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0 +p - 11+  77’

r +n c_, p +  i7-

‘6 +p - p+ ?P

A4

x- +n - n + f
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fflhw6.l  sulphur = 0.86

ffIMfi  calcium = 0.58

i4Wfyy  lithium = 2./G?

1. ckdmful(i7  tnaGdalutb9-4  (strong or nuclear interaction)

2. tfprm-m7&~~A~bdk  (electromagnetic interaction)



- lih~ifimnintfn~trln  (wrs phOtOfaaOtriO  eff8ct)

- noln~tmlt~in  (the Compton  effect)

- n7t  ~iino”rfihntm -%t%l?fIU  (pair production)

-bremmtrahlrmg

- nmwldao&afmm - hGflIOU (pair mmihilation)
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AE . At s h



;eld 4-6

virtual pions no, ?l+ 1Kl:  7 -

1.4 x 10 -15 bUF,C 1 x 10-23
7Wlfl=

3 x lo8 Lal6lS/%dl~
T

5"  - v4lQI E 2 x lo-l1 %a

10-23 %dlfl
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?l+

273.3

139.58

+1

0

0

-0
2.59 10

n’

273.3 264.3

139.Y 134.97

- 1 0

0 0

0 0

h3
2.55X 10

-16
1.8X 10

mpn n+ n+ -----v++  3G
lr+ - l + + ys

qmn  f n - -  +- l  ,%

)r- -.- +ti
s

ri”

(99.991)

(O.Ol$)

-
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aynn  no -L3  r+  1p (98.8  %I
no l
- 0 +a- l �6 (1.2 5)



1

-40
10

fqmn u (7)

gratiton  ( 7)
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4.2-3 r~1nnwua~+!~11n.l3  ~4'7 (A thirteen - particle universe)
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A Thirteen-particle Univeree

Smvor.  Er&n~  I:R.UCI,  e SPIN, XII
IbeT  YAee,  FtEsr  mrmor,  INTER.4crIOX  PARTICIa

FtiU,Y PAR?IC‘E m, MEV PmIcIP*m  IN

Bayon  neutron. a:ltineutron n, ii 0 1,639 939.5 &on&  electromagnetic,
pro ton ,  ahproton i’*, P- fl,  - 1 : 1,636 938.2 weak, gravitational

Pion **  Ixeson R fl 0 273.3 139.6 St.rOIl& eb?ctromagnetic,
*- meson - 1 0 273.3 139.6 weak, gravitntiond
P DWSO” ; 0 0 264.3 135.0

Lepton electron, pc.arun e-, e+ -I,  +1 f 1 0.5110 electromqnetic,  weak,
gravitational

Ileutlino,  antlnrutrlnn I.(,  r. 0 t 0 0 weak, gavitationd

pbotun 1 0 1 0 0 electromagnetic,
grwitational

graviton 0 2 0 0 gravitational
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K+(K-) 333.4 433.33 1 .23 x 10-s K+-.r++# 2 5
K+-.x++r-+I+ 6
K+-.r++r’+.’ 2
K+-t,,++v 56
K+-.r++r’+. 6
K+-e++r’+r 4

I WW 3 7 4 . 1 437.3 0.374 x lo-” K’ - r+ + v- 63
‘ICI+++* 1 2

6.3 x lo-’ K*+,a++r+.
K'-+,i+r++~
Ke-e++.-+r
Kg-+,-+,++r
K’-#+Z+r”
K.-r++=-+Z

l The nhknom,  K- and e,  are in parentheses. Their decay modes are similar to the
kaans;  ruerely replace  all particles wth antiparticles.

.



K-
. ..-

3
I.

I(‘-  . . +.-  + . .
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$(-;>  = J, (“) (even parity)

Q (-Tj = -Q (3 (odd parity)
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Lamlads

L

A’, F 2 , 1 8 3 lJ16.5 2.52 .x  10-y AD-p+r-,  oro+w’

Sigma ?Y,  F 2,334 192.2 <IO-” l?  -A’  + 5
2+, I 2 , 3 2 7 1,lSQ.S 0.81 x 10-m z++p+ti  orn+r+
r, P 2 , 3 4 3 lJ97.4 1.7 x 10” Z- -+-r++-

b E-,  E+ 2m3 131 1.7 x 10-u T-A’+.-

F, 5 2 , 6 7 3 1p1s 2.9 X lo-” P -+A’+#

Q-s=+ 3 , 2 7 2 1 , 6 7 2 1.1 x 10” a-+~+r-,orr++

l Note that  each  particle ban  a distinct urtipartide.  For rmmple,  the  antiparticle of r is 5, which ia distinct fmm Z+.
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AK - (lO+'J.  mea) / (1O-23  sac)



Km  McV
Kimtic  Energy ol  St&k  Pwticle

200  McV
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Properties of Meson Resonances

and

Ch&e

K *
P-

K’O
K’O

X?

4”

1,  1

I,0

0.0

f.  1

0.0

to

I.0  .

I.0

0, 0

0, 0
I. 0

4. 1
0.0

0.

O f

I-

I -

I-

O -

I-

I+

21s

2’

7
2+

2*
2 ‘

518.9  2  0.5

725  : 2

765  =  3

782 8 x  0.5

891.4 1  0.8

958.6 zz  1.6

1019.5 i 0.3

1072 I8

I220

1253  = 20

1286x6
1324  L 9

1405 z 8
I500

- IO

l24=4

l’.Oz  1.7

49 =I  2

1 4

3.3 z 0.6

1 2 5

125:  I7

116:  I6

40=  IO
90=  IO

95:  I I
80

25.0 : 1.6
30.8 : I..3

5.5 e  I.?
38.6 < 2.7

IOU
IO0

-.5
<2

65 > IO-’
S8

‘3.2
1222

-0 .10
-0.01

1 0 0

i 0.2
KO.2

76 L 4
24 I 4
38 z 3

30=  3
32 :m  8
. loo
c5

-100
‘ 3 0
10

. 50
- 100

‘ 4
‘ 4
100
91

5.5 I.5

3.6 3.0



Symbol
Isospin
strange-

nes

Spin Mass Full Width Main
Parity (MeV) (Mew Decay  Modcs

Branching
Ratios
(“2

y0*

e.

::i

:::

3, 0

b,O

*,  0

t,o

I.0
1,  -1

0,  -1

0,  -1

4,  - 2
1, -1

1.  -1

0. - I

a, -2

4. -2

1236.0 i 0.4 120.0 / 1.5
1518+10 I20

156Of20
1688

2’0 : 20
loo

1924 1 7 0

2190

2360

-200

*ZOO

Z&IS& 10

2825
1382.7 I 0.5

1405

1518.9f  1.5

-200

260
4412

35 * 5

1612

1529.7 &  0.9 7.5-c 1.0
1660&  10 44 +  5

1762i  17 75 i 7

1815 70

1816i3 1614

I.933  f 16 14Of35

TIN
TN
nnN

nN:,,  (12361
YlT,V
TN

7TTN
KA

7N
?lN
EK

TN:,,  (1236)
tTN
KA
WN

Others
TN

7N
TN
77.~
77-s
rrr,
mh
nE
K N

nnh
=

RL
nC
x.2

rrnC

nnA
R N

TA
\-

n Y,:;;385)
nY.*(l520)

R N

nC
s-m.\

71’
?rz*
R.\
775

mr8

aa

100.
75

85

-c 2
-.67

- 4 0

- 15

9Or2
IO-L2

-100
<I

555  7
29 i 4
16&Z

100
15
30

5
30
20
60
1 6

,A3
IO
IO
80

<IO
: IS

1

2 5
65

5
5



1 0 4

4.25r  tia-ty - four - parti univureo



1 0 5

-

.-

-

4MY% 4-11

aym  ~QJI  &au  (Baryons) -



1 0 6
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pfn + p + A0
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p+n -+ p +A0

s t r a n g e n e s s  : o+o + O-1
i

P+P + p + n + K+r

P+P -+ p+n+K+

s t r a n g e n e s s  : o+o + 0+0+1

P + p + A0  f K" + p + R+

s trangens  s : o+o + -1+1+0+0



1 0 9



6Yaafh4~PfU nicda7ulaua4  IC-  - m e s o n s  (WIU&  4-6 a) muduni  c

K- -+ IT- + IT0
.

strangeness : - 1 -f o + o

AS = +1



strbngenoss : +l-o+o

AS = -1



1 1 2

4.9



ANTI- ELEC. REST  REST
PAR-  shu- sm*raF.-  SPIN,  CIIGE., Mu!s,  EIERGI, hllxv

Wwm TlCLE  TICLE.  XE.98  MA  c nq MSV LIFE,  SEC WIKCIPAL  DELXT  MODE

BARYON  FAMILY
HgpCKW:

omega o- l-l+ - 3 4 -1 3 , 2 7 2 1 , 6 7 2 I.1 x IO-" 2+r-, OrPi-P
xi E- Et t -A 2,566 1,321 1.7 X 10-u A”  + z-

2 F 2,573 1 , 3 1 5 2 . 0  x IO-'" A0  + Z
sigma x- F _3

b g - 1
: -A 2 , 3 4 3 1 , 1 9 7 1 .7  x 10-w 0 + r-

2 , 3 3 1 1 , 1 9 2 <lo-“ A"  t 7
X+ -1 t +1 2,327 1 , 1 9 0 0.01  x lo-‘0 P t *, orotr+

lambda A’ F - 1 0 2,163 1,115 2.5 X 10-m p + r-, or II t r’
NueImns:

De”tRXl n ii 0 4 l,S3Q  0 3 9 . 5 1 .0  x  l@ pts-+;i
proton P+  P- 0 t tY 1 , 6 3 6 938.3 m

MESON  F A M I L Y
kaon Kp F t1 0 0 074 490 0.67 x IO-" *+  +  1-

0.53 x lo-’ I+ +  e- t i
K+ K- t1 0 +1 9 6 6 491 1.2 x 10-m P+  t 5

pion r+ I- O 0 +1 2 7 3  1M 2.6  X lo-’ P+  t*.
-: 9 r+

(aelf)
0  0 0  0 -1 0 2 7 3  2 6 1 1 4 0  1 3 5 2.6 1.8 x X lo-”  IO-' Ia- -I+7 t G‘

LEPTON  FAMILY
In”*” r- P+ 0

:
--I 207 1 0 6 2 .2  x IO-' e- t ; t ',

electron c- e+ 0 -1 1 0 . 5 1 -
r-ncutrino v. 6 0 0 0
eaeulriuo h ; toOo0  :
PHOTON

7 T (@IO 0 1 0 0 0 (D

-

ilp $*
z “r+
* I

’ &
WQ

II

6



.

1 1 4


