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Introductory remarks

N*, A*, A*, 2*
7

v “Light-quark baryon spectroscopy”

= “Physics of very broad and highly overlapping resonances”

» Resonances are strongly correlated with each other in the reaction processes
over the wide energy region.

» Resonances appear in the cross sections as rather complicated interference.

v" To disentangle the above complications and establish resonance
mass spectrum, the followings must be accomplished:

» Simultaneous partial-wave analysis of various meson-production reactions
over the wide energy range within multichannel reaction framework.

» Careful investigation of the analysis results in an comprehensive manner.
v This requires extensive and accurate data of various meson
production reactions that covers:

> wide energy and kinematical (angles, Q2,...) regions.

» both unpolarizaed and polarized observables.




Introductory remarks

Experimental and theoretical efforts for N* spectroscopy

Experiments Theoretical analyses
with multichannel framework
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ANL-Osaka DCC approach to N*

Dynamical coupled-channels model [Matsuyama, Sato, Lee, Phys. Rep. 439(2007)193]

LSJ LSJ 0 LSJ LSJ
T pa, ppi ) = VD pa. pii E) + f FdqVye P (pa 4. EXGq: YT (g, ppi E)
’ E] P 0 »

Coupled-channels effect

v Summing up all possible transitions between reaction channels !!
(=» satisfies two- and three-body unitarity)

e.g.)wN scattering

T
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v Momentum integral takes into account off-shell effects in
the intermediate processes.




ANL-Osaka DCC approach to N*

Dynamical coupled-channels model [Matsuyama, Sato, Lee, Phys. Rep. 439(2007)193]

LSJ LSJ 0 LSJ LSJ
T pa, ppi ) = VD pa. pii E) + f FdqVye P (pa 4. EXGq: YT (g, ppi E)
? » P 0 >

Coupled-channels effect

Latest published model:
HK, Nakamura, Lee, Sato, PRC88(2013)035209

Constructed by simultaneous analysis of

- 1rN scattering (W < 2.3 GeV)

- wp 2 NN, KA, KX (W < 2.1 GeV) i

- yp 2 N, nN, KA, KZ (W < 2.1 GeV) : 1
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Comparison of N* spectrum

with other multichannel analyses
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Comparison of N* spectrum
with other multichannel analyses

M(GeV)
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Comparison of N* spectrum
with other multichannel analyses
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Comparison of N* spectrum

with other multichannel analyses
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Comparison of N* spectrum
with other multichannel analyses

HK, Nakamura, Lee, Sato, PRC88 (2013) 035209
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Short summary and remarks (1/3)

Main interests in N* in the near future (in my view):

v Establishing the spectrum for high-mass N*s (1.7 <M < 2.5 GeV)
» LEPS2 can play a key role !!

(with their polarized photons; hopefully also polarized targets and recoil particles)

v" Quantitative study of quark-gluon substructure of N* via
the Q2 dependence of N-N* e.m. transition form factors.

» Form factors are extracted from meson electro-productions.
» This is a main N* program at CLAS12.
(R. Gothe et al., JLab E12-09-003; D. Carman et al., a new proposal in preparation)

e!

N-N* e.m. transition

form factors N N
e N
TN
(92 > KY
wN
N*, A*







Applications of ANL-Osaka DCC approach
to Y* spectroscopy

Current status of Y* spectroscopy (some points may be missed) :

v"Much less understood than N* and A* baryons.

v PDG lists only Y* mass spectrum defined by the
“nighly model-dependent” Breit-Wigner mass and width.

v  Systematic partial-wave analysis to extract Y* defined as
poles of scattering amplitudes was first performed
by the KSU group (2013, on-shell K-matrix approach),
and then by our group (2014, dynamical approach).




Applications of ANL-Osaka DCC approach
to Y* spectroscopy

v Y* spectroscopy using anti-Kaon beams

» The simplest reactions for studying Y.

/- Future goal: \
K K, m, K K
’ ’ y =t \ A*, Z* Y

N AT g \

\ = M
/
% M N IA, L N

B
-
» Deuteron reactions allow direct access to A(1405) region and

study of YN and YY interactions.

/

K m, K K
~
(Noumi et al., £ Y — Y
J-PARC E31) . + . d \ T + ...
o % mam

[ Most importantly, J-PARC can measure all of these reactions!! }




Applications of ANL-Osaka DCC approach
to Y* spectroscopy

What we have done so far:

v Formulation of coupled-channels equations with
KN, 7, A, K=, rZ*(mrmrA), K*N(1TTKN) channels

v Simultaneous analysis of available polarized and
unpolarized data of K'p = KN, TrZ, A, K=

from the threshold up to W = 2.1 GeV. (-~ 17,000 data to fit)
(HK, Nakamura, Lee, Sato, arXiv:1407.6839)

v Extraction of A* and Z* mass spectrum defined by

poles of scattering amplitudes. (HK, Nakamura, Lee, Sato,
In preparation)




Applications of ANL-Osaka DCC approach
to Y* spectroscopy

Database (mOStly comes from 60_7053) HK, Nakamura, Lee, Sato, arXiv:1407.6839
Kinematical region covered

Reactions Observables Number of data 2 /data (up toWwW<2.1 GeV):
Model A Model B
K p—=Kp der /dS2 3062 1.26 1.18 doldQ : 1465 MeV < W
P 510 2.26 217 P : 1730 MeV < W
K~p— K der /dS) 2050 3.79 3.15 doldQ 1465 MeV <W
o 260 1.93 2.08 P : No data
P, R, A: No data
Kp—onEf de /df} 1792 5.83 5.55 doldQ - 1535 MeV < W
, f o - o - } P :1535MeV <W < 1967 MeV
* da /df} i 2.2 2. .
o 173 2.75 4.86 B, R, 4: No data
K~p— %0 do/dQ) 580 6.24 8.15 doldQ : 1535 MeV < W < 1763 MeV
P 196 543 5.13 P  :1535MeV < W < 1696 MeV
P x do/dQ2 189 1.26 1.30 B R, A: No data
o 125 1.90 1.86 TR
K- +3- do /dS 1786 3.46 1.06 dold(2: 1536 MeV < W
iTp—=T v/ Ta 4 1. i
o 181 1.37 1.71 ;R A: k:g g:::
K p—a’A do /d$) 2178 2.68 412 doldQ - 1535 MeV < W
P 693 1.46 1.66 P - 1535 MeV < W
P x do/dQ 176 1.43 1.38 R A: No dat
o 207 2.23 2.51 b, R, A: No data
K p— K=" a 15 0.63 0.61
) e No data for de/d2, P, p, R, A
K p—+ K=" o 27 1.60 1.52

Total 16848 3.67 3.81




Applications of ANL-Osaka DCC approach
to Y* spectroscopy

Results of the fit
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Applications of ANL-Osaka DCC approach
to Y* spectroscopy

HK, Nakamura, Lee, Sato, in preparation

(Here only Y*s above KN threshold are presented.)

Extracted S =-1 Y* mass spectrum
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Predicted spin-rotation angle B
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Short summary and remarks (2/3)

v' Systematic partial wave analyses to extract Y* defined
by poles have been done recently by KSU and our groups.

v The K- p reaction data are still far from “complete”.
(Limitation of kinematical coverage, no spin-rotation parameters,...)

» Extracted Y* mass spectrum still contains sizable
ambiguities !!

v To eliminate the ambiguities, one needs:

» Polarization observables
(P in wider kinematical region, spin-rotations 3, R, or A)

> Data near the KN threshold
(Almost no differential cross section data below W = 1.5 GeV)

> Data for inelastic reactions: K- p = nA, K=, TKN, 1r1TA,...




Applications of ANL-Osaka DCC approach to

p(m, p or K*)X with high-momentum pion beam
(3 of 3)




Applications of ANL-Osaka DCC approach
to forward p(m,V)X reactions

v" Forward p(m,p)X & p(1r, K*)X reactions with high-momentum pions
(Ishikawa-san’s talk at RCNP May 15, 2012)

» New opportunity of light-quark baryon spectroscopy using
diffractive processes B
(=» another useful source for addressing the KN subthreshold region!!)

» May be able to be used for determining N-N*and N-Y* transition form
factors by axial currents (from virtual-TrNN*, virtual-KNY* vertices + PCAC).

h|gh_p m f\’\’\,\ o) (forward) hlgh-p 1L l\‘\‘\’\ K* (fOrward)
~ ~
~ ~ “ ~

‘ x
virtual K, K* !

virtual |

\ Off-shell amplitudes /

from our DCC model




Applications of ANL-Osaka DCC approach
to forward p(m,V)X reactions

Formulation: X=1eN. N, N, KY,... HK, in preparation
Pp

Pr .\N,\//\Y/\/\' / do \/ A(W2, 'r'ng\ t) D, |
T dtdW? 3272 \(s,m3,m2) " "
\
q
Tex * .
' (b ) 2 z z z 2\2
\ Z\F (O | (L1 L 12 — T2 |11
N PN PX X XOX mex N -
Cross section for (half-off-shell) r,, N = X reaction
> p1r1r vertex function: =» Calculated with our DCC model
(5%) 2 a 2 (f - rn?r)z 2 . ;\;)’r’r - rni)
Z Fortor(t)| = 2050 (m; = 2(t+my) + e [F(t)]. F(t) = Nt
Sz 2 pr
gorn = 6.04 (from p — nr decay) Aprr = 900 MeV [PRC24(1981)2611]

» T propagator (Reggeized) [e.g., Guidal et al, NPA627(1997)645]:

D — S a(t) ’FC&" S+ e—iﬂa(t) 1
= \Uso sin(ra(t)) 2 ['(1+ «ft))




Applications of ANL-Osaka DCC approach
to forward p(m,V)X reactions
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Contributions of X = nN, KA, KX are much smaller than X = 1rN, mrrN.




Applications of ANL-Osaka DCC approach
to forward p(m,V)X reactions

HK, in preparation

Angular distribution for DCS of m+ p scattering

mrp 2 p Xwith X=m"p at W = 1.232 GeV
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Short summary and remarks (3/3)
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» An attempt to using forward p(mr,p)X for light-quark
baryon spectroscopy is underway within
our DCC model.

» Application to p(mr,K*)X will also be possible using
our DCC model for K- p reactions !!




