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Scalar mesons

»Masses puzzle: ag(980)/f¢(980), K(700), f,(500)
»ay(980)/f,(980): qq, tetraquark, hadronic molecules

>fo (1370), fo (1500), fo(1710) Y. Chen, PRD73(2006)014516
: S * I_(* 12 - — | °
> fo(1710): glueball, ss, K 0
PDG: Tentative classification 10 | 2 %: | 4
I' [MeV] isospin i structure g | T >
a0(980)  ~ 50 1 KK,qqqq o 2 — 133
fo(980)  ~50 0 KK,qqqq = O — Q
fo(500)  ~ 800 0 T, 4qaq = 02 g
KZ(700)  ~ 600 L Kn,qq4q o | 2
= = 4 | |
ap(1450) 265 1 ud, d, dd — ut
fo(1370)  ~ 400 0 dd + uii , |1
fo(1710) 125 0 55
K (1430) 294 ; us, ds, su, sd




VV interaction from hidden-gauge lagrangians

OThe hidden-gauge Lagrangian Geng-oset, PRD79(2009)074009 My

(a>< + (b)
(C)>_< Vo= 8,8 — 8,V — 18IV Vol
— >

I L = —gV V) + MoV, — /8T, F),

R r,=Yullo, —iv, +a,)lu+uld, —iv, —a,)lul},
(d) : :

¢ 3 | i = Lo2([V , V, JVEV?),
P . w=rU = exp('—‘/}z@) R ’

| Lyyy = ig((0,V, = 8,V,)VEV?)
w+ * 7
e pt K ®¥tHF T K = ig(V#a,V, V" — 8,V,V#V?)
0
, D= ' = ig((V*9,V, — 3,V VFV")).
W Lypp = —ig(V, [P, 0+D]).



Bethe-Salpeter equation

OTransition amplitude T

VGVGV T

SOOI <

C0On-shell factorization

VGV = d* V 2 = : 174 2
/ q (q >q2 ) mf + 7€ (P 1 q)z L 772;;?:6 (q )
= V(m*)GV(m?)
oV ' ‘ I (]'lq 1 1

T=(1-VG)"'V




Free parameter

DLOOp funCtIOn G_/ (]4(1 1 1

OSubtraction constants In dimensional regularization (DR)
m] m,f:; — -mf + S &
1()'r~ ‘ Log /12 25 Log mi

s —ms+mi + 2p\/s s+ m3 —mj + 2p\/s ))

‘ .. + Lo : :
—s+m3 —m? + 2p\/s I s — m3 + m3 + 2p\/s

G =

+ 2 (L()g

/5

Ccutoff values in cutoff method

o q?'dq Wy + wo
CJo (27)2 wiws(P)? — (wy + w2)? + €]

Since we work with hadronic phenomena, one often uses a cutoff
value of about 1 GeV to guide calculations in DR method. 10




Dynamically generated state

»To Identify resonances, one goes to the complex plane to
look for poles.

»Around the pole position, the amplitude can be
approximated by

T. . glg‘] _ Max[|T[2] ssesoesonsessesonss
IJ . ) jasca |- §

8000C0 -

M =Rey/s . and T'=2xImy/s . w2 .
2000C0 ‘_—/ M g .
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Dynamically generated states

»strangeness=0, isospin=0, and spin=2

pole position (no two p’s) |real axis (with two p’s)
(f2(1270ﬂ (1275, 2) (1276, 97)
Lf’2(1525)J (1525, 6) (1525, 45)

Two subtraction constants slightly tuned to reproduce exactly the
masses!

»strangeness=0, isospin=0, and spin=0

pole pOSitiOﬂ (no two p’S) real axis (tWO p’S) Table: Branching ratios of the f5(1710) in comparison with data.

Our model PDG
f,(1370) (1512, 51) (1523, 257) T B T
f(1710) (1726, 28) (1721, 133) M(nm)/T(KK) ~ 50% (48 + 15)%

No tuning of the parameters, their positions are fixed by those of the 7, states!
12



Dynamically generated states

Notation: (mass, width) in Mel/

ISR Theory PDG data
pole position real axis name mass width
Ay =14 GeV Ap =1.5 GeV

10 i (1512,51) (1523,257) (1517,396) fo(1370) 1200~1500 200~500
10 (1726,28) (1721,133) (1717,151) fo(1710) 172447 137+ 8 @
ottt (1802,78) (1802,49) f1 ®
g2 ) (1275,2) (1276,97) (1275,111) f2(1270) 12751 £+ 1.2 185.0“:%:3.
g2 ) (1525.6) (1525,45) (1525,51) f2(1525) 15255 73t @
il 13 Lk (1780 133) (1777.148) (1777.172) 4o

1+ (1) (1679,235) (1703,188) by ®
17T (1569,32) (1567,47) (1566,51) az(1700)77 @
1/2(0%) (1643,47) (1639,139) (1637,162) K ®
1/2(1%) (1737,165) (1743,126) K1(1650)7 @
1/2(2F) (1431,1) (1431,56) (1431,63) K5 (1430) 1429 + 1.4 104+ 4 @

13



Effects of PP coupled channels

PHYSICAL REVIEW D 104, 114001 (2021)

Further study of f((1710) with the coupled-channel approach and

the hadron molecular picture
Zheng-Li Wang' ' and Bing-Song Zou"*>"
'cAs Key Laboratory of Theoretical Physics, Institute of Theoretical Physics,
Chinese Academy of Sciences, Beijing 100190, China
2School of Physics, University of Chinese Academy of Sciences (UCAS), Beijing 100049, China
3School of Physics and Electronics, Central South University, Changsha 410083, China

® (Received 8 August 2021; accepted 12 November 2021; published 1 December 2021)

The f,(1710) was previously proposed to be a dynamically generated state with interactions between
vector mesons. We extend the study of f(1710) by including its coupling to channels of pseudoscalar
mesons within the coupled-channel approach. The channels involved are K*K*,pp, ww, g, wep, nx,
KK, nn. We show that the pole assigned to f(1710) does not change much. Then we calculate the partial
decay widths of f,(1710) = K*K* — nx, KK, nn as the coupled channel dynamically generated state as
well as assuming it to be a pure K*K* molecule. In both cases the ratios of partial decay widths agree fairly
with that in PDG.
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Other predictions for a,(1710)

PHYSICAL REVIEW D 83, 016007 (2011) PHYSICAL REVIEW D 97, 034030 (2018)

Low-lying even-parity meson resonances and spin-flavor symmetry

C. Garcia-Recio
Departamento de Fisica Atomica, Molecular v Nuclear, Universidad de Granada, E-18071 Granada, Spain Strong decays of the higher isovector scalar mesons
L.S. Geng

School of Physics and Nuclear Energy Engineering, Beihang University, Beijing 100191, China
and Physik Department, Technische Universitit Miinchen, D-85747 Garching, Germany

Guan-Ying Wang, Shi-Chen Xue, Guan-Nan Li, En Wang, and De-Min Li’
Department of Physics, Zhengzhou University, Zhengzhou, Henan 450001, China

J. Nieves ® (Received 3 January 2018; published 27 February 2018)
Instituto de Fisica Corpuscular (IFIC), Centro Mixto CSIC-Universidad de Valencia,
Institutos de Investigacion de Paterna, Apartado 22085, E-46071 Valencia, Spain
TABLE IV. Decay widths of ay(2°P,) (in MeV). The initial

L.L. Salcedo state mass is set to be 1744 MeV.

Departamento de Fisica Atémica, Molecular v Nuclear, Universidad de Granada, E-18071 Granada, Spain
(Received 6 May 2010; published 20 January 2011)

Channel Mode T;(2°Pg)

0" =070 zn 791

- - ' 2.46

/8 T KK 1) KK mn(1475) 19.25
= d F ¢P an(1295) 20.86

(991, —46) 2906 3831 775 4185 5541 | KK 1.07
(1442, =5) 907 285 10898 677 3117 0F ST xb; (1235) 213.08

f1(1285) 38.54

(1760, —12) 790 1241 667 5962 5753 Zf, (1420) 1.02
0" - 171" pPw 59.96

Total width 364.12
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BESIII measurements

+ 00+
ODs - KsKsm BESIII: PRD105 (2022) 5, L051103
;& o —— Data ’ %100—
: M, o) = 1723 + 11 £ 2 MeV,
é) 40 (@) Total fit é) - (b) * k) ©
S T KK (892)" ) = : + [ (1710) = 140 & 14 £ 4 MeV,
~ [ == S(1710)m* } — 50 :
2 20 ga |
o - C = + :
3 AT o
At | et A it A R IR o
o ¥ LM AR TTS B 7 s ol AT | 0 PRI (T S S 1 17 PR, o, TR, SO B
| 1.2 1 4 1.6 1.8 0.8 | 1.2 1.4
KoKo (GeV/c?) . (GeV/e?)
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BESIII measurements

OD} - KK+ n®

Events / (20 MeV/c?)

BESIII: PRL129, 182001

: a o +—* (] (‘? gl-\ E C
- (a) KK (892 < 150} < s0f (©)
. K{K (892) = > |
[ — K*K (1410)’ > - > 60
------ a,(980)'7 & f ) 401
— a,(1817)'n’ gz 50: ol |
8 7 5 20f
> B > [
1 12, 14 16 18 06 08 l 2. 1& 0.6 ;
AJaU(]TlO) 1817 :I: 8 :l: 20 Mev’ Collaboration M(IU(17I()) ruu(]7|()) Ref.
Lao1710) 97 + 22 + 15 MeV. BABAR 1704 +5 +2 110 + 15+ 11 8]
BESIII 1723 2112 140 £ 14 =4 [9]
BESIII 1817 =8 £ 20 97 £22 115 [10]

Too close to the boundary region!!!
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VV Interactions

Eur Phys J.C  (2022)82:509 THE EUROPEAN ® Im[ Vs )(Gev) 0-20
https:/idoi.org/10.1 140Vepic/s 10052-022-10460-4 PHYSICAL JOURNAL C ; | w«;w

Two dynamical generated a( resonances by interactions between
vector mesons

Zheng-Li Wang'*, Bing-Song Zou'*-'*

! CAS Key Laboratory of Theoretical Physics, Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100190, China
2 School of Physics, University of Chinese Academy of Sciences (UCAS), Beijing 100049, China

3 School of Physics and Electronics, Central South University, Changsha 410083, China

Received: 26 March 2022 / Accepled: 22 May 2022

€ The Author(s) 2022
v Table 3 The resonance pole for different cutoffs
dmax (GeV) 0.9 1.0 1.1
Pole (GeV) 1.76 — 0.09i 1.72 — 0.10i 1.69 —0.11i
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a0(1817)

Oa,(1817)& X(1812)(J /Y - ydw) BESIII: Phys.Rev.Lett. 96 (2006)
D.Guo, PRD105(2022)114014 162002, PRD87(2013)032008

| T T T T T T T T T T

| { A. Martinze, PLB719 (2013) |
f,(2100)

2115

| B 2007 { 388 ]
! & | \ -

i = ‘i

I ap(1817) - \I

. > ;
3r < 4

I | —

I = 100

O

I —

2t < "
O 1 .h
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Other studies

COMolecule
»Z.Y. Wang, Y.W. Peng, J.Y Yi, W.C. Luo, C. W. Xiao, PRD107 (2023) 1116018
» Oset-Dai-Geng, EPJC82 (2022) 3, 225,Sci.Bull. 68 (2023) 243

OFour quark in MIT model
» N.N. Achasov, Phys.Rev.D 108 (2023) 3, 036018

OSearch for ay(1710/1817)

» Abreu-Wang-Oset, Eur.Phys.J.C 83 (2023) 3, 243
» EW-JJXie-LSGeng-DMLI, PRD108(2023)114004 n.— K°K*m~

» Xiao-Yun Wang,Hui-Fang Zhou, Xiang Liu, Phys.Rev.D 108 (2023) 3, 034015

»EW-JJXie-LSGeng-DMLi, Phys.Rev.D 110 (2024) 1, 014032, J /Y — I_(OK+p_,
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Mechanism of the D} — KOKom™

I:IWeakly deCay D} - V,[sd - s(iau + dd + 5s5)d]|(us - K**),

s d
(y D} = V,[us — u(uu + dd + 5s)5](ds — K*°),
U
Wt K*t 7 M.

c
+ _
Ds _ Z $G;9;:d = MM, = (M?)3,
5 « S i=ud.s
(a)
r k()
S K ({ Z uéiqis — M11M13 T (M )13’
i=u.d.s
+ .
c w U un ud us
D7 e M= |da dd ds

W
Vall

(b)
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Mechanism of the D} — KOKom™

OWeakly decay+Hadronization .
(M?)3 = (V- P)3 = atK* ——=a"K*,

n 0 n + + \/i
(Gtate 7 K |
3= St T'/L§—£\/%+{/L6 K ,  (M?)3 > (P-V)3=n"K* +\/—§7t0K*+,
- K0 Ve
\ K -4+ %)
Df >V (7[+K*_K*+ ——Jrol-(*OK*+)
0 A 1 ’
Gen oK %
V= - _P o %0
i \/?—}_ ‘/i K D+ 5. %7 JI+K*OI_<*O _{_Ln.OK*+I_<*O
K* K*O (,b ) 2 \/i .
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Mechanism of the D} — KOKom™

OFinal state interaction

T
*(0) 7% l * 7% * ¥ g ¢
|K°K°):7§(|KK,I:I)—|KK,I=O)), K “ K
] D;
* *— * ¥ * * — ()
K K) = == (KK 1= 1) + KR =0). P K
4+ pre— 0 0 Vo=V, -
o vK FeEE M, == G- (Mgas)
1 ¥ ¥ * ¥
——7§(|KK,I=1)—I—|KK,1=O>) . 9k*Kk*9KK
2 2 . ’
V, . ) MKg.Kg o Ma(,(l710) + lMao(l7l())rao(l7l())
+7§(|K*K*,I — 1) - |K*K*,] — 0))
V, -V, B V, +V; B Set Mg a0y Tap1710) 9k*k* ki
= K*K*, I =1)— K*K* =0y, _;
\,/i l > \/i | > I (Refs. [13,15]) 1777 148 (7525,—i1529) 36

IT (Ref. [28]) 1720 200 (8731,—i2200) 74




Mechanism of the D} — KOKom™

OG function 2) 1 ( 1 )

= —]m

S L PP
GK*I‘{*(MKgKg) = /2 /2 dm~dm;
mZ_

ﬁf: 1
N = dﬁzzlm( )
=) w ) 1 ~ 2 2 o ’
( KgKga my, mz)’ Jmz m% - m%(‘ -+ ll—'(m%)ml

x w(m?)w(m3)G
2 2 __ -9 2 000k o o e o -~
G — ] gt In + m5 — mj + Sln mg 0.000 o
1672 u? 2s mj 500 N
. \
5 \
In(s — (m3 —m?) + 2p+/s o k o
<= ) 208 e K g ] ™
2 a2 Real part (G without K *-wid
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—In(—s+ (m2 —m?)+2 ~_/1’71|’mmm1<
( (m3 — m7) +2py/s) k = T , 030
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Mechanism of the D} - KoKom

OThe contribution of K* M, = IDKK IK K ‘
2 2 —m? Mgt I et
-0 q mKH + lmK K
}15 Kg 2
2 2 q
X [(ng - m”.)(l — mi+>
2 2 2
m-, —m4, — m4.,
xt K° K*?
D} > mt +2pi~pa 5
’ pD_ﬁl mKt+
1.6 m;zt{ — mi() + mirl
y +2p, - p3 = ]
af My
3; 12} + (exchange term with p, <> p3),
;{1-0' M=M,+ M,,
0.8 LK*(892)" region \
\J T - MyogoM o (ML + [M,J?)
T Ry v e T dM gogodM g0~ 1287°m3, . Sas
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Resuy I {S Phys.Rev.D 105 (2022) 11, 116010

DD;_ — KgKgT[-I_ Set Ma0(1710) ra(,(l710) gk k* rKf(
I Refs. [13,15]) 1777 148  (7525,-i1529) 36
IT (Ref. [28]) 1720 200 (8731,—i2200) 74
70
[ 70
L (a E
60 [ ! T
[ e Exp. 60
: P i e Exp.
; + [
50 F ~ ‘31(1710):‘ } s50f - -ay(1710)*
—--K"(892) Kg —'-K*(892)+Kg
40 40 F —Total

w

o
w
o

N

o
N
o

dI'/dMyako (Events/20MeV)
S

dI‘/dMKgKg (Events/20MeV)

1.0 1.2 1.4 1.6 1.8
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Resuy I {S Phys.Rev.D 105 (2022) 11, 116010

OD} —» KKomt

L (a L (b
(a) S (b) o
< 100 + . < 1207 e
@) = = 3,(1710)x > . a,(1710)x
= —--K*(892)"KJ = 100} —--K*(892)"K2
SRl — Total S - — Total
S £ sof
> 60} o ,
u [
@ | ~ 60}
¥ gy .
'k 40 B o
= = 40F
B ol s |
5 20t =0
2 0
0.6 0.6
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R esu I {S Phys.Rev.D 105 (2022) 11, 116010

+ +pr— ot
OD; - K'K™n BESIII: PRD104(2021)012016

150 400
e Exp. [
- = a,(1710)" . :
120 | 2 - —a,(1710)7*
— - -K*(892)°K" 300 _
i ) — - -K*(892)°K*
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: 200

(@)
o

100 |
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dr/dM? ... (Events/20MeV?)

w
o
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Results

OD} —» KK r” Phys.Rev.D 107 (2023) 3, 034001
120 | 120
(a) e Exp. (b) e Exp.
%\ 100 :_ I 30(1710)+7t0 % 100 :- — e 80(1710)+R0
% - - - - K*(892)*K2 % 80 - - - K*(892)*K2
% ; — - K*(892)°K @ : — - - K*(892)°Kg
S @it { — -~ 2,(980) B ool — -~ 2,(980) 1
w — Total W ~—— Total
o i 2
® 40+ ® 40
= : =
kS, . kS, i
5 20 5 20}
3 S - $ ¥ " :
0.6 0.8 1.0 1.2 1.4 1 1.6
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Results

0
OD: - K{Kt " Phys.Rev.D 107 (2023) 3, 034001
150 150
- (a) - (b)
> 1200+ Exp ﬂ > 120F e Exp.
g - = 2a,(1710)*n° g — = a,(1710)*n°
% 30 - - - K*(892)*K2 % %0 - K*(892)*K2
5 — - R*(892)°K2 = | .- K*(892)°KY
>
W — - - 2,(980) "2 W -~ 2,(980) T r°
4 60 — Total ¥ 60
2 o
L_a 30 | 5 30 |
0 0
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Results

dI'/dM, .o (Events/20MeV)

0
OD: - K{Kt " Phys.Rev.D 107 (2023) 3, 034001
160 | 160
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N (1 71 O) | N n. — KKt Phys.Rev.D 108 (2023) 11, 114004

Dnc N KKTl' <VVP>

= (VV)12Pa
T = W_ZVIiViQ
K+ i
K* ot 0 0
= - w Y w + rm*0 %+
= — 4+ — ek + K"K ]
o lp<\f f)<\/§ x/'é)p
Do
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™miy Moy w m; = —1m =5 5 . ~ o\ ~ 3
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Results
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» KIK* invariant mass distribution
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« K¥*m~ invariant mass distribution

20
P )
16 b Kgo === (b)
T = K20 seecees
o= |
X = 5 | Total
— X
2 T
& 5
S ]
< S
My iz~ (GeV) Mgo.— (GeV)

37



Candidates/(20 MeV)
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ao(1710) in J/yY -» K°K*p~
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ao(1710) in ]/ - K°K*p~

* K1(1270)& a(980) Ma =V}l + Gkl -ior:]:

Phys.Rev.D 110 (2024) 1, 014032
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Results
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Summary

 Our results are in good agreement with the BESIII
measurements, which supports the K*K* molecule of
a,(1710/1817).

* The ag(1710/1817) mass and width are crucial to
understand Its internal structure.

* Precise experimental measurements are necessary.

Thank you very much!
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VV interaction from hidden-gauge lagrangians

OTree level transition amplitudes

(1>< + (b)

-

D

o

e

(d)

a) Four vectors contact . . .
} Most important! Provide attraction!

b) t(u)-channel vector exchange

(
(
(c) S-channel vector exchange Basically p-wave, neglected!
(d)Box diagram  »Provides decays to two pseudoscalars;

» Contributes only to spin 0 and 2;

»Real part small, only imaginary part considered!
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