(2170): a strangeonium or exotic state ?
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See the review on " Spectroscopy of Light Meson Resonances.”
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Y(2175) — ¢(1020)7 T~ strange,

eTe” = Y(4260) = J/Ynta~ charm, <:|
Y (10860) — T (1S,2S)r "7~ bottom,

$(2170) as strange analogue of Y (4230)

c(e*e—=ntnJ/y) (pb)

100

8o}

'~ PRDS0 béilIOi&Fé)lég(gdd) ]

Ecu (GeV)

60 [
40}

20f

4 XYz PRL11§ 092001 (2017)




PDG2018  #(2170) DECAY MODES
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® Published experimental information
v" limited decay modes
v" inconsistence on mass & width

® @ 2018: Theorists explain ¢(2170) as
v 23D, or 335, s§
v’ s§g hybrid
v’ tetraquark
v molecular state AA
v" $f,(980) resonance with FSI
v three body system ¢KK
v' estimated or ruled out: not yet

® Nature of ¢(2170): open question ?



Difficulty @ ¢(2170)

22 — TABLE XII. Decay amplitudes squared (excluding the decay strength constants).
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® Better understanding ss spectrum ? N inbind

_ wimnee o p(2150)

v" unobserved 1~ sS mesons I P
® OZI rule and isospin

v'contribution of p*/w*/¢*

® p*/0* @ [2-3] GeV: “omitted from

summary table” or “further states”
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sS vector states @ Jhwy — ¢ n
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$ap(980) $(1680)7° p(1450), ¢ + n'n(0*") : ! 5 oo o
¢a0(980) miXing X(ZOOO)]TO p(1570)?7 — g 1:4 E_ T":ZS] hy1415) l‘,tl:lflll llt:j:? —
bap(1450) | ¢(2170)7" 0(1700)y - =t ' SS
ba»(1320) h1(1900)7" p(1900)7 - % ob o
ba>(1700) $3(1850)7° | X(2000)/p(2150)7 | = osf | o ———
bap(1950) X(1750)x" 03(1690)p  arXiv:2311.07043 06
04 J o‘l‘ 1" 1 0 i - 2 2 3
= L IHEP 07 045 hi(1415) U et
S o0l £ — ® JPC = 1- s5 vector states
T BESIT ;. PR v a, & a, states
T 200 _p 450) 2—}—;.382; 2"—“;':“ VALUE (MeV) EVTS DOCUMENT iD TECN  COMMENT . / JPC — 1" States
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®(2170) decay & PWA for multi /s

0.6
r [T T T [rrrrrrot 350
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® c'e — K K #: important to distinguish ¢(2170) theory models
v K*K": ssg (unfavored), 33S, (favored)
v  KK,(1400): ssg (favored)
v KK (1460): ssg (unfavored), 23D, (favored)
® PWA for multi /s points
v" (only) focus on dominant components
v" fraction and phase angle: smoothness and continuity
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Why PWA ? alesson @ e* e- — wt* t~ nt?

® [sospin & G-parity:

®*/d*

v ¢*: OZI-suppressed
v p*:ignored
® on’ with @ — nt* w events: 16% @ 1.45 GeV
® p* @ on’ < p(1450) & p(1700) contribution
® SND: w, ¢, ®(1420) and w»(1650), without p*

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
290 + 190 OUR ESTIMATE 0)(1420) @ PDGZOZZ
* * We do not use the following data for averages, fits, limits, efc. ® ®
440 +125 267 1 ACHASOV 2020B  SND et e — wm — qrly
104 35 10 824 2 AKHMETSHIN 2017A  CMD3 L4_20¢t e — wp
880 170 13.1k 3 AULCHENKO 2015A SND 1.05 - 1.80 et e — 7r+‘.rr_7rol
480 4180 4 ACHASOV 2010D SND 1075 —2.0 et e — 1y
130 £50 +100 AUBERT 2007AU BABR 106 et e —wrtm y
450 +70 £70 AUBERTB 2004N  BABR 106t e = ata aly
870 330 +450 1.2M 5 ACHASOV 2003D RVUE 044 - 2.00 et e - wha 7
199 +15 6 HENNER 2002  RVUE 1220t e = pr, wrm
188 +45 177 7 AKHMETSHIN 2000D CMD2 12— 138et e s wntm
360 "100 5095 ANISOVICH 2000H SPEC 0.0 pp — wn®n7"
240 £70 8 CLEGG 1994 RVUE
174 459 315 ? ANTONELL 1992 DM2 1.34—24 ¢t e = pr

@ T T T T T T T
5 100 1 FurgPhiyse. C80 993 (2020)
z [ ]
700 750 800
rt+rr
SND 2003 BABAR This work
RV I3Y 1400 = 50 =+ 130 1350 £ 20 + 20 1470 + 50
r,. MeV 870 + 300 + 450 450 + 70 + 70 880 + 170
B(m' — e*ﬁ*)B(o}' — %) x 105 | 0.65+0.1340.21 0.82 % 0.05 £ 0.06 0.73 +0.08
M, ETP 121 27 (201 1770 + 50 + 60 1660 + 10 + 2 1680 + 10
r,- MeV J (2015) 490 + 123 1130 230 £30 20 310+ 30
Bo" — e*e)B(o" — ) x 106 | 1.15 833 0.83 1.3+0.1+0.1 1.56 +0.23




Roadmap for ¢(2170): two body decay
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® O/l &
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o(e*e->K*(892)K (892)) (nb)
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—&— This work
| ' = BABAR 1 — y7[3]

| BABAR 1 — m*x*r® [43]
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® KK, K*K and K*K* < p*/w* contribution

® OZI & isospin un-favoured: pr®,
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— Fit
m = 2239.2 + 7.1 MeV/c®
'=139.8 +12.3 MeV

E -¢- This work SND(2000),
E 25f Y i SND(2016) — Total fit
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Isospin favoured: ¢m, ¢n’, ¢$f,(980) and so on

o7r® and so on



e* e — ¢n’ and ¢n

250 1000 m 4 R RN RARE RARE RS LR RN R RS
o j_PR[Tloz 012008-(Z92B¥ PRrD104 032007 (AB2kyon PRI 312“06 623)~
: — Fi h L e A -
g | | JI o EEnm. f
i 500 [ %
cnbe i %
! | | | | | 0'_- I SEh S i i , . . ) , I =
2 22 24 26 28 3 2 2.5 3 TS 0 o 5 28 50 03 SA ot 8
s (GeV) o /s [GeV] V' s(GeV)
, : g
® ¢n and ¢n’ modes: isoscalar v PLB66360 (2008)mer)
v ¢* and o* (OZI suppressed) a”
v" useful to measure parameters
1 9
® tetra_quark favorltes én and ¢n o > 19 11 3 19
® 1~ ssg hybrid has large I'y,, and smaller I', . g 001 2 01 002 0.4
® BESIII data vs. Belle data Ratic 200 95 110 150 3

v’ Belle Il data ?



et e —»¢p K"K and 2(K* K-)

240 F

® ((2170): resonant of pKK _ 2200 ® + 4 BESIII 2 "0Fw BECT + BESII
S igof £ 140 BaBar
= 180 =
C 160F BESTT L 120 4
L 140 E ¥ 100b
< 120F 0 X . i + m
SN A o Iy
fo o 80;: " i 60 - + llm.
PRD79 034018 (2009) \\ , oF | ° % TPRDI00 022009 (2019)
h 2 22 24 26 28 3 o 22 24 26 28 3
® PK'K- & 2(K*K"): similar enhancement o TEL S
around 2.2324 GeV o o T
® hint for a narrow resonance around AA 2 vl 4
threshold 2 o + 2t -411"
v Width <20 MeV of 4110 i
. th ree bOdy SyStem ¢KK ??? ?950 200() 2050 - I21|00l - ‘ZlISI]‘ - 22\00‘ - lZZISI]‘ l

Mass (MeV)



ete - K"K & KK,

® ((2170): molecular state AA

0.3
#(2170) decay  This work 3P, model Data [5] :
3S,AA within s5 [10] 5 [
KK 73.8-87.7 = T 021
$.f(980) 0.25-0.3 <10 Seen
wo 4249 Ce . B
K*K;(800) 1.8-2.1 PRD96 074027 (2017) 0.1~
Total 80.1-95 83+ 12

® dominant KK mode @ ¢(2170) ?
v iso-scalar: w*/¢*; iso-vector: p*
v' extract isospin component

® one resonance @ K*K- & KsK,

® ['(K'K)=10T'(KsK))
v PRC 102 015201: valence quark
charge

PRD99‘G‘3%@[[ (2019) 0207]2.‘ RD104 092014 (,2,(02].
i BABAR a
— Fit o) O'Oeé_ "‘ ;
m = 2239.2 + 7.1 MeV/c? o - 1
e I = 139.8 + 12.3 MeV %w ool i i
LU, BT e :
PRV 26 L 3 aé=3.2 O;';' rre 2'4 T T
/s (GeV) s (GeV)
Mass 2239.2+7.1+11.3 2273.7%£5.7+£19.3
(MeV/c?)
Width (MeV) 139.8+12.3+20.6  86+44+51
I',.Br (eV) 0.9+0.6+0.7
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04 —— LI L B BEL L BNL LA BL B B BN L B

] SR o L L o 400pH- —
ot PR C62 055203 (2000) | : P!]_B761 456 (2016) & B [ meswe T s oot |
- DM2 = DES
i il 5 03F . = 300 - e BaBar pQCD + X(2340) N
P E = L DM2 — Total
E H C =
st T3 < i
'E: E: £02F % 200 —
Y 2 © - (5} i
It:E i 2 L‘? : 2%
P8185 ()_lf_ 100 _ —
pp — A + cc. 1 4006 (2018) ]
\/E_m -m | C B =l J.I..I..T
L L ' _— ' P 0“9.2 23 24 2526 27 28 29 3 3.1 32 33 34 35
0 1 2 3 r s 6

Excess Energy & (Me'V)

s (GeV)

. A = 0.1 0.2b 0.2 0.4
® ¢(217O)- molecular state AA ‘é 3S1 — 3St 3S1 - 3D1 01 1 3D1 — 3D1
® Fitting @ EPJ C36 161 (2004) ¢ /\\
v 1-M=2290+20MeV; T = 275+ 30Mel/ N N
v $(2170): 2164 + 6 MeV; 106 +24 -18 MeV
® non-zero behavior around thresho?d 200 0 200 0 200 0 200
® Aresonance @ AA ?
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ete - K K 10 7@

® c'e — K K r#: important to distinguish ¢(2170)

theory models
v K*K": ssg (unfavored), 33S, (favored)
v  KK,(1400): ssg (favored)
v KK(1460) ssg (unfavored), 23D, (favored)

I 1 T | 1 1 I)l _I_ 2000 j IIIIIIIIIIIII (I | I)
o 15000_— . S B 1270 b
2 150F | Krg92) T K,(1270)
3 i 2 1500 [ 3
S 10000} -
o — — N
S i £ 1000 K1(1400)
Z - - o
5 1 2 |
= 5000 * - g 0
@ K,"(1430) { 2 ;Egl
0 oL ! -
1 1.5 2 1 1.5 2 25 3
m(K ™) (GeV/cd) m(K'7t") (GeV/c?)
Table 22: Fitling parameters.
channel | e > K[(1400)K~ | e'e” = K (1460)K™ | e*e” — K7 (12T0)K™ | e¥e” — KK~
Mass ( MeV/c?) | 21265 + 16.8
Width (MeV) 106.9 + 32.1
_ | Solution] Solution2 Solutionl | Solution2
Bl ¢ (eV) 7.6+37 | 1526 £ 142 1.0+ 1.3 47+33 | 988+7.8 0.04 0.2
¢ (rad) 37404 | 45+03 56+15 40+02 | 45+0.1 58+1.9
Significance(o) | 4.8 4.5 1.4 1.2

E o) F
< 2000 KK,(1400) | & *
< 1500} < o
8 1000f 8 1op
= 500f = obdke
X b, o~ L Op=t
/I\ 0 e - —= ——‘—_—__—_T_—.—_— =| ./'\ E .. . ;;
Q@ s00p 4 T o —10p
oS F Y oS
6-1000"
251 25 2824 25 2, 24 25 26 27
PRLliﬂvélZOOl ( oé63 ol
5 2500 & 5000
S ool | K*(892)K*(892) | Euo0o KK,(1270)
SO X 3000F
1500 2 2000]
X 1000f T 1000F
N L 193 e~
& 500 i I S
Q_ r
XA Oﬁ‘_'-_--_-'wu;umum““m“u_ @;gggéw\wlm\hfﬂHH\HHI\Hw\mwl\mm
o 22122 23 24 25 26 27 T2 21 22 23 24 25 26 27
g {s(GeV) Is(GeV)

v dots: BESIII data

v’ black curves: fit results
v red long-dashed: ¢(2170)
v’ green shot-dashed: 1/s"

v blue dash-dotted: interference 3



ete —» KK n° & e* e KK

2 o4 P5D77 092002 (‘2008) s | @ T | gm ’ o
g v Q 80 @ 80
o L Mass 2190+19+37 MeV/c?
5 03 ? f.:;zgé 2 2224 26 23. 3 ' ; : 2 22 2426 28 3 . Width 191128160 Mev
% 02 + g —=HEROY %ﬁf (2022)° [Br 126+24eV  10+03eV
T ; F o Foconanes g F (d) o
‘o : £ A o 161.1+20.6 eV  7.120.9eV
\g_.)/: 01 + ++ 7 : x4+ —
I _ Bl B($(2170)—>K**(1430)K~) _ 12.6%4.5
6 4 o Sk =
0" _+_24 TR e n v e R PB($(2170)—K**(892)K™) (22.7+4.1)
2. . is (GeV) Is (GeV)
® Kz*(1430)K @ ¢(217O) ’) 4007 = —4— BESII
v BaBar: hint@2.1Gev =z [BESIL = Zom (a) T
= 300} :
® \/ector state @ ¢n° & | % :
*- = & 1000 _
‘/ p -*OZI-Suppressed T 20F *1450) —}—BaBar ﬂew *M I BES]]I
v ol$*: |sosp|n V|O|ated < 100f ++# le%O o i 0_ e
® \/ector state @ KSK © T 5 [ JHEP 01 180 (2024)
v’ Mass: 21647+91+31|\/|eV 16 18 2 22 24 26 ? 23 ;
(s (GeV) Is (GeV)

v  Width: 32.4 £ 21.0 £ 1.8 MeV



et e — K* K 0 vs. et e KoK n®

Process Fraction (%) (2.125 GeV) | Fraction (%) (2.396 GeV) Fraction (%)
0 X P 5
o | JHEPZ 045 (2022 ) e 2125GeV  2.396GeV  2.900 GeV
$(1680) 7 146 + 2.3 13.6 + 2.9 om0 JHERO6 18@5(2@2&) 1.824+1.11
2(2223)) e e $(1680) 7 2.30+1.23  5.9642.10  5.2241.50
K*(892)K 2.8 + 0.3 9.3+ 1.2 K*(892)°KY | 79.894+1.12 86.01£1.38 72.65+2.11
A0 08 o= K3;(1430)°K° | 7.42+0.83  1.93+0.57  1.8540.82
K3 (1430)K 73.0 + 3.7 64.6 + 3.2 B
KG(1780)K 13+ 0.5 21414 K(1680)°KY | 3.00£1.11  6.73+£1.91  5.824+1.96
® KK system : RESTT ;
‘/ * +I -0 0.151 (&) ‘l—BESIII } a0l (b) ~l>BESIII
K, (1430)K @ K*K'm : :
. 0370 0,0_0= | olete” — K*(892)TK™) . aglete™ = K5(1430)TK™)
v K*(892)"K"” @ KKin S oaf o(ete- — K*(892)0K0) & s o(ete- — K3(1430)0K0)
v’ Missing KIKEnt *gm- | ’ AN
] & 005 €
® I'(K*K) =10 ['(KK,) | ’ J | ’ | | ’
v" valence quark charge °JHE 01 180 (2024) i o §’|*| ]
® K*K: iSOSpin — one 2 33 24 26 28 3 B Y R ¥ S ¥ S ¥ S S—
(s (GeV) \s (GeV)

v' electromagnetic interaction
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800[ P 108’ 032011 (2@»2339- 500;- + ----- Continuum -
B A - S e BaBar (2006)  2175+10+15  58+16+20
Lo H ’} % N b s | BES(2008)  2186£1046  65+23+17
$ aoof | HIW I Moo €085.L1GeV/E 1 Belle (2009) 216332 125440
o | I y 200 '
£k 1 M *ﬂ Y BaBar (2012)  2172+10+8 96+19+12
5 ¢ Mﬂmﬂ N 5 100f
L BESIT ™™ b, 1o T BESIII (2015) 22004645  104+15+15
- A 207277247 2672850 BEGI] (2019) 21354849 104424412
PDG2024 216347 103+28-21
® Belle & Babar results: general consistency,
small systematic difference around 2.4GeV. Parameter o a
. : M, ((2170)) 2171+ 12 2178 + 20
v' Belle data: structure @ 2.4GeV with 1.5¢  (oa170) 15108 40 - 26
® ¢rtn- @ M_, [0.85, 1.1] GeV/c? 42 1.01 +0.14 1134 0.06
) ¢C —-1.87 £ 0.16 —-1.71 £ 0.12
v Rea”y ¢f0(980) £ X ;(zp/ndf 28/15 23/15

v $(2170) ?
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®™ spectrum

600 2 é@iﬂ;j};;ﬁ’ipwﬁznuem . iﬁiﬂg);;";’fpfﬂA i R Data @ PR D101 074022 (2020) «(sp) 10007 i
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100 % : . - missing ®(n’S))
+ . . | 1E 'S, & 4(0(782) i mlssmg ®(n’ D.) . PRD 101 012011 (ZP )
250 200 2250 2300 2350 * - R 7R — 2 22 2.4
Mass (MeV) n m(m7) (GeV/c )
® ®* vector states - m(éj({i? - - 3(12233} -
- P 04 054027 {2092 € Vidth (Me
v' ®(2205): possible 3D/4S, further states 4, (1235)x 35
v ®(2290): possible 4S, further states P“f);”) {f‘ 26
v" ®(2330): possible 4S, further states wn’ 0.4 0.4
* 4 o~ - - " wn 0 0.1
. 0) @ e e CO”ISIO” . Total 141 138
Experiment 35090 (SPEC 02) 275+35
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. I —4 This wark SND
2.5 B CMD3 — Total fit
[ *, = Y(2200) «(1420)
3 2 :_ \;.m(1a5o).ﬂ (1680) =:= Interference
C -
— -
— -
= 151
3 -
T 1
Q0 F
o 05F
© C
OF
N 1 et
-IIIIIIII-Illlo'I‘IIIIIIIIIIIIIIIIIIIIIIIIII
14 16 18 2 22 24 26 28 3
Ys(GeV)
Parameters Solution I Solution II
my2180) (MeV/c?) 2176 + 24
I'y2180) (MeV) 89 +50
€. B@1 (eV) 0.43+0.15 1.254+0.48
7] 26+03 19+4+0.2
significance 6.20

® [sospin zero: o* and ¢* ?

® »(2220) width

v’ ~100 MeV @ BESIII
v ~350 MeV @ SPEC

2L —4— BESIII
i —— Total fit (a)
—
= | — - Resonance
= N [ Continuum
= = - = Interference
g 100 '
> BESII
o OF —t b
5} =T
S
° JHEP'07 093 (2024)
=100 | L L 1 | L 1 1 L 1
2 2.5 3
/s (GeV)
Parameter Solution 1 Solution 2
Mp (MeV/c?) 2153 + 30(stat.) & 31(syst.)
T'r (MeV) 167 &+ 77(stat.) &+ 7(syst.)
¢ (rad) 3.78 &+ 0.24(stat.) + 0.12(syst.)  3.16 & 0.4(stat.) £ 0.2(syst.)
rege’zs;;’” (eV) | 5.72 £ 1.68(stat.) £ 1.5(syst.)  2.99 & 1.68(stat.) & 1.2(syst.)
Significance 9.60

(n
nl

)=

NH

—_ >

i

(e s J71)

sing

®(2205)
®(2290)
®(2330)

2205130
2290120
2330130

350190
37535
435175

PDG2024  w(z220)wipTH
VALUE (MeV) DOCUMENT 1D TECN COMMENT
931+531+20 5 ABLIKIM 236 BES3 20-31lete” — wrnm

e ¢ ¢ We do not use the following data for averages, fits, limits, etc. ® o @

125+43+15 6 ABLIKIM 236 BES3 20-31leTe” = wrta™
59+30+ 6 7 ABLIKIM 221 BES3 2.0-38ete” — wr0z0
350490 8 ANISOVICH 028 SPEC 0.6-1.9 pp — wi, wa0x0

PHYSICS LETTERS B

Physics Letters B 542 (2002) 19-28
‘www.elsevier.com/locate/npe

I =0, C = —1 mesons from 1940 to 2410 MeV

A.V. Anisovich 9, C.A. Baker?, C.J. Batty?, D.V. Bugg®, L. Montanet®, V.A. Nikonov ¢,

A.V. Sarantsev ¢, V.V. Sarantsev ¢, B.S. Zou ©!
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— _ ._8-.. | gam Dok 400
L | H |“’ S\ PHEPGEIL (2029) , ccon
] 0 80 h 0> 200 ™ 140f —_ r — Fitting
@ ] s & / \”'\ Sasof 'n‘\.\ E’if;: "’ } Q 300 CNLT e Resonance
g_ 400 | i 4(]4————-1’( )\\.,_,__7 i 100F ! | N\ i :::' _ d‘ “‘-\ % B ﬁ{t)en:flgll’fnl-lcse
o 1ol T e 425 L E L
. ] ‘ I ? 0= 5 7"\ 4 g ”_
Q_‘ E 4 2.0 122 2 % . Besm
b2 : _ o B
% ] 3 ji 0 { +CD 100 :_
~ ] I } Eg C " .
L ] o 0 L o e e - .- PN .~
004 06 o088 1 12 14 } -PRD105032005(2022)
m._. (GeV/c?) A 2 25 3
273 ZI Z,IE) 2,‘] ”I'Z 2?3 2,‘4 ‘Jg (GeV)
Y(2175) = ¢(1020)r T~ strange, s (Gev) (s (GeV)
eTe” = { Y(4260) > J/ynta~ charm,
Y (10860) — Y (15.28)7+7~ bottom., 1200 T Parameter Solution I Solution II
g 1000 s B - (MeV/c? 2250 + 25
Eur. Phys. J. C72, 2008 (2012) Cheli e, mr (MeV/e®) 02
= SR — Gommun T, (MeV) 125 + 23
) ] N I . Br(eV 0.9+ 0.4 52.9 £ 17.0
®ce—opnn? i '(d;(E) 24+ 03 0181 0.1
. ¢ (rad. . . —1. .
® 1. o
nT. f_O(QEiO) S'%nal a(10%)(pb!/?) 1.1+ 0.2
® G parity = -, ®* state ? b 44+ 01
Significance 10.30
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400F :
& FarXiv:2401.14 1 bai
S — Fitting
o 300 pT —
Q Tt o p(1450)T 3
= 1 - p(1700}r =
© 200} e
o 200} | 0(1690) )
2 A o
c 100[ ﬁWm c
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s .*_..._*-"51.'-'.'-.'1;-'.'3..';:;'..';4'-‘:.': 2'.;7_'..\'_'::““ X "m.-».-.-:\.-,..l seheren
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M.. (GeV/c?)

® p'n0: G parity -, OZI, o* state

® Dominant p®x°, visible p(1450)7° & cmcél_

1000

800}

400F

200F

® PHOKHARA MC fails @ BESIII
Nominal fit Alternative fit
Mass 2119 4+ 11 MeV /c" 2134 £ 14 MeV/c*
Width 69 £ 30 MeV 74 £ 31 MeV
x° 41.9 73.3
Number of free parameters 10 18
Degrees of freedom (ndf) 28 48
x° /ndf 1.50 1.53
Significance 590 5.20

ME. L, (GeV2/ct)

600",

— Fit

- Resonance (Cons.) _
- Resonance (Des.) A

Continuum

BESII

olete” - p(1450)n-»n*n—n?%
(pb)

—45

—40
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p™ spectrum

700 8

p(2150) @ PDG 2022
® ¢ ¢ annihilation 7
600 m 5p oz
A S-channel NN 6
500 Tpson'n
- - —
> - =
@ - o
} —
= 400 - — Z
= N | 9 4
T 300 - \ ¢ F——m= -
= F l o =3
200 [— =
- 4 ’
100 — T hg' —— i
- | |
" L L L L L ‘ L L L I 1 L L 1 | 1 L 1 L 1 L L | 1 1 L | 1 L 1
1900 1950 2000 2050 2100 2150 2200 2250 2300 0

Mass (MeV)

® p(2000): possible 2D, further states

® p(2150): possible 2D or 4S5
v" p(2150): inconsistent results between e*e-,
pp. s-channel NN and ntp

® p(2270): possible 3D, further states

® p(2000) & p(2270) @ e* e collision ?

T

rTTTT T I B 5 R I
{ l l

IIIIY

Data @ PR D101, 074022 (2088

p(AD)

+0(2270)

® p(2150)

+P(2000) 2 S(1900)

2 P(SS)

oD, % P(1700)
@ P(1450)

M’ =
® p(n’S)
+ pn’D)
missing p(n“Sl)
©missing p(n’D,)

M; + (n-1)p

n’S, & p(770)

PRI VI W T | | I T W

| I

1 2 3 4

5 6

PDG2022

p(2000) 1GUPC)=1t1—)
MASS (MeV) WIDTH (MeV) DOCUMENT ID TECN COMMENT
200030 260 + 45 23 BUGG 04C RVUE Compilation
~ 1988 ~ 244 HASAN 94 RVUE Pp— =7

23 From the combined analysis of ANISOVICH 00,

and ANISOVICH 02.

ANISOVICH 01D, ANISOVICH O01E,

p(2270) 1GUPC) =1ta )
MASS (MeV) WIDTH (MeV) DOCUMENT ID TECN  COMMENT
2265-+40 325 + 80 50 ANISOVICH 02 SPEC 0.6-1.9 pp — wn?,
wT]ﬂ'o, ata—
2280450 440 + 110 ATKINSON 85 OMEG 20-70 vp — pwrta— =0

50 From the combined analysis of ANISOVICH 00,
and ANISOVICH 02.

ANISOVICH 01D, ANISOVICH O01E,
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- 25F N T SND(2016) —Total(fit ) 300} (a) —— BESII| 1
= BESI 70 % e 5 | nat 2
= F N E | +—p(1450) == p(1700) S i --- R%saonlance
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O[: 15 = +I=' j:; ]
S b e —— = 100
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sE PLB 813.136059 (2021) 0o ERplog o7|200|7 (2{021)_-
1 1 5 2 2. 5 3 2 22 24 26 28 3 3.2 34
Is (GeV) /s (GeV)
Parameters Solution I Solution II Parameter Solution 1 Solution 2
my 2180y (MeV/c?) 2176 + 24 My (MeV/c?) 2111 +£43 +25
tot
?5;21523,7(“"‘\3/‘” 043 4 0.15 8950 195+ 0.48 gﬁriMfer)) 0.64 £ 0.49 = 042 3353433
: (eV) : - : - & (rad) 204+073+048 446+ 0.06+0.10
% 26+03 1.9+0.2 n(n') 4.42 4 0.22 4020 (1.66 +0.12 +0.07)
significance 6.20 Cy(Cy) 9214240+ 114 (53.0 £13.24+0.1)

® on’ & pn’: G parity = +, p* state p(2000) or p(2150) ?
® dominant component pn’, non-p contribution < 10%.

Width (MeV)

140F | E
- - Data
120 -
- (b) — Signal MC
100
80|
60|
40
20|
0 B L o tet , ]
0.4 0.6 0.8 1 1.2
M(r*r) (GeV/c?)
700 p(2150) @ PDG 2022
® ¢ anll{hilalinn
600 | m pponn
A S-channel NN
500 Tp - o
- —_——
400 — po—
- ! &
300 [- i =
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200 [— ¢ ] l
100 i— i _91 +
E | | n | | |
2900 | i9so - 2006 - 2050 .210‘.' 2150 - 200 ;l’.zsc; 2300
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- | xzfndl-.LEB +0aa -
5’2400- 5 = 2.1250 GeV — Total Fit ]
~ 3 | —p770M
¢ (BESIT —pitason
% i a,{1320)%
2 20T a,(1700m |
s L }
® p n mode: G parity = +, p* state bt Mt
® Default MC e" e — pnTorn m' w7 « JFsmmicmiomnmsitinieoms.
02 04 06 08 1 ‘12 1-'-1- 18

® BESIII results vs. BABAR results
v’ Systematically 30% higher

® Dominant componentpn @ "t n |
v Adip around 2.18 GeV, hint ? e

® A resonance @ a,(1320)w

o(e*e’—pn) (pb)

300
. ) 200 F
Parameter Solution 1 Solution 2 F
100 |
Mg (MeV/c?) 2044 + 31 +4 :
'R, (MeV) 163 £ 69 + 24 e BT VR Y B T R S T
Bk, _ (eV) 346+ 17.1 £6.0 137.1 +£73.3 +£2.1
¢ (rad) 1.95 +0.97 £0.06 435+048 £0.43
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+ +BESIII

2 2.2 2.4 2.6 2.8 3 3.2 3.4
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F PRD108 114101 (2023
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ale” e—=»nn*n’) (n
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£
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B by, s (GeV)
R Fang
! T s = s ol =0 - SO
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—— Toatl fit
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Mass (MeV)

3300

Nature of ¢(2170)
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Diquark Anti—diquark

¢(3S) 55 hybrid ¢(4S)

Mass 2188 2002 2000 [29] 2498
Channel Value  Value Value |29] Channel Value
Total 217 133 120 Total 942
KK*(1410) 484 45.2 9 KK3(1780) 178
KK* 60 26.9 16 K*K5(1430) 160
KK 4.36 21.4 64 KK} 123
KK, 23.6 19.3 26 K*K* 94.9
KK 11.9 10.8 e KK3(1430) 84.6
KK3(1430) 3938 4.48 2 KK*(1410) 80.9
K*K* 22.7 4.40 . KK* 67.5
:7(,1’) 6 (:-(:- 0.363 KK, 54.2
0.0729 0.02 54.8

"PRDY9 074015 (29;3) 200

14.9

$(2170)

$(2050)

Width (MeV)

Width (MeV)

K, (1400)K 120
K](127()) 111

h,(1415); 15
(/u; 4
5(1430)K 3
“(1410)K 3
K(l4()())K 2
o’ 0.6

Experiment 125 +£65

64

() 4
0
37
6
0.4

277

'« PRD104, 654027 (20251)

ole'e - K'(1460K°) (pb)

120

* BESI

wol PRD104 054045 (2054

80

IrgC]
I

#(20)
#(3S)
- - - ((4S)

tetraquark ? ss state ? ¢f,(980) molecular state ? mixing state ?



Nature of ¢(217

PHYSICAL REVIEW D 101, 074012 (2020) Chinese Physics C Vol. 45, No. 1 (2021) 013112

Nature of the vector resonance ¥ (2175) Strangeonium-like hybrids on the lattice

S.S. Agaev,' K. Azizi 23 and H. Sundu®
'Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China

PHYSICAL REVIEW D 101, 074045 (2(]2(]) *School of Physics, University of Chinese Academy of Sciences, Beijing 100049, China

Chinese Physics C Vol. 45. No. 2 (2021) 023116

Reconciling the X(224()) with the Y(Z 175) Mass spectrum and strong decaly{fs of gt;angeonium in
a constituent quark model”

- L* 1. .1 2
Dian-Yong Chen®.” Jing Liu,” and Jun He

123

] QiLi(%##) Long-Cheng Gui(F: £ i)™ Ming-Sheng Liu(X14 )
Sche = "7 " pHYSICAL REVIEW D 100, 034012 2019y China Qi-Fang L 750> Xian-Hui Zhong (bl i1 1#)>

2 .
"‘D{Jpa VErsiry, Ianstiannt af Dhrrcinn Thenan Nammal TTairaecdite Chonoche 410001 Fhin.

Chinese Physics C Vol. 43, No. 11 (2019) 113105

Is the Y(2175) a strangeonium hybrid meson? . . .
A possible explanation of the threshold enhancement in the process

J. Ho, R. Berg, and T. G. Steele ete” = AAT
Department of Physics and Engineering Physics University of Saskatchewan Saskatoon, 20 2 543 1259
Saskatchewan, S7N SE2, Canada Li-Ye Xiao( { v/ 1)™"  Xin-Zhen Weng(F7#i%) ™~  Xian-Hui Zhong(#f i #%)™™  Shi-Lin Zhu(4: [F#f)™
!School of Physics and State Key Laboratory of Nuclear Physics and Technology. Peking University. Beijing 100871, China
3 Y Y ¥ 2y < ty ing
W. Chen X “Center of High Energy Physics, Peking University. Beijing 100871, China
School f"f Ph ys ics Sun Yat-Sen Univers if_\‘ Gua ngz hou 510275, China Department of Physics, Hunan Normal University. and Key Laboratory of Low-Dimensional Quantum Structures and Quantum Control of Ministry

of Education. Changsha 410081, China
4Synergeuc Innovation Center for Quantum Effects and Applications (SICQEA). Hunan Normal University. Changsha 410081, China
D. Harnett ’Collaborative Innovation Center of Quantum Matter, Beijing 100871, China

Department of Physics University of the Fraser Valley Abbotsford, British Columbia, V25 7MS8, Canada

need more experimental data ? = Belle |1

Yunheng Ma(5iz 1) Ying Chen(%%)"* Ming Gong(¥5])"*  Zhaofeng Liu(X#1%)"
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$(2170) @ 2015 R scan data

16 published paper + 1 draft 6

ete

efe
efe
efe
efe
efe
efe
efe

- > K* K2 PRD 99, 032001 (2019)

-> ¢ K+ K: PRD 100, 032009 (2019)

> K* K 10 10: PRL 124, 112001 (2020)
-> ¢ n’: PRD 102, 012008 (2020)

> on&on: PLB 813, 136059 (2021)
>’ w: PRD 103, 072007 (2021)

-> ¢ m: PRD 104, 032007 (2021) i

--> Kt K-nl: JHEP 07, 045 (2022)
“->¢n" w: PRD 108, 032011 (2023)
“->n 7" . PRD 108, L111101 (2023)
->ornn: JHEPO0L, 111 (2023) November 15, 2022

T -2 KS KL n° : JHEP 01, 180 (2024) Measurement of the Born cross sections for e*e™ — wpr” at
~->on’: JHEP 07, 093 (2024)
>t o0 arXiv:2401.14711, PRD
~-> o n n’: draft @ Wenbiao :

Memo version 2.3

ete->onn’
BESIII Analysis Memo

center-of-mass energies between 2.00 and 3.08 GeV
Lingin Huang?, Yateng Zhang”, and Wenbiao Yan®, and Yuxiang Zhao®

Anstitute of Modern Physics, CAS
bZhengzhou University
¢University of Science and Technology of China

-> K K : PRD 104, 092014 (2021) R D
--> @ 7° 1% PRD 105, 032005 (2022) Vs (GeV)




Belle Il Online luminosity Exp: 7-33 - All runs

Integrated luminosity
B Recorded Weekly

0 [ rRecordeqdt = 531.34[fb™ 1

Total integrated Weekly luminosity [fb~!]

aaaaaaaaaaaaaaaaaaaaaaaaaaa

Summary and outlook

® Using BESIII R scan data, we are extensively studying ¢(2170)
v $(2170) as pure 33S,ss ? 23D, s§ ?
v $(2170) as 1~ ssg hybrid ? molecular state AA ? three body system ¢KK ?
v $(2170) as tetraquark: ? mixing state: ? ¢$f,(980) molecular state: ?

® Need p* and o* spectrum to understand ¢(2170).

® Belle I1: 50 ab™ data, study ¢(2170) with ISR method.

I 500

400

I 300

I 200

100

41]

Lum (pb'/10 MeV)

—— Belle I1, 50 ab™
— Belle I, 10 ab™ | -
—— Belle, 1 ab™

Total integrated luminosity [fb

Ll J Ll L l L1l I Ll l Ll { Ll J Ll \ Ll I Ll J Ll I
}.0 22 24 26 28 3.0 32 34 36 38 4.0
Ecm (GeV)



$»(2170) @ Jy > ot

o~ fgg :_ ;:::‘_n bac;;rounds 'I[}" (a) 120 f_ + "“EZZig:ZE::;directdecav

S 160f ||I 1 % < |

© 140) o . > > 100

S 20f  Hi MW 1 $ 3 w

% 100 ﬁ“ﬂ* |I'#‘ + | IIE oy S:

§ oy Y 5

G aof 1 A i o

"PRD91], (052017 [™ ol
M(r*m) (GeV/c?) M(K'K')(GeV/c?) e f:(gso»(éiwcﬁm *
.f /Flt: ¢(21f7038+0 dlrSCt Iilecay g Decay mode Branching fraction B
+

of yr — n,(980) ackgroun J/w = nY(2175), (120 £0.14 £ 0.37) x 107

® No interference between ¢(2170)  y(2175) — ¢£,(9%0).
and direct decay f0(980) — 777~
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(2170) @ e*
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® §(2170) @ ¢ f,(980) with /s = [3.773, 4.600]GeV date
® Limited samples for ¢(2170)
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® The Born cross section varies as 1/s"
with n=2.65+0.86.

® Br[y(3686)— n¢(2170)] < 2.2*10°

@ 90% U.L., suppression for “12% rule”
® No significant signal e*e- — 1n’¢(2170)
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How ? ¢$(2170) as pure 33S, ss

0.4

!" 3 S, sS
@ P, @ PRD6S, 054014
- A Elux tube @ Lanzhou
0.3 P, @ Zhengzhou

o

I
B

=

Fraction (I'/T)
=
I 1
B
®
> »

)
=
1
N @

uo
8s6)ud 1 @

(sTPD) q U >
OTFD) M M
o' © p
09PDY M

0.1

>

(oerD™Y @

)

® fraction I'/T": weakly model
& Input parameters dependent
® dominant decay modes:

v KK*(1410) & K'K”

® reduction to Absurdity
V' 395,881 I'eeer > Fekaaann)
v Exp. $(2170) @ KK,(1400)
v Exp. no ¢(2170) @ K'K”
v Exp. similar g
v $(2170) as pure 33S,ss ?
® similar check for several modes
v’ KK*(1410): No ¢(2170)
v’ KK (1460): Yes $(2170)
® ($(2170) as pure 33S,ss: No ?

pure 33S,ss ?
9 pure 23D, sS ?
molecular state AA ?
three body system ¢KK ?
1-ssg hybrid ? 31
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