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Introduction

* Resonance as qq/ qqq or molecular state?
* Molecular state: dynamically generated via multiple scattering of

their meson/baryon components 0~ +1/27 — A(1405)
Jido, Oller, Oset, Ramos and Meissner, NPA 725 (2003) 181
* Study of resonances with degree of freedom motivated by

experiments such as CLEO, BES, Belle and BABAR collaborations

CLEO: Artuso et al., PRL 86 (2001) 4479
BES: http://bes.ihep.ac.cn/

Belle: Mizuk et al., PRL 94 (2005) 122002; Chistov et al., PRL97 (2006) 162001, Mizuk et al., PRL 98 (2007) 262001
BABAR: Aubert et al., PRL 97 (2006) 232001; Aubert et al., PRL 98 (2007) 012001

* From the theory side in the charm sector,
* Extension of WT MB lagrangian using SU(4) TVME model

Tolos, Schaffner-Bielich, Mishra, PRC 70 (2004) 025203 [SU(3)]; Hofmann and Lutz, NPA 763 (2005) 90;
Hofmann and Lutz, NPA 776 (2006) 17; Mizutani and Ramos, PRC 74 (2006) 065201

» SU(8) extension to incorporate HQS putting on equal footing

0 and 1- mesons, similarly to SU(6) in strange sector
Garcia-Recio, Nieves and Salcedo, PRD 74 (2006) 034025 [SU(6)]



SU(8) extension of the WT meson-baryon lagrangian

* In the strange sector, extension to a SU(6) model of the WT
meson-ba ryon Iagra ngian Garcia-Recio, Nieves and Salcedo, PRD 74 (2006) 034025

(07,17) + (1/2F,3/27) — N(1535), N(1650), A(1405), A(1520), 2(1620)..

* SU(8) extension: SU(4) (flavor) ®SU(2) (spin) symmetry
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The WT lagrangian is not only SU(3) symmetric but also chiral
invariant:

Lwr = Tx([M', M][B'B]) = (M'® M)s, @ (B' @ B)s)

1

SU(8) extension of the WT lagrangian:

63263 = 13463,563, 72035945 ¢ 945™ ¢ 1232
1202 120" = 1463 ¢ 12324 13104
lead to a total of 4 different t-channel SU(8) singlet couplings

(MteM)@Bt@B);) , .
(M'® M)gs, ® (B' @ Bles) ,  ((M'® M)ia32 ® (B' ® B)1asa)

, . 1

((MT© M)es, @ (BT © B)gs)

To ensure that the SU(8) amplitudes will reduce to those from
SU(3) WT lagrangian, we set all couplings to zero except one:

ﬁ\SA[/j,]gS) — ((]\4Jr X M)63a X (BJr X B)63)1



Then, the SU(8) WT matrix elements in [JSC sector are

VIJSC(\/’) DIJSC\/QJQ (\/EQJEWM)

with f the weak decay constant and M(E) the mass (cm energy)
of the baryons placed in the 120 SU(8) representation

However, SU(8) symmetry is strongly broken:
1. adopt physical hadron masses for kernel and thresholds

2. consider different weak non-charmed and charmed, as well as
pseudoscalar and vector meson decay constants

YLISC(\/f5) = DIJ802f My — M, \/Ea+Ma Ey 4+ My
4fafb 2Ma 2Mb



We solve the coupled-channel on-shell Bethe-Salpeter equation
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d*q 1 1
GIJSC i2M
i (V) 1 / (2m)* (P —q)2 — M? +ie ¢2 —m? +ic

which is divergent and is regularized by one-substraction at the
substraction point

GPSC (V5 = nt?5C) =

(115€)° = a (m2, + M3,)
where m,,+M,, is the mass of the lightest hadronic channel in
ISC sector and a is adjusted to get the A\ (2595) resonance



SU(8) results for C=1,5=0 resonances

The dynamically generated resonances in each /1JSC sector are
determined by

T'I'JSC ‘e”“‘b‘e P couplings to MB
1

(Z @) mass and width

We examinethe 7777 (2) = max Z T (2)

Yao et al., JPG 33 (2006) 1

We analize our C=1,5=0 resultS  Resonance (/") Stams MassMeV) I (MeV)

for J=1/2,3/2 and 1=0,1, and A(2595)  0(1/27) **  2595.4%06 3.6+20-13
. A(2625)  0(3/27) ***  2628.1 0.6 <1.9
compare to experimental data  a.@e) 0 v 266624 50
_ or 3,(2765)
and predictions A.(880)  0(5/2*) **  28819+05  58+19
A, (2940) 0(7) ¥ 29308+ 1.6 18 +8
2.(2800)**  17) ¢ 2801 +4-6 T5+22-17
3.(2800)" () *» 2792+ 14-5 62+60- 40
%..(2800)° (7)) ¥ 2802+4-7 61 +28~18

%Yao et al., JPG 33 (2006) 1

IMizuk et al. (Belle) PRL 94 (2005) 122002
2Aubert et al. (BABAR), PRL 98 (2007) 012001
3He, Li, Liu and Zeng, EPJC 51 (2007) 883




3.7 ND A ND* =K Aw = K AD,
_ _ 25916 2806.15 283391 2047.27 2965.12 3069.03 307252 3084.18
1=0, J= 1/2 AD; 2.p A 2p Ad  EK  EK EXK
3227.98 3220.05 324424 329346 330592 3363.33 3470.73 3540.23

=0, J=1/2, o, P=0'9698’ fD*=fD* =fD

[=0,]=1/2 S S
M, [y Couplings to main channels
90
25954 0.5 85,5 = 036, gND—369 o = S0, 81, = 142, e = 29 S [
26160 709 3 =225 SNDT T4, SND T -0t 8 2
8215 10 gvp =032, 8y, = 12 g2 = 179, gy = L1, g5 , = 1.3, g5y, = 115 _ \
2712 9.2 8vp = 20, gap, = 115, gypr = 215, gy = 192,84, = 101, g5, = 236, g5, =04 ? ol I\
0372 ik 8o = L34 g, = 14, gy = 151, gape = 341, gy, =228 2 N
20547 654 85,0 = 102 gz = 12, 8yp =085,y , =246, g5, = 116, g5, =091 = | {
3020, 410 gz = 113, gap, = 107, gy = 146,85, = 151, g, =249, gmpe =095 Ew 5
053 W gre =0l gy = 18, g =18, gy = 127 gy = 102 IR
31521 044 8an, = L4, g =202, 8y 4 = 217, gz = 098, gz o = 138, g = 116
047 814 8, = 072 gyp; = 074, gz ¢ = 0.8, gz =232, gz =263 il N =
276 431 gk =017 g5, = 017 gap, =015, gy ¢ = 137, gz 0 =226 fo0f W \\ ﬁ L !
3159 434 85, = M7 gy =062 gy 5 =066, g2 o =12 gy =191, gz =238 Lot w7 1 ¢ i)
s — 2400 2500 2600 2700 2800 2900 3000 3100 3200 3300 3400

Re s [MeV]

*A(2595): I=0.58 MeV compared to experimental A (2595) of I=3.6(+2/-1.3) MeV (not included
AnP), close to A (2610) like double pole for A(1405), and ND* bound state

*A(2822): = K bound state is not A_(2880) because of spin-parity, but not incompatible with pD°
histogram?

*A(2938): do not correspond to A_(2940) since do not couple to ND? or preferentially ND*3



Am Xx ND ND* EK Xn Ap EK XD, AD' Xp
24245 25916 2806.15 294727 2965.12 300101 306195 307252 3161.65 321835 3229.05
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Il x 1 B U8 gy =135, g5p = L0 gz g = LO4, gyp = 141,85 , = 137, gyp = 181850, =227, gzop =04
L N P 1 680 386 gyp =076, gy =275 g5y =105, 8y, =13, 85,,= 134, g5, = 102, gy = 178
2 sol / \,‘ I \ 1 9140 312 gnp =0T g5, = 0.63, gyp = 063, g5 = 1.67, 24, = 129, g5, = L13, gapr = 1.21
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10l ! _TQ ! T 1 fv oo '\; i 32658 368 g!’)' = 0.69. gsq - ]54. gi‘d - ]32. gE\'K' - 149. g}:"d - ]67. gaxo = ]34
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Re s"? [MeV] B8 153 ggyy = 031, gy =217, gz = 195

*No resonance between 2800 and 3000 MeV could correspond to 2 _(2800), which decays
primarily in Azt > (3096) is too high in mass and > _(3035), if allowed A_nut decay for 2 (2800) ,
would be too narrow if we move it to lower energies by changing the substraction point.

* Observed enhancement in I=1 D*p histogram around 2860 MeV of width = 10 MeV? could be
our 2 (2974), if it is moved to 2860 MeV since it will reduce the width
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N.(2660) with width I=38 MeV, which couples very strongly to 2_*rt channel, could be
N.(2625) with I<1.9 MeV°and decays mostly At (counterpart of A(1520)). Change in
the substraction point will move downward the resonance making its width much

smaller because of moving below z_*m.
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201.6 147 8y0p =088, gy = 277, gy , = 152, g4p = 1.26, gy pp = 105, g5, = 120
0121 21 Enp = 090, g = 20, gse, =204
30265 112 gvpr =072, g5 = 210, gap = 240, gapr = 283
30626 55 85ey = 061, g5p = 167, gy = 1.56, g5p = 169, g5, = 17
405 g;;, - 0.17 gzz,’ - 0.21 Sspt = 139 8s'p, = ]67 fak = 133 8s'm = 290 0w = 093
36.1 BAp ™ 09, gim = 145, B30 = 150, Bla = 1.2], 852 = 141, B3 = 1.39
889 Byey = 037, g5p = 265, g5 , = 140, gz o = 171, g5y, = 0.8
173 Erp = 056, g =096, g5, = 117, g5, = 087, gz p = 087, g5, = 216, g5z, = 092
(162 gk = 011, g5 6 =091, gz pr = 1.68, g5ep, = 261, gsepy = 2.5
19.1 gax = (154. gaK- = 118. g_ch: - l(ﬂ g:w = 138 gE;K‘ =257
A (65 Bsm = (.40, =k ™ 032, 854 = 226, fap = 1,10, fax = 091, Bt = 172, St =%
3400 33863 19 gar = 048, g5 4 = 140, gz = 100, gog =220, gzop =118

*>.(2550), which couples strongly to AD and AD*, could be the counterpart of the

>(1670), which decays primarily to AK

*>.(2901) could be the experimental 2 _(2800) if this resonance could also be seen in At

states



Comparison to SU(4) results

Compared to SU(4) TVME*®, the SU(8) model includes vector
mesons, and the transition amplitudes between states with heavy-
mesons scale with the heavy-meson decay constant. We find:

v SU(8) model reproduces all resonances generated in SU(4) that
couple strongly to 0" meson and a charmed baryon

v’ Because of different symmetry breaking pattern, not necessarily
resonances that coupled to a charmed meson and an uncharmed
baryon are reproduced. Enlarged model space compensates the
reduced attraction in SU(8) and generates the same resonances but
with quite different composition. As example, A (2595) (ND state)

Mg I’ Couplings to all SU(4) channels

I=0,J=1)2
25954 2.01 85 = =067 gyp =603, 25 ,= 012, g= p = 007, g=p = 017, g5p =3.08, g, » = 0.29
26254 103.0 .0 =230, 8yp = 155,85 5, =0.04, gz x = 0.03, gzix = 0.67, gpp, = 1.05, 2, = 0.1
2799.5 0.0 gg‘,, =0.35-10"%, gyp = 005, ga_p = 147, gz x = 257, g=x = 002, gap, = 0.26, go_y = 0.02
3024.8 313 =059, gyp =050, g, , = 016, gz x =0.11, gz =222, g, = 148, g, o = 0.02

4“Hofmann and Lutz, NPA 763 (2005) 90; 776 (2006) 17; °Lutz and Kolomeitsev, NPA 730 (2004) 110;
®Mizutani and Ramos, PRC 74 (2006) 065201



Conclusions & Outlook

*We study charmed baryon resonances within a coupled-channel
unitary approach that implements heavy-quark symmetry by
extending the t-channel vector-exchange SU(4) models to SU(8)

Resonance  I(J*) Stams Mass (MeV) I" (MeV)

A (2595)  0(1/27) *** 2505406 36+20-13
A:(2625)  0(3/27) ***  2628.1x0.6 <l9 € N (2660), =38 MeV (I=0,]=3/2)

N.(2595), =0.58 MeV (1=0,J=1/2)

—

)

o

8

o A2765) AM) v 2766624 50

G) or}.c(2765)

S A(2880)  0(5/2%) *m  28819+05  58+19 5 (2550), [=0 MeV (I=1,J=3/2)

= A(2940)  O(T) ¢ 29308+ 1.6 18 +8

‘g 328000 1(T) w801 +4-6 T5+22-17

£ 30800 1(F) e 2N+14-5 2+60-40 € 3 (2901), [=15 MeV (I=1,J=3/2) ?
3028000  U(T) v W2+4-7 61 +28-18

*SU(8) model generates SU(4) resonances and more. However,
some have different nature depending on the model, as A_(2595)
*Not all SU(8) resonances are observed. Many couple weakly to the
baryon-meson pairs from which are measured. A more realistic
model should contain three-body channels and higher partial
waves. Experiments also need more statistics



