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@ In principle, the axial-vector meson resonance can be
generated dynamically by pseudoscalar and vector meson
interaction.

@ The mp channel alone is not enough to generate the
a1(1260)polel.

@ The other channel is needed to give the singularity to the mp
channel. Here, only KK* channel is possible to be coupled to
mp channel to produce the a;(1260) resonance.

@ The full off-shell T matrix of this interaction can then be
applied to other important processes.

'G. Janssen, K. Holinde and J. Speth, Phys. Rev. C.49, 2763 (1994).
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Coupled Channel Formalism

The Bethe-Salpeter equation for two-body interaction expressed as

G
@ The two-body propagator is not unique. We use the
propagator in Blankenbecler-Sugar scheme?3.

e Preserves unitarity
o Reduces the dimensionality of the integral

2R. Blankenbecler and R. Sugar, Phys. Rev. 142, 1051 (1966)
3R. Aaron, R. D. Amado and J. E. Young, Phys. Rev. 174, 2022 (1968).
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Coupled Channel Formalism

The Bethe-Salpeter equation for two-body interaction expressed as

- e e

@ The two-body propagator is not unique. We use the

propagator in Blankenbecler-Sugar scheme?3.

@ The three-dimensional integral equation can be reduced to
one-dimensional problem by performing partial wave
decomposition.

o After solving the integral equation, we transform the T-matrix
to particle (LSJ) basis.

2R. Blankenbecler and R. Sugar, Phys. Rev. 142, 1051 (1966)
3R. Aaron, R. D. Amado and J. E. Young, Phys. Rev. 174, 2022 (1968).
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Feynman Diagrams
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Il The a; pole diagram is not included explicitly.
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Feynman Diagrams

KK* - KK*(KK*) :
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We define the G = 41 parity state for KK* state as

[KK*(-)) = (\KK*> [KK™),  [KK*(+)) = (|KK> +|KK™))
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Feynman Diagrams

mp— KK*
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We define the G = +1 parity state for KK* state as
[KK*(-)) =

(IKK™) = IKK™) . [KK*(+)) = == (IKK®) + [KK))
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Lagrangian

We use the SU(3) symmetric Lagrangian given by
Lppy = gTr([P,0,P]- V")
1
ﬁ\/v\/ = —Eg Tr [(8M \/V — 3,, VH)V“ \/”]

Loy = -2 eMoPTr (8,V,0, Vs P)
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We use the SU(3) symmetric Lagrangian given by
Lppy = gTr([P,0,P]- V")
1
ﬁ\/v\/ = —Eg Tr [(8M \/V — 3,, VH)V“ \/”]

Loy = -2 eMoPTr (8,V,0, Vs P)
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with
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Note that the trace operation is only for SU(3) matrices. By using this
Lagrangian, we can calculate the potentials and SU(3) symmetric and
isospin factors for each diagrams.
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Form factor

Since hadron has a finite size, we need to introduce form factor in
each vertex in the diagrams.

nh\2 — m? )n

F(n, k, k') = (n/\2 Y

The cut-off mass A is determined by adding 500 — 700 MeV to the
exchange mass. However, for the reaction involving strangeness we
apply higher cut-off mass value* especially for ¢ exchange the
cut-off mass is 1700 MeV higher than its mass.

“D. Lohse, J. W. Durso, K. Holinde and J. Speth, Nucl. Phys. A 516-(1990)
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General parameter
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®G. Janssen, K. Holinde and J. Speth, Phys. Rev. C.49, 2763 (1994).



Results and Discussion
00®00

d] resonance

The singularity arises as a result of integral equation in the region
below KK* threshold.
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d] resonance

The singularity arises as a result of integral equation in the region
below KK* threshold.
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We can interpret a; (1260) resonance as molecular state of KK*.
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d] resonance

After both channel is coupled, we can obtain the resonance
structure in the mp channel.
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d] resonance

After both channel is coupled, we can obtain the resonance
structure in the mp channel.
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We obtained the pole position of a; resonance is W, = 1159 — 73
MeV.
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d] resonance

We compare the model to experimental data from charge exchange
reaction (mp — 37n)®. Here we assume that the t dependence is small
thus it will not affect the shape of the mass spectrum.
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where we define”

0= 0np (t = m’, M,rp) = —2Tm [Trp(Ms,)]

®J. A. Dankowych, et al. Phys. Rev. Lett. 46, 580 (1981).
G. Janssen, K. Holinde and J. Speth, Phys. Rev. C.49, 2763 (1994).
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d] resonance

We compare the model to experimental data from charge exchange
reaction (mp — 37n)®. Here we assume that the t dependence is small
thus it will not affect the shape of the mass spectrum.
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We found the similar phenomena as in the pseudoscalar meson
interaction’.

®J. A. Dankowych, et al. Phys. Rev. Lett. 46, 580 (1981).
'D. Lohse, et al. Nucl. Phys. A 516 (1990).
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Summary and Conclusion

We investigated the axial-vector meson a; (1260) resonance
from mp scattering based on the fully off-mass-shell coupled
channel formalism.

@ The a1(1260) resonance can be theoretically interpreted as
the KK™ molecular state.

@ We also present the comparison of the model calculation to
the experimental data from charge exchange reaction and it
reproduce the data very well. From that, we extracted the
pole position of a;(1260), W, = 1159 — i73.

@ The present result may be applied to the description of other
process.

@ For our next project, we will extend this work to study all the
low-lying axial-vector meson resonances.
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h1(1170) resonance
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Experimental data from charge exchange reaction (wp — 3wn)8.
The other theoretical model includes h;(1170) resonance explicitly®.

8J. A. Dankowych, et al. Phys. Rev. Lett. 46, 580 (1981).
°G. Janssen, K. Holinde and J. Speth, Phys. Rev. C 54, 2218 (1996).
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Blanckenbecler-Sugar scheme

The Bethe-Salpeter equation for two-body interaction express as

T(p,p'is) = V(p,p'is) + ﬁ/d“qV(p,q;S)G(q:S)T(mp’:S)

The two-meson propagator is given byl®11,

| B 1 1 m E1+E2
6(09) =3 (%36 38) 555

with E; = (g2 + m;)*/? and we define E = E; + E». The BS
equation is then

/. _ ’. 1 d3q . E(q) /.
T(P7p ,S) - V(p>p 'S) + (271')3 / 2E1(q)E2(q) V(p7qu)j2(q)—r(q7p ,S)

1°R. Blankenbecler and R. Sugar, Phys. Rev. 142, 1051 (1966)
1R, Aaron, R. D. Amado and J. E. Young, Phys. Rev. 174, 2022 (1968).
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Partial wave decomposition

Through the partial wave decomposition of potential V and T
matrix, the BS equation becomes

Tia(p.p') =Vin(p.P) + 5

E(q i
X V,\%g(P’ Q)%Tf (@, p);

where
Vi (0, p) = 2 / d(cos 8)d?, (0)VE (0, p, 6),

X, X and g denote the helicity of final (), initial (/) and
intermediate (g) state, respectively. Note that the total energy
argument and the total angular momentum J are not written
explicitly in the potential V and T matrix.
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Matrix inversion method

The one-dimensional integral equation can be expressed as

n+1
Tos(a?.q)) = Vap(a?,a)) + D> Var(a?.q]) G Tos(a),a)).

where «, 8 and « denote the final, initial and transition states (represent
two meson state and helicity state). The weight G is given by

e 1 E(qj ) (qj )
f“@wszquEd%)s-E% N

forj=1,2,---,n

qn+1
(2m) 3225 (g7 E2 q’) s — E%(qg/)

qn+1 \/g B m? — m; :
— 1T,
(%MJ' Vs m +m] ’

where E2(g;, ;) = s and m” denotes the mass of particle in the two

el
Gn+1 Wr

meson channel.



Matrix inversion method

We build matrix V' with dimension enough to contain two meson
channel, helicity and momentum points. Therefore, the T matrix can be
calculated by

T = (1— vé)fl V.

The T matrix for this study in two meson channel basis can be expressed
as

T7P:mp TWP,KR* T7Pnw T7r:ne
TKK*,ﬂ'p TKK*,KK* TKK*,nw TKK*,ngb
= Tnw,mp T'r]w,KR* Tnw,nw T7]w,7]¢ )
TP Tne.KK* Tne:nw Vnene

TTp.mp T, KK*
Tim1 = TKK*.mp  TKK*KK* |



LSJ basis &

The T matrix can be expressed in LSJ basis as

T = (IMUS|ITUMLS) = Y~ (UML'S|IMNX5) T3, (JMALXo| JMLS).
ALAL AL A2

In the pseudoscalar and vector meson interaction, it becomes

J J_ J
Ty,=T1 — Tz

T 1= 2J+ IJT + (J+1)(T7 + T5) + V2I(0 + 1)( T3+T4)]
Tg1= 2J+ [ VIUH DT + VIO + ) + V2uT! = vV2( + )T
T/ 1= 2J+ [ VIUF DT + VIO + T) = V2 + )T + VaIT))|
T4 = [J+1)To + (T + T3) =200+ 1)(T5 + T4)]

where we define To = Too; T1=T11; To=T1,-1=T_11;
Ts=Tio=T_10; Ta=To1= To 1
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