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€ Introduction: two-pole structure and the =(1820) state

* Two-pole structure: A(1405)

Oller, Meif3ner, PLB500(2001)263;

Jido, Oller, Oset, Ramos, Meif3ner, NPA725(2003)181 4

Pseudoscar meson — baryon(?)
interaction in S = —1 sector, from
LO of chiral Lagrangians.

Detailed review papers:

Meilner, Symmetry 12(2020)981;
Mai, Eur.Phys.J.ST 230 (2021)1593.

Other two-pole states:
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Fig. 1. Trajectories of the poles in the scattering amplitudes obtained by changing the SU(3) breaking parameter
x gradually. At the SU(3) symmetric limit (x = 0), only two poles appear, one is for the singlet and the other for
the octets. The symbols correspond to the step size §x = 0.1.

3



€ Introduction: two-pole structure and the =(1820) state

* Two states of 5(1820) Sarkar, Oset, Vicente Vacas, NPA750(2005)294;
Molina, WHL, Xiao, Sun, Oset, PLB856(2024) 138872.
The work of A(1405) was extended to e 0, o AR (2024)
pseudoscar meson — baryon( %+) interaction. Table 2
- . . Pole positions and couplings for g, = 830 MeV.
Foursszo_uplezd channels : 3¥*K, Z'm, Z', QK All quantities are given in units of MeV.
(5 =-2) [1878] [1669] [2078] [2165]
Poles lg; | g channels
Transition potential: _ _ N
1824 — 31i 3.22 3.22 — 0.096i Kx*
1 1.71  1.55+0.73i =
e — . .(1O 70y. _ _ . : T30 =
Vij = 412 Cij(k"+ k7 f = 1.28f7, fr =93MeV, 2.61  2.58—0.38i nE*
1.62 1.47 +0.67i KQ
Bethe-Salpeter (BS) equation: T=[1-VG]'V. _
1875 — 130i 2.13 0.29+2.11i Kx*
C, *K Bz =*qn QK 3.04 —2.07+2.23i ="
— 220  L11+190i  n&*
=ko2 b0 3.03 —177+245i KQ
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€ Reactions testing the two states of Z(1820): ¥/(3686) — ="K~ A

® (3686) = =FK A

» New results from BESIII

TABLE VI. Results obtained for I(J"), mass and width for
each component. The first (second) uncertainty is statistical

(systematic).

Resonance

I(J"7)

M (MeV/c*)

' (MeV)

=(1690)
=(1820)

1/2(1/27)
1/2(3/27)

168575 + 12
182173 + 3
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PDG estimate: M
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The width of Z(1820) 1s much bigger, and incompatible with that of PDG!
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€ Reactions testing the two states of Z(1820)

» Two states of =(1820) in 1/(3686)
v" The first test
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The amplitude is of the type
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Fig. 1. The resonant mechanism for the production of Z*K~A in the y(3686)
decay. P(P’) and B* (B*') stand for pseudoscalar meson and decuplet
baryon, respectively.
=1, v" The second test
The invariant mass distribution: A N B
.T Ty
dr 1 1 ps ZIHZ Miy, — Mg +i5-| My, — Mg, +i=
M (KA~ 2n)? M2 7 N
=W pd k& p.T.|
=" Py Z ‘ i il - R1, the narrower =(1820)
state with lower mass
Back ground: C pz k
with W and C arbitrary weights

R2, the wider =(1820)
state with higher mass

Adjust the coefficients 4 and B to fit the data




@ Reactions testing the two states of £(1820): 1)(3686) — ~tK~A

> Two states of Z(1820) in 1)(3686) — =tK A

. 140 - e [Exp. data 140 _ — R1+R2 ]
v’ Same background in Eq7) | : —e- R :
— - Background| 120 ¢ — - Background| ]
the two test cases. 100 _t o Exp.data | |
< = 100 ‘ ]
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v' The coefficients A4 = (| =N i & f{ ]
and B are found to 5 ! 5 ; ]
40 F ]
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inv

v' A fair description of the data is obtained, supporting the two states of Z(1820).

v Mostly the narrow resonance at 1824 MeV shows up, with the wider resonance providing strength
in the higher energy region.



€ Reactions testing the two states of Z(1820): 1)(3686) — =T K°Y*~ — =tK07~A

® ¢(3686) — =T K'Y — =T K7 A
with a threshold ~1880 MeV

r~sk—
SN G

Coupled channels: KOx*—, K~ %0, z05*~

The mechanism for )(3686) — =T K2*~:
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(b)
rescattering of the meson-baryon Yy — 1A

coupled channels

1(3636) /

SR
(a)
tree level



€ Reactions testing the two states of 5(1820): ¢/(3686) — =tK°Y* — St K7~ A

The decay amplitude for (3686) — =+ K0%*~: 2-body scattering amplitudes

=C(B*|(S* xpgs+)-€|B) 1, ' =Wgoge + Y W;Gjlt; goge],

B™ is the baryon of the %+ multiplet,

€ the vector polarization of the v (3686)

S is the spin transition operator from spin 3 to 3

The mass distribution for the decay v (3686) —

dI’ 1 1
dMin,(KO%*) — (2m)? 4M3
e

T Qn)34M

v

J
Table 2 W; Clebsch-Gordan coefficients for the different coupled
channels
Channels KY'%* K-x% glz* pE*~ 77870 KOQ~
WJ B ,0' / / _f B / f
=+ gOs*— .

> Pé+ﬁ1€02 Y [t 2M g 2M s

4 p"*—i—pK |t |




¢ Reactions testing the two states of Z(1820): ¢/(3686) — =tK'¥X*~ — =t K07~ A

The mass distribution for (3686) — =t K%%*~ — =+ K%~ A :

dr’
dMinV(kOZ*_)dMinv(Z*_)
FT(_A ’
1 i 1 C

- —lim - P ol
Dyse (Migy (% 3 4 PEHIK
T Minv(z:*_) — MZ*— +i—= ( 3 ( )) (27[) 4MW

/2
1~

with the energy dependence of the >*~ width as

. k—\\ ME*— ﬁn :
FE*_ (Man(E )) B Fon MinV(Z*_) (157[,0[1) ,
with "oy the width of X*7, I' ;-7 /'y« = 87%.
~ /\1/2 (Mi%lv(z*_)7 m?rv mjz&) ~ L )\1/2 (m%*_ ? m72” m/2\)
Pr = 2 Miny (X%7) | Proon = 2 M-
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¢ Reactions testing the two states of 2(1820): ¢(3686) — =t K%*~ — ZtK07~A

18 L

v' There is destructive interference of the tree |, | ® :K :* = 5 1W. Hhreshold ]
ithout tree level ——
level and the two Z(1820) states.  Only tree level ——
g A/ \\ Phase space - )
v" The actual mass distribution differs S 1y P // \ Total
appreciably from phase space. ~ 10l // \\ 1
> ;
v" The phase space for go0y+*- production _2: // /"“\,\ \
reduces the effect of the lower mass = °f Y /./ N \\ .
=(1820). 4 L :
2
v' The excess of strength above 1900 MeV is A T D s
due to the wide =(1820) state with higher 1800 1900 2000 2100 2200 2300 2400

mass. M. (K E )[MCV]

myv

Fig. 2 dT'/d M, (K°X*™) with different options.

The proposed reaction is particularly suited to show the effect of the higher Z(1820) state.
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€ Reactions testing the two states of Z(1820):

Y

Y

QY — 7(n)r=

single Cabibbo suppressed

FIG. 1. The two topological structures with external emission that lead to ™ (a) and E* (b) in the final state.
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@ Reactions testing the two states of £(1820): Y — 7(n)7="

with a threshold ~1670 MeV

To generate the Z(1820) resonance in the final state, we have to allow one of the mesons

to interact with the Q= or =*~ . .
We have 6 possible reactions:

M;(p;) 00 _y 1t 0=*— (with tree level)
C
QO + _E*O
M, M;(G) - — T T
Q Qg — 70 t=*— (with tree level)
. 0 0_0—=x0

FIG. 2. Final state interaction of a meson with the baryon of the 0
decuplet 3/27. The dot indicates the transition matrix element ) — nmo=
from M,Q~(E*") to a final M;E! state.

l

where the first meson corresponds to the
external one of the weak vertex and the second
one to the final state.
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€ Reactions testing the two states of £(1820): Y — 7(n)7="

The mass distribution for the final M,E! pair is given by

dr,

1 1 =
— ~ 2 -
T~ A P (=1-6)

f, = C(E*(3/2%)|S" - p;| Q)7 S‘ > n]? =

pilil*.
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€ Reactions testing the two states of 2(1820): Q0 — 7 ()
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v" The shapes of the mass distributions for the reactions are different from each other.

v' In common: there is a dip in the mass distribution around 1850 MeV, due to the destructive

interference of the two resonances.

v The reactions without tree level contribution, show more clearly the effect of the two Z(1820) state.



€ Summary

v' The chiral unitary approach for the interaction of pseudoscalar mesons with the baryons of the
decuplet predicts two states for the Z(1820), one at 1824 MeV with a width of 62 MeV, and a
second one at 1875 MeV with a large width of 260 MeV.

v" With the contribution of the two Z(1820) states, a fair description of the BESIII data for the
(3686) — =T K~ A decay is obtained, supporting the two-pole structure of the =(1820) state.

v We propose the reaction (3686) — =T K°2*~ — =t K%~ A to show evidence for the existence of
two Z(1820) states. The phase space for K°X*~ production reduces the effect of the lower mass
state, magnifying the effect of the higher mass state that shows clearly over the phase space.

v’ The Q0 — 7t7= 20 707020 nrt=*—, nr9=*0 decays, being free of a tree level contribution, show
clearly the effect of the two =(1820) state. The lower mass one is clearly seen as a sharp peak in the
+=+mass distributions, but the higher mass one manifests itself through an interference with the

lower one that leads to a dip in the mass distribution around 1850 MeV.

Thank you for your attention!
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