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> totest strong QCD!
a How?

> Coupled-channels approach constrained by theory:
v Lorentz invariance, gauge invariance
v Chiral symmetry, large N ¢ limit
> ...and experiment:
v Electromagnetic reactions
v'Hadronic reactions
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What do we want?
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Quantum Chromodynamics (QCD)

--- the fundamental theory of the strong interaction
(in terms of quarks and gluons)
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Comparison with lattice results

What isthe natur e of the Roper (P;;(1440) 1/2*) resonance?

Naive quark model gives the
25 wrong ordering
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o~ 20 1~ i
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= 101
N(938) 172+ N(938)1/2+
051~
- Hybrid state (qqqg)?

- Dynamical meson-baryon state?
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What is the nature of the Roper (P,,(1440) 1/2%) resonance?
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Answer: The Roper (P1,(1440) 1/2+) isjust aregular 3-quark state! |
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How dowefind the
I esonances?
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gN® pN, ppN,h N, KL,...

S totd
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The physicsisin
thedriving terms
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Scattering amplitude: M =V + &/ G, T
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What channels?

pD hD
Quasi 2-body: | N pS,,

sN

PN’
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For W » 2 GeV and Strangeness S=0:

Two-body: pN, gN, hN,wN,KL,KS

® Three-body: ppN, ph N, pKL, pKS

What about 4-body: ppp N« r D?

Dependson W...

K*L
K*S
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We cannot directly compare experiment to QCD...

...therefore, we must use an “intermediary”:

Dynamical -
Modds: Experiments:
; M ey G s Ay 0 Multipoles| aN® pN, ppN
QCD Lattice,
Quark modd's » Mesons + & hN, KL, ...
Phase shift pNe pN, ppN
Baryons N, KL, ..

g

Theoretical challenge: Resolution of broad, overlapping
resonancesin a strongly-coupled, multi-channel system
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® SU(3) chiral dynamics:
» Derivative couplings
» Contact terms to a given order
® At high energies. t-channel contributions® Regge behavior

Resonance contributions

N*0* /7 oN

) _Auz Az/_z RN ’ N*éhN branching ratios
helicity amplitudes masses KL
KS

Free parameters adjusted to data
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Coupled-channels picture of resonance excitation

« Eachresonance can be reached through each asymptotic channel

» All channels couple through all other channels through
intermediate states

« Hadronic T matrices are related to photon multipoles E ., M .
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Why bother with coupled channels?

Unitarity!
® Missing N*:
pN
pD
Ne N*®{rN
hN
KL

Find the same N* in different reaction channels!
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Exception: P, _ :
|

- Whereis the ground state? (i T
- 1910MeV? 1750 MeV?

1750? 1910?

© " - Recalculate with overlapping

s " fermion action close tochiral limit
(in progress)

c m " (Le7ID. Leinweberetal. 2004 RHIC and AGS User's Meeting, page 1

Example: the P,, partial wave

P,(1232):
Mass. 1232 MeV |

gN® pN multipole |
I I

Width: 110 MeV : /\' T
I

A= -140 £ 10
Agyy= -255+ 12

P,(1600):

Mass: 1670 - 1695 MeV
Width: 350 - 560 MeV
A,=-81..+2
A,=-104 ... +27

P,(1920):

Mass: 1870 - 2000MeV ?
Width: 300 - 600 MeV?
Existence controversial!
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How many N* do we have?
State-of-the-art multi-channel analyses find, for a given partial wave:
®  Ground states (18 tier): Py(1232), D 15(1520), ...

» Clear resonance signal, Mass known to within afew %.
» A, G, Partial widthsfairly well known
» Exceptions: S;,(1620),...
®  2udtier states: P33(1600), D 15(1700), ...
» Existence confirmed, but poorly understood

®  3udtier states: P33(1920), D 15(2080), ...
» Existence controversial. Whereis everybody?

How many N* do we need?
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“Missing” and “Exotic”
Resonances?
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Current spectrum of baryon resonances:

Gap of »450 MeV Gapof » 450
between 4-star N* MeV betweet
= 4-star p*
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Compare experimental N* and quark mode states

experimentally |— % a |
uncertain N* - .

Quarkmodel | e T =

predictions /- . —

experimentally

Kknown N* i e - ..| Evenmore
. o, - ScCapstick al gatesl I
.. Quark models predict many more T e Paafg-g;mﬁolm
states than are seen experimentally! (1999
Copetick: Roberts qark U2t 32t st 72t v 32 527 72
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Let' sfocuson the Five extra states How many N* do we have?
+ . below W = 2100 MeV! . . ; .

P13 (3/ 2 ) states: @ State-of-the-art multi-channel analyses find, for a given partial wave:

®  Ground states (18 tier): Pa3(1232), D 15(1520), ...
- — » Clear resonance signal, Mass known to within afew %.
experimentally ~ . . .
uncertain N* \ [ ) » Ay, G, Partial widthsfairly well known
» Exceptions: S;,(1620), ...

Light hybrids ®  2utier states: Pyy(1600), D 15(1700), ...

Quark model l — > E'X|stence confirmed, but poorly understood
predictions ®  3dtier states: P33(1920), D 15(2080), ...
| » Existence controversial. Whereis everybody?
experimentally |——— How many N* do we need?

Possibly 4-5 N* for selected partial waves!
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Divide energy region into three parts:
»>Threshold region (1.61 —1.75GeV): S;,(1650), P,,(1710), P,5(1720)
>»Missing N* region (1.75 —2.1GeV): D,53(1900),...

igh-spin N* region (2.1 — 2.4 GeV): G,;(2190)?

g\N® KL

...looking in Srammy

places. gNe KL(S)

S total

Missing
N* Region

High-spin N*
and Regge

; re e Intermediate W 2 W (GeV)
New Topic Threshold HighwW
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Threshold Region: S,,(1650), P,,(1710), P,;(1720)

clexfeld | hysr|

predict? (Capstick, Roberts)

New result (prelim.):

What does the quark model  Result of coupled-channels analysis for:

gP® K*L and p p® KOL

e ETEEY T ama]
i {Onset of p-

fmdr g

L __.-..—-"'-'_ _‘,:-fl- E

------ | e—

$11(1650)
P.,(1710)
con{ P1(1720)

1610 — 1650M eV

1650 or 1730 MeV 1 possibly 2 different N*?
1660 — 1720 but total width is40-70 M eV!
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| gpe p%%

2-pion production

| pN@pD DS, |

N* 1700 MeV
D,,(1700
Dy, (1700)
P, (1710)
P, (1720)

| pN®pN D,

Tw GeV) ;

O

Missing N* region

A new resonance, D 15(1900)?

oot ~._\®N'

New resonancesin gN® KL intheregion
1.75<W < 2.1 GeV (preliminary)

N* State

i
w

Mmoo o
& &

Massrange(MeV) |Particle Data Group

1880 — 1930
1820 — 1880
2000 — 2080
1970 - 2030
1890 — 1950

P; (1900)**?
D13 -
D,; (2080)**?

15
F, (1900)**?
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Conclusions

®  New resonancesmay appear in photoreactions like gpe K *L

Aremissing N* finally appearing?

®  For confirmation we need:
> New dataforppe K°L, p'pe hn
» New datafor pN® p pN —redo partial-wave analysis!

» Partial-wave analysisfor gN® pp N
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