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IRecent results for £(1620)

Recently new results of £(1620) are obtained
Belle experiment of . - zzE (2019)[1]

= exclted states are observed In 7=~ spectrum.

The mass M, and width I';, of £(1620)
My, =1610.4 % 6.0(stat.)f2:5(syst.) MeV

[, =399 % 4.8(stat.)f%:§(syst.) MeV 3 4

ALICE experiment(2021)[2] " o

The scattering length f, of KA was determined o
with femtoscopy in Pb-Pb collisions
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figl.zTE~ spectrum in E. —» zz=2 decay[1].
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'11Belle collaboration, M.Sumihama et al., Phys. Rev. Lett. 122, 072501 (2019).  fig2. Extracted fit parameters for
2]1S. Acharya et al. (ALICE Collaboration)Phys. Rev. C 103, 055201(2021). all of the KA system [2].
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IFormuIation of the scattering model

The scattering amplitude 7, (W) Ii(W) = V(W) + VW) G (W, a) T1(W)

satisfies the scattering equation.

Interaction kernel V,(W):Weinberg-Tomozawa interaction

C; f:Meson decay constant, N: Kinematical coefficient,
VilW) = = ——N;,N,CW — M; — M)) | -
4f.1; C,.Group theoretical coefficient, M;:Baryon Mass

Loop function G(W) (Removed divergence by dimensional regularization)

G(W) - G(W,a;) W.Total energy, a;:subtraction constant
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IConstruction of theoretical models

Construct the models which based on Belle and ALICE respectively
Model 1 Assume the pole position as z., = [1610 — 30{] MeV, and construct

Zex
the model with the pole at z,.
Model 2 Reproduce the K~A scattering length of ALICE.
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with BW amplitude [3]T.Nisihibuchi and T.Hyodo, Phys. Rev. C 109, no1, 015203 (2024).
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IPoIes of =(1620) in theoretical models

Pole position of each models as follows

Pole of =(1620) =[x
Model 1 | <= 1610 — 30; MeV [bbtttt]
1613.3 [tbtet]
Model 2 | 2= 1726 + 80i MeV [ttbttt] [bbittt] Re W
|

pole position of Modell and Model?2
From pole position and Riemann sheet, we interpret these poles as follows.
Model 1 pole of E(1620): Quasi Bound(QB)

Model 2 pole of E(1620): Quasi Virtual(QV)
T.Nisihibuchi and T.Hyodo, Phys. Rev. C 109, nol, 015203 (2024),
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IFormuIation of ./ in 3-body decay

_ -+
3-body decay(E' —» z*MB) dx 1(17)
MB' ke
The decay amplitude to ) w _ 3(423)
_ Final state
the final meson baryon state - - interactti;n

>
inv) ‘ v ) v
Weak decay qq creation

The diagram for ZF - z*MB decay. [0]

V, . the constant includes all dynamics before FSl.
h. . the weight coefficient of intermediate state, M. . : Invariant Mass,

T, : Meson baryon scattering amplitude, G, : Meson baryon loop function

[6]K.Miyahara, T.Hyodo, M.oka, J.Nieves and E.Oset Phys.Rev.C 95 (2017) 3, 035212
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We calculated the invariant mass

distributions for Model 1 and ModelZ2.
Confirm spectrum shape changing with

INtermediate states between models.
Model extrapolation by changing «;

a(x) =xa’'+ (1 —x)a; 0<x<1)

- subtraction constant of Model |

- subtraction constant of Model 2
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ISpectrum shape In actual models
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Inv

zT=" Invariant mass distribution of Models

In this talk, we calculated 4 intermediate states(x=0.2, 04, ..., 1)

T.Nisihibuchi and T.Hyodo, arXiv:2506.21949 [hep-ph].
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ISpectra changing between models

160 » » -
- 1ao[Model 1 __ "
Focus on the near K°A threshold Tl 77 D
' 7’
_ . 51007 X -
The peak near the KA threshold turns into a cusp Zs0 \
and the height becomes lower (upper panel). = 6] !
zg — Model2 T~
calculate the scattering length of K°A 1580 1590 1600 610 1620 1630
1.5 » » » ——
T SRS R 40 K°A
o We found that spectra shape changing almost AR T
corresponds changing of scattering length. _0 .
TR Y )
* When Re @' has positive:-- Spectrum has a peak ©°
-1t

¢ When Re CZO haS negatlvespeCtl"um haS d CUSp -1.5 0.2 04 06 08 1
T.Nisthibuchi and T.Hyodo, arXiv:2507.18941 [hep-ph]. s
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IEffects for spectra near KA threshold

3 0
K—: KA

I\/IOdeI 1 . |
Threshold effect near the KA threshold g];‘f) LeT TN TN
. /7 : ;
51007 ' 3
o Model 1 has a pole at 1610 — 30i MeV. Z 50 \
= 60| ] |
o The peak in the 3 body decay spectrum of Modell = 40| o 2’ \~~—-
locates on 1599 MeV (upper panel). 7580 1590 1600 [|\1/|€e;1/(]) 1620 1630
0.6 - o
o In two body elastic scattering amplitude, the peak | AR
locate on 1606 MeV (lower panel). B 0'4 ~4 MEVS mp
E - o’ : :
L 0.3}
Stronger threshold effect can be seen In 0ol
the 3 body decay spectra.
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IEffects for spectra near KA threshold

123 I\/IOdeI ] , =
Compare with the pole trajectory = f_ 20 VeV
Focus on the intermediate state(x = 0.2) =1 r=02.1 1 5
= ’ :
S 60 :
o The spectra of x = 0.2 has a clear peak structure at = ,,|
_ Model 2. B ’
1608 MeV near KA threshold (upper panel). 7880 1590 1600 1610 1620 1630
_ - ROA KTt OROs0 %
o But pole of Z(1620) goes away from KA threshold. 23 “Modgg
3 o
% |t |ocates on 1628 —23i MeV on [bbtttt] sheet, and § |
< X =
the location is not physical relevant. (lower panel) & 2 HO. ********************************* .o |
= 0.2
Due to a strong threshold effect, a peak 40| Model 1 pbrett
1600 1620 1640 1660 1680 1700 1720 1740
structure appear emerged. Re W [MeV]
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ISummary

In recent years, experimental data about Z(1620) have been reported, and
theoretical studies have also been conducted actively.

o We construct the models based on Belle and ALICE(Model 1/Model 2)

o We calculate E. — zzE decay for Model 1, Model 2.

m [he shape of spectra correlated with the sign of the Re q,,.

" Threshold effect appears more prominently than 2 body scattering.

Future work
* |[nvestigate the threshold on 3 body decay amplitude in detall.
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IFormuIatlon of ./ in 3 body decay
3 body decay(Ef — z*MB)

The invariant mass distribution

reduced to

~ . =t . +
dr’; | PebM, Mz, : mass of Ef, m . : mass of

dMi,,  (2m)® Mz, p. . three-momentum of the z* which

2202, m2 M2,) emitted in weak decay

1nv
2Mz
M2 m?) p; : three-momentum of meson baryon

an’ ] ]
2M. emitted in weak decay
AMX,y,2) = x> + y2 + 7% — 2xy — 2yz — 2zx ( MB rest flame )

Dot = ( EF rest flame )

yl 1/2(

Pi =
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IBack U Detail of loop function

Loop function G(W)
d*q 1 1
2n)* g — m? +i0* (P — g)? — M? + i0*

Gw) =i

Loop function G(W, a) (Removed divergence by dimensional regularization)

mM M2 _ m2 M2 /11/2 , i
a. + In + In — + In(W? = m?*+ M?* + A
)+ I+ S S )

G' W, Cll —
4 ) 1672

+In(W* + m?* — M* + 2% — In(—=W* + m* — M* + 2% — In(—=W? — m* + M* + /11/2)}]

M2 =\ JW it M= 2Wm2 — 2mEME - 2MPW
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IBack UP Definition of scattering length

o In this study, we define the scattering length f, as follows.

(It i1s the value of scattering amplitude at threshold energy.)

f(k) — 1 f(k) - Scattering amplitude ’

f k2 — ik k. Complex momentum
J0

rO effectlve range

o ButIn general scatterlng Iength a, 1S deﬂned as follow

(It Is reverse sign of f,. )

| flk) =
: —i —|— ﬁkz + © 00 = ik
: dp 2
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IBack UP The roles of subtraction constants

- By changing subtraction constants, the effects from outside of model
space can be absorbed.

Effects from
except V.

== \\Vhen the subtraction constants closer to natural
value, outside effect become smaller.

KA KX
=(1620) ' 2(1690)

X X

1613.3 1686.1 Vivr
WiMeV] Model space

Effects from other channels(Z* ,K*A,K*X,7KA,---).

=—uss’

[8] T.Hyodo, D.Jido and A.Hosaka Phys. Rev. C 78.025203 (2008)
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IPoIe trajectory in actual models

80 LKA KYA KXt ROx0 IO :
Apply the model extrapolation to pole 60 Model = -
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