HOW MANY VECTOR STATES SIT IN THE ENERGY
RANGE FROM 4.2 TO 4.35 GEV?
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Motivation
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o Why do mass and decay width scatter so much for different reactions?
o How big is the influence of the D; D threshold?
o Why Y(4320) only seenin ete™ — J/ynn?

Simultaneous fit of almost all final states.
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Hadronic Molecules

Decay of particle R —»ab - a[cd]

o Coupling to 2 hadron continuum maximal

o [pb]
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o Narrow structure in J/+7m incompatible
with broad structure in DD*x

o u*u~ channel shows destructive interfer-
ence

o Values from RPP
m\y(4160) = (4191i5) MeV
Fw(4160) = (70:|:10) MeV

o experimental Y (4230) extraction:
DOD*~7t: Ty=(77+6.3+6.8) MeV
J/prta: Ty=(41.842.942.7) MeV
ptp~:  Ty=(47.2+22.8+10.5)MeV
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o Molecular scenario predicts strong Dy
signal in D*7 invariant mass distribution
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+ different box and triangle topologies

o Asymmetry in total crosssection generated

by DD intermediate state

o /KK s-wave final state interaction approx-

imate via coupled channel Omnés

Full FSI: Chen at al., PRD99(2019)7,074016

Darnilkin et al., PRD 102(2020)1,016019
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her*n~ and J/Y K"K~

henn

] T datxa BES Ill
60 Y (4230)
I 1 I »

» 1 o No contact term due to HQSS

= s o Triangle requires Dy D* coupling
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Full coupled channel analysis will include complete {D, D*} ® {D1, D>}
multiplets with SU(3) flavor
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Xcow, J/1¥nand X(3872)y

o [pb]

Xcow

-~ ¥(4230) CT

—— Triangle
W(4160) CT

—— Total

I dataBESIN

4.25 4.30
Vs IGeVl

DD

-- Y(4230) CT
—— Triangle

-~ W(4160) CT
— Total

I dataBESII

4.20

4.25
VS [GeVl

—— Triangle
W(4160) CT

— Total

I dataBESII

4.20

4.25
V5 [GeVvl

430

Member of the Helmholtz Association

4.35 4.40

February 28, 2024

Y (4230) — AB two body decay

., B
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o Main contribution of Y (4230) from
triangle loop

o Destructive interference needed to
create narrow structure in ygow

o Y — X(3872)y contact term
subleading

exp. data
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o Sensitive to one free real parameter and
one phase

o Imaginary part of Mixing amplitude fixed
by optical theorem

o Reproduce destructive interference
between Y(4230) and V(4160)

observed in data
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Conclusion
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Key Features:
Y(4230) as Dy D molecule and inclusion of ¢/(4160)

Outlook:

Coupled channel analysis with complete {D, D*} ® {Dy, D>} multiplets
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Appendix

l) JULICH

Member of the Helmholtz Association February 28, 2024 Slide 1 Forschungszentrum



Y4230

Gy C';Y

Go

Gy = Go + Gogyo(2wyXp,p)gyoGy -

JPC = 1~ isosinglet wavefunction
1

Y(4230)(C = —1,1=0)) = —5 (IDf D7) + |D*Dy) + |DRD°) + |D°DF))
Lagrangian constructed by imposing invariance under heavy-quark spin and
chiral symmetry
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Lagrangian

Define superfiels for light-quark spin doublets:

1+v .
[DaH’Yu - Da’)’s]

HO =

w14 v
T = 1Y 08— 3Dians(@ ~ bt = )

Relevant terms for the interaction
Lint = Q<H1(,O)Aba75/:/éo)> + k<7—éo)“v4ba 7}50)>
h _ h _
+ ﬁT,ﬁ"”(DﬂA)m%H@OB + i<TéQ)H(DAu)ba’YsH§Q)>
+ g(HS? AaprysHD) + <' T Ao TSV
h h> =g — o
AT, )aisHy ™) + 72 (P (4, D)arsH®) + hic.
X X oo
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Parameters

Name Value Name Value
Y my (4227 £ 0.4) MeV Jjprtr— ol (133.9+ 4)
gvo - (104+0.2) GeV o (149+0.9)10°3
r (54 £ 1) MeV 0 (24+1)10-3
1/fy - (0.012i0‘0(91) hy (16.8+2.4)1072
Sy, (171 +£0.1) hg (15+0.7)10°8
¥ 1/f, — (0.023+0.003) 5@ (0+0.1)
Bys (67 +2)° cor (0.381 £0.1) GeV?
Z mz (3884 £ 1) MeV i 456 MeV
4.15 +0.06) GeV -
oz0 E P Me\)/ e Yoo oo (1.469 = 0.015) GeV?
. el (0.36 +0.07) 103
DD*r o - (128+12) ci;w (16 +0.5)10~2
ap - (3.95+001) Gev JJvm cy (67.3+3.4)103GeV |
51 Jn
gy - (202=18) v €S/ (298+11)10-2GeV ™'
B2 - (389+01)Ge X~ of, (0.71+0.15) GeV?
* 4(4160) mass m, = 4191 MeV and width Cxy (0.017 £ 0.003) GeV
whps Crmix (0.6 £0.01)

Iy = 70MeV fixed from RPP
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7w — KK final state interaction

discM;(s) = 2i Z M. (s)

Solution given by Muskhelishvili Omn es function

Full amplitude expressed by:
MPN(s) = M;+T; = M,+ZQ,k

zZ—S

0
(Po k+z / 2 9 (2) Tin(2)7m(s )Mm(z)}
= {M}?O + Mﬂ + ; {Q,-k ((an)k +=— PV. . / [...]) + iT,kakM‘k)}
Modified S-wave approximately given by
1 1
(M?)mod - M? + Xk: ij (73,,_1) <’T/k0k + = (S/S—‘i) Tjkcrk) M2
(Mj)mod = M/l'>0 + (M/('))mod
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Production with coupled channel FSI

. o [(E — mo) M, +9522(/\A/’1—/\A/’2)}
F—G,

g0 [(E — mo)Mo+g2 % (Mo— M )}

(M M
= a; (ay’ + E
F=G, g1 22)( %2) )
Gy (g’ + E)
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