Axial meson exchange and the molecular Z.(3900)
and Z.(3985) resonances
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@ Observations on Z.(3900) and Z.(3985)
© Models of the molecular Z.(3900)
© Axial meson in the molecular Z(3900)
@ Linear sigma model, m — a; mixing
@ Saturated potential from light meson exchange
e X(3872) and Z.(3900) in D*D scattering
o Z.5(3985) generation

Q More thinking on o exchange

© Summary

TERg  (PERNZRBCYIEHTAR) $BI\E XYZ RIFiHIe 2023fE 7H 25-30 H 2/23



Observations on Z.(3900) and Z.(3985)

Observations on Z.(3900/4020)
o ete™ — J/yrtm, Z.(3900) — J/pmT,
Mg — iT' = 3899.0 £ 8.5 — i46 = 10.8 MeV
D*D threshold: 3875.80 MeV
o ete™ — hertm, Z.(4020) — hent and Z.(3900) — h.m™ not seen
Mgp — iT' = 4022.9 + 3.5 — i7.9 = 5.3 MeV
D*D* threshold: 4017.11 MeV

Observation on Z.(3985)
o ete” = K1Z,(3985) — K (D; D** + D;~ DY)
3982.5158 — i12.8153 MeV
D7 D*° — D~ DO thresholds: 3975.19-3977.03 MeV
o A broad Z.(4000) — J/yK,
o Z/.(4123) — D~ D** (2.1 o),

v
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Models on the molecular Z.(3900)

7 exchange

@ 7 exchange generates Z.(3900)

o and 7 exchange

@ 7 and o exchange generate Z.(4020) ,

Two pions exchange
@ Two-pion exchange generates Z-(3900/4020),

Charmonium exchange

@ Charmonium exchange generate Z.(3900/4020),

Coupled scattering

@ Probing Z.(3900) in J/vym — D*D,
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Linear sigma model, 7 — a; mixing

The LoM
o LNV = gin(po+ivs T d)vn |
where 9y is the relativistic nucleon field and g a coupling constant.
o ((¢o) = fr/v/2) which also provides the nucleons with mass.

@ The o field is defined as a perturbation of the ¢ field around its
vacuum expectation value (¢g = f/V/2 + o).

® g = gonn = &N = V2My/fr = 10.2.

T — a1 mixing

o /¢(JPC) =17(17F) can mix with the pions, 9,7 — 9,7+ A1 ma1 a1,
where 2 and ay, are the pion and axial meson fields and A; a
proportionality constant, which we expect to be in the
A1 ~ (1.6 — 2.1) range.
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Saturated potential: scalar and axial meson

Scalar meson:

Ls = g14qjoqL,
2
— 851
Vo’ = _—»L 9
(4) 7t m2

Axial meson:
8 +5 <
=—=—q,0.-3q
V2t t ’

with & the spin operators (Pauli matrices) as applied to the light-quark
spin.

2 - 9
5 8 - o 0110129
V - - o ° - =5 . 9
o = -9
5 g1 31 5 o 011012 q
V, = (N : 1 +...
a1(q) ¢ 1 2f2 T -T2 c72+m§1( 3m31)
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Saturated potential: vector meson exchange

Lagrangian (HHV) reads

f
Ly = Leo+Lw = q{ [ng M GUkULla Vk] qa,

with gv1 and fy1 = gvikvi -
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Saturated potential: vector meson exchange

Lagrangian (HHV) reads

f
Ly = Leo+Lw = q{ [ng M GUkULla Vk] qa,

with gy1 and fy1 = gviky1 - The potential reads

Wi(d) = Veo(q) + Vm(4),
which read
2
V = ‘=,
£0(9) q2—|—m%/

VMI( ) - _ f\gl (Elea)'(Elea)
4M? G+ m3,
Ry

o1 - O'Ll_,i—i‘...,
6M2 g2 + m},
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X(3872) and Z.(3900) generation in D*D scattering

Assuming X(3872) and Z.(3900) are molecules
@ Vx and V7 are determined by light meson saturation

@ Regularizing the potential in a form of

V(@) = fi2(@) V() -
with

A% —m?\"™"
fm(q) = (qug> ;
and np = 2.
@ After Fourier transformation and solving the Schrodinger equation, A
is a parameter to produce the binding energies.

@ Generation on X(3872) and Zc(3900) correspond to binding energies
in D*D scattering, BEx = 4MeV and BE; = 0 MeV

TERg  (PERNZRBCYIEHTAR) $I\E XYZ HiFHids 2023£E 7 B 25-30 B 8/23



X(3872) and Z.(3900) generation in D*D scattering

my = 550, 450 — 600 MeV, Ax = 1.0 GeV

@ light meson saturation:

A(Z.)
A(X)

—=1.33(1.08 — 1.41).

Within HQSS uncertainty

Az 1i015- (0.85 — 1.15),
Ax )
Polarity (np) R(Z./X) R#1(Z./X)
2 1.33 (1.08-1.41) 1.45 (1.08-1.69)
3 1.33 (1.09-1.42) 1.48 (1.10-1.72)
4 1.39 (1.15-1.48) 1.65 (1.18-1.98)
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(3872) and Z.(3900) in D*D scattering

24 f wa ] 2.4 - wa
— - = wo/a; . \ wolay = - =
21 | R ’
R

— 18 R =
X - g
N 157 . N
= = =
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@ a; exchange provides additional attractive interaction in Z. spectrum
in blue.

@ w/o a; exchange, isovector DD generates a virtual pole.
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Z.5(3985) generation

For the D*Ds-DD} molecules, even if we consider these two channels to
be degenerate (which we do here), the structure of the potential is still
better understood as a coupled channel problem, i.e.

Va(l) V[Sl)
V(ZCS):<V151) VONR

where V,-,(l) and V,El) are the central and spin-dependent parts of the
potential.

V(Ze) = ViV + v,
V(Ze) = VY=V,

which would be the strange counterparts of the 17" and 17~ isovector
configurations
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Z.5(3985) : o and f; exchange

While the ap and K are pure octets, the o and £,(980) are a mixture of
singlet and octet, i.e.

fo(500)\ [ cosf sinf\ (S
f(980))  \—sinf cosf) \Ss)’
with 6 = 19 £ 5°.
The second problem is the singlet and octet mixing: if we consider that

the isoscalar partners of the a; are the £(1285) and £1(1420), they will be
a non-trivial mixture of a singlet and octet axial meson

fi(1285)\ [ cosf; sinb; fl
f(1420))  \—sinf; cosbq )

where fi' and £ are the singlet and octet components of the two f's.
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Z5(3985) : m, = 550, 450 — 600 MeV

AU(NS)(ZCS)
A (2 g = 300335 -492),
AG(NS)(ZCS)

= 3. 24 —4.74
AU(NS)(ZC) o; 357(3 7 )’
AU(FS)(ZCS)

= 1.04(1.00 — 1.
ATES)(Z.) lot 04 (1.00 — 1.06),
AT (Ze) 1.06 (1.00 — 1
A (Z) lom T (1.00 — 1.09),

with 65 = 35.3° 4 (31° + 2°).
SU(3)-flavor symmetry,
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More thinking on o exchange

o coupling

o g, = 2.4, a virtual pole (Zg = 3860 MeV) corresponding to X(3872).
@ D; Ac binds as P$S(4255), which is suggested to be a virtual pole by
the fit. 2211.08211, Z. Y. Yang et al; PRD 108 (2023) L011501, Satoshi et al
o M =V,/(1/(a1 + iaz) — ik) in J/ipA — Dy A scattering with
a®ff = (0.24 £ 0.06) + i(0.35 + 0.04) fm.
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More thinking on o exchange

o exchange in P}/ and P
° PQ’: M = Pity1 + Patoy, 5 pars
o Pl M = Piti1 + Paytyr + Psts; with HQSS, 5 pars
@ A virtual pole (4211, 48) MeV w.r.t DA,

@ w-exchange providing repulsive interaction in DA scatttering.
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LoM and 7 — a; are introduced to the light meson exchange and
explain X(3872) and Z-(3900) in D*D scattering, where ¢ and a;
contribute to attractive potentials, simultaneously.

Z5(3985) can be understood as a D; D*? — D~ D° molecule.

o may couple to strange quark with identical strength to u/d quark.

Besides o exchange, a; exchange is non-negligible in / = I; + l; cases.

o exchange potential plays a crucial role in DsA. and DA, scattering.
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@ LoM and m — a; are introduced to the light meson exchange and
explain X(3872) and Z-(3900) in D*D scattering, where ¢ and a;
contribute to attractive potentials, simultaneously.

Z5(3985) can be understood as a D; D*? — D~ D° molecule.
o may couple to strange quark with identical strength to u/d quark.
Besides o exchange, a; exchange is non-negligible in / = I; + l; cases.

o exchange potential plays a crucial role in DsA. and DA, scattering.

Is there a duality of ¢ and charmonium exchange? s — t symmetry in
scattering?
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@ LoM and m — a; are introduced to the light meson exchange and
explain X(3872) and Z-(3900) in D*D scattering, where ¢ and a;
contribute to attractive potentials, simultaneously.

Z5(3985) can be understood as a D; D*? — D~ D° molecule.
o may couple to strange quark with identical strength to u/d quark.
Besides o exchange, a; exchange is non-negligible in / = I; + l; cases.

o exchange potential plays a crucial role in DsA. and DA, scattering.

Is there a duality of ¢ and charmonium exchange? s — t symmetry in
scattering?

Thanks !
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Backup: potential in coordinate space

If we particularize for the p meson, we will have to include isospin factors

Vp(F) = 71-1

m> e~ Mmpr
gp1+f16M2 Ol OL| = +

For the w no isospin factor is required, but there is a sign coming from the
negative G-parity of this meson

- 2 o M L L ] ™!
Vw(r) = C[gw1+fw16MQO’Ll'UL1] - +...,

where, as usual, { = +1 (—1) for the meson-meson (meson-antimeson)
potential.
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Backup: inputs

Coupling Value Relevant to meson(s)
81 0.60 ™, a1
g 3.4 o
8gvi 2.9 py W
Kv1 2.8 P, w
)\1 1.8 al

Table 1: Couplings of the light-mesons we are considering in this work (7, o, p,
w and a;) to the charmed mesons. For the masses of the light-mesons we will use
my = 138 MeV, m, = 550 MeV, m, = 770 MeV, m,, = 780 MeV and

m,, = 1230 MeV. For the vector mesons we use the scaling mass M = 938 MeV.
For the charmed mesons we will consider their isospin-averaged masses,

mp = 1867 MeV and mp~ = 2009 MeV.
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Backup: delta force

The momentum dependent light meson exchange potential always
contains contribution in short distance, which is not important in shallow
bound state generation. To remove this ambiguity, a scheme in
renormalization is introduced as

qé —1 m
m2+a‘2 m2+a’2’

2

where 1 corresponds the § force and will be dropped in the following
calculations.
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Backup: finite width

The basic idea is to substitute the narrow meson propagator by a
propagator averaged over the actual mass distribution of the meson

1 _>/°° p(p?) d(p?)
m+G* S 2+ G

: (1)

where p(p?) is the spectral distribution of the wide meson and myy, the
threshold mass of the particles into which this meson can decay,which
amounts to a two-pole approximation of the previous integral

©p(ph)dp?) ay
2 =2 Yo, a3t 5 o
my  ME Qg mi+gq m; +q

where a1 and as are positive numerical coefficients such that a; + ag =1
and my, my are the masses of the two poles, which obey the relation
m; < mand my > m.
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Backup: finite width

The two most important of these contributions are the following: close to
mr ~ 1, the original Yukawa potential is modified into a potential of the

type

with T" the width of the meson.

At short distances the potential for a broad meson is weaker than for a
narrow one;

A broad meson decaying into two lighter mesons of mass 2M generates an
additional attractive longer-range contribution to the potential at
distances 2Mr ~ 1.
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Backup: uncertainty from
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Figure 1: Cutoff ratios R(Z./X) as a function of the mass (left panel) and
coupling (right panel) of the axial meson for the OBE model. The mass and
coupling of the scalar meson are taken to be m, = 550 MeV and g, = 3.4+ 1.0,
where in the case of the coupling we have added a 30% relative uncertainty,
which is shown as the error band around the solid line. The m,, = 1230 MeV and
A1 = 1.8 ratios for the axial-full theory are highlighted as a round dot. When we
vary the axial mass (coupling), we set the axial coupling (mass) to its expected
central value, i.e. A\; = 1.8 (m,, = 1230MeV).
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: more molecules with g, =344+ 1.0

(X-like) | 16 JPC | BA / ED M# B | EY Ma1
> 0.T 0.0 0.T 0.0
DD [ 0F 0" ] —0.005; 37344757 | —0.0T7g  3734.475%
D*D |0t 1tF Input Input Input Input
DD | 0= 1= | —4.0738, 3871.8730, | —4.273%  3871.6737,
D*D* |07 07 ~ 03 - ~ 03 -
D*D* |17 17— | —1.0777 40162773 | —1.0719  4016.2777
D*D* |0t 2t | 435700 4013.775% | +3.5709  4013.770¢
(Z-like) | 16 JPC | BA / El M B | EY M2
I 0.0 . 6.9 0.6
DD | ot otf —0.1%)00 3734.33,[2% —0.6%3304 3733.8%334
D*D | 1% 17T [ —0.07% 38758700 | —1.377, 3874577
D*D |1~ 1t~ Input Input Input Input
D*D* 1= 0F | +0.07%0  4017.272Y | +0.370%%  4016.977;,
D*D* |1t 1t~ | 40.01%0  4017.2%%° | 0.0t 4017.2+00
D*D* |17 2+t | 402720 4017.01%2 | —0.5T07  4016.7195
TERE  (PERNZRBCYIEHTAR) $I\E XYZ KiFHids 2023£E 7 B 25-30 B 23/23




	Observations on Zc(3900) and Zcs(3985)
	Models of the molecular Zc(3900)
	Axial meson in the molecular Zc(3900) 
	Linear sigma model, -a1 mixing
	Saturated potential from light meson exchange
	X(3872) and Zc(3900) in D scattering
	Zcs(3985) generation

	More thinking on  exchange 
	Summary

