The =(1820) resonance, one or two poles?
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Two pole structures
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Figure taken from Review of the A(1405), Mai (2020)
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Two pole structures

B M) = Mo+ 2( M, — M),
8@8=138,®8, 10510627 mi(x) = mj + x(mi —md), X€E[01]

a;(x) = 0g + x(a; — ag),
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Update with LQCD data, Zhuang, Molina, Lu, Geng, 2405.07686 (2024)
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Two pole structures

. L 1
» At LO the interaction is diagonal V.5 = —— Cas(k® + k'°).

a2
V.5 = diag(6,3,3,0,0,—2) a,3=1,8,8,10,10,27 (1)
» At NLO the accidental symmetry of the two octects is slightly
broken (AMg ~ 15 MeV)
» The most important features obtained at LO remain at NNLO.

(LO) VS0 :1390 — i66, 1426 — 16
(NNLO) /So:1392+£8 — i (100 £ 15), 1425 £ 1 — i (13 + 4)

P~~< ,—’Pz
Weinberg-Tomozawa Eaid

dominates v

BaSc, PRL132 (2024)

B, B,
Talk of Z. Zhuang on Thursday 5.35pm, 2405.07686 (2024)
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The =(1820)

Other two-pole states: Ki(1270), D*(2400), Y(4260)...
New results from BESIIl One or two poles?

TABLE VL Results obtained for I(JF), mass and width for
each component. The first (second) uncertainty is statistical
(systematic) / — A=+
; ) — K™A=
Resonance| [(J7) |M (MeV/c?)[ T (MeV) Y (3686)
Z(1690) |1/2(1/27 )| 168575 + 12 [817.0 =20
=(1820)" |1/2(3/27)| 182173 £3 | 7370 + 9

PDG average: SO © Zinbin = 1.46
M=1823 +5,T = 24*1% > —+— Dam
- Zio0f PWA
ete” — =(1820) =+ 5 | | — o
. = | { Emaeoy
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The =(1820)

Extension of the A(1405) work to the decuplet of baryons

zp | 1863 —dld(x =0.9) | 1832—:182 1920 — 7137 2162 — 419

9i lgel gi lgil % lgil gi |l
YK | 19+i07 20 |18—il1 21|1.1+0.1 11[03-i04 05
Zr | 054+i09 L1 |[23-418 29 |11—4l7 20|02+i0.7 0.7
| 254402 26 144413 19 |35+il7 38|04-i03 05
QK |01-i0.7 07 [23-i09 24|16—i04 17|21+i09 23

Table 13: Couplings of the resonances with S = —2 and I = % to various channels. Note
that the couplings for the 1877 MeV resonance are evaluated at 2 = 0.9.
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1028 =8@10027 ®35 C.s = diag(6,3,1,-3) (a=—2)
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Meson-baryon decuplet interaction

L=—i T“ZDT# ,  T"isthespin decuplet field (2)
and D* Ty, = 0" Thyo + (T")3 Tl + (M) Thae + (M) Tl
Tocnvet | ctave »
v =goe +¢lorg), E=u=ev/ (3)
Cj| ©*K =*n =Zp QK
1 YK 2 1 3 0
Vi = — 2 Ci(K°+K'?), — 3
4f =7 2 0 7
T=[1-VG 'V = 0 5
QK 3
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Production of the =(1820) state

1(3686) — =(1820)=F — K~ A=*

B* B*/ - - A

t= ZA/ €y - P= Gi(PB") Tji Gi K? ~ Z Djk?&; - P= Ty
J Ul

B Gmax gBq wi(q) + wa(q) 1
a5 =2m [ s ana) 5@ T @
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Production of the =(1820) state
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The two-pole of the =(1820)

Poles lgil gi channels
1824 — 31/ 3.22 3.22 — 0.096/ Kx*
1.71 1.55 +0.73i T=*
2.61 2.58 — 0.38/ n="*
1.62 1.47 +0.67i KQ
1875 — 130/ 2.13 0.29+2.11/ Kx*
3.04 —2.07 +2.23i ="
2.20 1.11 +1.90/ n=*
3.03 —1.77 + 2.45| KQ

Jmax = 830 MeV, f = 1.28f;
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The two-pole of the =(1820)

A B
T= = + T (4)
Minv - MH1 +I?1 Minv - MRz +I?2
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Reaction mechanisms to detect the two-pole

We have investigated the reactions:
Q, — 7t E(1820) — 7 ta" =0 (=40,
Q. — 7" 2(1820) — x"x T =¥ (2720,

Q. = n=(1820) — pat = (ﬂ-“g*“),

d
u
‘ § ‘ d
Qﬁl 5 s () EZ? 5 5§ =*
5 § s 5

(@) (b)

Single cabibbo suppress ~ cos ,sin 6.
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Hadronization
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Reaction mechanisms to detect the two-pole

Weak vertices Amplitude structure
W*PP: ([P,0,PIW*T_)

dipz
CEW i (1 — / (718 - (71— ) [0)
71 =) o 1< (2T)°
Weak transition:
1 mg 1
<Q7(E*7)‘§+ . (,51 7,52)|Qg> 2‘»‘(}’2) EB(;’Z) Mine — w‘(Pz) - EB(pZ) + iz

ta B, Mz (Mine (MiE])),
1) Q9 — gtz
ta=C(Q7|ST - B |Q)E],
t{a = Gyoq- (W) tKOQf_’,roE*f(W)).,
o= C(=7|ST - B [t

t, = —\/g [1 4 Groze— (W) tioze— noze— (W))], W = Mgy (n°="7)
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Reaction mechanisms to detect the two-pole Z=WN
'),

Two of the reactions, Q% — 7+ 79=*~, Q9 — 7% *+=*~, include the
tree level mechanism.
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Reaction mechanisms to detect the two-pole

One the other hand, we have
Q% - 7" =(1820) —» 7 TK° £ (K~ £*9),
Q% - 7°=(1820) — «°K° =0 (K~ x*1), (5)
Q% — n=(1820) — nK° ™ (K~ T*H).
Note that, in principle, decay of R cannot happen, since:
My + My« = 1878 MeV (6)
However, I's« = 37.2 MeV. Then,

1 1
* Minv Y))=—-1 :
S (Mia (27)) = = I e ey = W+ i (Mo (57))/2

where

. M- pr 1\’
[5= (I\/’inv(Z )) - rZ*,on Mi?z*) (%)
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Reaction mechanisms to detect the two-pole
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Sign of a new resonance = around 2100 — 2200 MeV. BESIII paper.
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Conclusions

» We observe that the =(1820) has a two-pole structure, with one
narrow pole around 1820 MeV, and I' ~ 60 MeV and a broad
pole around 1870 MeV.

» We have proposed different reactions:

1) QO — 7r+7r0—* (7('73*0) 4) Qg - 7I'+l_<0 D (K’Z*O)
2) O a'n = (n°=) 5) QF - r°KO 0 (K~x*)
3) Qf = ymt =" (n0=) 6) Q2 - nKO T (K~£*)

In the first kind of reactions, a peak around the lower pole and dip
around the the second peak, due to destructive interference (similarly
to the case of the f,(500) and the £ (980),

In the second kind, the reflection of both peaks are visible above the
threshold.
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