged) weak ! electroweak ;

Zz° 0 92,600 unknown (neutral) weak ;

N e



BARYONS (Spin })

Baryon Quark content Charge Mass Lifetime Principal decays
NP uud +1 938.280 o0 =
t n udd 0 939.573 900 pev,

A uds 0 1115.6 263X 107'° pr”, nx®

* uus +1 1189.4 0.80 % 107'° pr®, nxt

> uds 0 1192.5 6% 1077 Ay

2 dds =1 1197.3 1,48 X 10710 nw”

=0 uss 0 1314.9 2.90 X 107 Ax®
= dss ~1 1321.3 1.64 X 10710 Ar~
A} ude +1 2281 2% fo=1® not established
BARYONS (Spin )
Baryon Quark content Charge Mass Lifetime Principal decays

A unu, wud, udd, ddd | +2, +1,0, —1 1232 0.6 X107 N

z* uus, uds, dds +1,0, ~1 1385 2X 107 Am, Zw

= uss, dss 0, -1 1533 77X 1079 Er

Q" sss =1 1672 0.82% 107" AK™, E%~, E=°

PSEUDOSCALAR MESONS (Spin 0)

Meson Quark content Charge Mass Lifetime Principal decays F
x* ud, dit +1,-1] 139569 | 2.60% 107 — i
° (uit - ddyV2 0 134.964 8.7X 10" P §
K* us, st +1, -1 | 493.67 1.24 X 107 py,, w570, wirtaT :

- K%20.892x 107" [ x*x~, »Ox°
0 70 = Ky ’
K% K ds, sd 0,0 497.72 { BV 3080 107 | e, v
n (uit + dd — 255)/V6 0 548.8 7% 10710 vy, 70n0x®, ot xa®
7’ (uit + dd + s§)V3 0 957.6 3IX 107 nrw, p%y
'l od, dé +1,-1 | 1869 9% 107" Knx
D%, D° cit, ut 0,0 | 1865 4x 107" Kxx
F* (now D¥) | ¢35 s¢ +1, -1 | 1971 Ix107" not established
B* ub, bi +1, -1 | 5271 5
_ 1 is e 2
B°, B0 db, bd 0,0 |s275 o fe ey
e ot} 0 2981 6x107% KKz, pwr, 7'
VECTOR MESONS (Spin 1)
Meson * -Quark content Charge Mass Lifetime Principal decays
p ud, dit, (ui — ddyV2 | +1,-1,0 770 | 04x10°® | »=
K* us, s, ds, sd +1,-1,0,0 892 1X107%8 | Kr
) (uid + ddy/Y2 0 783 TX1078 | a*a 20 2%
¢ s§ 0 1020 20% 1073 | K*K-, K°K°
I & 0 3097 1X107° | e*e, pty”, 57, T
D+ ed, di, e, uéc +1,-1,0,0 | 2010 >1 X 1072 | Dw, Dy
T bb 0 9460 2X 1072 | rte, wtu, et




Conservation laws:

Interactions among the particles are governed by some
conservation laws. The conserved quantities are: energy, linear
momentum, electric charge, baryon and lepton numbers, isospin,
parity, and strangeness.

We are already familiar with the conservation laws of
enefgy, linear and angular momentum in classical physics. We are
also used to the idea of electric charge being conserved. These
laws are universal. The rest of the laws will be discussed here.

1.Baryon conservation:

The family of the baryon is: proton, neutron, lambda ( A ),
sigma (2 ), Xi (=), omega {fL)- The law holds for all
interactions and decays: if a baryon appears on the left side of
the interaction, one must appear on the right. A Baryon has a
baryon number which is either +1 or -1. It 1is +1 for the

particles listed above and -1 for their corresponding

— =

antiparticlies: p, 6, A\, &,=, and JL .
Example: K™+ p => A +T+T°+ 0
Baryon: 0 = 1 0O 0 O

2.Lepton conservation:

Like the baryons, the leptons must be conserved in nuclear

interactions. They have 1lepton number +1 and their anti-
particles, u+,ef,‘§, have lepton number -1.

Example: K => =+ TC + 9

Lepton: 0 = 1 0 =1

3. Strangeness conservation:

Some particles have the strangeness property, others do not.



The particles with strangeness numbers are: K (-1), K+ (+3i, ¥

(+1), E°(-1), A (-1), Z(-1), Z(-1), =(-2), =(-2), JL (-
3). Each of these particles has an anti-particle with the same
strangeness number but with opposite sign.

Example: K~ + p ' dh o P el - W

Strangeness:~1 + 0 = -3 4+ 1 +1 + O

4., Parity Conservation:

Parity conservation law holds only for strong and
electromagnetic interactions. This law can be explained by the
following example. Consider the reaction p+p -> p + n +'n*, in
which T' is created. 1In such a case; it is necessary to assign
an intringic parity to the pion in order to ensure the same
parity in initial and final states.

5. ITsospin:

The nuleons are seen as an analogue of the two possible spin
states of a spin 1/2 fermion. We can talk about a spin guantum
number. I=1/2 with isospin up ( I;=1/2) or isospin down ( Ig *=
1/2). THe charges of the two states of the nulecnE are Q=1/2+%; .
In general, for particles which are found to exist in three
charged states ( -1,0, or +1 on the charge of the electron) we
have the formula: Q=B/2+Ix . B 15 the barycn number which equals
1 for the nucleons and 0 for mescns. This law only holds for the

strong interaction.

The decays and intsracations among the particles are
produced in the bubble chamber. What we do in this experiment is
to scan through the film which pictured the tracks and events,

and to analyze 500 frames . The f£ilm we used came from the 25!



bubble chamber at the Bevatron. Other data needed to know in the
experiment are:

- Beam: K~ mesons with momentum 1.5GeV/c

~ Magnetic Field: 1.667 Tesla

- Chamber liquid: liquid hydrogen of density approximately

0.06 gm/cma.

The creation of K mesons can be summarized as follow. Some
gas hydrogen is passed through an arc chamber which ionizes the
gas, leaving protons, which in turn are accelerated and directed
to a target. Numerous particles of different energies result as
products, from which K% of 1.5 Gev/c are selected and focused,
and then fired into the cylindrical bubble chamber. The bubble
chamber is immersed in a magnetic field and filled up with liéuid
hydrogen abo¥e its normal boiling point but under sufficient
pressure to prevent boiling. There is a big piston inside the
chamber and (t# is activated to expand the volume of bubble
chamber suddenly, creating superheated hydrogen, liguid hydrogen
does not boil right away. During this brief interval before
boiling occurs, K™% enter the chamber; charged particles ionize
ligquid hydrogen and H,(liq)->Hy(gas) thus form a string of
bubbles. The chamber is illuminated through glass window and

photograph is taken of the tracks.



EXPERIMENT
1. Scan 500 frames of film, from 0 to 500- Roll 5450,
2. Ten typical different events found are:
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(ix) K +p ->Z'_++TI + (T°) Y 2 B e 3 s ¥+ ¥
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Frame 46

(8] K £p—-d2p+T +K |, XK > Tuhy

Frame 94

3. Branching Ratio of K -5l a7 ¢
- Number of decays in K-> LS S o is 4

n
- Number of decays in“others is 63

BR = ~rm——-—ceme—m——mmmem——— e = (4/63)x100% = 6.67%

Note: Because of the difficulty of typing formulas and numbers,

hamd~
the rest of this report will beAwritten in ink. I am sorry for

the inconvenience in reading. J?Z ( M, ' N
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