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1. Introduction

Quark model and EXOTICS: Now 51 years old

A SCHEMATIC MODEL OF BARYONS AND MESONS

M. GELL-MANN
California Institute of Technology, Pasadena, California

Received 4 January 1964

anti-triplet as anti-quarks q. Baryons can now be
constructed from quarks by using the combinations
qaqnfaqqq), etc., while mesons are made out
q1gq etc. It is assuming that the lowest
baryon configuration (qqq) gives just the represen-

tations 1, 8, and 10 that have been observed, while
the lowest meson configuration (qq) similarly gives

just 1 and 8. But no colors ~ glues °
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Discovery by Belle in 2003, followed by DO, CDF, BaBar BES
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And more recently
also by LHCb, CMS
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Quarks bonding differently at LHCb Z+(4430)

http://www.theguardian.com/science/life-and-physics/2014/apr/13/quarks-bonding-differently-at-lhcb

So until last week there were
two known types of hadron.

LHCD has just confirmed what
data from other experiments
had already led us to suspect.
There is a third way.

Phys. Rev. Lett. 112, 222002 _
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Near and above the threshold
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e Jq creation and
rearrangement of
multiquarks

e Correlations

49 qq (diquarks)

* Are heavy quarks

useful to know it?




2. Charmed baryons
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2. Charmed(lé)aryons
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What do we expect to study?

A heavy quark may distinguish
the fundamental modes 4 and o
-> place to look at diquark correlations

Isotope-shift: Copley-Isgur-Karl, PRD20, 768 (1979)
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Harmonic oscillator
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Spectrum and WF's as M , 1s varied

Roberts-Pervin, IIMPA, 23, 2817 (2008)
Yoshida, Sadato, Hiyama, Oka, Hosaka

e Model Hamiltonian
pl . P, p3 P

H="—"+ + —
2m, 2m, 2M, 2M,,
+Veons (HO)+ Vi pin(Color — magnetic) + ...

* Solved by the Gaussian expansion method
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Negative parity states — p-wave excitations - 1/27, 3/2™
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Negative parity states — p-wave excitations - 1/27, 3/2™
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Wave function

Mixing of A(phys)=c;AC1)+c,AC p)

e.g. A-mode dominant state: How much the other mode mixes?

Probability Icl?
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Intermediate summary

e Heavy quark spectroscopy will give more
information on constituents

* Isotope shift may resolve two diquark modes

collective and internal

e /A baryons may have more chance to see the two
modes separately

e Systematic study from strange to heavy 1s useful

14



3. Productions

7+ N2> D"+ A _ reactions

Production rate (/1_//1) and Ratios (B."/B.)



Strategy:

Forward peak (high energy) = t-channel dominant
Next figure

We look at:
(1) Rates (/1.//1,) by the Regge model, D* Reggeon

(2) Ratios of B_*(\ modes) / B,
by a one step process of Qd picture for A-mode

Pion-induced reaction D* Reggeon
n+p—> D*+B°

P oy B’

21
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Absolute values

Regge model (Sang-Ho Kim, in preparation)

We have examined:
e K*(strange) productions

* K* (D”) Reggeon dominance
e Angular dependence g
e Small u-channels E*

~ Baryon Regge
e Normalizations

10°

10°

10”

np->(KPA&DA)

[Regge] -
— total(K'A)
<7Tnb  — = Ref[15](K'A)
BNLL —— total(D'Ac)
— —- Ref [15]1(D*Ac)
| L | L L L | L
| 2 4 8
S/s,

Charm/strangeness ratio: 104~ 10-6
=> several nb near the threshold
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do/dt [ub/GeV?)

Vector Reggeon dominance

pjlh — 4 S GC\".‘IL:

K (vect

do/dt [ub/( ig\\’-‘-sl

do/dt [ub/GeV?)

K(p-scalar)

0 | 2
-{ |GeV-|

e Angular dependence prefers vector-Reggeon
* Energy dependence seems
e There 1s some discrepancy in the very forward region
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Relative rates of (B_'/B)
One step process for Qd A-mode

v{ ==}
ﬁ; model estimate
~ <BC* e, Gl 'X\N > = (Geometric) X (Dynamic)

D* ~ Transverse CG coefficients




Dynamical part ~ radial integral

Mmomentum transfer ~ Large

—

2
GS (B.(S-wave)|2, -Ge | N(S-wave)) . ~Ixexp £_ qi]

d

Excited states

1 2
(B.(P-wave)|é, .6elqeﬁ.x|N(S—Wave)>mdial ~ (qfﬁ[j X exp(_qi]

2 2
(B.(D-wave)|é, -Ge "™ |N (S-wave)), .., ~ (Qﬂj Xexp£_ y: )

Transitions to excited states are not suppressed| .




Results

Charm kM =271 [GeV] , k L =16 [GeV]

[=0 (A(3) Ze(3) ) =)
1.00 0.02 0.16
=1 (AG) AG) [ ZG) ZG) =3 =G =G)
0.90 1.70 0.02 0.03 0.04 0.19 0.18
(=2 A7) AGT)|ZG) =G) =GH ZG) =G =G
\ 0.50 0.88 / 0.02 0.02 0.01 0.03 0.07 0.07
Strange kM =1.59 [GeV], k_Lev =5.8 [GeV]
[=0/AG) SG)YEG)
1.00 0.067 0.44
I=1[AG3) AG) |=ZG) =¢) TG @) TE)
0.11 0.23 0.007 0.01 0.01 0.07 0.067
(=223 AGT) G =G) TGH) TEH) ¥E) TG
\0.13 0.20 /0.007 0.01 0.004 0.02 0.038 0.04
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Expected charm production spectrum
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Decays

A-mode
/ . \\ /C: 6 \|
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0-mode




Pion emission - guark model --on going

Things to be looked at:
 Pion emission ~ very near the threshold

A F(2625,3/27) 7 T
A(2595,1/27) =\ - .
~140 MeV

Ll

S %(2520, 3/2+)
VT 3.(2455,1/2+)

Place to look at the two independent operators _.

quQ¢77:a quQ/Sqay ¢75 5 /'/ B
- - ~ % ] “ f %
6'pi’6'pf(G'Q) AC { }ZC




Possible selection rules

o-modes |
Decays of baryons = of diquarks
/,’,1 7[
e /// ol
» >
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Possible selection rules

o-modes |
Decays of baryons = of diquarks
. AT
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Two conditions must be satisfied for baryons and for diquarks

A(1/27,p) > (1/27,GS)+7

d(3P0)+d(3Sl)+7z is not allowed



Radiative decay: 1/2-> 1/2+ El

A mode o0 mode
Good diquark O+ 3P0 diquark 0-
l@ @ 0--> O0+is
forbidden

@ Good diquark 0+ @




Radiative decay: 52-> 1/2+ M2,E3

A mode @ mode
3S, diquark 1+ 3P, diquark 2-
{l Both M2E3 g 22 o
only M2

@ Good diquark 0+ @




Summary

e Charmed baryons: there are many open issues
e J-PARC plans to study them

e Production rate: Charm/Strangeness: 104 — 107°
e Abundant production of excited states

e Decay selection rules are helpful



