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gq mesons

In quark model, the axial vector mesons (AVM) are states with ****P, = 3 P, and 1P,
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In PDG, the assignments and masses are
States Mass [MeV] States Mass [MeV]
a,(1260) 1230 + 40 h,(1170) 1166 £ 8
f1(1285) 12819 £ 0.5 h,(1415) 1416 £ 8
f1(1420) 1426.3 £ 0.9 K;,(1270) 1253+ 7
b,(1235) 1229.5 £ 3.2 K;(1400) 1403 £ 7
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Hadronic molecules

f1(1420) could be a K*K molecule.
R.S.Longacre, PRD 42,874(1990)

S-wave K*K interaction can dynamically generate
f1(1285),a,(1260),h,(1170), h,(1415) and b,(1235) states. It is found that

f1(1420) could be accommodated by the molecule framework.
L.Roca, E.Oset and J.Singh PRD 72,014002(2005)

f1(1420) is a kinematic effect induced by the TS of f; (1285)
V. R. Debastiani, F. Aceti, W. H. Liang and E. Oset, PRD 95,034015(2017)

J/W = by, hy(1170)n, hy (1415)n() are studied treating these mesons as

dynamically generated states by the pseudoscalar and vector S-wave couplings
W. H. Liang, S. Sakai and E. Oset, PRD 99,094020(2019)



Our scheme

» The calculation based on the molecular-state picture is not fully
consistent with experiment results.

* In our study we simply take these states as quark model states.
The mixing angles are introduced and the production and decay
channels are constrained by SU(3) flavor symmetry.

« \We will then give a brief introduction to the mixing angle and the
production mechanism. After that we will discuss the decay

mechanism with the presence of TS.



State mixing and production



Mixing angles
hi, hy, f1, f1, K14, K1 g are mixing objects of physical states.
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Production in eTe~ annihilation

* fi(fi) canbe produced in /i = v f1 (i)

9y _{fYIHY /) _V2cosap —sinay
gr  {(fvlHI /Y)Y  2sin ar + cosay

((s)e+y[H|1 /) = (i) 4y |H|] 1) = ((d&)1++y|ﬁ| ]/¢>
* J/Y = ya, is suppressed. a; can be searched in 1 (3686) = yx, = yma, = y +4n

B.R(W(2S) = yx.1) = (9.79+0.2)%

* b, and h,(h7) can be searched in J /Y — mby, and J /Y — n(’)hg'). They are constrained
by SU(3) symmetry, i.e.

Lypp = ngPlP”(BuP)
B.R(J/y - m*bf) = (3+0.5) x 1073,
B.R.(J/Y - n'hl > n'K*K +c.c.) = (2.16 £ 0.31) x 107*,

» Double-OZI suppressed process is possible for J /¢ — n(’)hg')



Decay with the presence of TS



TS enhanced decay channels

There could be strong impact of TS in the following channels
fi(f{) = apm - nrm,
fi(fi) = aom - KK,
fi(fi) = forr - 3m,
a, = fomr — 3m,

b, » ¢m — KK,
h,(h}) - ¢m - KKm,

K*(K™)

K (%)

K(K)

I = 0 KK can couple to f, in S-wave, ¢ and w in P-wave,
I = 1 KK can couple to a, in S-wave, p in P-wave.
* There are other resonant contributions to some of these channels.

« Effective couplings of axial vector mesons are constrained by experiments and symmetry.



f1(fi) = apm - nrm

ao IS one of the dominant decay channels of f;
B.R.(f; » agm - nnw) = (38 + 4)%
In PDG, f{ = aym is “possibly seen”. The branching ratio of f; — aym is small.

There is weak signal of f; in nm ™ final state in pp scattering by WA102

collaboration [1].

Fig.1 JP¢ = 1** a,m wave of the nm ™ spectrum in pp —
pr(mm*m)ps. The 0~ + wave is suppressed in central production.[1]

[1] D. Baberis et al. [WA102], PLB 440,252



f1(fi) = apgm = nnm

Kk(f?) T
' UG
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. a,(980) i
(a) (b)
The interactions are given by
Layp = igAVP<A#[V,ur P]) Lypp = igVPPW“[Pr GMP])

Matric elements of A, V, P are fields of axial vector mesons (JF¢ = 1**), vector mesons and psedoscalar mesons
multiplets.
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P-wave bare vertices of f; (f{) — a,m are given by the |nin) component of f; (f{)

Lf,agn = gasp sinay flu (T[allao - aOaHT[)

Lflla()ﬂ,' - gASP Cos af _fllu(r[auao - aoa“T[)

Jasp and g,y p are pending determined
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Loop integral for A - SP Py
g —
m 2T p
p
For A — SP, the typical loop integral takes the following form — m,
A Pa
S =
U AV m3
ot (=g +LF) (@ - 2, F (gD =
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Monopole form factor is applied to cut the UV divergence of triangle diagrams,
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Unitarized propagator for a, and f, [1,2]
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[1] N.N. Achasov, A.V. Kiselev, PRD 70, 111901(2004)
[2] N.N. Achasov, A.A. Kozhevnikov, G.N. Shestakov , PRD 92,036003

ab = {nm, K°K°, K* K~}

ab = {ntn~, %% K°K°, K*K~}



fi(f{) » KK=

K*(K)
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We know from experiments that
* f; » KKm is dominated by P-wave f; — a,m channel
« f{ - KKm is dominated by S-wave f; — K*K channel
Lt agn = Gasp Sinay fl"(n(')#ao — a0, ™)

In our scheme u

_ LfllaOT[ = Jasp COS a5 fi (nauao — aoaun)
* f; = K"K is suppressed by the phase space
« The tree-level f{ - aqm is suppressed by mixing angle

For f{ decay, the interference may lead to non-trivial structure in the low-mass region of KK spectrum

To determine the couplings
*  gayp Can be estimated from f{ - KKn
« Given guyp, gasp Can be determined from f; = agw — nnm

«  The phase between g,,p and g,gp can be fixed by f; > KKn .



fi(f]) = forr = 3m
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« Similar mechanism has been applied to n(1405/1475) decays [1]
» The isospin violation is produced by

1) Direct f, production through triangle diagrams

2) ag — fo mixing, which is enhanced by triangle mechanism

» Model dependence is suppressed for

1) The dispersive parts cancel in the on-shell kinematic region.

2) The masses of a, and f, are very close to KK threshold.

[1]M. C. Du and Q. Zhao, PRD 100,036005(2019)



(a)

The TS mechanism in a,(1260) decay has been studied in Ref[1,2]

The interaction of a; — pm, K*K is related with f{ — K*K by SU(3) symmetry.

The tree level a,(1260) — f,m is allowed, which serves as a probe to detect the
structure of f,(980). If it is treated as a scalar quark model state, the coupling of a; —

fom can be correlated with f; = a,.

[1] M. Mikhasenko, B. Ketzer and A. Sarantsev, PRD 91, 094015 (2015)
[2] F. Aceti, L. R. Dai and E. Oset, PRD 94, 096015 (2016)



b, h; = ¢m

KoK

K* K~ b1+
bf / / Ko
« OZI suppressed for b; — ¢m. >

K+
N
« B(1%7) - VP is constrained by symmetry - .

(@) ()
Lgyp = gBVP(B“{Vw P})
gpyp can be determined by h; = pm — 3m (a3 dep.) and b; — wm (S-wave, a;, indep.).
« J/Y > nK*K + c.c.— ¢ and J /Y - nK*K — n¢m are studied in Ref. [1].

[1] H. J. Jing, F. K. Guo, B. S. Zou, PRD 100,114010(2019)

K* (K"

hy

K
G parity is violated for hy(hy) = ¢m o ¢ i
K

« The branching ratios of J/y - = b{ + c.c.—

¢mtn™ and J /Y - nhi — n¢m can be calculated.



Loop integral for B - VP
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The same loop contributes to the vertex

correction of A/B - K*K + c.c.
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Numerical Results



Partial widths of f; and f{

Channels f1(1285) f1(1420)
a,T — NI tree 7.5+ 1.7 (1.7 4+ 0.4) x 1071
AoTT — NI tri. (2.04+0.6) x 1071 9.2+ 3.0

aom — nmnr total 9.7+ 2.4 (8.6+1.3) 10+ 3.5

ao,m — KK tree (3.7+0.4) x 1071 (1.7+0.2) x 1072
aom — KK tri. (244 0.5) x 1072 1.2+ 0.2

aom — KK total (5.0+0.5) x 107! 1.0+ 0.1
K*K — KK (3.0+0.1) x 10~ 49 + 1

KK total 1.540.2(2.1£0.2) 52+3

forr = 3m mixing

(36+12)x1073

(9.0+29) x 1075

forr = 3m tri.

(1.0+0.1) x 1073

(1.1+0.1)x 1071

forr = 3m mixing via tri.

(1.4+0.4)x107*

(8.0+2.6)x1073

forr = 3m total

(1.0 +0.3) x 1072

(1.6 +£0.3) x 1071

Tab.1 Partial width in MeV, at g4yp = 2.04 GeV, B = 2. Only the uncertainties
of gypp and gspp couplings are considered. The PDG averaged value are in round

brackets.

[ e [MeV]

— — Triangle

—— Total

1.0 1.5 20

25
B

3.0 3.5 4.0

Fig.2 B dependence of I'(f{ — a,m — nmum)

Couplings Value
9f.krKk- 5.96 + 0.13 GeV
9fyntn 2.96 £ 0.12 GeV
Jaok*K- 2.24 £ 0.11 GeV
Yagnm 3.02 £ 0.35 GeV
gavp 2.04 GeV
Ifiaem 2.93
9flagn 0.282
9.k R 1.24 GeV
9rlkR 2.17 GeV
Ja, k'R 2.04 GeV
Ga,for 2.93

Tab.2 Coupling constants in 1+ sector, where the SPP
couplings are adopted from Ref. [1,2].

Couplings Value
Jsvp 3.03 geV
In,pn 4.28 GeV
Inlpn 0.13 GeV
Ini k'R 3.09 GeV
I, kR 3.03 GeV
I wn 4.28 GeV
Jysp 4.35 % 1073 GeV

Tab.3 Coupling constants in 17 ~ sector

[1] A.Aloisio et al. [KLOE], PLB537,21 (2002); 22
[2] A.Aloisio et al. [KLOE], PLB536,209(2002)



Spectra in J /1 decay
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Fig.4 KK (left) and Km (right) spectra of f; - KKm
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fi(fi) - 3m

1.21
—— Total
T —_ tri
0.8+ — — triomix
mix=x100

096 097 098 099 1. 1.01 1.02
My - [GeV]

0

Fig.5 ™~ spectrumin f{ - n*n~n°.

__ BR.(fi-forontn R

Reioan =

0
)~ 5%,

B.R.(f{ »aon-nmon?)

[1] M. Ablikim et al., PRD 83, 032003 (2011). [2] V. Dorofeev et al., EPJ A47,68(2011)

total _ B-R-(fi = for » n*n~n°) .
Rf 53T — 00 ~ 03/0
1 B.R.(fy = agm = nnn?)

pmix B.R.(f; = for » ntn~n?)
fi—23m —

~ 0.19
B.R.(f; = aom —» nu°n?) &

Our result is consistent with BESII measurement [1]

B.R.(xc1 = aom = fomr » ntn~n?)

RXcl_’37T -

B.R.(xs — aom — nun®)
= (0.31 + 0.16(stat.) + 0.14(sys.) + 0.03(para.))%

The large isospin violation from Ref.[2] requires

B.R.(fy » ntn n®)
B.R.(f; = agm » nu°n?)

Rf 3p = = (25+0.9)%

Single specific mechanism (ao — fo mixing, kK,
K™K rescattering) cannot explain the large isospin
violation of f; [3].

24

[3] N.N. Achasov, G.N.Shestakov, Nucl.Part.Phys.Proc.287,89(2017)



1.0~
----- pPrr =102
0.8} fort tri. i
— — fymrtree T
3 e ‘s i
F 0.6 forT tot. , .

13 1.4 15 16
Js [Gev]

Fig.6 a; spectrum of y.; = ma,

1.0 1.1 1.2

Xc1 — Tmaq — 4m can be factorized for the large momentum of the pion recoiling against a,. The
intensity and width of a; — f,m through triangle mechanism are consistent with Ref. [1][2]

T
—  ~ 0.6% [~ 150 MeV

[1] M. Mikhasenko, B. Ketzer and A. Sarantsev, PRD 91,094015 (2015)
[2] F. Aceti, L.R.Dai and E. Oset, PRD 94,096015(2016) 25



hy - ¢n

B.R.(J/Y » hin » n¢m) = 6.3 x 1078
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Fig.8 Dalitz plot of J /4 — nhy — n¢m with the resonance
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Fig.7 Partial width of h] —» ¢n® - KK=? in unit of KeV
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[2] H. J. Jing, F. K. Guo, B. S. Zou, PRD g P /¥ = ngm [1]

100,114010(2019) 26
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Fig.10 K*K~ spectra of bf” — K*K~n* evaluated at /s = m;,_ (left) and v/s = 1.4 GeV (right).
The ¢ signal is produced by OZI evading triangle mechanism.

On-shell branching ratio (at § = 2)
— =l
—— =3

B.R.(bf - ¢t - KKnt)
B.R.(b{ - wn*)(S — wave)

=18x10"*

Estimation without TS:

B.R&E(J /¢ - ntbf - ¢pntn~) = 1x 1076

Actual branching ratio:

14 16 18 2 22 24 B.R. (]/l/) - 7'[ib1$ - q,')n'"'n'_) ~1x107°

My [GeV] Mgye?

Fig.11 ¢m* spectrum (left) and the Dalitz plot (right) of J /i — ntb{ — ¢pmtm™
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Fig.12 (a) The acceptance-corrected ¢pm® mass
spectrum in ™ p — ¢m°n. (b) The acceptance of the
Lepton-F spectrometer for ¢pr® events. (c) The false
“¢’m” mass spectrum [1].

“C(1480)” is reported with I = 1 JP¢ = 17—, by OPE.

M = 1480 + 40 MeV, I' = 130 + 60 MeV [1]

N/60 MeV
280

240}

120} J_

80} ‘ |

0 | ; | H
1200 1300 1400 1500 1600
M, MeV

Fig.13 Effective mass spectrum of the ¢m°

system in the reaction 7~ p - ¢ %n (the results
are weighted with detector efficiency) [2,3]. The
“anti-OPE” selection |t| > 0.1 GeV? is applied,

which affects only slightly the efficiency for

m~p — byn (not proceeding via OPE exchange),

but which reduces the background from the

OPE-mediated reaction m~p — €(1480)n by a

factor of 5 [2,3].

[1] Bityukov S.I. et al. Phys. Lett. B 118,383 (1987)
[2] V. A. Viktorov et al. Phys. Atom. Nucl. 59,1184 (1996)
[3] S.V. Golovkin et al. Z. Phys. A 359,435 (1997)
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Conclusion

Our combined study taken into account the TSM is consistent with taking the

axial vector mesons as quark model states

Particularly, in our study, only TSM of f; (1285) cannot account for f; (1420),
but the TSM of a,(1260) can produce a,(1420).

TSM produces non-trivial features in the spectra of J /¥ - y(f; + f{) - ynnn
and yK K, in both the three-body and the two-body distributions.

TSM also plays a role in C = —1 sector, i.e. by and hy, where we predicted the
branching ratio of OZI suppressed / /¥ — bym = ¢nrm and Isospin violated
J/W — h{(1425)n - ¢mn induced by TSM.

Thank you for your attention



