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Observation of an Excited Q~ Baryon
PHYSICAL REVIEW LETTERS 121, 052003 (2018)

Combinations/2.5 MeV/c?
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M(= K) GeV/c?

FIG.2. The (a) Z°K~ and (b) 2 K invariant mass distributions
in data taken at the Y(15), Y(2S), and Y (3S) resonance energies.
The curves show a simultaneous fit to the two distributions with a
common mass and width.

(The Belle Collaboration)
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XI Baryons (S =-2,1=1/2)

Note on Xi Resonances
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Citation: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018) and 2019 update

0(2012)"

I(JP) = 007) Status: K% %

Seenin 0K~ and =~ K% decays with a combined significance of
8.3 standard deviations.

0(2012)" MASS

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT

2012.4£0.7+0.6 520 YELTON 184 BELL In T(1S), T(25), T(3S) I
0(2012)- WIDTH

VALUE (MeV) EVTS DOCUMENT ID TECN _ COMMENT

64123216 50  YELTON 18 BELL mﬂwynﬁyﬂw)l

0(2012)~ DECAY MODES
Mode Fraction (I';/T)
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[, =7 KO seen




Before " the olservation’
Chiral quark Model Predictions
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J. Phys. G35, 085003 (2008).
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Five-quark picture Predictions

C.S. An, B.C. Metsch and B.S. Zou, Mixing of the low-lying three- and five-quark € states with
negative parity, Phys. Rev. C87, 065207 (2013).

C.S. Anand B.S. Zou, Low-lying Q states with negative parity in an extended quark model with
Nambu-Jona-Lasinio interaction, Phys. Rev. C89, 055209 (2014).

S.G. Yuan, C.S. An, K.W. Wei, B.S. Zou and H.S. Xu, Spectrum of low-lying sssqqbar
configurations with negative parity, Phys. Rev. C87, 025205 (2013).



Quark Model Predictions

Strangenss — 2 and — 3 baryons in a quark model with chromodymaics

Kuang Ta Chao, Nathan [squr,and Gabriel Karl, PRD23,155 (1981).
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The Z*K and Q7 Interaction Within a Chiral Unitary Approach*

Si-Qi Xu (4 F), 12 Ju-Jun Xie (3 %),%23T Xu-Rong Chen (45E5€),2 and Duo-Jie Jia (312 74%)!
Commun. Theor. Phys. 65 (2016) 53-56

M = 2012.7 MeV, below the threshold of K=*(1530),

with a, = =2.5 and 1 =700 MeV

1
Vi, = —Cwﬁ(ko -+ k”o) ,

Ci1 =0, Cia=0Cy =3, C2=0.

Re(pole)/MeV

T=[1-VG| 'V
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+ %un(s — (ME —m3) +2q1\/5)
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Fig. 3 Results of varying a(u) over the 3/27 Q reso- = In(=s + (M = mf) + 2q1/5)
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Ater " the oboervaition’
Quark MOdel JY could be 3/2°, but,

. 1/27 cannot be completely excluded,
L.Y. Xiao and X.H. Zhong, Phys. Rev. D 98, 034004 (2018).

Z.Y.Wang, L.C. Gui, Q.F. LU L.Y. Xiao and X.H. Zhong, Phys. Rev. D98,114023 (2018).
M.S. Liu, K.L. Wang, Q.F. LGand X.H. Zhong, Phys. Rev. D101, 016002 (2020) .

Hadronic molecule

T.M. Aliev, K. Azizi, Y. Sarac and H. Sundu, Phys. Rev. D98, 014031 (2018); arXiv:1806.01626.
M.V. Polyakov, H.D. Son, B.D. Sun and A. Tandogan, Phys. Lett. B792, 315 (2019); arXiv:1806.04427.
M.P. Valderrama, Phys. Rev. D98, 054009 (2018); arXiv:1807.00718.

Y.H. Lin and B.S. Zou, Phys. Rev. D98, 056013 (2018); arXiv:1807.00997.
T.M. Aliev, K. Azizi, Y. Sarac and H. Sundu, Eur. Phys. J. C78, 894 (2018); arXiv:1807.02145.

R. Pavao and E. Oset, Eur. Phys. J. C78, 857 (2018); arXiv:1808.01950.
Y. Huang, M.Z. Liu, J.X. Lu, J.J. Xie and L.S. Geng, Phys. Rev. D98, 076012 (2018); arXiv:1807.06485.

JE should be 3/27, and large decay width to KnZ.



Strong decay modes KE and KEx of the ©(2012) in the KE(1530)

and 7 molecular scenario
PHYSICAL REVIEW D 98, 076012 (2018)
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FIG. 2. Total decay width of the Q(2012) as a function of the
parameter A. The cyan error bands correspond to the exper-

imental decay width [1].
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FIG. 1. Feynman diagrams contributing to the decays of the Should be 0.8 MeV
Q(2012) to KZ and KZx.



Coupled channels dynamics in the generation of the €2(2012)

resonance Eur. Phys. J. C (2018) 78:857
R. Pavao?, E. Oset | 0 /0
F=—1 " +k .
7z (K £ KT K.n
KZ* nQ KE . K
v 0 3F ag”\ KE*
— {
3F 0 Bg° | o<
aqg> Pg> 0 ) KE =
= Sb
Giz(vs) |
ey (q/4, )4 M= ] Fig. 2 Decay of H — K E through the creation and re-scattering of
_ / 1Y ]"’i 2 _ — the KE* and nQ pairs
dl<q. (1P 20p(G) E2(@) Vs - 05 (q) - E=(§) +ie

a (1078 MeV=3) B (1078 MeV ™) grax MeV) (mq+, Cgr) (MeV) T'(KE) (MeV) ['(7KE) (MeV)

5.0 0.1 735 (2012.19, 6.36) 3.35 3.01
4.0 1.5 735 (2012.4,6.2) 3.22 2.98
3.0 3.0 735 (2012.36, 6.19) 3.25 2.94
2.0 4.5 735 (2012.26, 6.23) 3.34 2.89
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Search for ©(2012) - KE(1530) — KxZ at Belle
PHYSICAL REVIEW D 100, 032006 (2019)

Using data samples of e*e™ collisions collected at the Y(1S), Y(25), and Y(3S) resonances with the
Belle detector, we search for the three-body decay of the Q(2012) baryon to K#E. This decay is predicted
to dominate for models describing the Q(2012) as a KE(1530) molecule. No'significant Q(2012) signals
are observed in the studied channels, and 90% credibility level upper limits on the ratios of the branching
fractions relative to K= decay modes are obtained.

B(Q(2012) — E(1530)(— Ex)K)
B(Q(2012) — EK)

at 90% C.L. l

=00 g Tt K =0 - _“:. - - -
REPK REFK RETK and REK to be 9.3%, 81.1%,

21.3%, 30.4%, 7.8%, 25.6%, and 11.9%, respectively. Our
result strongly disfavors the molecular interpretation

<11.9%

REM( _
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W hat should we do next?

Reanalysis of the newly observed (2* state in hadronic molecule model

Yong-Hui Lin,"»2'* Fei Wang,?:T and Bing-Song Zoul!-23:%

parity). It is found that the latest experimental measurements are compatible with the 1/2% and
3/27 KZ(1530) molecular pictures, while the 5/27 KZ(1530) molecule shows the larger K7Z= three-
body decay compared with the K= decay as the case of S-wave molecule. Thiis; the newly observed
(2(2012) can be interpreted as the 1/2" or 3/2" KZ(1530) molecule state according to current
experiment data.

arXiv:1910.13919

channels is obtained from chiral Lagrangians. The transition potential between K=*, 2 and K=

The molecular picture for the €2(2012) revisited

is taken in terms of free parameters, which together with a cut off to regularize the meson-baryon

Natsumi Ikeno,“?* Genaro Toledo,>*1 and Eulogio Oset?* ) , )
loops are fitted to the (}(2012) data. We find that all data including the recent Belle experiment

arX |V 2003 07 580 on I'g.,-g=/Tos L=, are compatible with the molecular picture stemming from meson baryon

interaction of these channels.

|

. | | mode of 0(2012) K. In his work, we reviit he newly observd 02012) fom the moleulr
Revsing th 121 s a adhoni okl nd s tong dery perspectve where this resonance appeas o b a dynamically generated stae with spin-pariy 3/2
< | | from th coupld channel nteractions fthe K*(1330)and 0 s-wave and K2 dvave, Wil
e L Choefs Tng B Yo o P v i G i parameters for the d-wave interaction, we show that the ratio of these decay ractions
teported necently by the Belle collaboration can be easly accommodated.

arXiv:2003: accepted by EPJC
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K=* nQ and K= in coupled channels

Ay
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3 . . .
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M -
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Jun-Xu Lu, Chun-Hua Zeng, En Wang, Ju-Jun Xie, and Li-Sheng Geng, arXiv:2003.07588,

accepted by EPJC
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Pole of scattering amplitude T

Y8y .FR
TEJ \/E—ZR? ZR:MR—Z7

o 1s the coupling of the resonance to the kth channel.

Assumption A1 — Az — A3 — (max

M=024£09MV T=64£30MeV  RETE < 11.9%

v

a < —5x107%MeV ™3, B> 15 x 107 °MeV °
o > 720 MeV.
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Two body decay

[1]
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(2(2012)

Three body decay
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Pseudo-“fitting”

FZ‘:C Qmax 2 Mth — M[EXP 2 I‘th _ [exp 2
X = ( AN exp ) T ( ATexp )
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Results

¢max (MeV)|a (107° MeV~")| 3 (10~° MeV ™) (Mg.T'r) (MeV) |90 k= |92 ne| |90+ &=
735 —6.6+0.8 16.54+0.8  [(2012.3£0.4,8.3+0.6)[1.83 4 0.02(3.35 4 0.06{0.42 + 0.02
750 99405 18.540.5 (20122 40.4,7.8 +0.8)[1.80 4 0.01|3.46 4 0.06{0.41 + 0.03
800 —~17.5+0.6 2064+ 0.5  [(2012.440.5,6.4 + 1.3)|1.58 £ 0.02|3.60 + 0.04|0.37 + 0.04
850 —20.2+ 1.0 19.64+0.8 (20124 40.5,6.4+ 1.1)[1.39 4+ 0.03[3.78 4 0.04{0.37 + 0.03
900 —20.8 + 1.7 175411 (20124 40.5,6.4 +1.3)[1.25 +0.04[3.85 + 0.04]0.37 £ 0.04
To0019)— gz (MeV)|To0010)— gz (MeV)|Br[Q(2012) — K7=]|Br[Q(2012) — K=]| R
0.87 4+ 0.03 7.32 £ 0.64 (10.5752)% (88.479-2)% 11.88%
0.84 4+ 0.04 6.96 + 0.63 (9. 5+0 0)% (90. 5+0 6)% 10.50%
0.66 + 0.02 5.57 4+ 1.37 (10.3719)% (86.5750)%  [11.90%
0.51 4 0.03 5.66 + 1.07 (7. 9+1 9)7 (88. 2+1 9)7 9.00%
0.41 4+ 0.03 5.73 +1.25 (6. 5+1 )% (90. 0+1 )% 7.22%

Three body

decay width Is
small !!!

1, Small phase space

2, Narrow width of

=*(1530)




Summary f;.oz?.o Meﬂ

)f(-p_-!'M_:_ n(_E-rME_* M,*M_Q_
We conclude that | *l . |
J?%BB.‘L MeV| McFs02)

the Q(2012) is @ molecular hadronic state,

dynamically generated from the interactions of K=*(1530) and g in s wave

and K= d wave.

However YRR 1 1

\WWe need more efforts, both on theoretical
and experimental sides.

Thank you very much for your attention!
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