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Motivation

Observation and explanations on η1(1855)
η1(1855) reported with mass and width are 1855 MeV and 188 MeV
and decays into ηη′. BESIII, PRL.129 (2022)

Hybridlatt.: m ∼ 2.00/2.24 GeV, Had. Spec. PRD88(2013), F. Chen et al,PRD 107 (2023)

Hybridtheo.: L. Qiu et al, CPC46 (2022); H.X. Chen et al, CPL39 (2022); V. Shastry et al, PLB834(2022);

E.Swanson,PRD107(2023); B. Chen et al, 2302.06785

Tetraquark: B. D. Wan et al,PRD106 (2022)

K1(1400)K̄ form η1(1855) in OBE, X.K. Dong et al, Sci.China Phys.Mech 65 (2022)

Observation and explanations on π1(1600)
π1(1600) is firstly reported in π−p → 3πp, BNL-E0852,PRL81(1998)

π1(1600) decays into ρπ in P-wave, COMPASS,PRD105(2022) .(
K∗K̄

)
f1(1285) π in Fixed Center Approach, X. Zhang et al, PRD95(2017)
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Molecular candidate η1(1855): LO χPT

Weinberg-Tomozawa term

LI = − 1
4f 2

π

〈[Φµ, ∂νΦµ] [φ, ∂νφ]〉, Φ8 = {A1,B1} .

A1
(
1++

)
=


a0

1√
2 +

f 8
1√
6 a+1 K+

1A

a−1 − a0
1√
2 +

f 8
1√
6 K0

1A

K−
1A K̄0

1A −2f 8
1√
6

 ,

B1
(
1+−) =


b0

1√
2 + h1√

6 b+
1 K+

1B

b−
1 − b0

1√
2 + h1√

6 K0
1B

K−
1B K̄0

1A − 2√
6h1

 .

Mao-Jun Yan (ITP) On the molecular η1(1855) and its SU(3) partners June 5-9, 2023, Genova 4 / 19



There are mixtures in physical mesons,

η = cosθPη
8 − sinθPη

1,

η′ = sinθPη
8 + cosθPη

1,

f1(1285) = cosθ3P1f 1
1 + sinθ3P1f 8

1 ,

f1(1420) = −sinθ3P1f 1
1 + cosθ3P1f 8

1 ,

h1(1170) = cosθ1P1h1
1 + sinθ1P1h8

1,

h1(1415) = −sinθ1P1h1
1 + cosθ1P1h8

1,

K1(1270) = K1AsinθK1 + K1BcosθK1 ,

K1(1400) = K1AcosθK1 − K1BsinθK1 .

θK1 θ3P1 θ1P1 θP
Set − A 57◦ 52.0◦ −17.5◦ −17◦
Set − B 34◦ 23.1◦ 28.0◦ −17◦

The mixing angles θK1, 1P1, 3P1 are correlated in Ref. H.Y. Cheng,PLB707(2012)
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Molecular candidate η1(1855): ChUA

Bethe-Salpeter equation

T =
[
1 + V Ĝ

]−1
(−V )~ε · ~ε′,

with

Vij(s) = −ε · ε′

8f 2
π

Cij
[
3s −

(
M2 + m2 + M ′2 + m′2

)
−1

s
(
M2 − m2) (M ′2 − m′2)] ,

Ĝ = G
(

1 +
1
3

q2
j

M2
j

)

where G is dimensional regularized without finite widths of propagated Φ.
M and m indicate Φ and φ masses, respectively. Cij are the coefficients
derived from the isospin basis.
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Isoscalar scattering: qmax = 700 MeV

Cij a1π K1(1270)K̄ f1(1285)η K1(1400)K̄ f1(1420)η
a1π −4

√
3
2 sin θK1 0

√
3
2 cos θK1 0

K1(1270)K̄ −3 − 3√
2 sin θ3P1 sin θK1 0 − 3√

2 cos θ3P1 sin θK1

f1(1285)η 0 − 3√
2 cos θK1 sin θ3P1 0

K1(1400)K̄ −3 − 3√
2 cos θ3P1 cos θK1

f1(1420)η 0

Poles (Set A) Channels
1.84 a1π K1(1270)K̄ f1(1285)η K1(1400)K̄ f1(1420)η
−i0.03

(−−−++)
gl 0.07 + i0.28 0.69 + i0.55 1.68 + i0.08 9.33 + i0.15 1.16 − i0.06

Poles (Set B) Channels
1.84 a1π K1(1270)K̄ f1(1285)η K1(1400)K̄ f1(1420)η
−i0.03

(−−−++)
gl 0.15 + i0.62 0.33 − i0.27 1.83 + i0.09 9.05 + i0.17 3.81 − i0.20
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Isoscalar scattering: qmax = 700 MeV

Cij a1π K1(1270)K̄ f1(1285)η K1(1400)K̄ f1(1420)η
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Including meson width in the scattering
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Mi → Mi − iΓi/2 in G-loop.
Peaks and FWHM: (1.84, 0.16)A and (1.85, 0.18)B GeV.
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Two-body decay in RχT
K1

K̄

η

η′

η1 (1855)

L = g [〈Aµν (uµuαhνα + hναuαuµ)〉+ 〈Aµν (uαuµhνα + hναuµuα)〉
+ 〈Aµν (uµhναuα + uαhναuµ)〉] ,

Mη1→ηη′ = − 4m2
η1

3F 3
πmK1

ggK1K̄ G
[(

αp2
η′ +

1√
2βp2

η

)
εη1 · pη +

(
pη ↔ pη′

)]
,

Γηη′ = (19 ± 4 MeV)A or (7 ± 2 MeV)B ,

α = cos 2θP + 2
√

2 sin 2θP , β = 2
√

2 cos 2θP − sin 2θP , g = 0.025 GeV−1.
J.A. Miranada et al, PRD 102(2020), 2007.11019.
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Three-body decay

<latexit sha1_base64="VzfTyiqic2sFHfCgyrJS3qhYeY0=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiiIuSSFGXRTeCm4r2Am0sk+lJO3RyYWYilNA30JWoO5/IF/BtnNYstPVffXP+f+D8x08EV9pxvqzC0vLK6lpxvbSxubW9Y+/uNVWcSoYNFotYtn2qUPAIG5prge1EIg19gS1/dDX1W48oFY+jez1O0AvpIOIBZ1Sb0d3Nw0nPLjsVZyayCG4OZchV79mf3X7M0hAjzQRVquM6ifYyKjVnAielbqowoWxEB9gxGNEQlZfNVp2QoyCWRA+RzN6/sxkNlRqHvsmEVA/VvDcd/ud1Uh1ceBmPklRjxEzEeEEqiI7JtDHpc4lMi7EByiQ3WxI2pJIybe5SMvXd+bKL0DytuGeV6m21XLvMD1GEAziEY3DhHGpwDXVoAIMBPMMbvFuB9WS9WK8/0YKV/9mHP7I+vgGwsosJ</latexit>

K⇤

<latexit sha1_base64="fK1NcvDB5lycsuyeAxpdJ99js98=">AAAB5HicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZKeqy6EZwU9FeoB1KJj3ThmYuJBmhDH0DXYm684l8Ad/GtM5CW//Vl/P/gfMfP5FCG8f5IoWV1bX1jeJmaWt7Z3evvH/Q0nGqODZ5LGPV8ZlGKSJsGmEkdhKFLPQltv3x9cxvP6LSIo4ezCRBL2TDSASCM2NH97d9t1+uOFVnLroMbg4VyNXolz97g5inIUaGS6Z113US42VMGcElTku9VGPC+JgNsWsxYiFqL5uvOqUnQayoGSGdv39nMxZqPQl9mwmZGelFbzb8z+umJrj0MhElqcGI24j1glRSE9NZYzoQCrmREwuMK2G3pHzEFOPG3qVk67uLZZehdVZ1z6u1u1qlfpUfoghHcAyn4MIF1OEGGtAEDkN4hjd4JwF5Ii/k9SdaIPmfQ/gj8vENvKOLEQ==</latexit>

K1

<latexit sha1_base64="4dtpG6r5aedvZZ/7AxGMsiRLCzw=">AAAB6HicbZDLSgMxFIZP6q3WW9Wlm2ARXJUZKeqy6EZwU8FeoB1KJj3TxmYuJBmhDH0HXYm683l8Ad/GtM5CW//Vl/P/gfMfP5FCG8f5IoWV1bX1jeJmaWt7Z3evvH/Q0nGqODZ5LGPV8ZlGKSJsGmEkdhKFLPQltv3x9cxvP6LSIo7uzSRBL2TDSASCM2NH7Z7PVHY77ZcrTtWZiy6Dm0MFcjX65c/eIOZpiJHhkmnddZ3EeBlTRnCJ01Iv1ZgwPmZD7FqMWIjay+brTulJECtqRkjn79/ZjIVaT0LfZkJmRnrRmw3/87qpCS69TERJajDiNmK9IJXUxHTWmg6EQm7kxALjStgtKR8xxbixtynZ+u5i2WVonVXd82rtrlapX+WHKMIRHMMpuHABdbiBBjSBwxie4Q3eyQN5Ii/k9SdaIPmfQ/gj8vENSTmNMg==</latexit>

K̄
<latexit sha1_base64="73n3DLaumNU8/B4PHS8+MDdgo/A=">AAAB53icbZDLTgJBEEVr8IX4Ql266UhMXJEZQ9Ql0Y1LTARJYEJ6mhpo6Xmku8aEEL5BV0bd+T/+gH9jg7NQ8K5O172d1K0gVdKQ6345hZXVtfWN4mZpa3tnd6+8f9AySaYFNkWiEt0OuEElY2ySJIXtVCOPAoX3weh65t8/ojYyie9onKIf8UEsQyk42VGri8R7Xq9ccavuXGwZvBwqkKvRK392+4nIIoxJKG5Mx3NT8idckxQKp6VuZjDlYsQH2LEY8wiNP5lvO2UnYaIZDZHN37+zEx4ZM44Cm4k4Dc2iNxv+53UyCi/9iYzTjDAWNmK9MFOMEjYrzfpSoyA1tsCFlnZLJoZcc0H2NCVb31ssuwyts6p3Xq3d1ir1q/wQRTiCYzgFDy6gDjfQgCYIeIBneIN3RzpPzovz+hMtOPmfQ/gj5+MbHk6Meg==</latexit>⌘1

<latexit sha1_base64="5hPRzCHAFQDWQ/gNFZ1FUL7vsuY=">AAAB5HicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LjPJIYEJ6mhro0PNId40JIfyBroy684v8Af/GBmeh4F2drns7qVtBqqQh1/1yCiura+sbxc3S1vbO7l55/6BpkkwLbIhEJbodcINKxtggSQrbqUYeBQpbwehm5rceURuZxA80TtGP+CCWoRSc7Oi+m8peueJW3bnYMng5VCBXvVf+7PYTkUUYk1DcmI7npuRPuCYpFE5L3cxgysWID7BjMeYRGn8yX3XKTsJEMxoim79/Zyc8MmYcBTYTcRqaRW82/M/rZBRe+RMZpxlhLGzEemGmGCVs1pj1pUZBamyBCy3tlkwMueaC7F1Ktr63WHYZmmdV76J6fndeqV3nhyjCERzDKXhwCTW4hTo0QMAAnuEN3p3QeXJenNefaMHJ/xzCHzkf30Mxi2s=</latexit>⇡

M3B = gK1(1400)K̄

(
−gµν + pµpν

M2
K1

)
1

p2−M2
K1

+i MK1ΓK1
gK∗πε

µ
η1ε

ν
K∗

dΓ
dMK1K̄

= 1
(2π)3

pK p̃π

4M2
η1
|M3B |2 1

2J+1

Γ3B =
(
81+11

−24MeV
)A

, Γ3B =
(
74+12

−24MeV
)B

.

Γ2B
Γ3B

=
(
0.23−0.08

+0.16
)A or

(
0.10−0.03

+0.08
)B

.
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Isoscalar partners of η1(1855)
Poles (Set A) Channels

1.39 ± 0.01 − i(0.04 ± 0.01) a1π K1(1270)K̄ f1(1285)η K1(1400)K̄ f1(1420)η
(−++++)

gl 5.21 + i3.01 1.22 + i0.78 0.01 + i0.02 0.36 + i0.35 0.00
(1.39, 0.24)
1.69 ± 0.03 a1π K1(1270)K̄ f1(1285)η K1(1400)K̄ f1(1420)η
(−++++)

gl 0.36 + i0.98 8.16 − i0.17 3.64 + i0.01 0.09 − i0.15 2.46 + i0.01
(1.69, 0.08)
1.84 ± 0.03 a1π K1(1270)K̄ f1(1285)η K1(1400)K̄ f1(1420)η
(−−−++)

gl 0.07 + i0.28 0.69 + i0.55 1.68 + i0.08 9.33 + i0.15 1.16 + i0.06
(1.84, 0.16)
Poles (Set B) Channels

1.39 ± 0.01 − i(0.04 ± 0.01) a1π K1(1270)K̄ f1(1285)η K1(1400)K̄ f1(1420)η
(−++++)

gl 5.21 + i3.03 0.81 + i0.53 0.00 0.55 + i0.54 0.00
(1.42, 0.34)
1.70 ± 0.02 a1π K1(1270)K̄ f1(1285)η K1(1400)K̄ f1(1420)η
(−++++)

gl 0.25 + i0.67 8.34 − i0.08 1.27 − i0.01 0.37 + i0.17 2.58 − i0.01
(1.70, 0.10)
1.84 ± 0.03 a1π K1(1270)K̄ f1(1285)η K1(1400)K̄ f1(1420)η
(−−−++)

gl 0.15 + i0.62 0.33 − i0.27 1.83 + i0.09 9.05 + i0.17 3.81 − i0.20
(1.85, 0.18)
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SU(3) partners of η1(1855) : I = 1 sector

Cij b1π f1(1285)π f1(1420)π K1(1270)K̄ a1η K1(1400)K̄
b1π −2 0 0 cos θK1 0 − sin θK1

f1(1285)π 0 0
√

3
2 sin θK1 sin θ3P1 0

√
3
2 cos θK1 sin θ3P1

f1(1420)π 0
√

3
2 cos θ3P1 sin θK1 0

√
3
2 cos θK1 cos θ3P1

K1(1270)K̄ −1 −
√

3
2 sin θK1 0

a1η 0 −
√

3
2 cos θK1

K1(1400)K̄ −1

Channel b1π f1(1285)π f1(1420)π K1(1270)K̄ a1η K1(1400)K̄
Threshold 1367 1419 1564 1748 1777 1895

b1 f1(1285) f1(1420) K1(1270) a1 K1(1400)
Γ 142 22.7 54.5 90 300 174
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SU(3) partners of η1(1855) : I = 1 sector

Poles (Set A) Channels
1.47 ± 0.01 − i(0.12 ± 0.02) b1π f1(1285)π f1(1420)π K1(1270)K̄ a1η K1(1400)K̄

(−−++++)
gl 5.22 + i4.40 0.02 − i0.09 0.03 − i0.05 1.25 + i1.27 0.02 − i0.12 1.33 + i1.63

(1.56, 0.46)
1.75 ± 0.02 − i(0.02 ± 0.01) b1π f1(1285)π f1(1420)π K1(1270)K̄ a1η K1(1400)K̄

(−−−+++)
gl 0.10 + i0.95 2.73 − i0.02 1.89 5.84 − i1.85 3.49 − i0.03 2.65 − i0.53

(1.74, 0.30)
Poles (Set B) Channels

1.47 ± 0.01 − i(0.12 ± 0.02) b1π f1(1285)π f1(1420)π K1(1270)K̄ a1η K1(1400)K̄
(−−++++)

gl 5.27 + i4.31 0.01 − i0.03 0.03 − i0.06 1.97 − i1.81 0.02 − i0.08 0.91 + i1.07
(1.57, 0.50)

1.77 ± 0.01 − i(0.01 ± 0.01) b1π f1(1285)π f1(1420)π K1(1270)K̄ a1η K1(1400)K̄
(−−−+++)

gl 0.13 + i1.44 1.37 − i0.25 2.86 − i0.50 4.80 − i2.29 3.53 − i0.64 4.54 − i1.77
(1.72, 0.20)
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SU(3) partners of η1(1855) : I = 1 sector
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(a) Modulus square of b1π scattering.
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(b) Modulus square of K1K̄ scattering.

The lower pole relating to π1 (1400) is very broad w/o axial-vector width.
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SU(3) partners of η1(1855) : I = 1 sector

In order to compare our findings with the ones listed in PDG, we evaluate
the ratio,

R1 =
|Mf1(1285)π|2 q

|Mη′π|2 q̃ ,

R1 =

{ (
2.4+0.8

−0.6
)A(

2.1+0.4
−0.3

)B ,

where the one listed in PDG is 3.80 ± 0.78 for the π1(1600) state.
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SU(3) partners of η1(1855) : I = 1/2 sector

Cij a1K f1(1285)K K1(1270)η f1(1420)K K1(1400)η
a1K −2 0 −3

2 sin θK1 0 −3
2 cos θK1

f1(1285)K 0 3
2 sin θK1 sin θ3P1 0 3

2 sin θK1 cos θK1

K1(1270)η 0 3
2 cos θ3P1 sin θK1 0

f1(1420)K 0 3
2 cos θ3P1 cos θK1

K1(1400)η 0

Cij h1(1170)K b1K K1(1270)η h1(1415)K K1(1400)η
h1(1170)K 0 0 3

2 cos θK1 sin θ1P1 0 3
2 sin θK1 sin θ1P1

b1K −2 −3
2 cos θK1 0 −3

2 sin θK1

K1(1270)η 0 3
2 cos θK1 cos θ1P1 0

h1(1415)K 0 3
2 sin θK1 cos θ1P1

K1(1400)η 0

The transition in O
(
p2) order reads

Lmix ∝ 〈A1µ [B1v , [uµ, uv ]]〉

with uµ = i
(
u†∂µu − u∂µu†).
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SU(3) partners of η1(1855) : I = 1/2 sector
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h1(1170)K 0 0 3

2 cos θK1 sin θ1P1 0 3
2 sin θK1 sin θ1P1

b1K −2 −3
2 cos θK1 0 −3

2 sin θK1

K1(1270)η 0 3
2 cos θK1 cos θ1P1 0
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SU(3) partners of η1(1855) : I = 1/2 sector

Poles (Set A) Channels
1.69 ± 0.02 a1K f1(1285)K K1(1270)η f1(1420)K K1(1400)η
(+ + +++)

gl 6.89 0.89 3.75 0.54 2.10
(1.70, 0.28)
Poles (Set B) Channels
1.70 ± 0.02 a1K f1(1285)K K1(1270)η f1(1420)K K1(1400)η
(+ + +++)

gl 6.58 0.25 2.45 0.27 3.15
(1.70, 0.30)

Poles (Set A) Channels
1.70 ± 0.02 h1(1170)K b1K K1(1270)η h1(1415)K K1(1400)η
(−++++)

gl 0.20 6.46 2.38 − i0.01 0.50 3.21 − i0.02
(1.70, 0.14)
Poles (Set B) Channels
1.69 ± 0.02 h1(1170)K b1K K1(1270)η h1(1415)K K1(1400)η
(−++++)

gl 0.55 − i0.01 6.78 + i0.02 3.69 − i0.06 0.83 − i0.01 2.17 − i0.04
(1.70, 0.14)
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Summary

Weinberg-Tomzawa term is applied to study GB scattering off 1+
axial-vector mesons and several poles are found. One of the isoscalar
poles may couple to η1(1855) and the isovector ones may relate to
π1(1400/1600). In addition, two poles in the I = 1/2 sector may
contribute to K(1680).
When the finite widths of axial-vector mesons are included, the
nontrivial peaks in |Tii |2 are kept.
In RχT, width of η1(1855) → ηη′ is predicted and the ratio between
π1 (1600) decaying into f1(1285)π and η′π matches the one in PDG.

Thanks !
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Backup: Dimensional regularization

GDim.
j (s) = 1

16π2

{
a(µ) + ln

M2
j

µ2 +
s − M2

j + m2
j

2s ln
m2

j

M2
j

+
κj
2s [ln(s − m2

j + M2
j + κj)− ln(−s + m2

j − M2
j + κj) +

ln(s + m2
j − M2

j + κj)− ln(−s − m2
j + M2

j + κj)]

}
.

The loop function Gj can also be regularized by a three-momentum cutoff
qmax , and the corresponding regularized function GCut

j (s, qmax) is given by

GCut
j (s) =

1
4π2

∫ qmax

0
dq q2

ω1ω2

× ω1 + ω2
(
√

s − (ω1 + ω2))(
√

s + ω1 + ω2)
,

with ω1 =
√

m2
j + q2 and ω2 =

√
M2

j + q2.
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