
\ -orf-2.0u5

Hadronr Speclroscopy

Th" :/+ a.nd. i{s e<citeA

ide"{ i f ieA as bwnd. q*ater

Tn 1977 ,+8 a s inr i lqr  czf
ru49 6res-6ysret ) rn p.olo^

experi^e^{r cr,t Ferni [ab ( IOO
cu / Pb krget )

l^  I^€5ona46:gs were
,  I .

bb  DY odu t t ' c '> \
I

6c"hw?
I

(,)

s{"}es were

of cc loarPe
cl f  r .esonance 9

f ixed *"rge(

6eV f rofor,rs

o( lsoc i  a*e4Th.

cuifL

2 5 + 1 .c  c  L x

1 .  
' S o

J/+ 's.

l.J*l t , o
x, lv)  t ,  t
L , ! i l \  r  ,
t tzsl 's,

nag9

2r8O ltieV

?(,tr+

? {  1 5 '

t 5 t  t
z 5 5 L
3686

b b
" lr
T( rs )

Xg"lw)

/r;{n)
T (rs)
l4.-r"(zr)

K b , O ? )

Xr.  (zr)

r ( ss )
7 (r{s)
't (5'5 )

,

?

)$60 lAe

986 0 l,t\e

X'r,hr) t P, ? 8 1 3  M

L^
) o

] q

7 P  o

3 p
r L

B q

t P o

t P ,

7 p
t L

l 9 r 3
10,  ozz
tD.  z3 z

10. E8 0



VA

. s 2

. d ,
.J

s , '

The r  ich s{ru.} , r re ia

is Ave 1,  spin- gpin

; '^ tgracl  ionE .

,.-- flyvrF;".
Tl". sfin- egin 1lli i l i,nj

aHurp : p( [ SrfF) sn'  i l , m , 1  Z

*L.e €o"*

f, t'' ]

expeclal io n
I r-r

f s ,

J S ,

U

eclqt;o'n
l 5

x0
I

c^lteJ an o l

I 'P , )  :
I t r , )  =

I ' P r )  :

l ' 5 . )  :

l t s " )  =

-Ts
.)
/-

- q

/\

o

lire Ynae s sfec{ru vn

and. sFiy)- 016;+

E p l i f ; ^g

)s  o f

-.) J

S , ' s ,  t -

The s.-', i *e.m ."", o c{, o}1 }he S -wave

s+ales s ir.cg *l.ese a(e .1i." ""y o/les

fo .  urh icK * | . .  -qd, ia{  waVQ.Fur,c l iors

are } i r , , ; {e  o{  n= 0.  T+ hns
l , r e s ,

|  
' S " )  =  - ? / < l

I t s , )  =  + r / , 1

d"  =  j I  S (S  11)  -  s , ( s ,  + r )  - s . [ s , * lt )
*he 

"Tenso. 
opero4Jnr"

valve.s 
'

( ' s .
( 3 s ,

(  Re . " l l

The S,z
1+ has €

( 'P " l  s , , .

( 'P,  I  s, '
1 '?o l  s , ,
( ' 9o  I  S , .

('5" I 5,,



Tl,^.q P l n  -  O , "- I

t . l
b r t " mterael;o^ has'14^e f, ' , r* ' .

al- lso - 1
2 r

J[ ]+r) - Ll, t +

e luo{  vnqg l  ,

: - J \

+  L ' S .  i
m z /,L

t )  -  S ( s * r )

lor r lu ark 5 wi+,.

t_
n;

A .
LY

\ . /  l .  - - - )  J

-dJ  I  L ' s ,
d ( L Yttr'

+  , t | - l r
l-l "rnl

i . i  =  r f
) I

Y F I
l \ \ lt- 'z I- _ - _ l

rh3 )
r  \ l  i  :

J  l l  L ' ) ,
lot. / \ "\'

Re.o l(

( . ' P .

, / 3 o
\  t ' L

, /  io
V O

Hro a ls  o  de

l l ,u pole" i r ' {
hy*Ln,

'P._)
o P , )

3 P ,  
)

.-r r-)

L . S

+ l

- 1

_ L

,r\ fl^u
b u d s

| . \
L_ -f

vnz" t t

Lu here 3
r a '
L ' )

I - \

l a
L ' \

pe rr,{ t

*h^*
s  Aap .  u f

lhe qlqrk r



h . , y ' otn o1,

IF hery
cah,  rea l l r

ey s+e ms
w l . o l
*hal

Fot

T s  ; +

is

ttnd.s

vec{or '  rvleso,4s { .; or tf )

be 1'1"o, ghl o{ as nonr€l,./.; uit

l ;ku #" l-{stdrogen olu^ , *h",
*ke Ss.,.' ,f {l'e p"leu(;a|

*l^e- Tvarl,s #gelher ?

al l  ver{o,  yre so}4 .s  ,  aF{er a \1,c4; ^ g
t"r' * lre .  q uarlc char 1e r

0i
*he- f , D^J

I+ wal a!( evr4per ical aLserno.l io".
-l{"at fhe par*ial w;a{!hs of lhz 5r c}oles
d,ecay\n1 h ete- were fl.e same Tot

HTdro3e^ i+ is V(rl +
*lne sqme S-- A n s+ates ?

10 k, t/

s{a{es.

Thi s' r { 'proce

S,  * '

55  CA^

+  - \
P ' t 7 =

, T/^P

c " l c u l a l " J , :

/ 6 ? r D ( ' Q i  i . I , f o ) l '

is *i a ltttr(s

ni
of the vec{or

Va.n ft"y"n

be

wherg rf ly

ry\e joh.  This is eo lle,,
Srr,,,{qh*is '  ko pFf

*l'e



f he F".{ ld"t . f  r v
a\.,

a;
I rlrCol l"

r4..,..-€+

l0 bey'

h lls uE +1""+ rr,ru sf be
rrri

*he sa".te &r-- o�ll v"clor- n^eroh 9

So ltto11' o.  ̂ /h;

Reco{l *1,"{ C. a Ilydrage^ crlo^

V(.) = 4f _t \ ' , ,.-./o.
f f i \ a " l

.where 
eo = 

*"  
or 

#,
Ei^*rt yq4cr

5o &- *h€- H7 d.ogen oto,n /vf o2 l ' n nt

Fo, #.e hqnnonic osci l l  oln- prol leu.m.n
+h" spaho I re g.e* ^ {o{ ion, oF 

' 
'lhe

qravn'd. sfofe Lugve+;".c{r o,.. u, a J

}f- ) = I -t \", .- F"x'/z
l . n  /

where P = ,[6
So in *his ca.se lHtq l' o rn"z



The
Vfleson I

&^"t *k^{

Phenom enolog is ls vsvoll,

p "  {en  { io I  as  b " in3 '

V(,") - -'t:_!, 
r c

l-.,

Vthe.e q/: ds r<pla

Covp l ;n  g  cor (  r  {o^ f

Pof." {;o- { '

We kr,,orrt *ho{ ( : 
,*

€M p"rocesszt. h/haf

Irptoll.
*/�"l

fyl' vectorfr.
of*ht Ar* *l'.

in Le. lueer, .

the har*o^ i,

Hanrnotic Oscill

Pqname*er- ize lL"

cvg g es {s
lsgo{e o{io I Sorae,"., ke "e"

*he Coulorr^ L po{.rt{i" I an ot,
oqc i  l l q  to t p o l e ^  { i o  ( .

ad

i

I

l ine o-

+ b r

cet *he

o{ iU..

+  L o u l o v l  :

ele c{ rovuag he

]Lz coulorqL

enernTfo. low

i s  d ' 7

Coulon L



Sowre  one  . o I c r l a l ed . *ln. pa,rlr ' {
-) YIY :

wi Alh

I i-t'

Txe
an O\
g g 7 .

J"+"{
*l*-

d."

Ync

?
g

ry

(5

If

S "  d s
gtroy in{-ere.lior,s

lor fl"e Procer s

q*

q-

T)^{ e.Xri volen *

lvrler-ac{io,as is

H*.. , drt =

*i ot*|" of *b-e. J/l|l is 8 7 t e/
hadrou ic  l rar .cAig  Foc l ;on ie

T l i :  J iYe  s

= 0 .zzz
yylc

Lurt* *hir 3 ive r

=  I . o 8 ? N r t v * 0 . 8 8  ,  9 n  \ 7 e ,
\--l ioo Meu Zln"-e11

=  O . 2 3
'  Tho{ 's *V

"C fde pt^olon
*l^e glvon :

ft" l{ra"tg

T[35, 
-] fiotJrm') = zItf -r)

9 i r

[ ! s , *hod"n ' )  .  ? ' t i  I z \L
YYI '  2(? ' " - '  t4 /

I - ( ts ,+  / r r )  =  L(42 an
>.lT

o t e  f o tho"g .


