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3 and 4-star Baryons: mass vs. width
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Cascade Hyperons =

Baryon number: B =+1
Strangeness: S=-2
Isospin: I =2 electric charge Q =0, -1

SU(3) classification: octet, decuplet

Experiment: Expected:

3 established M, I',J,P 14410 =24 (3-4 stars)
3 identified M, I,(3 stars) 6+6 =12 (2 stars)
2 candidates M (2 stars) 2+6 =8 (1 star)

3 iffy bumps M (1 star) Total 445

total 11 = Capstick-Isgur

(m< 2.4 GeV) 445
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The QCD Lagrangian

Interpretation



Consequences of SU3) FS

A. Occurance
Al. For every N* exists a A* of same J* with
om=150+30 MeV
m, (J¥) = mg.(J)[1+(m, — m )/my, + dm(s, L)

A2. For every octet A* exists a N*
A3. Singlet A* has no N* companion

B. Ground state mass relations
B1. Gell-Mann — Okubo: octet relation
B2. Gell-Mann: decuplet equal spacing

B3. Coleman — Glashow: 1sospin relation
B4. de Rujula — Georgi — Glashow
B5. Okubo — Gursey — Radicati



Consequences of SU(3) F'S

C. Cross-section, polarization equalities
Cl. Kp—>nMA& T p—>nn
C2. Kp—onnm’Ao np—n'nth
Kp—onmTAcKp—-oanE

D. Distinct features
D1. Roper charact. N(1440)%2" <> A(1600)Y2"
D2. Strong n emitter N(1535)Y2" <> A(1670)2
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G—M-0 Octet Mass Relation

SA+YX = 2(N+ &)
(L) (R)

J" (L—R)/Ya(L+R)
%3 0.5%
(3/2) -0.3%
(5/2)" -0.5%
G—M decuplet equal spacing
Fam. A Y O Q
Exp. 153 149 139 MeV

average: 147 MeV
< 0.5%



Flavor Symmetry of QCD

TP nn

1. sharp onszet

2. 0=(21£3)ubXp,

4. bowl-shaped do

8. a,, = large
and attractive

7.BR(N — nn)

= (30 - 55H)%
anormalously large

8. N' = N(1535) ;-'

Kp—nA

1. sharp onset

2. o=(18=x3)ubxp,
3. 0,,={1.4x02)mb
4. huwl.-shaped do

5. A-polarization < 0.1

6. a,, = large
and attractive

7. BR{ A = nA)

= (37 + 7)%
anomalously large

8. A'= A(1670) &



Prediction from isospin invariance:
o(1Tp) = o(Ttn) # o(Ttn)
Expand to SU(3) for p~0.7GeV/c
T p ->N— 1°A°(1232) 3/2" — n'n’n
Kp —>A"— 1°X°(1385) 3/2" — nt'n’A
Kp =X — nw°A(1405) 1o — ©'n’Y”
vp —N'— T°A*(1232) 3/2" = t°n’p

00w >

SU(3) Flavor Symmetry:
ABhHCAD



TP — TN

Kp - n't’A

Kp - n'n’Y’

Comparison of 27’ production by n~, K~



M_,(J") = M_,(J") + 300 MeV

[ = parity doublet

JP
1, +
3/2 *
1y, +
3/2 -
Ly -
3/2 *
Ly -
L -
.
3/2 -
3/2 *
o
3/2 *
E/z +
/2 -
L ¢
3/2 *
5/2 *
|2
7/2 "
[9/2 ,
9/2 -
11/2+
11/9 -

Prediction

mz*(MeV)
1238%+50
1532+40
1740%40
1820+40
183540
1900£40
192040
1950%40
201040
2020+50
204050
200050
200050
1980x40
1980x40
221040
222040
220540
223040
249050
252020
255070
272050
20504+70

SU(3)

10

10
10

10

10

10
10
10
10

10

Experimental
m_,(MeV) JP
1315 o *
1532 3/2*
1690 ?
1820 3/2
2025%5 >5/2 ?
14 octet
10 decup
24 total
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B = SU(3) singlet
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0 = SU(3) octet
x = SU(3) decuplet
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ESONS




Positive Parity: m_>m_

J" MA ME-MA
(MeV) (MeV)
ol 1116 +77 +9H
o 1600 +60 +40
o™ 1810 +70 +40
512" 1820 +95 40

av. = +75 t 22 MeV
Negative Parity: m <m_

3/2° 1690 -20 11
e~ 1670 -50 £25
o 1800 -50 +55
52 1830 -55 -11

av. = -44 +8 MeV






la.
1b.

2a.
2b.

3a.
3b.

4a.
4Db.

Analog Reactions

EF—>n+E (1532) —n -I—7t+EgS

A* > n+A(1232) ->n+n+N  B-I-L and C-R

Ed* - (0+Ed(1532) eoo+71:+3gS

A* > o+ A(1232) »0o+nTt+ N C-R

Ol O

N*(1535) 2= —n + N also A*(1670) V2= - n + AgS

=(1690) Vo' > 1t + Ed(1532) —T+ T+ Egs

N*(1440) 1/z+en+AgS+n+n+N



Radiative Decays
BIL LDW WBF ExpKeV)
21530 »y+E " 188 129 172
2 (1530) - v+ E‘,gs‘ 0 4 6
AA1232) 5 y+n 94l 430 350
A(1232) 5> y+p 943 430 350 672

B - I - L = Bijker, Iachello, Leviatan
L — D - W = Leinweber. Draper. Woloshyn
W - B - F = Wagner, Buchmann, Faessler






Summary and Conclusions

Advantages of & experiments:
A. Unique S= -2 and B= +1
B. Narrow width, I'(£) ~ (1/10) I'(N*or A*)
C. Easy identification

C1l. Missing mass e.g. m(K'K") in
v+p—o>K +K +&
C2. Invariant mass of decay products
e.g. i >TA
A—>Tp



Summary and Conclusions

Advantages of = experiments:
D. Unique background suppression by

multivertex condition
Y+p 2K +K'+Z* 5 K'+K '+ 1 + E°

gs

EOgsen+A A>T +p

E. Isospin Y2simplicity (nucleonic
resonances are mixtures of I=72 & 3/2)
F. SU(3) octet and decuplet families, no

singlets.



Summary and Conclusions

Disadvantages:

Need high energy beams

Predict: 24 (3,4 star) states
20 (1,2 star) candidates
? others

> 24 new measurements of
(m, — m ) for different J F



Theory

. Quark-cluster models
Independent quark models (3q and 3q G)
Isospin breaking new data on (m, 6 —m )

Parity doublets
Hohler clusters
Mass sum rules
11 N_expansion

® N o Tk W

Lattice gauge calcul.

Provide means for finding or excluding
exotica (hybrids, meson—baryon bound states,
10 and 27 multiplets etc)



