New insight into the OZI suppression and the
Xo(4140), X1(4140) and X;(4685) as hadronic

molecules

Mao-Jun Yan (FZ3%(8)

School of Physical Science and Technology, Southwest University
In collaboration with F.K. Guo and B.S. Zou

Oct. 21 2024

2024 EFED ¥ \ .

FEASHL WA

The 9th Workshop on Chiral Effect

=R (SWU) New insight into the OZI suppression and tt Oct. 21 2024



0 Motivation

© Xo.1(4140) in J/vé scattering
® D;Ds — J/1b¢ — DD} scattering in JPC = 0+ sector
o DD — J/1p¢ scattering in JPC = 117 sector

© X1 (4685) in J/vpp —1(25)¢ scattering

O Summary

© Backup
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Observation and explanations on X;(4140) with J°¢ =0+
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@ Xo(4140) is a BW (4.1 o) or dip (3.7 o)
e BW: (M, T') =4133+6 £ 6, 67+ 17+ 7MeV
o K-matrix: (M, T') = 3960, < 50 Mev,gX’J/d)d) = 0, LHCb, PRL.131,2210.15153

v
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Observation and explanation on X;(4140) with JP¢ = 1++

o BW: X;(4140) (13 o), (M, T') = 4118 + 11712 162 + 2772 MeV,

LHCb, PRL127, 2103.01803
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D;Ds — J/1¢ — D:D; scattering in J°¢ = 0" sector

EFT and RGE
o {Aqcp, my} and & (¥ |C(A)|¥) =0, Ag = my is adapted.

D& pi) scattering

o HQSS, H =L [Ds + 7 5;}, C|Ds) = |Ds) and C|D) = | D)
o L. = CGTr [HTH] Tr [I:ITI:I] + G Tr [HTakH] Tr [I:ITJkI:I]
o || = /mp; A ~ 478 MeV with A = 2mp; — m/, — my, 5 ~0.22

2
mgy
VDSDS,DSDS = VDS* Dy ,Dz Dy

J/1¢ scattering
o Lq =Dy (J/-J/01) (6-1) + Dy (J/uSiJ/ut) (6501

e V¢, (p) =Dy+ Dy <§1 . ,B> <§2 . ;3'), the D; term is switched off.
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D;Ds — J/1¢ — D:D; scattering in J°¢ = 0" sector

Inelastic scattering with HQSS
o Lo = EyHerJ/YpekH, +Enen HH, with a vanished E;
corresponding to the excluded ncn(’) channel in present study

@ Spin decomposition:

( ‘Dst> > (3 % ( 0 0) >

D:D3) ),y \ 2 -1 J\Iu®le) /),

with subscripts / and Q standing for the light and heavy degrees of
freedom in the scattering.

® Vo,b, 1199 = V3E0, Vioyoz,iyps = —Eo-
o DsDs — D*D* is counted into Vj; (ay) after fitting.

T-matrix
° T,-J- = [(1 = VG)*1 V]I..,

fA(gi 272/ij2i—'_’27rk+ A[1+O(%)]
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D;Ds — J/1¢ — D:D; scattering in J°¢ = 0" sector

T-Matrix in ERE in three coupled-channel scattering

o Viz=0 VH = V33, Vim Vi) attributed to the subleading term
-1

1 1
a a a
o T _ “1 Lf,-k P
8mwthy — a2 as2 2 az3 2
i 1 1 e
17 kg

az3 ass
where i = 1, 2 and 3 denote the scattering channels, respectively, p;

denotes the reduced mass, and the p; is the NR momentum in c.m.

frame.

Production amplitude
M, = P+ PAGP T + PGy Tor + PGS Ty
= PiTii(w) 4+ Py Tar(w) + P3 T (w).

Lineshape in DD, invariant mass distributions

2 [kl
= Mal* g
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Fitting results
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1.48+0.17 | 1.11 +0.65 | 0.87 +0.10 | —0.29 £0.02 | 0.04 + 0.03
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Fitting results

Scattering length

@ api is consistent with a11 = 1.87Jj8:§’g fm extracted with A = 1.0 GeV
in the Gaussian regulator.

o Effective J/1¢ scattering length: 0.121020 4 j0.787020 fm

@ The D®) D™ interactions are not included in the analysis dircetly,
and partly counted into dass,

* P X(3960)|D* D*)|2 lgx (3960),0% b* I*
say D = Kk = ar1 = 0.30 & 0.03 fm.
(X(3960)| DsDs)[Z 911 — |8x (3960), 0505 1% 11

Poles

(_+—i—i_-g 2 +1(()_:_+) 6.7 +1(_9-+) 0.7
39044732, | 410607103 + i24.6,5y, | 4223.57 5 + i4.3.9 5

The pole on RS (— + +) is a bound state w.r.t J/1¢, where
J/p — DED? plays a crucial role.
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J/1¢ scattering in JP¢ = 17+ sector

HQSS
X(1++) = \% (|D:DS> + |Ds_:>) >
_ 11 1
;D) 3 3 %) (el
DsD?) = 2 —2 & 1, ® 0g) :
* )k 1 1
D; D5> = B 0 ’1/®1Q> J=1
Vijwo.0.0: = V2Viy0,: 0;
Production amplitude
o Mb = P1++t8h_7?1/aef+—ik27 P1++ is unknown.
@ a virtual pole 4106.7:11595 + i8.3f%:g MeV near J/1¢ threshold.
dN_ | |2 | k2|
dM,/y¢ 87 M,y
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scattering in J7¢ = 17+ sector

N @ LHCb 2021
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Piiv =1.16 MeV—1/2,
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X1 (4685) in J/1¢p —1)(2S)¢ scattering

HQSS

Ey

© Lo w@s)er = Do -€upp - Ep25)86; - €pr

o DD are far away from 1)(2S)¢ threshold, where the transtions
are kinematically suppressed.

o {J/Yo, ¥(2S)p} is considered around 1(25)¢ threshold.

Production amplitude
o M. = PJ/wd’tH & P1/1(25)®t21
@ a virtual pole 4690.9;2{ +i7.073%° MeV near 1(25)¢ threshold.

dN :’ ‘2 |ka|
dM ;e el 8TM,/yg
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Events / (8.1 MeV)

pI/o _

1++ =

) — 1(25)¢ scattering
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and PY22% = 0.48 MeV—1/2,
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(» HQSS inspired EFT is introduced to study D( D(* —J/Yo
scattering in the LO approach.

() The dip around J/1¢ threshold in DsDs invariant mass distribution
provides a hint about J/1¢ interaction, where a virtual state appears
in elastic J/1¢ scattering and is a counterpart of X(6200) in di-J/v
scattering.

(3) The X1(4140) may be a J/v¢ virtual state.

(a) The X(4685) may be a cusp effect, driven by a virtual pole, at
1 (2S)¢ threshold.

(5) The 27 pole in J/1¢ scattering might be observed in 2 final states.

(6) Coupled channel effect and OZI interaction work together in low
energy scattering.
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@ HQSS inspired EFT is introduced to study DS DS — J /¢
scattering in the LO approach.

() The dip around J/1¢ threshold in DsDs invariant mass distribution
provides a hint about J/1¢ interaction, where a virtual state appears
in elastic J/1¢ scattering and is a counterpart of X(6200) in di-J/v
scattering.

(3) The X1(4140) may be a J/v¢ virtual state.

(a) The X(4685) may be a cusp effect, driven by a virtual pole, at
1 (2S)¢ threshold.

(5) The 27 pole in J/1¢ scattering might be observed in 2 final states.

(6) Coupled channel effect and OZI interaction work together in low
energy scattering.

Thanks!
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Backup: K-matrix parameteriztion

2 coupled-channel scattering

Kpa(m) = Y g 8227 gbga 7 + foa, Po(m) = Y g s 5"’gb > + Bp, cplx. valued B;.
Ma =32, _’pK)a_be'

Table S3: Main results found from the K-matrix fit. Uncertainties are statistical only.

Contribution J"¢ My (MeV) gt (MeV) Ty (MeV) F (%)
M2 o 3057 £ 14 1350 £ 344 04T L04
(4260) 1 4230 [59] 55[59] 32405
(4660) i 4633 [31] 64[31] 21402
Br (1, 04) By (—1.2,2.50)  (4.5,3.17)
B, (—137.2,—1.50) £ (2.7,218.6)  fu 0.8+1.2

Fia = fur 0.140.1 . 8.045.1
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Backup: ERE and effective potential

IAM
1
Viir Vi Vi3 Gn 0 0
T l=v1l_G= Vis Voo Vs = 0 Goo 0
Viz Vo3 Va3 0 0 Gs

Vis =0, Vi1 = V33, VinVy,, attributed to the subleading term

o (T =vy-—6Gu

o (T Ny =y — G

o (T Y33 =y — G

o (T2 = v122+v2;;13v11v22 ~ v
o (T-)) Vo _ Vg

BT VZAVE ViV T ViiVa
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