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What is the A(1405)?

According to the PDG

A(1405 1(JP) = o(2—
Mass m = 1406 = 4 MeV r—
Full width ' = 50 4= 2 MeV oy 1331 MeV
Below K N threshold
A(1405) DECAY MODES Fraction (I;/T) p (MeV/c)
b o 100 % 157
W.-M. Yao et al. (Particle Data Group), J. Phys. G 33, 1 (2006) (UEL: http://pdg.lbl.gov)
Most-established resonance with four-stars in PDG
The A(1405) can be observed directly only as a resonance bump i pem—
in the (277)" subsystem in final states of production experiments. -
Theoretical interpretation ???
. . . ]
Quark model fails to reproduce splitting between A(1405) and A(1520)

3¢g state, meson-baryon system, two pole ?
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What is the A(1405)?

According to the PDG
A(1405) So; 1Py =037) |,
- RN 435MeV 1105
Mass m = 1406 = 4 MeV r—
Full width ' = 50 4+ 2 MeV oy, 1331 MeV
Below K N threshold
A(1405) DECAY MODES Fraction (I;/T) p (MeV/c)
2o 100 % 157

W.-M. Yao et al. (Particle Data Group), J. Phys. G 33, 1 (2006) (UEL: http://pdg.lbl.gov)

Most-established resonance with four-stars rating by PDG

The A(1405) can be observed directly only as a resonance bump
in the (277)" subsystem in final states of production experiments.



Experimental view of /A(1405)
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Theoretical interpretation of /A(1405)

Three quark state
N.Isgur '78 S.Capstick '89 E.A.Veit '85 | |
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Juelich K N interaction




. bar - - A.Muller-Groeling-NPA513(1990)557
The Juelich K™ N interaction — A\ter-GrodineNeAs13(19%)

=> Meson (hadron) exchange model
= K"N, T2, T\ channels are considered (Coupled channel approach)

Diagrams
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Main contribution comes from the vector meson exchange



The Juelich K’ N interaction

Hamiltonians for meson-baryon couplings
ZLops = Zons¥p(X) Yu(x) ds(x), Determined by baryon-baryon scattering

ZLpap= gBBPJB(I) ETEIr&B{I}‘ﬁP(x) >
geoe S (Fou (N)(3) + Fp(x) P, (%)) Br(x)

Flavor SU(3) symmetry is assumed

E]EI-I:}i‘]:" -

Lopy = £BDv i(*ﬁnu(x}‘?s'}'p'f’a(x} - 'j;B(I) TsTp'i‘np{x})(ﬁﬂiﬁ';(I) —ad"¢v(x)),

W
fBBv

Lopy = Sﬂﬂviﬁ'n(x)‘}’p'ﬁﬂ(x}fﬁv{ }‘" ﬂf‘B(I) wa(x )% dv(x) —a"dy(x)),

Hamiltonians for meson-meson couphngs
Lrps = grpsMpPp(x) dp(x) s(x) ,
Lppv = grpvPp(X)d dp(x)Py(x),

g
Lyvp == 6,59 SUX)0"UX) p(X) .
L'
Parameters are determined by KN scattering




The Juelich K’ N interaction

Cross sections Invariant mass distribution
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Consistent with experimental data




Phenomenological K’ N potential




Y. Akaishi and T. Yamazaki, PRC52(2002)044005

Phenomenological AY potential
Ansatz The A(1405) resonance state is the I= 0 1s bound state of K™ N

Regarding
1. 1s level shift of kaonic hydrogen atom * (—0.78 £ 0.15) +1¢(0.49 £ 0.28) fm,
2. Martin's K™ N scattering lengths = (=170 %+ 0.07) + i (0.68 £ 0.04) fm,
3. Binding energy and width of A(1405) = (0.37 £ 0.09) 4 ¢ (0.60 £ 0.07) fm,

K" N-T2 coupled channel with I=0 10
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Various kaonic nuclear states with large binding energy and high density



Y. Akaishi and T. Yamazaki, PRC52(2002)044005

Phenomenological AY potential

Points /
X \(1405) ansatz (B.E = 27MeV)

x Energy independent potential

¥ Omission of the diagonal T2-channel interaction | == T =40 MeV
x Compact object

rep(n [1/m]
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Chiral effective theory




D. Jido et al NPA725(2003)181
T. Hyodo-PRC77(2008)035204

Chiral effective theory

Seagull (Tomozawa-Weinberg) term from chiral effective lagrangian

[Ei+ M, |E; + M;

Gy
pp2 (2Vs =M= M)\ [ =557 \/ 231

T-matrix 1s solved algebraically(on-shell treatment)

Choice of decay constant f and regularization mass in the loop function G
Evidence of meson-baryon state
with natural subtraction constant

0
1580

Two poles near A(1405) =0 -'+ .
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Chiral effective theory

Cross sections Invariant mass distribution
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Consistent with experimental data




Roles of vector meson exchange potential




Vector meson exchange potentials

Kbar N to Kbar N

N IK N

OBéDOd)

N

K N to TG

N

K

PPV couplings

Coupling constants of PPV vertex
— !
L, =gTr|V'[P,6,P]
Empirical V->PP decay width and SU(3)

K® N to T\

A\ It

Glgmé

N I

BBYV couplings

Coupling constants of BBV vertex

LBBV_B gY +LU qv V B

[Vector COU@ m coupling |}

The /g are taken from the Bonn potential and SU(3).
The strength of g 1s determined by following way.




Vector meson exchange potentials

Kbar N to Kbar N

N IK N PPV couplings
O _ é O Q Coupling constants of PPV vertex
P

| L, =gTr|V'[P,6,P]

1
N K N K

Empirical p—>1utdecay width and SU(3)

K" N to T K" N to T\

2 It N It BBV couplings
G IZ Dé: G IZ D:é Coupling constants of BBV vertex

N 'k N LS L., =Blgy" +L0‘ "¢,V B

T to TR T to T\
2 I A i [Vector COU@ m coupling |}
G - é G - é The f and g are taken from the Bonn Potential




Comparison with the TW term

Tomozawa-Weinberg term Vector meson exchange

IP

|
-““ - {/ =1 | Vector dominance ansatz

|
|
war
They would be the same contribution at q=0 limit

P
In the g=0 limit
E,~M,, ~Ns=M_ ,+m,, t=0

gyu u’qu)*

Tomozawa-Weinberg term Vector meson exchange

C Vzh_glgz

ho__
| 284 _f2 — =
Y4 4/




K.Kawarabayashi-PRL16(1966)255

Threshold behaviors Riazuddin-PRev147(1966)1071
Vector meson T-W ratio

KN to KN =0 -0.839 -0.750 1.119

I=1 -0.270 -0.250 1.081

KN to T2 =0 0.264 0.306 0.862

I=1 0.213 0.250 0.852

KN to T\ I=1 0.261 0.306 0.851

T to T =0 -1.153 -1.000 1.153

I=1 -0.569 -0.500 1.138

Deviation from SU(3) value of K —KTtdecay constant

KSRF relation :m>=2 2 g? Lo _ Ik
relation:m;, =2 f~ g, e ™2

Effect of form-factor ?




Vector meson exchange potentials

K" N to K™ N
PPV couplings
N IK N

Q Cutoff parameters
|
|

N PPV coupling vertices

A, K™ TTV_coupling vertex

K" N to T K" N to T\

5 It A I BBV couplings
G _ é G —~ é Cutoff parameters
K
|

K™ N BBV coupling vertices

Z
<
Z

K N, NY V_coupling vertices

Monopole or Gaussian form factors are employed




Results of the vector meson exchange

Scattering cross sections compared with chiral unitary calculations
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These results are obtained by changing the cutoffs for each vertex
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Comparison with the Julich K" N interaction

Cross sections
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Comparison with the chiral effective theory
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Results of the vector meson exchange

Scattering amplitudes

Amplitude(I=0 KN) Amplitude(I=0 pS) Amplitude(I=1 KN)
T T T T T C T T T T T T 7 0.8 T T T T T T
1.5F .
1
0.5
I ] 0
1k . I .
[ 1 -05F .
2k 4
L 1 " 1 " 1 o N | 1 1 N | ] N 1 1 | 1 |
1320 1360 1400 1440 1320 1360 1400 1440 10320 1360 1400 1440

x The KSRF corrected coupling constants are used in calculation
x Cutotf parameters are : A =1.5GeV, N\ =2.2GeV

This model is similar to the chiral unitary model

v = —1.746 + i1.467fm a'=" = (=1.70 + 0.07) + i (0.68 £ 0.04) fm,

0.193 + i0.748fm, a'=' = (0.37 £ 0.09) +i(0.60 £+ 0.07) fm,




Results of the vector meson exchange

Scattering amplitudes
Amplitude(I=0 KN)

Amplitude(1=0 pS) 08 Amplitude(I=1 KN)
l ' l ' l ] v ' T ' T ' T

1.5

1 05k \/ i

1 1 1 1 1 | [ L 1 | L | ] 1 ] 1 ] 1 ]
1320 1360 1400 1440 1320 1360 1400 1440 P}ID 1360 1400 1440

x The KSRF corrected coupling constants are used in calculation
x Cutoff parameters are A =1.5GeV and A =2.2GeV.

This model is similar to the chiral unitary model

Scattering lengths are reproduced fairly well

a'=" = (=1.70 + 0.07) + i (0.68 £ 0.04) fm,

a'=' = (0.37 £ 0.09) +i(0.60 £+ 0.07) fm,



Invariant mass plot

AR AR T scattering amplitude
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1 No peak 1s seen 1n amplitude
| by meson exchange model
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Energy dependence of K'" N potential




General form of vector meson exchange potential

The t-matrix for the meson-baryon scattering

1 xrwu
ooV E E

q + [’fIB gt u
)

-—

Ty =

i (p') [A{s t,u) + } ug(p)

Ty =X [F+ 1 -pG +io - (p' % -p)C] xs

Central potential (spin independent) L-S potential (spin dependent)
[E'+M' [E+MT 25— M — M _, 5
F = 1'#"I YT 1'#"1 ™5 -AI{.‘.-'._ t,u) + ki > B(s,t. u}}
) |E'—M' [E—M | 25+ M + M ‘
{r = ‘||l‘lll' T ‘||F,l' 1k —_fi[.‘r'._ L. 'TI} + = 9 E[.‘J"_. i, U }i|

The functions, A and B, for the Vector meson exchange are

A(s,t,u) = _G’nm M (8 —u)
v

2!, M 4+ M
B(s,t,u) = iz ¥ (m-— + M fv )




Form of vector meson exchange potential

Options of momentum configurations

2) (o, 2

(7 ) (e’ —p g {4
T a | B i) &
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2 ] - J . k
q=pr— Pi q=Pr — Pi-

(SRS T (e, — ;) (4. =) (eo. — )

B gi;ﬁ 2Ew

A= —.
M q®+mi’

A=

q? + mj.

B

2 (g + T p _ 20 (av + fv)

T e— [ [y ]
q? +mi q? +mi

Local potential

M g{

v :
V. (q.0) = E q + 'ITI-E.—

|: Same potential at the case of k=0 :l




Further transformation

Nonlocal and energy dependent potential

Momentum dependent interaction

'?1 qv

A
e (q) = &+ m2

<

P

Additional local potential

Modified local potential

fv

9

q-
l-|-E'——|—E— == | -
v )-’Eﬂlr ‘}:|




Shape of vector meson exchange potential

Potential shape in K" N 1=0 and I=1 channels

V[MeV]

Bound state (1~2MeV) No bound state
1500 . . .

— — — — Local
—-—-— Mimimal non-local A
Non-local (k=00

1000

" — ——— Local

Mon-local (=0)

—-—-- Minimal non-local |

0 ' 0.5 ' 1 0 ' 0.5
[ fm] [ fm]
I=0 I—1

Short range repulsion is generated by tensor coupling part
Energy dependence 1s small in diagonal channel

1



Shape of vector meson exchange potential

Potential shape in K" N 1=0 and I=1 channels

1000

750

500

IL.ocal
Minimal non-local
Non-local (k=0) -

|

Potential in I=0 is
three times larger than one in I=1

r[fm]

1

Medium range attraction is important to seek the bound state
The zero range attraction is not so important for I=1 channel



Shape of vector meson exchange potential

Potential shape in T I=0 and I=1 channels

No bound state No bound state

1000 T . . 1000 — ,

\ —— = = T acal . \
Monlocal \ ———— Loecal
500 I'I. —— = Minimal _ 1L

V[MeV]

0 ' 0.5 ' 1 0 ] 05 ) 1
r[fin] r[fin]
I=0 I=1

Short range repulsion is generated by tensor coupling part
Energy dependence would be large in T channel



Shape of vector meson exchange potential

Potential shape in K™ N (I=0) channel

1000 \ I I 1000 - I . ,
—— Local — Local
— Nonlocal (k=0) — Nc_)n.local (k=0)
—— Minimal nonlocal —— Minimal nonlocal
—— AY potential —— Chiral effective potential (TW)
500 k- —— AY potential with repulsion_{ 5L —— Chiral effective potential (Full)_|
0 0
} : | : | : : | : | :
3005 0.5 I 1.5°005 0.5 ] Ts
B.E.=27MeV B.E.=13MeV

Binding energy is sensitive to the strength of medium range attraction

Potential range could be important than the energy dependence
@ [s the vector dominance ansatz proper?



Conclusions

v I have investigated the K* N system by a vector meson exchange
process assuming the vector dominance ansatz.
v I have constructed the meson exchange potential consistent with
the Tomozawa-Weinberg term.
Vector meson exchange generates a strong attraction in the 1=0
K" N channel.
The vector meson exchange potential plays an important role to

generate a /A(1405) resonance bump.
¢ Energy dependence of this potential 1s not so large.

¢ The T2 resonance pole 1s not necessary.
v This model has ambiguities as follows.
¢ Tensor couplings for the meson-baryon vertices.
¢ Cutoff parameters dependence for the vertices.
¢ Strengths of scalar meson exchange contributions.



Scalar K’ N potential




The Julich K N and K** N interactions

M R. Buttgen NPA506(1990)586
odel A. Muller-Groeling NPA513(1990)557

- The V is constructed by relatively lower-order diagrams.

- The scalar coupling 1s adjusted by the empirical data.

- Phenomenological short-ranged repulsion (0,) 1s needed mixture of positive
and negative G-parity parts

- This interaction model predicts the A(1405) to be a quasibound KN state
without an additional pole graph around 14 GeV.
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cms-energy

The roles of the scalar potential ? A(1405) mass spectrum



Scalar K" N potential by correlated two meson

What 1s the repulsive interaction in the scalar channel ?

Method

Breit frame kinematics for two-meson exchange process

= ]
g L

A
i : .
: - T-matrix of meson-meson scattering

calculated by the chiral unitary method.

- It reproduces the meson-meson phase shift
up to 1.2GeV quite well. U

ol
|.\_.|.\_-I.I-I.III-I

(]

- Triangle scalar loop contributiorﬂ

Cancellation mechanism for off-shell part of meson-meson amplitude

~ ’ = l‘
.

~ .’ ' '
’, ~
e m = - -
-~ -

PR ~s! 1Y 11 =~ 011 ==

.. ——

*(E Oset, H Toki, M Mizobe, and T T Takahashi PTP103 (2000) 351 ).




Triangle scalar loop contribution

Meson-baryon (Octet) interaction

D+ F  _ D—F ,_

cB = BrsyH8,PB) + Brsy* B8, P

Meson-baryon (Decuplet) interaction

\/§ s abc A dpeNg | = PCAb It =
£ = Z=Cc > e (—(TaaePi{B)S - @+ (BEPYT1q)ST - G)
™  a,b,c,d,e
|Pion loop contributions Kaon loop contributions
N F’ N l N F* N l N l
s~7r ssﬂ' ‘J_(
T S ) 3 ) 3

pNn= N mt+ Al “m|lAf = A w4 =

Nr * N N

Al ():/ Pp M (F+q)F  wt+E-M
BB (21)3 E 2w/ (w+ o) (w+ E - M)(w/ + E - M)

E = \p2 + M7
w:\/m%—l—ﬁz

W = \/m3 + (F+ P2

The contribution of the heavy meson loop
1s suppressed in the small momentum region.




Unitarized two meson amplitude

Chiral Lagrangean for meson-meson interaction

1
7T

1
1272 <M<I>4>

Tree level amplitudes of meson-meson scattering

N X4
A \Y, Y . 9 2 2
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tl:. — — — T/ 4 W= ’ 2 —_—
TT, K,X\T[’ K KK—KK (@) 4f2° tm_}ﬁ'?{q ) 4f2
P 4 ‘ ' m
/1 .
. . . J A Oller and E Oset, Nucl Phys A620 (1997) 438
Unitarization procedure J A Oller E Oset and J R Pelacz Phys Rev D59 (1999) 074001
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(The off-shell part of interaction is renormalized to the physical values.)



Scalar K" N potential

Correlated two-meson potential

Unitarized amplitudes
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Kaonic loop contributions

e

Conventional s exchange potential

I
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9595 11.310 87.964 | Positive G-parity part is extracted
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A2[MeV] 1700 2000

The 0 state 1s composed of a mixture of about 60% positive and 40% negative G-parity state.




Results

K" N potential in momentum space K" N potential in configuration space

-6y 3 y T y T y T y 100 T ! ' !
(x107) —— Full calculation (= —— Full calculation
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X A peak structure has been found around 700 MeV 1n all potential model.

X The kaonic-loop contribution can not be neglected to seek the accurate
K" N potential

X The total potential is consistent with the Julich scalar potential without a
region of small momentum transfer.

X The scalar potential has moderate attraction at the long range and strong
repulsion at the short range region for both the pionic and full potential.



Summaries and conclusions

e The dynamical two-meson exchange potential between a kaon and a
nucleon has been calculated by means of chiral unitary method.

* This potential should have a positive G-parity due to the intermediate
two-pion state in the unitarized chiral two-meson amplitude.

e The kaonic loop contribution is not negligible especially at high
momentum transfer or in the short range region.

e The full calculation result of the potential has a similar g behavior to
the Julich scalar potential except for its strength at the threshold.

e This potential has a similar short-ranged repulsion which 1s assigned
to the 0 exchange contribution by the Julich group.

e This is a candidate of the short-ranged repulsion which was needed to
reproduce the empirical KN scattering data at high energy.



Phenomenological K* N potential (I=0)

K% N to K™ N transition
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Reproduction of AY scattering amplitude

K" N scattering amplitude in I=0 channel
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Binding energy = -30 MeV
Scattering length =-1.7+10.7 fm
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Binding energy = -28 MeV
Scattering length =-2.0 +10.7 fm

Similar K™ N scattering amplitude is reproduced by meson exchange model




Summary

Phenomenological pot.  Chiral theory  Hadron exchange
Local or non-local Local Local Non local
Energy dependence Oﬁ On On
Scattering length OK OK OK
(threshold bahavior)
Total cross section NO OK OK
Mass spectrum OK ( 7 ) OK OK
B.E. of A* -27MeV -15MeV ?




Phase shift of K* N scattering

5, =—- In(1+2iqf (¢))
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Chiral Unitary Method
AY ansatz
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Chiral effective theory

Construction of single channel potential




Comparison

Scattering amplitudes of chiral effective theory and phenomenological model
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-Energy dependence

Imaginary part of [=0 scattering amplitude

-Position of A(1405)
Around 1400MeV or 1420MeV ?

-At the threshold, both models agree with the empirical data.



Summary

Phenomenological pot. Chiral theory
Local or non-local Local Local
Energy dependence Oﬂ On
Scattering length OK OK
Total cross section NO OK
Mass spectrum OK ( 7 ) OK
BEofAT MV SMeV

Check the validity of two pole prediction for N(1405)!!



Questions of K™ N potential

-Coupled channel or single channel projection

> Tt channel effect to the K™ N channel
Validity of complex potential

-Importance of energy dependence

Small energy dependence ?

-Local or non-local potential?

Resonance and non-locality

-Strength of scalar repulsion

-Interpretation of A(1405)

Binding energy of the kaon ???
Single pole or two pole ???

Few body calc. Coupled channel : possible
in our group |:> Energy dependent potential : possible  Realistic potential
Non-local potential : possible



Summaries and conclusions

* I have calculated the correlated two-meson exchange potential for K™
N system.

e In my estimation the correlated two meson potential generates a
strong repulsion at the short range region.

e This is a candidate of the short-ranged repulsion which was needed to
reproduce the empirical KN scattering data at high energy.

Future plans

e (Other contributions to the scalar channel

 What about the negative G-parity part ?

* Construction of the K™ N potential by the hadron exchange picture



Cutoff dependence of meson exchange potential
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