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3.1 Angular Momentum and CG-—
Coefficients

%

J The angular momentum operators

lim> The quantum state

)

J,| jm >=ma| jm > s

Where m = —j,--+,0,.]. ©i0¢



3.1 Angular Momentum and CG-—

Coefficients
:\]Z,\J;:h\]+
I IO+ J,,J =1
J ,J =21,

J+‘jm >=[j(j+1) —m(m+1)A| jm+1>

J_|im>=[§(j+1)—m(m-1)a jm—1>

37 jm>= j(j+DA% jm+1>
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3.1 Angular Momentum and CG-—
Coefficients

- — -
J=Ji+J>
mmmmm
| /
Clebsch—Gordon(CGQG)
coefficient

jm>=>CX: |jm > jm, > (wherem=m,+m,)
I

‘jlml >‘ jzmz 2 jiz ijljz

] - - mmlmz
i= -2

jm >



Quantum Mechanical LADDER operators, ji = jx + ?jjy

Jaljym) = Vi(G+1)
Y = Vi(g+1)-m(m-1)|j,

j, m) states from

-1)

For Example - can generate all
) — ‘%-%H%-%) =1t

Since jx etc. formed from derivatives use product rule,
d(uv) = udv+vdu, when acting on product of states:

J L1 = (5 )le 2 + 15 205 3)
L0) = [LBIL D+ DD
) = ML+
For the combination of two spin half particle:
,1) = 1
[1,0) = ST+ 1)
) = U

All SYMMETRIC under interchange of 1 <> 2

Also an orthogonal combination which is
ANTI-SYMMETRIC under under interchange of 1 <+ 2

) = STl =1

Dr M.A_ Thomson Lent 2004




3.1 Angular Momentum and CG-—
Coefficients

Let’'s consider the spin angular momentum of a meson.

s

~1 Quark

e | : 1
1125 JZZE

I P e
=0,1
R S
pseudoscalar Vector
mesons



3.1 Angular Momentum and
CG—Coeftficients

ri=l

\h&>=1+£>

+=>
&\E\g\i/Z

m=m, +m,

In order to obtain \10 >state, one can apply the lowering operator.
Ji=d 245

Ll

| LA R T
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3.1 Angular Momentum and
CG—Coeftficients

Let’s consider the pseudoscalar meson.

R L O S ot ol i
00>=a=+=>=-=>+b=-Z>=+=>
2 N Peom2 I
J.|00>=0
e 3 e L R LAz
N2\ 252 2052




3.2 Central Potential in
Quantum Mechanics

Review the main idea of solving the central potential problem.
First, obtaining the nonrelativistic solutions.

=
H=L_ v
2m
Using spherical
Ez p2 | | coordinate system.

= +
2m 2m 21



3.2 Central Potential in
Quantum Mechanics

P =mr L=mr2@ I =mr

Py g2

{4+ ~+V () (r,0,0)=E¥Y(r,0,0)
2m 2mr

S AR

Separation of

w(r,0,0)=R(r)Y (8, ¢) the variables



3.2 Central Potential in
Quantum Mechanics

2 2
LG dits e
R 2m Y
Nl
/ Angular part,

LY = (const)Y

|—2Y|m (0,0) =1 "‘1)h2Y|m (6, 9)

L.Y,"(0,9) = miY," (6, ¢)




3.2 Central Potential in
Quantum Mechanics

2
(e Oy )Rt
2m 2mr

-

EC DR G )R (1) = ER (1)
2m 2mr




3.2 Central Potential in
Quantum Mechanics

e 2 2y
i or r 5 AP
nla ) P’ -7 =t

|rc9r

L d2U|(r)+[V(r)+ h° '('”)]u (r)= EU (1)

2m  dr? 2m r \

U, (r) =rR(r)




3.2 Central

Potential In

Quantum Mechanics

Consider the Coulomb potential in the hydrogen atom.

eZ

V(r) :—T

A

d°u, (r) ( 2mE 2me2 I(I+1)\

dr* L h’

hzr r

2 JU()



3.2 Central Potential in
Quantum Mechanics

Bohr radius.

d? D v L (X)=0
o) e ) T s 1 B

¥

U, (x) = x'*le_gvI (X)




3.2 Central Potential in
Quantum Mechanics

I +1+p-v) (@+D! x°
V'(X)_é FU+1-v) (21+1+ p)! p!

The series should be terminated at a finite natural number

A R DY
0, T p
21+2+ p)(p+1)

a

I'dd+1+p-v) @2+1)! 1

" T(+1-v) (2l+1+p)!p




3.2 Central Potential in
Quantum Mechanics

a‘n'+1 s O

| +1+n'—v =0

4

v=Il+1+n'

Natural //////////?

number!




3.2 Central Potential in
Quantum Mechanics

me*

E =—

2h°n° =

e 1
& — ~
/ nc  137.036
( 1

2 2
En =—a MC \2_n2j Fine structure constant

~-13.6eV/n*



3.2 Central Potential in
Quantum Mechanics
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1. Relativistic Correction

T =(y-1)mc’
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2. Spin—=0rbit Coupling

AH_ =-u-B

=

s B= :
mc mcr

g—factor of
electron is 2
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Correction including
Thomas—precession
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{j(j+1)—l(l+1)—§}

(AE, ) =a’mc’ i
4’11+ )1+



n N ~+ A S
.U calUlll opcllid

3. The Combination of Relativistic and Spin—

Orbit Correction

AE, =AE,, +AE_
[ 3\

1 2N
=—a"mc’ = o
i
2

7

Not depend on /

N | W

J
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M\ = el
3.4 Quarkonium Spe

a’*me?

5

AE, = <AH hf > & %

In the positronium
system, this factor is
equal to 1

So, there is no distinction between the fine structure and the
hyperfine structure in the positronium system.
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There are two important
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1. The
reduced
mass effect

spectra.
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2. The electron—positron annihilation effect
which modifies the interaction Hamiltonian.

AE ~ o 'mc’

annihilation
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The charge conjugation Is give by
c=(-1)"* for the positronium
and the photon has c=-1




Confining potential
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Light Mesons |

Mesons are bound qq states. Here we consider only
mesons consisting of LIGHT quarks (u,d,s).

m, ~ 0.3 GeV, mg ~ 0.3 GeV,
ms ~ 0.5 GeV

Ground state (L = 0)

For ground states, where orbital angular momentum is
zero, the meson “spin” (total angular momentum) is
determined by the qq spin state. HADRONS

Two possible (q total spin states S = (0, 1) 0 Q&

* S =0: pseudo-scalar mesons

MESON  BARYON

%* S =1: vector mesons

Meson Parity : (q and G have OPPOSITE parity):

P = P(q)P(@(—1)"
= (+1)(-1)(-1)* = —1 (forL = 0)

Flavour States:

ud, us, du, ds, su, sd

(uu, dd, s§) MIXTURES
Expect :
9 JP = 0~ MESONS : PSEUDO-SCALAR NONET
9 JP = 1~ MESONS : VECTOR NONET

Dr M.A. Thomson Lent 2004




luds MULTIPLETS |

QUARKS

““Strangeness’’

d u
—0—0— ‘Isospin®’

. JP=1n"
!

ANTIQUARKS

““‘Strangeness’’
15

i d
—@—1 @ —s0spin”’

=112

““Strangeness”’

SPINOor1
ds us
@ ®
du dd | uu ud
—@ — @
S8 *“Isospin’*
st sd
o ®

The ideas of strangeness and

isospin are historical quantum

numbers assigned to different states. Essentially they count quark
flavours (this was all before the formulation of the quark model)

s _ 1 - .
Isospin = E(”U — ng — Na

Strangeness =ng — ns

Dr M_A. Thomson

+ ng)

Lent 2004

HADRONS

) o@

MESON  BARYON




| Light Mesons |

ZERO ORBITAL ANGULAR MOMENTUM

‘‘Strangeness”’

JP =0 PSEUDOSCALAR
- NONET
K'ds K'us
e @ 1':0,1‘[._]]‘ are_(‘ombinations
of uw, dd, s3
" di ' T ud
" i‘ " ? K.m Masses/MeV:
n “Isospin”  1(140), K(495)
K st K'sd n(550), 1°(960)
o ]

“‘Strangeness’’

_]P =1 VECTOR
| J = NONET
K" ds K us
o ® p“,q),m“ are combinations
of ui, dd, 55
" du o’ 0] T ud
pdau ° @ » p.u( Masses/MeV:
p “Isospin”  p(770), K (890)
K™ sii 7 ®(780), ¢(1020)
@ ®

Dr M_A. Thomson

Lent 2004

HADRONS

0 ) g

MESON  BARYON




| Meson Wave-functions |

* ud, us, du, ds, su, sd are straightforward
% However, (uu, dd, ss) states all have zero flavour
quantum numbers - therefore can MIX

©0(140) = Z=(uu — dd) )
n(5650) = %(uﬁ +dd —2s5) »JF =0~
7' (960) = %(uﬁ + dd + s8)

P2 (7T70) = %(uﬁ — dd)

0 — L (un d P _q-
w”(780) = ﬁ(uu—kdd) JU =1
(f)(1020) =SS

Mixing coefficients determined experimentally from
masses, decays. e.g. leptonic decays of vector mesons

HADRONS

) qﬁf

q ¢ Matrix element o< «
V Decay rate o< o’
(_l Y e+ Iee ¢ a?
) 0 + — 1 1 ) )
Mypi(p” —eTe ) ~ e— |—=(Que— Qqe)
q V2
(1 /2 1 |
r _ — == == = =
w5 (5-(53))] -3
r (1 (2 (1]t
CAJU—>0+(3_ X _\/5 3 3 - 18
[1]1* 1
Fyyete _3} 9
PREDICT: rpu . I’wu . I’d, =9:1:2

EXPERIMENT: 8.8+26:1:1.7+04

Dr M_A. Thomson

Lent 2004

MESON

BARYON




| Meson Masses I

Meson masses partly from constituent quark masses
* m(K) > m(m)
hints at s > m,., My

But that is not the whole story
* m(pt) > m(xT) (770 MeV c.f. 140 MeV)
but both are ud

% Only difference is in orientation of Quark SPINS

TTvs. LT
SPIN-SPIN INTERACTION

QED: Hyperfine splitting in H, (L=0) HADRONS

Energy shift due to electron spin in magnetic field of proton

I ® o9
AE=pB = Jfiefip|$(0)[*
' MESON  BARYON

e -~

using g = %S
Se-S
AF x a, <P

TrL
M1y
QCD: Colour Magnetic Interaction

Fundamental form of the interaction between a quark and a
gluon is identical to that between an electron and a photon.
Consequently, also have a COLOUR MAGNETIC
INTERACTION - -
S,.S,
AF ocaag———
MMM

Dr MA_Thomson Lent 2004




11
MESON MASS FORMULA (L=0)

Mg = my +my + A5

1T

where A is a constant

For a state of SPIN é = él + éz

gz — glz —|— gzz —|— 2g1.§2
- - -2 - 2 = 2
S1.82 = (ST —5; —8S3")
Sf:Sg — Sl(Sl+1):%(1+%):%
~ = ~2
giving $,.5, = 1§° -3 HADRONS
For
A 2 ® e
JT =0 MESONS: S =10
JP =1~ MESONs: § = S(S+1) =2 MESON  BARYON
therefore
S:.S; = %Sz - % = —g (0™ mesons)
S:.S; = %Sz - % = Jr% (1™ mesons)
Giving the (L=0) Meson Mass formulae
3A B
M = my + mg — — — (0™ mesons)
4mqme

A
M =m; + mg + ——— (1 mesons)
411 1me

0~ mesons lighter than 1~ mesons

Dr M_A_ Thomson Lent 2004




Can now try different values of 112, /4, 7725 and A and try
to reproduce the observed values.

Mass/MeV
Meson | Predicted | Experiment
T 140 138
K 484 496
p 780 770
w 780 782
K™ 896 894
(o) 1032 1019
HADRONS
Excellent agreement using: *ﬁ Q&
m, = mg = 310 MeV, MESON BARYON

m, — 483 MeV,
A = 0.06 GeV>.

(see Question 4 on the problem sheet)

Bring on the Baryons.....

Dr M.A. Thomson Lent 2004
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‘ Discovery of the .J /1) |

% 1974 : Discovery of a NARROW RESONANCE

Observe resonances
R,, at low /s - many
"bumps”

T T T Ll T T T H T T 5 —
E s it ete” — hadrons
1000 E
i | [7/9@Eoe7)
. 100 ;
|O 1 L A L 1 1 1 L 1 1 |7
Mete”—u*u™  lcosBl: 06 7
100 £ (o) 3 _ _
i 1 efeT s putp
5 ol ]
2N :
| 7t RN W SRR WERNY AR R TR TRt |-
200 | ete"—ete” lcos 81 < 0.6 -
(c) _ -
g 100k M 3 e+e — e+e
b F 14 3
C i ]
_I L 1 1 1 Il 1 il 1 ! I—

20
3050 3080 3100 3.0 3120 3130
ENERGY Ecus (GeV)

Observed width, ~ 3 MeV, all due to experimental
resolution ! Actual WIDTH, I' ;,,, ~ 87 keV.

Dr M.A. Thomson Lent 2004




27
Zoom in to the CHARMONIUM (cc) region, i.e.

Vs ~ 2m,
mass of charm quark, m. = 1.5 GeV

JY 09T Yi3s86)

g 50
L0
30f

20r

W 5 AW

Ey (GeV)
Resonances due to formation of BEOUND unstable
cc states. The lowest energy of these is the
narrow J /1) state.

e->m¥v\q SA AT M\Y\,\<H-
e+ C ) }—l+

The particle physics of decaying particles:
% Particle Lifetimes

% Decay Widths

% Partial Widths

* Resonances

Dr M.A. Thomson Lent 2004




T e [ (P L MRS o N e e L R A e
o.J DdlyOUIll vvdvVCcl ICLIOITS
Baryon

1. Three quarks

2. The Pauli’s exclusion principle must hold

First, two different tensor products to
construct a multiquark wavefunction.

Inner product

Outer product

Not change the number
of particles

Enlarge the quantum
space

)

Increase the number of
particles

Not change the quantum
space
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| BARYON WAVE-FUNCTIONS |

Baryons made from 3 indistinguishable quarks (flavour
treated as another quantum number in the wave-function)

ﬁ"bal‘yon - t:il"slj'clc eWVHavour ¥s pin WYeolour

ﬁ»’bmyon must be ANTI-SYMMETRIC under interchange of
any 2 quarks.

Ground State (L=0)

Here we will only consider the baryon ground states. The
ground states have zero ORBITAL ANGULAR momentum, HADRONS

=>  tspace is symmetric L Q&
% All hadrons are COLOUR SINGLETS MESON BARYON
~_(
= (r
V6

2.€. Wcolour IS anti-symmetric

Veol our +gbr+brg-grb-rbg-hgr)

Therefore YspacePcolour IS anti-symmetric
= YepinPfavour Must be SYMMETRIC

Dr M_A_Thomson Lent 2004




* Start with the combination of three spin-half particles.

Trivial to write down the spin wave-function for the |% %)
state :

32y = ™1
Generate the other states using J.
J15:3) = @Dt (D)t (1)
3) = Tttt
13 2) = gttt + L)

Giving the spin 3 states :

/

\;'”

le_
b3 |

2°
-§l|§

22127
3

2
33 = T
22 = STt
23 = eIl 1)
122 = W

ALL SYMMETRIC under interchange of any two spins

* For the spin-half states, first consider the case where
the first two quarks are in a |0, 0) state.

0,0)az) = z(H =)
0,0)12) |3, 3) = J5(N1 — 111)
0,0)13)|3s-3) = 5 (TH — 1)

2

ANTI-SYMMETRIC under interchange of 1 < 2.

Dr M.A. Thomson Lent 2004

HADRONS

MESON

o

BARYON




15
3-quark spin-half states can ALSO be formed from the state

with the first two quarks in a SYMMETRIC spin
wave-function.

Can construct a 3-particle | %, %) (123) state from

1, 0)(12)|%3 %)(3) and
L) az)l3 30 @)

Taking a linear combination:

131>|%3'%> + ‘1!0”%! %)

3 =
with @2 4 b2 = 1. Act upon both sides with J .
B33 = a@an)Eed) + all 1.l d-2) ity
+6(J4[1,0)) |3, £) + b[1,0) (J+[£. 2)) 0 o&
1,13, 3) + V201, 1) |5, 3) MESON  BARYON
= —V2

which with «? + % = 1 implies:

a = \I‘,.‘f g. b= - \/%
Giving
LY = 2Lk - Lok b
303 = 5@ -t — i)
similarly

130730 = U=t =1

Dr M_A_ Thomson Lent 2004




3 QUARK SPIN WAVE-FUNCTIONS

°
13:3) = 111
1230 = FUT T+ 1)
330 = g+ 11l + L)
3.3 = U

SYMMETRIC under interchange of any two quarks

16

1

® 3
12:3) = @M -t =)
3230 = Jg@UT— It - 1)

SYMMETRIC under interchange of 1 <> 2

1

®
13:3) = M-I
1373 = HFM—Ind

ANTI-SYMMETRIC under interchange of 1 <> 2

PspinPAavour Must be symmetric under interchange of
any two quarks.

Dr M_A. Thomson

Lent 2004

HADRONS

G )
MESON

o

BARYON




17
Consider 3 cases:

@ Quarks all SAME Flavour: uuu,ddd,sss

* WYHavour 1S SYMMETRIC under interchange of any two
quarks.

% REQUIRE 'q'bbpin to be SYMMETRIC under interchange
of any two quarks.

X ONLY satisfied by SPIN-% states.

X no uuu, ddd, sss, SPIN-% baryons with L = 0
3 SPIN-% states : uuu,ddd,sss.

@ Two quarks have same Flavour: ddu,uud,.. HADRONS

X For the like quarks, ¥’ avour is SYMMETRIC. 0 ) g

% REQUIRE ’(;‘.?s,pin to be SYMMETRIC under interchange
of LIKE quarks 1 <+ 2.

MESON  BARYON

* satisfied by SPIN-Z and SPIN-2
6 SPIN-% and 6 SPIN-% states: uud, uus, ddu, dds, ssu,
ssd

For example: PROTON wave-function (s, = %)

pt=L@ututdl —utuldt-—ulutd?t)

v%(?uTqui,—'u.T'u.\LdT—'u.\L'u.TdT—l—
2dlutut —-dtutul —-dtTulut+
2utdlut —utdtul —uldtut)

Dr M.A. Thomson Lent 2004
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® All Quarks have DIFFERENT Flavour: uds

Two possibilities for (ud) part:

i) FLAVOUR SYMMETRIC %(ud + du)

* require spin wave-function to be SYMMETRIC under
interchange of ud

% satisfied by SPIN-2 and SPIN-1 states
—> ONE SPIN- uds state

—> ONE SPIN- uds state

. L HADRONS

ii) FLAVOUR ANTI-SYMMETRIC ﬁ(ud — du)

* require spin wave-function to be ANTI-SYMMETRIC 5
under interchange of ud MESON BARYON

* only satisfied by SPIN-1 5 state

— ONE SPIN-; uds state

In total TEN (3+6+1) SPIN-% states with the
required overall symmetry and EIGHT (0+6+2)
SPIN-l states

Quark Model predicts Baryons appear in
DECUPLETS of SPIN-— and OCTETS of SPIN-—

Dr M.A. Thomson Lent 2004




‘“‘Strangeness’’

SPIN 1/2

n(udd) p(uud)

® ® 940 MeV

Z’(d.ds) Zo(uds) E+(uus) 1 190 1\1@\:
1115 MeV

A(uds) “Isospin”’

= (dss) Eu[uss)

1320 MeV

HADRONS

o 5 03

SPIN 3/2 MESON  BARYON

A'(ddd) AO((ldu) A+(uud) AH(uuu)

® ® ® ® 1230 MeV

2(dds) ):n(uds) Z+(uus)

o ¢ ® 1385 MeV

dss) Eo[uss)

o=

1530 MeV

@ @) 1670 MeV

Dr M.A. Thomson Lent 2004




20
BARYON MASS FORMULA (L=0)

M qq=my+ma+mg+ A’ ( 215245158 4 525
qqq 1 2 3

TRTTLY  TILIN TR2Tng

where A’ is a constant

EXAMPLE 1127 = M3 = 13 = My

2
iz mg
~2 — - -
S = (S1+S2+8S3)°
-2 - 2 - 2 - 2 o
= S1"+S:" +8Ss5" +2) Si.S;
i<j
2385 = S(S+1)—31(L+41)
i< J
23788 = S(S4+1)-2
i< J
~ = 3
_Si.Sj = —_—— J:%
— 4
]
~ - 3
Si SJ = | J :%
1<J
e.g. proton(uud) versus A (uud)
3 A
my = 3mg, — 1—2
m2
5 n 3 A’
m = 3m, +———
4 4m?
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Again try different values of 112, /4, 717 and A’ and try to
reproduce the observed values.
Mass/MeV
Baryon | Predicted | Experiment
pin 939 939
A 1116 1114
b 1193 1179
= 1318 1327
A 1232 1239
* 1384 1381
=* 1533 1529
Y 1672 1682
Excellent agreement using: m,, Mg 363 MeV, HADRONS

ms = 538 MeV,
. L&
A’ = 0.026 GeV>. d ”&

QCD predicts A" = A /2 where A is the corresponding MESON BARYON
constant in the meson mass formula.

Recall A = 0.06 GeV? provided a good description of
meson masses.

Dr M.A. Thomson Lent 2004
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Using the technigue of Young tableau.

12}

; doublet meaning 1 or |

12}

12} {3}

/ {f1}

Symmetric Antisymmetric




{2}

{2}

{1}

{2}

{3}

123

{2}

{2}

{3}

12}
Mixe(;\

}

{2
X

Mixed

{T}
Symmetric

Symmetric

Symmetric
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{10}

/
Three flavors, u,d,s

\AlaviAafiinAtiAne
vvave luliLLIOlNS
) ®
037 73
D ) D

{8} {8}

The nucleon (p, n) belong to
the octet ({8})
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unctions

= i(2uud —udu —duu)

3 V6

udu — duu)

e
2 e D)
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BSaryon Wave

Singlet

Color wave function 7’ Antisymmetric

Total baryon wave function }—’

Antisymmetric

Inner product of spin and

flavor wavefunctions

Symmetric
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3.5 Baryon Wavetunctions
—> Symmetry
=1
=1 1|2 1|2 1|3 113 )
-4 ® & o
3 3 3 S 3 F 2 S 2 F

= %( QT =TT =4 (2uud —udu —duu) += (TLT ) (udu - duu)j

s —(2@uu’d* +u'd*u" +d'u’u")—(u'u‘d" +u’d'u’ +d"u'u’ +u‘u'd’

Ji8
+u'd'u +d"u'u"))
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Y

p

PR e e iaslicred dotel st T R ¥ g R
-(u,u-d +ud u +duu +uwud +udu +duu ))

Xy

r,r,,r,t

s e e

)

£, ||f\/\_-|-:
U110 L

SF

6\/§ ijk

N T e 1 it LA Y, R
T(rl,rz,rg,t):—(c:. (2(ui u d +ud-u +duu)

S—wave orbital
wavefunction

l,j,k are the
color indices




Baryon Magnetic Moments I

Assume the bound quarks within baryons behave as
point-like SPIN-1/2 particles with fractional charge, q,.
Then quarks will have magnetic dipole moments:

- qy ~
Hq = qS

my

where 1., is the quark mass.

Magnitude of the magnetic dipole moment:

qq -
g = (q7|—Slg1)
my
. - 1
with  Slgt) = -hlg 1)
.. qqh
giving  ptg =
2m,
2 eh 1 en 1 eh
= 32m, Ha = 32my P = 3 2m,

For quarks bound within a L=0 baryon, X, the baryon
magnetic moment is the expectation value of the sum of the
individual quark magnetic moments.

- qi - qz - qs
fis = — S+ S+ 8,

m mo ms
px = (X f]asl/X 1)

where |X T) is the baryon wave-function for the spin up
state.

22
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For a spin-up proton:

1
pt = —ZQututdd—(utul+ulufd?

1 ‘
= Hp = g((2 T =M+ 41) D + 2 + as[(2 ML —(TL+ 4D 1))
Consider the contribution from quark 1 (an up-quark):

1 , :

E((QT T =L+ DT =4 +LT) 1)

1 , .
= (@t (L H DDt N (T d e D 1))

6
2 2 4 eh
= — g = — = —
31 = 3 T 9om.,
Summing over the other contributions gives:
4 1 4 eh +4 ch _|_1 ch
Hp = 3”“ S'Md 9 21, 92m, 92myg
eh mp

2My, /a4 Moy /d

where ¢y is the NUCLEAR MAGNETON oy — t?.ﬁ,”Q?'np




Repeat for other (L=0) Baryons, PREDICT

Bn 2

Hp

3
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compared to the experimentally measured value of

—0.685
Baryon HBin Predicted Experiment
Quark Model [l [en]

P | FHu— 3Ha | +2.79 | +2.793
n SHa — i, | —1.86 | —1.913
A e —0.61 | —0.614 £ 0.005
Xt | She — ips | +2.68 | +2.46 £0.01
20 | s — He | —1.44 | —1.25 £0.014
== iy — 3iq | —0.51 | —0.65 £ 0.01
Q- RIT —1.84 | —2.02 £+ 0.05

Impressive agreement with data using
m, = myg = 336 MeV and
m, = 509 MeV.

(see Question 5 on the problem sheet)

Dr M.A. Thomson

Lent 2004
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| SUMMARY |

% Baryons and mesons are complicated objects.

* However, the Quark model can be used to make
predictions for masses/magnetic moments.

% The predictions give reasonably consistent values for
the constituent quark masses.

Tiiy /d Tilg
Meson Masses 310 MeV | 483 MeV
Baryon Masses 363 MeV | 538 MeV

Baryon mag. moms. | 336 MeV | 510 MeV

m, ~ 335 MeV I
mg ~ 335 MeV I
my, ~ 510 MeV I

% What about the HEAVY quarks (charm, bottom, top)....
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Thank you.



