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Constituent Quark Models (CQM)

ÅQCD describes hadrons as valence quarks 

in a sea of gluons and q-qbar pairs.

Åat low E, ɢSB

Å Ą quark constituent mass

Å hadron can be considered as a bound 

state of constituent quarks.

ÅSakharov-Zeldovich formula: 

Åthe binding & kinetic energies ñswallowedò 

by the constituent quarks masses.
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Color Hyperfine (HF) interaction

Å 1st correction ïcolor hyperfine 
(chromo-magnetic) interaction

ÅA contact interaction
ÅAnalogous to the EM hyperfine interaction ï

a product of the magnetic moments.

ÅIn QCD, SU(3) generators take the place of 
the electric charge. 
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Constituent Quark Model:

caveat emptor

Åa low energy limit, phenomenological model

Åstill awaiting derivation from QCD

Åfar from providing a full explanation of the 
hadronic spectrum, but it provides excellent 
predictions for mass splittings and magnetic 
moments

Åassumptions:
ÅHF interaction considered as a perturbation 

Å Ą does not change the wave function

Åsame masses for quarks inside mesons and baryons. 

Åno 3-body effects.
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constituent quark masses

Â example I: 
quark mass differences from baryon mass 
differences:

( )
( )=+++++-

-+++++=

=- LL

ds
HF

us
HF

ud
HF

sdu

dc
HF

uc
HF

ud
HF

cdu

VVVmmm

VVVmmm

MM
c

sc mm -=
0=

6



M. Karliner   Omega- to Omega_b Moriond QCD 15/3/2010

constituent quark masses

Åexample II:

Åextracting quark masses ratio:
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quark mass difference is the same

in mesons and baryons

but depends on the spectator quark

Ą challenge to npQCD

MK & Lipkin, hep-ph/0307243

M. Karliner   Omega- to Omega_b 8



M. Karliner   Omega- to Omega_b Moriond QCD 15/3/2010

s

u d

color hyperfine splitting in baryons

ÅThe Ɇ(uds) baryon HF splitting:

ïɆ*: total spin 3/2  -

u and d at relative spin ï1

ïɆ: isospin ï1 

ÅSymmetric under exchange of u and d

Åu and d at relative spin ï1

Åthe óudô pair does not contribute to the HF splitting 
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Quark mass ratio from HF splittings in mesons and baryons

New type of mass relations with more heavy flavors

10



M. Karliner   Omega- to Omega_b Moriond QCD 15/3/2010

Similar relation for bottom baryons
Ą prediction for       mass

Ą

(MK & Lipkin, hep-ph/0307243)
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also prediction for spin splitting between        and  
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Effective meson-baryon supersymmetry

Åmeson:         Q qbar baryon:  Q qq

Åin both cases: valence quark coupled to

light quark ñbrown muckò  color antitriplet,

either a light antiquark (S=1/2) or a light diquark (S=0,S=1)

ÅEffective supersymmetry:

Åm(  ) ïm(   ) independent of quark flavor (u,s,c,b) !
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Åfor spin-zero diquarks:

Åneed to first cancel the HF interaction contribution to meson masses:

Åfor spin-one diquarks need to also cancel HF contribution 
to baryon masses:
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Magnetic moments of heavy baryons

Å

ÅĄ mag. moments determined by s,c,b moments

Åquark mag. moments proportional to their

chromomagnetic moments

DGG:                                            (=EXP)

Ą
challenge
to EXP !
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Testing confining potentials 

through meson/baryon HF splitting ratio

B. Keren-Zur, hep-ph/0703011 & Ann. Phys

Åfrom constituent quarks model can derive:

Ådepends only on the confinement potential             

and quark mass ratio

Åcan be used to test different confinement potentials
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Å3 measurements (Q = s,c,b)

Å5 potentials:

ÅHarmonic oscillator

ÅCoulomb interaction

ÅLinear potential

ÅLinear + Coulomb

ÅLogarithmic

Testing confining potentials 

through meson/baryon HF splitting ratio
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Hyperfine splitting ratio from potential 

models vs experiment
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hyperfine splitting ratio from potential 

models vs experiment

M3/M1
1.33 4.75 14

EXP 2.08 ± 0.01 2.18 ± 0.08 2.15 ± 0.20

Harmonic 1.65 1.62 1.59

Coulomb 5.07Ñ0.08 5.62Ñ0.02 5.75Ñ0.01

Linear 1.88Ñ0.06 1.88Ñ0.08 1.86Ñ0.09

Cornell 

(K=0.28)

2.10Ñ0.05 2.16Ñ0.07 2.17Ñ0.08

Log 2.38 ± 0.02 2.43 ± 0.02 2.43 ± 0.01

SDDK cD SDD
bB SDD
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Predicting the mass of       baryons
Q

Q
: Qsd or Qsu.  (sd), (sd) in spin -0

Ą mass given by
Q

Can obtain (bsd) mass from (csd) +  shift in HF:
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several options for obtaining                  from data:

MeV

MeV

MeV

ÅThe ɂ (Qsq) baryons contain an s quark

ÅQ mass differences depend on the spectator

Åoptimal estimate from mesons which contain both s and Q:

Q
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Summary of ɂ mass predictions
b
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: bsd with (sd) in S=1;  total spin = 1/2

: bsd with (sd) in S=1;  total spin = 3/2

so that
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