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Constituent Quark Models (CQM)

A QCD describes hadrons as valence quarks
In a sea of gluons and g-gbar pairs.

A at low E, GSB
A A quark constituent mass

A hadron can be considered as a bound
state of constituent quarks.

A Sakharov-Zeldovich formula:

M=a m,

Athe binding & kinetic“u,,\OOgi

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

A 1st correction i color hyperfine
(chromo-magnetic) interaction

M = am+aV“

I<J

o SIS o)) ,

A A contact mteractlon

A Analogous to the EM hyperfine interaction i
a product of the magnetic moments.

Ve Gn @2

Cy(e ) )

A In QCD, SU(3) generators take the place of
the electric charge.
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Constituent Quark Model:
caveat emptor

A a low energy limit, phenomenological model
A still awaiting derivation from QCD

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

A assumptions:
A HF interaction considered as a perturbation
A A does not change the wave function
A same masses for quarks inside mesons and baryons.
A no 3-body effects.
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constituent guark masses

A example I:
guark mass differences from baryon mass
differences:

M, - M, =

(h(LL }nq + mc +V\H\ud +VHFuc +VHch

_r(rTT{mU\A y +VHFU\6\HF .
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constituent quark masses

A example II:

=
e

&), - (5,60, ety
L)y
m,Im,

A extracting quark masses ratio:

7 o7)

MM, 4vom<y\d(r)jy>

= 4v,

K*

— P 0 rT‘C
M_. - Mg 4VO(”_<)/‘0'(I’)J}/> my

/.0.)
mm
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TABLE T - Quark mass differences from baryons and mesons

observable | baryons Mesons
J=1|J=0|Amp, | Amys.s

guark mass difference is the same ETE TV o] Mev | Mo

; (Me — M) sud|uud || sd {ud | sd [ud| 177 179
In mesons and baryons TN Tl
/| _ ! ~ /. . Y (mg —my), cs [eu|es|cu 103
\ Mty — My )dBar ~ \Mli — Dlj/dMes DI |DI|D:|Ds
(my —my)s bs | bu | b5 | bu 01

but depends on the spectator quark | | B: | B |B.|B.
(m, — my) cud|vud| ed |ud | ed |ud || 1346 1360

d
A challenge to npQCD NN [D s [D]=
(m. — my). cc | uc | ecluc 1005
' ' W [D*[n.| D

(., — M)y cud| sud|| ed | sd | ed | sd 1169 1180

MK & Lipkin, hep-ph/0307243 AT A DK DK

(me — my)e ccscjce)se 991
f *
v (DY . | Ds

(my, —m,) bud |vud || bd | ud | bd | ud 4685 4700

d
M| N||B|p|B|m

.::.mb —my), bs |us| b5 |us 4613
BI|K*| B, | K

(my — M) a bud | sud || bd | sd | bd | sd 4508 4521
AN | AMBY|K*| B K

3339 3341

(my, — Me)a bud|sud || bd | cd | bd

_ (my, — M), bs | c5 | b5 | c5 33928
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color hyperfine splitting in baryons

A The E (uds) baryon HF splitting:
I B* total spin 3/2 -
u and d at relative spini 1 e

I E:isospinT 1
A Symmetric under exchange of u and d f \
A u and d at relative spini 1 G’ @

o s o s
(5.6%)s =(5,G%)s
Athe 6udd pair does not cont

Mg - Mg :6\’0(/”“1]2:)0/ \a’(rij)y>
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Quark mass ratio from HF splittings in mesons and baryons

= 2.81

—02.84 = (m) _ M- — M
Mes

mg a M_Dm —MD

m, Ma — M, m, M, — M,
( ) = = 4.36 = ( ) = = 4.46
Bar Mes MD" - MD

New type of mass relations with more heavy flavors

1 1 1 1

m2_ mume |_ Me,— Mn, _ o0 | m2  mume |_ (M—My)—(Mp-—Mp) _ .
11 Ms. — My ‘ 11 (Mp—My)—(Mg«—Mg)
mZ  m,m, /g, ™y MuMy Jyre
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Similar relation for bottom baryons
A prediction for 3.y nass

Ms, — My, (M, — M) — (Mp. — Mp)

— 2.51
My — My (M, My) — (Me- — M)

A M, — My, = 194 MeV

(MK & Lipkin, hep-ph/0307243)
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CDF obtained the masses of the ¥; and X;” from the decay X, — A, + 7 by measuring

the corresponding mass differences

with isospin-averaged mass difference M(>;) — M(Ap) = 192 MeV.

o850

M(X,) 5800 f

9750

5700

5650

hep—ph /0303243
prediction

5600

M. Karliner Omega- to

Omega b

M(Z;) — M(A,) = 195.517 (stat.) 0.1 (syst.) MeV

M(XF) — M(Ay) = 188.072-3 (stat.) & 0.1 (syst.) MeV

5850

5840

5830 |
MeV 5820F

5810 r

5800 r

—IM(A,)
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also prediction for spin splitting between Zz and Zb

M(B*) — M(B)
M(K*) — M(K)

M(S;) — M(S) =

(M (ZF) — M(D)] =[22 MeV

to be compared with|21 MeV| from the isospin-average of CDF measurements

M(Z;7) = 5837121 (stat.) & 1.7 (syst.) MeV

M(Z:T) = 5829118 (stat.) + 1.7 (syst.) MeV
b 1.8
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Effective meson-baryon supersymmetry

A meson: Q gbar baryon: Q g
Ain both cases: valence quark coupled to
| i ght quark Abrown mucko col or an

either a light antiquark (S=1/2) or a light diquark (5=0,5=1)

~| cloud of light d.o.f.

A Effective supersymmetry: T55|M(QQ¢)> = |B([QQ]SQ¢)>

Am(B) i m(m independent of quark flavor (u,s,c,b) !
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Aneed to first cancel the HF interaction contribution to meson masses:

H(K) — 3MP§ ;_ M'Pi

Afor spin-zero diquarks:

— —

M(N) — §(p) = M(A) — I(K*) = M(A;) — M(D*) = M(As) — M(B)
323 MeV =~ 321 MeV ~ 312 MeV ~ 310 MeV

Afor spin-one diquarks need to also cancel HF contribution
to baryon masses:

ii(m) = TETE gya) = 2Ma M
V(&) — HH(p) = NI(D) — BI(K®) = M(S.) — NI(D*) = NI(S:) — M(B")

ol

517.56 MeV =~ 526.43 MeV =~ 523.95 MeV 512.45 MeV
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Magnetic moments of heavy baryons
A In A, A, and Ay light q coupled to spin zero
A A mag. moments determined by s,c,b moments
A quark mag. moments proportional to their
chromomagnetic moments

DGG: py = My = My —0.61n.m. (=EXP)

3 Mx — My
Mgz — My,
A PA, = —2Lp - My — My 0.43 n.m. challenge
to EXP !
oy Mz e M e
H'Ab = HA ME* — ME — . -111.
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Testing confining potentials
through meson/baryon HF splitting ratio

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

A from constituent quarks model can derive:

My _aly ol T )

MS - M 3 <y ‘d(ﬁ; rb)b/ >baryon

A depends only on the confinement potential
and quark mass ratio

A can be used to test different confinement potentials
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Testing confining potentials
through meson/baryon HF splitting ratio

A 3 measurements (Q = s,c,b)

A 5 potentials:
A Harmonic oscillator
A Coulomb interaction
A Linear potential
A Linear + Coulomb
A Logarithmic

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

18



Hyperfine splitting ratio from potential
models vs experiment

_______________________________________

-------

————— e

M. Karliner Omega- to Omega_b
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Cornell
(0.2<K<0.5)
Cornell
(K=0.28)
——HO

—-—-Linear
— Logarithmic
. Experimental
Data
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hyperfine splitting ratio from potential

models vs experiment

DK/ Ds DD / Dsc DB / Dsb
M./M, 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 5.07N0.08 | 5.62N0.02 | 5.75N0.01
Linear 1.88N0.06 | 1.88N0.08 | 1.86N0.09
Cornell 2.10N0.05 | 2.16N0.07 | 2.17N0.08
(K=0.28)
Log 2.38+0.02 | 2.43+0.02 | 2.43+0.01
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Predicting the mass of = baryons

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

A EQ mass given by

3U{0(1 s
Zq = Mg + Mg + My, (0(Tus))
My Mg

Can obtain (bsd) mass from (csd) + shift in HF:

=, = Et (my—my) — 2 (<a(m3>>ab<5(rw)>ac)

T, TN g
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several options for obtaining ™M, — MmJdrom data:

my —m. =Ny — A, =3333.21+1.2 MeV

(2E§+Eb+Ab 25 + X, + A
mp — Me = —

— 333044 1.8
4 4 )

MeV
AThe 7 Q(qu)baryons contain an s quark
AQ mass differences depend on the spectator

Aoptimal estimate from mesons which contain both s and Q:

(33;; +B, 3D+ D,
my — M = —

=33246+ 1.4
n 1 ) MeV
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Summary of 2 . mass predictions

b

mpy — My = Ab—AC Eb—Ec BS—DS
Eq. (6) Eq. (7) eq. (8)
No HF correction 5803 £ 2 5800 &+ 2 5794 + 2

Linear 5801 £ 11 5798+ 11 5792+ 11
Coulomb S57Tr8 2 H776+2 5770+ 2
Cornell 57997 H796 X7 S790L£7

M. Karliner Omega- to Omega_b Moriond QCD 15/3/2010 23



Predictions for masses of = baryons
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ABSTRACT

vl [hep-ph] 14 Jun 2007

The recent observation by CDF of Eff (uud and ddb) barvons within 2 MeV
of the predicted ¥, — Ay splitting has provided strong confirmation for the
theoretical approach based on modeling the color hyperfine interaction.
We now apply this approach to predict the masses of the = family of
baryvons with quark content usb and dsb — the ground state =y at 5790
to 5800 MeV, and the excited states Zj and Zf. The main source of
uncertainty is the method used to estimate the mass difference my — m.
from known hadrons. We verify that corrections due to the details of the
interquark potential and to Zp—Zj mixing are small.

.
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r f ' week endi
PRL 99, 052002 (2007) PHYSICAL REVIEW LETTERS 3 AUGUST 2007

Observation and Mass Measurement of the Baryon =

(CDF Collaboration)

We report the observation and measurement of the mass of the bottom. strange baryon = through the
decay chain E; — J/y=". where J/iy — wru . B — A7, and A — pm~. A signal is observed
whose probability of arising from a background fluctuation is 6.6 X 107", or 7.7 Gaussian standard
deviations. The =, mass is measured to be 5792.9 + 2.5(stat) *1.7(syst) MeV/c?.
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‘hina 18 2007

=, masses

I

|
=, Mass Comparison
M Theory
// Z prediction
DO @ M
i [l)Jenkins
/// f % arinel::D:4,4515
CDF + K I|1ep-pht/07|06.2163
| | ,1 |
5.74 5.76 5.78 5.80 5.82 5.84

m(Z;) [GeV/c’]

DNDmitrv | itvinteayy Farmilabh CDEFE

he
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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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