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A(7405) peak

in a g3-qq scattering

with a g3 pole

Sachiko Takeuchi
(Japan College of Social Work)
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A A(1405)

@ Models (cont.)

baryon-meson
Chiral unitary model Jido Oller et al

quark models

Oset Ramos,

g3 quark model (0s20p) [sgur Karl
g% quark model (0s®) Hogaasen Sorba

g*q quark model (solved)Nemura et al
g3 with the meson cloud Arima ef al

93-9G + g3 quark model This talk




A (Q*Q)(0s)® v.S. Q3(0s)’0p ?

@ Negative parity Baryons’ mass
from quark models

~ 1600MeV ; ,_/

q3+qq (940 + 500~600) MeV U\O/

g%q~ (940 + 500~600) MeV + K + V

K < 3/2 7w
v<y q%G for A(1405) ??




A (0*Q )(0s)° v.S. g3(0s)?0p 7

@ Flavor-singlet P-wave g3 state ?
Observed As-A1 splitting
Observed large LS splitting A(1405)-A(1520)

— These two facts are difficult to reproduce...




A (0*Q )(0s)° v.S. g3(0s)?0p 7

@ Flavor-singlet P-wave g3 state ?
Observed As-A1 splitting
Observed large LS splitting

— These two facts are difficult to reproduce...

@ S-wave g“%g state ?
CMI (A-A)(o-0) can be strongly
attractive in some states of T=0 JP=1 2=

—hutalsoin =1 1/2=
Hogaasen Sorba NPB145(78)119




A N\ (1405) is a resonance!

@ Treating A(1405) as a resonance in the
B-M scattering is absolutely necessary.

Chiral unitary model

A (1405) appears as a resonance Iin the
BM scattering. = Oset Ramos NPA635(98)99

Self energy of meson field l H

Mass of the g3 state reduces
considerably.
Arima Matsui Shimizu PRC49(94)2831




A N\ (1405) is a resonance!

@ How to extract sighals from the
continuum? (in the quark models)

solved models

change model space
E
L

E
complex scaling method "/\7,\/\ K

configuration-restricted models

quark cluster model @

Oka Yazaki




A Baryon-meson scattering (QCM)

@ From Schrodinger eq for quarks:
(Hy— B¢ =0

@ Assuming wave function as
W =Aq{ dgd\ 1]

@ By Integrating the internal modes out we
get RGM eq (using real meson mass)
(H—EN]Jx=0
@ 3-channel coupled QCM scattering calc.
for mu#ms




A No peak is found for g*g !!

» Reduced mass of 2m is small — Kinetic term is
large — Short range attraction is suppressed.

» No attraction in the NK channel.

Mass Spectrum Mass Spectrum
arb. unit O (Rad) arb. unit

2

Mass Spectrum

S  — T=O S T=]

NK threshold

l >
2T

30
C.M. Energy E.,, (MeV) C.M. Energy E_, (MeV)
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/N No peak is found for g4g!!

Reduced mass of 27 is small — Kinetic term is
large — Short range attraction is suppressed.

» No attraction in the NK channel.

Mass Spectrum Mass Spectrum
d (Rad) arb. unit O (Rad) arb. unit
4 ' ' 2

Mass Spectrum Mass Spectrum

- T=0 5 — T=1

3

NI/ +lhvAanlnALA

K< o/2 ﬁw q —larger 2
V<O

C.M. Energy E_., (MeV) C.M. Energy E., (MeV)
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A Channel dep of Vawm (T=0)

@ Short range part of Veu by the
(A.A0.0) model

> NK A =K

—16 | 116V7 [164/105
3 21 105

28/15
0 15 0

112  -40470
TG > Table:

_160 | Matrix elements,

= | —(AA00)

0




A Channel dep of Vawm (T=0)

@ Short range part of Vem by the
(A.A0.0) model

27T | NK An K
-5.33 | 14.61 | -1.56

0 : 0

7.47 -15.94 Table:
Matrix elements,

-1.62 —(A.A0.0)




A With g3-pole -
® A(1405) = a 13 +8 1g3-qo)

Transition potential is:

(@®| V 1g3-0@> = | A1gosrop) (BM q*q (0s)|

Aiils. | e X <H 5

S ok
NK 85 - >57 . 5]
An 53 NK 60
(inMeV) | =n 2




A g3-qq scattering with g3-pole

@ g3-pole at 2m + 160MeV (~1490 MeV)
gives a resonance at ~1405MeV!

271+ NK 21+ NK + pole

0 (Rad) arb. unit

2 +NK-bar Scattering (L=0)
Mass Spectrum

0 arb. unit © Mass Spectrum

- Phase Shift § —— A

Mass Spectrum

6—

single ciﬂ .

12




/] wave functions at resonance

@ Contribution of
9= ' Wave Function

the g°-pole Is | |

large.

| Y °
NK:g3=1:2.8

4 6
R g [fm]

@ (Can this be observed...?

17 Sep 2008 @ Bled



A Scattering Observables

mixing of Zm and NK et
Is strong at the |
threshold. -

NK scattering length : < | suacesmn
-0.75+i 0.38 fm |

Exp. (-1.70£0.07) + 1(0.68+0.04)
Martin NPB179(81)33

| 160 | 260 | 360 | 400
C.M. Energy E_, (MeV)




A Summary

A\ (1405) resonance can be described by
a(lg3 + lg3-qgy ) system.

Interaction for |g3-qq(=m)) is attractive, but
not for 1g3-qq(NK)).

Kinetic energy suppress the short-range
attraction of |g3-qq(=m)).

Without the mixing of |g3),no peak appears.

With the mixing of [g3), A(1405)-like peak
appears!




AQuark model v.s. Chiral unitary model

Quark model can reproduce the peak, but
so does the chiral unitary model.

Quark model:

quarks, no attraction between NKbar, non-
relativistic, g3 pole

Chiral Unitary model:

no internal structure, large attraction between
NKbar, semi-relativistic, no g3 pole




A Channel dep of Vawm (T=0)

Short range part of Vawm

Difference is found in the NK diagonal part.

—(AA0.0)

No NK diagonal attraction : need something to
make a peak just below the NK threshold.

(F.F)

NK diagonal attraction makes a peak just below
the NK threshold.




A Channel dep of Vawm (T=0)

Short range part of Vem by the
(F.F) model

(WT-term)

NK ATEl IS

0

—3J/2 | Table:

Matrix elements,

—6 | (F.F)




A Channel dep of Vawm (T=0)

e Short range part of Vawm

Difference is found in the NK diagonal part.

No attraction

—(AAC.O (F.F) Attrayction
>t NK/ An >t NK An

> -5.33114.91-1.650F2m@y —8 |[245| O

NK 0 [7.23|1 NK —6 |4.24

An 7.47 | . 0




ASimpIified model - kinematics

non-rela

p=/ 2@\
e produces the 2 7 channel
semi-rela effective repulsion

propagator is
oy 2
s _(%)Zm/k dk w_ﬂﬂe

R — \/M2+k2 ands - w— m2—|—k2




A Simplified model - int

separable int with gaussian cut-off
strength is the same as Oset-Ramos.
two types of channel dependence:

—(AA0.0) (F.F)
> NK A S| NK | An

-5.33[1461-156 >m| -8 [245 O
] 0 [7.23|1 NK T —6 |4.24

Cancelled by the kinetic energy part
In the propergator




A The situation is...

To understand the situation, we perform
simplified baryon meson scattering
problems such as

scattering of baryon and meson without
internal structure.

semi-relativistic kinematics

iInteraction is F.F like or AAoo -like and
separable.

a ‘g3-pole’ couples to the continuum.




A Simplified model - g3 pole

@ Flavor singlet transition for FF model

Low) = [ S12m) = HINE) + 1/ 218m) + SiER)
(17e )

zo (k+ap) Matrix element

81/2 | O | B1/2+ M)
aryon mescn
Chjgt) - ) >< exp[-(bk)=/6]




A Simplified

@ Chiral-Unitary-like

~semi-rela, (FF), no pole, energy-dep

4 | =
Mass spectrum .~

NK scattering length
=-2.09 + 0.65 i

mass spectrum / ' (c.f. -2.53+1.26 i
j ' for Oset Ramos original)

Exp. (-1.70+0.07)
+ i(0.68+0.04)

0
100 150 200
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A Simplified

@ Chiral-Unitary-like

~semi-rela, (FF), no pole, energy-dep

4 i
Mass spectrum

NK scattering length

g . : = -2.09 + 0.55
- friass spectrum : .
Sl e (c.f. -2.53+1.26 |
e Ay y

for Oset Ramos original)

L Exp. (-1.70+0.07)
\ ' + i(0.68+0.04)
\ A :

" 4
L 4
4 4
fe 7 L4
- 4
ORI 4 .
) 4 .
L 7 "
7
4
0 r /A e
L / .’
)] B J ’
1)) L / ,’
’ .
L Y
4
o '/
| | \I

O 550 TH00 4 1450
0 C.k?.%nergy (Me‘;l)OO 150 200

' 0
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A Simplified

= Chiral-Unitary-like

» semi-rela, (EF), no pole

ass’Spectrum

0 arb. unit
4

NK scattering length
| =-1.93 +0.25

Subails. | |(cf. -2.53+1.26 ]
| \ | for Oset Ramos original)

Exp:(-1.702£0.07)
+ /(0.68+0.04)

bR o
C.M. Energy [MeV]
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A Simplified

@ Chiral-Unitary-like

semi-rela, (EF), no pole (lower energy

ass’Spectrum

) g érb.uzit Cut Oﬁ)

Mass Spectrum NK scattering Iength
pectrum : =-4.20+ 1.14 i

Exp. (-1.70+0.07)
+ i(0.68+0.04)

C.M. E MeV
nergy [MeV] 17 Sep 2008 @ Bled



A

Simplified

@ Chiral-Unitary-like

semi-rela, (EF), with pole (kk-coupling)

0

a

s"Spectrum

arb. unit

pectrum

v
v
[
L]
W ¥
[]
[ ]
]
(]
"
.
v, L
[
v
[
"
"
"

Mass Spectrum

pole energy_.

C.M. Energy [MeV]

4

shift

12

w/0o coupling

20

(lower energy
cut off)

NK scattering length
=-1.06+0.17 1

Exp. (-1.70+0.07)
+ i(0.68+0.04)

17 Sep 2008 @ Bled



A Simplified

@ Chiral-Unitary-like

semi-rela, (EL), with pole (1-coupling)

ass’Spectrum

0 arb. unit

4 (lower energy

Mass Spectrum .
: cut off)
pectrum :

N

Ishift |NK scattering length
I =-1.68+ 0.42 i

Exp. (-1.70+0.07)
+ i(0.68+0.04)

w/0o coupling

SO0
C.M. Energy [MeV]
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A Simplified

@ color-magnetic-like

nonrela,— (A.A0.0), with pole (1-coupling)

I | | 4
Mass spectrum

; NK scattering length
annels+pole : =-0.63 + 0.33 |

(c.f. -0.75+0.38 i
for the original QCM)

pole energy w/o coupling Egxp. (-1.70+0.07)
' +i(0.68+0.04)

' 0
100 150 200

17 Sep 2008 @ Bled



A Simplified

@ color-magnetic-like

semirela,— { A.A 0.0), with pole
(1-coupling)

[ [ [ 4
Mass spectrum

; NK scattering length
annels+pole - =-0.66 + 0.35 i

(c.f. -0.75+0.38 i
for the original QCM)

ole energy w/o coupling Exp. (-1.70+0.07)
' + i(0.68+0.04)

| 0
100 150 200

17 Sep 2008 @ Bled



A Simplified

@ color-magnetic-like

semirela,— { A.A 0.0), with pole
(1-coupling)

[ [ [ 4
Mass spectrum

; NK scattering length
annels+pole - =-0.68 + 0.46 i

sing (c.f. -0.75+0.38 i
E for the original QCM)

)y w/o coupling gxp. (-1.70+0.07)
' +i(0.68+0.04)

0
100 150 200

17 Sep 2008 @ Bled



A

Simplified

@ color-magnetic-like

semirela,— { A.A 0.0), with pole

(1-coupling)

Mass spectrum

i I 4

NK scattering length

annels+pole - =-0.66 + 0.35 i

single channel+pole (c.f. -0.75+0.38 |

Yo for the original QCM)

2nergy w/o coupling
_j Exp. (-1.70+0.07)
0

+ 1(0.68+0.04)

17 Sep 2008 @ Bled




AQuark model v.s. Chiral unitary model

To have an internal structure is not important to
obtain A(1405) peak.

Kinematics is not important.

For the color-magnetic-like potential, one needs
‘g3-pole’.

For FF-type potential, one may not need the ‘g3-
pole’. but the NKbar scattering length seems to
become better.

The width of the peak is affected largely by the
coupling of ‘g3-pole’.




A ... and Outlook

Other Baryon resonances 7

Production and decay process ?

» More (gq)-rich states ?




X(3872):

(q9)-(cC) (cq)-(qc) molecule

Sachiko Takeuchi

(Japan College of Social Work)
V.E. Lyubovitskij, Th. Gutsche, Amand Faessler
(Institut far Theoretishe Physik, Univ Tubingen)




X Multiquark exotic systems

@ Multiguark exotic systems
non gqqq baryons
meson-baryon systems (Pentaquarks)

O+ =, -
negative-parity A (g3-9g + g3)
non-gg mesons

(Olal )2 Systems Barnea et al
scalar mesons < 1GeV

qQaQ, gsgQ, systems




X Multiquark exotic systems

@ Multiguark exotic systems
non gqqq baryons
meson-baryon systems (Pentaquarks)

O+ =, -
negative-parity A (g3-9g + g3)
non-gg mesons

(Olal )2 Systems Barnea et al
scalar mesons < 1GeV

qQaQ, gsgQ, systems




XNon g meson candidates

@ (gg)¢ Mesons?
Rets. Particle Data Group
gcqc ? W.-M. Yao et al., ] of Phys., G 33(2006)1

X(S8T2). X s, Z(4430)=
gsqc ?
%(2317)* , D1(2460)*,
£1(2536)* , D&(2573)*
gsqgs or K+K-?
ao(980), fo(980), X(1576)

17 Sep 2008 @ Bled



X Hamiltonian for quarks

& H = Nonrela Kin + linear Conf
+ OGE + Ins + m,0exch

X

-6°(7;)

1
4dmm

| )\z)\j) (3 = O'@’O'j)Pr,;j TOg




X Hamiltonian for quarks

@ H = Nonrela Kin + linear Conf
+ OGE + Ins + 1, oexch

q(qg)—a, g(qg)—qq transfer interaction

i p,+p +io; xk E
%. .O’z
S 4 m? [\ 2m, 2m; J

consider only btw (0s)* and (Op) T7\1
Vir= [(g9)?(0s)*) Voce {g2(0p)] 17\




X Hamiltonian for quarks

INs (affects only light quark pairs.)

Vo 3 9 )
‘/iNS — Z 7525] (1 e /433—2>\Z)\] —|—§)\Z">\j0'@"0'j 7),,{]-53(’)"2']')
1<J
3 9

3_2)\2..)\]. —|—§)\Z‘°)\j0'i'0-j)63(rij)




X Realistic Calc. - mesons

1000 s

| :m' J/Y

X
KLU

mu =313 MeV
ms = 600 MeV
mc = 1250 MeV

aconf = 172.4 MeV/fm
as=0.73

Vo,ins = -143 MeV/fm3 (pu=0.4)
Esu=1

Ecu=0.586

£cs=0.489

Ecc=0.198

/\g = 3.3 fm-!
gs?/4 1 =0.69
Mo=0675 MeV

N\ o= 5.3fm"!
Nz=1.1fm"]

Mass [MeV]




X Realistic Calc. - mesons

1000

mu =313 MeV
ms = 600 MeV
mc = 1250 MeV

aconf = 172.4 MeV/fm
as=0.73

Vo,ins = -143 MeV/fm3 (pu=0.4)

Mass [MeV]

Esu=1 -
Ecu=o.586 i _' wf of p

&cs=0.489 0.6 —— (QGaussiat
Ecc=0.198

Ag=3.3fm? 94 ]
gs?/4 1 =0.69
Mo=67/5 MeV
N o= 5.3f|’n-.I : 1 R [fm] 2

=1.1fm"!
Solved results
ol




X Estimate by (Os)*

Effects of the interaction on qg pairs

Rough sizes are obtained from N A,
and n'-n mass differences.

Color Spin Flavor CMI OgE-a Ins E[MeV] States
' 0 1 =167 0 12 84 n
-16 -6 -327 T N8

16/3 O 63 w
16/3 O 63 P

O
]
]
0 2 3/4 41
0
1

2 -3/8 15
-2/3 9/2 9/4 97
In JPC — O++,

1 2/3 0 -9/8 -3¢ [T TN




X Estimate by (Os)*

Effects of the interaction on qg pairs

Rough sizes are obtained from N A,
and n'-n mass differences.

Color Spin Flavor CMI OgE-a Ins E[MeV] States
' 0 1 =167 0 12 84 n
-16 -6 -327 T N8

16/3 O 63 w
16/3 O 63 P

O
]
]
0 2 3/4 41
0
1

2 -3/8 15
-2/3 9/2 9/4 97
In JPC — O++’

1 2/3 0 -9/8 -3¢ NI 00




X Estimate by (Os)*

@ Difference between the flavor singlet and
octet pairs comes from annihilating

diagrams.
Not yet obtained ffom Lattice or QCDSR.

Color Spin Flavor CMI [OgE-a Ins |E[MeV] State
3 ] ] -2/3 | 9/2 9/4 97

PC —
8 1 8 -2/3 0 -9/8 -34 ]'Q;’,];?;;




b 4 X(3872) facts

M(X) = 3871.4+0.6 MeV
[ < 2.3 MeV

IG(JPC)=07(1+tt) I=0 as No X-

found in B*—K*X, pp —X
decay mode X—=>J/ynrm,J/vnnm,J/Yr
[ (X—=J/wr)/ T (X—J/yr?2) =0.14+0.05



keynote:/Users/sachiko/phys/fb18/s_takeuchi_fb18.key?id=BGSlide-3
keynote:/Users/sachiko/phys/fb18/s_takeuchi_fb18.key?id=BGSlide-3

b 4 X(3872) facts

e X(3872) Threshold
J/ W w= 3879.5MeV
D*D** = 3879.1MeV

J/W p=3872.7MeV DzDF 64.7MeV
vo DOD*0 = 3871.3MeV o
D D™ J/Yw 8MeV

isospin violated. X D*DO J/yp
uu rather than 1=0,17

DD —138MeV

17 Sep 2008 @ Bled
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an 00 meson candidates?

® (qg)? Mesons?
gcqc ?
X(3872)
gsqc ?
$2(2573)*
£(2536)*
£(2460)*
50(2317)*




X Realistic Calc. - ggccC

Stochastic variational approach
e chmw ¢f¢ worb

m o= (¥ (Q)ye(3 ))(w (2 )W( ). ( (1 ))\%6(3))( “(2)A*P°(4))
=~ ull)e(29d(3) f{u (3) }e(2)

Y e exD [— D 57;(]]?) re; }
AN (X : J/9,p)




X Realistic Calc. - qgcC

@ Binding Energy: X (only gcgc compo)

weaker stronger

IJPC
meson-exch = meson-exch

11+ (J/¥ o) 5 MeV 26 MeV

01+t (J/Y w) Not Bound 5 MeV




X Density distri & rms
® <0 (Rmm-X)> V<O (Rmm-X) rij2 >

1 | 1 T I I | T T T T I I I I | I I I I | I I I I
T - Rms of mesons -
Density distribution

—— JAp-p color-singlet i -=- 5)/11)

— D-D* color-singlet |
--- Jhp—p color-octet

---- D-D* color-octet

17 Sep 2008 @ Bled



X Density distri & rms
® <0 (Rmm-X)> V< (Rmm=-X) rij2 >

T | T T T T | T T T T 1 1 1 1 | 1 1 1 1 | 1 1 1 1
. Rms of mesons -

Density distribution

. - — P
—— JAp—p color-sin i -]/
— D-D* color—sinég. 1L P

--- Jhp—p color-octet
---- D-D* color-octet

17 Sep 2008 @ Bled



X Density distri & rms

@ <0 (Rmm-X)> V<O (Rmm-X) rij >

I | I I I I
Density distribution

1 | 1 1 1 1 | 1 1 1 1
Rms of mesons -

—p
- Ty

17 Sep 2008 @ Bled



o™ <0 (Rmm"x)>

X Density distri & rms
V< (Rmm-X) rij >

I | I I I I
Density distribution

ms of mesons -

—p
- Ty

17 Sep 2008 @ Bled



X Density distri & rms
[ 48 <6(Rmm"x)>

Density distribution

— Jp—p
— D-D*

V< O (Rmm=-X) rij2 >

1 1 1 | 1 1 1 1
Rms of mesons -

17 Sep 2008 @ Bled



X Effects of multiquark

@ When only correlations between uu & cc
or uc & cu are included, what happens?

No correlations among more than 3quarks
— two-meson-like configuration

17 Sep 2008 @ Bled



X Effects of multiquark

@ Binding Energy

weaker stronger

|J PC
meson-exch | meson-exch

Jwo DD*
11+ (J/Y p) 5 MeV 26 MeV 0.33 0.856

O—QO config| Not Bound 9 MeV 0.26 0.89

17 MeV difference: effects from
correlations among more than 3quarks




XReaIistic Calc. qgcc+cC

@ Binding Energy: X (gcqc + cc)

I=0 becomes comparable to I=1 !

IJPC stronger meson-exch

01+ (J/b w) 5 MeV
01+ (J/W w) (,

+02 pole at

3q95(p) MeV (pole amp 0.1)

'\Godfrey et.al. calc by (SC)

20MeV more bound




X Summary for X(3872)

® gcqc (IJPC=01++, 11++)

X(3872) : can be explained as a shallow
bound state just below the DD* threshold.

I=0 state has a repulsion from the OGE
annihilation diagram and attraction from
the cc coupling. So, it seems I=0 ~ I=1.

ambiguity: int. strength, size of cc, Epole

17 Sep 2008 @ Bled




X Mu F# Md

@ The threshold difference between D°D*0

and D*D*- enhances the uu component of
X.

estimate by a toy model

Ho 0 LV UCCU conti

O |Ho+2Amq| -v | v | yf)=/dccd conti
V -V Ei-o O I=0

V V O LE1=; =




Mu F# Md
(Bound by 0.7/MeV)




X Mu F# Md

Mu F Md
(resonance 1.2MeV above threshold)

X X S(E)

1=00.7 [=0
=105 1=]

@ The threshold difference between DOD*0
and DtD* mixes I=1 and O
—>J/Yyméand J/Y T3 ?




Xmore Qg meson candidates

@ (gg)¢ Mesons?
qsqc 7
$2(2573)*
$1(25306)*
$1(2400)*
0(2317)* 201 g-awe g Calc
lighter than Ref]Godfrey et.al. calc by (SC)
SC p-wave mass by 160 or 90 MeV.

17 Sep 2008 @ Bled



Xmore Qg meson candidates

® (gq)? Mesons?
gsqc ?
32(2573)*
$1(2530)*
$1(2460)*

lighter than Ref]Godfrey et.al. calc by (SC)
SC p-wave mass by 160 or 90 MeV.

17 Sep 2008 @ Bled



gsqc couples to D-K, D*-K*, n-Ds,w-Ds*

Without a pole, attractive but No bounds,

Adding a sc pole at 2480MeV makes the
state bound by 3MeV (pole amp 0.03),

but should be 40 to 50 MeV more bound.




gsqc couples to D-K, D*-K*, n-Ds,w-Ds*

Without a pole, attractive but No bounds,

Adding a sc pole at 2480MeV makes the
state bound by 3MeV (pole amp 0.03),

but should be 40 to 50 MeV more bound.




X Outlook

Tetraquark systems may exist.

A shallow bound state is a two-meson
molecule with a multiguark componet at

the center, which gives an attraction for
the binding. — X(3872)

To describe a deeply bound state
(~40MeV), an extra attraction or some
other mechanism is necessary.




