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e'eY K pp: important to distinguish f (2170) theory models
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Roadmap forf (2170): two body decay
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theory models
V K'K": s'l§ (unfavored), 3°S, (favored)
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V KK(1460): s'ly (unfavored), 2D, (favored)

e'eY K pp:important to distinguish f (2170)
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V W(2330): possible 4Surther states
w* @ et e collision ?

Data @ PR D101 074022 (202@))51» 1000 P
oDy~ L 96 D/* :
3  0(2330) g 750 -
- +0(2205) ©(2290) B '
- ®(2D) 3 :
= s @ ©(1960) 1 s00f ]
— 3 M?=M; + (n-1)p? +\;3), ]
- n’D, % 0(1650) - w(ns) ad 5 [ +
g ®n(1420) | 4 @@’ D,) >0 Ty
= . mwng oms,) 'PRD 101 012011 (+2 20)
S, & 4(0(782) ' missing o(n’ D,) L ]
L Ll 07 2.2 24
l : n ! ? . m(nT) (GeV/cz)
w(2205) w(2290)
PRD04 05402W (Q@z@iev Width (MeV)
b1(1235)7 35
p(1450)7 5(} 2%
pT 4 16
wn' 0.4 0.4
wn 0 0.1
Total 141 138
Experiment 35090 (SPEC 02) 275+35

17



eteY wh& whob

il I —4 This wark SND
2.5 B CMD3 — Total fit
- *, = Y(2200) w(1420)
'E 2 — \:lm(1650]f (1680) =:= Interference
C -
— -
— -
= 151
3 -
T 1E
Q0 F
o 05F
© C
OF in )
- ] L
-IIIIIIII-Illl"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

Isospin zero:w* and f* ?
w(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

—_ >

) 2
7y

— sing

(cosg‘b _—

sing

2203 30
2290 20
2330 30

350°90
375’35
435° 75

W(2205)
W(2290)
W(2330)

PDG2024 w(z220)wipTH

VALUE (MeV) DOCUMENT 1D TECN COMMENT

93+53+20 > ABLIKIM 236 BES3 2.0-31ete” = wrrm
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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O)):(pb

S
T

2
:

"'111(ﬁo23)

2
T

of(e'e’—m (50

[=3
T

Events/0.02 (G

[ -
T T T T T T

m_._ (GeV/c?)

Y (2175) — ¢(1020)7 t 7~
Y (4260) — J /vt
T(10860) — Y(1S,28)7 7~

Eur. Phys. J. C72, 2008 (2012)

eeY wWrpp?
p'p: f,(980) signal
G parity = -, w* state ?

B s BESII
— B — Fitting
8 300 T Comtnuous
: L Interference
I ® C
. ® 200 -
e BESIL
" { ﬁ 100:— .
} mb B E ' .
0 ;.P.IR-D-IOS--0.3.2.O|05..(.2.022). ..... I. .....
2 2.5 3
"I'Z 2?3 2,‘4 ‘Jg (GeV)
Is (GeV)
Parameter Solution I Solution 11
m, (MeV/c?) 2250 + 25
I, (MeV) 125 + 23
I'se - Br(eV) 0.9+ 04 52.9 £+ 17.0
¢ (rad.) 24+ 0.3 —-1.8 4+ 0.1
a(10%)(pb'/?) 1.1 4+ 0.2
b 44 + 0.1
Significance 10.30
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400 1000717 7T 11— 180777771
<~ - N 0 — Fit 1 . — Fit ]
o“é :arXIV'2401'14zg'aata . ---- Continuum s 160F i ---- Continuum .
> - I Flttmg 800F ‘1 -—-- Resonance (Cons.) |': i Fi -—-- Resonance (Cons.) ]
] 300_— pT —_ r i1 -—-- Resonance (Des.) 1 +': 140;- il -—-- Resonance (Des.) -
Q i wee 0(1490)TT a L ¢ BESII ] 'T= 120 ! ¢ BESII 3
o S | p(1700)r = e00p, | £ ht ! ]
S 200 o 5 N 100K i1 ]
P [ | p(1690)r 1 AL <2 B ]
Sl L wo 2% sl
- - 4 ) I T j
S 100[- wogtthen Wt T | ! -
> - iy
5] U ] 200} 5

0 i w\.-;-.m:..';-'_'*-l'ﬂ.'-'.'-.'1;-'.'3..';:;'..)';4' IETEOL T A j'.".‘-'m.-».-.-:\.-,..l S : ’ . ©
0.5 1 15 2 N

M... (GeV/c?)

r°p° G parity -, OZI, w* state

— 45
Dominant r °p°, visibler (1450p° & wpé_
. —_ i —35 —_ |
PHOKHARA MC fails @ BESIIl  § ¢ C S .
s T :
Nominal fit Alternative fit o 2 93
Mass 2119 £ 11 MeV /c?[2134 + 14 MeV/c* - b
Width 69 £ 30 MeV 74 £ 31 MeV = 1t =
Y2 41.9 73.3 .
Number of free parameters 10 18 i .
Degrees of freedom (ndf) 28 48 .
x° /ndf 1.50 1.53 Mi% (GeV?/cY) Mﬁ*n’ (GeV?/cY)
Significance 590 5.20
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r * spectrum

700 8

p(2150) @ PDG 2022
@® ¢ ¢ annihilation ’
600 | m Pp o an
A S-channel NN p
500 mp = on'n
—

400

Width (MeV)
M3(GeV?)
F .

300 - ¢ § m
N ] m 3
200 | u
- —é—‘ 2
100 — T hg' —— i
- [
" L L L L L ‘ Il Il L I L il | | | Il L Il Il L L | 1 L L | | L 1
1900 1950 2000 2050 2100 2150 2200 2250 2300 ¢

Mass (MeV)

I (2000): possible 2Dfurther states

r (2150): possible 2D or 4S
V r(2150): inconsistent results betweee'e,
11, schannel"EEand pp

r (2270): possible 3Dfurther states

r (2000) &r (2270) @e" e collision ?

- Data @ PR D101, 074022 (2620)

: p(4D) o P(SS)
+(2270)

5 ® P(2150)

=B 1‘9(2000)e 5(1900)

- nJDla..p(1700) . N12§M3+(n-1)u2

: (1450) Pl Sy)

: &P + p(’D,)

= missing p(n‘:Sl)

- n’S, &p(770) ©missing p(n’D,)

NP I IR IR
1 2 3 4 5 6

n

p(2000) 1C(UPC) =11~ ) PDG2022

MASS (MeV) WIDTH (MeV) DOCUMENT ID TECN  COMMENT
200030 260 + 45 23 BUGG 04C RVUE Compilation
~ 1988 ~ 244 HASAN 94 RVUE Bp— nn

23 From the combined analysis of ANISOVICH 00J, ANISOVICH 01D, ANISOVICH 01E,
and ANISOVICH 02.

p(22710) 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 00J, ANISOVICH 01D, ANISOVICH O01E,
and ANISOVICH 02.
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30

eteY wp®& hop* p

-

F E . Thi Kk SND(2000 B N - e ]
. 25 N T SINIISD;;C()}; 6) —Total(fil ) _ 300 (a) _:__ EESER 7]
251 BESIE a § T Y(2040) - --p Q - — Total fit 1
= - . E +——p(1450) == p(1700) o - --- Resonance
= 20 5 .‘-lmerference —~ 200 H Besm ]
— F : B VA B BT Interference -
S b e —— = 100
T o T B
‘v 5[ Mo ) »
o . - L of
c 0 ;"" """"""""""""""""""""""""""""""""""""" 9’ -
C o) [ |
PLB 813136059 (2021)  of PRD103 072007 (2021)
[ L | IR ISR T T NN SN ST S NN SR S NN ST S S A S SN S SN T N
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 Mg (MeV/c?) 2111 +43 +25
'yis0) (MeV) 89+50 ERIF(MF \\[/)) 0.64 £0.49 &+ i)ifzi . i23303 +£53+33
R e . . . . . .
- B®T (eV) 0.43+0.15 1.25+0.48 & (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 Co(CY) 921 +240 + 114 (53.0+13.2+0.1)

E]

wp® & rhd G parity = +, r * stater (2000) orr (2150) ?
dominant componentr hg nonr 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{hila!inn
600 | m pporr
A S-channel NN
500 Tp - o
- —_——
400 — po—
- ! &
300 [- i =
- ._]— =
200 [— ¢ ] l
100 — i _q +
E | | | n | | |
2900 | iys() - 2006 - 2050 .210‘.' 2150 - 200 ;l:zsc; 2300
Mass (MeV)
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r h mode: G parity = +, r * state
Default MC e"e Y r hfor hp'p
BESIII results vs. BABAR results
V Systematically 30% higher
Dominant componentrh @ p*p h
V Adip around 2.18 GeV, hint ?
A resonance @ §1320p

Parameter Solution 1 Solution 2
My (MeV/c?) 2044 + 31+ 4
Ik (MeV) 163 + 69 + 24

346+£17.1+6.0
1.95 +0.97 £0.06

137.1 +£73.3 £ 2.1
435+048 £0.43

Bk, _ (eV)
¢ (rad)

- Dat
N | x¥ndi= 1.53 —+ Data
= f5=2. — Total Fit
S 4gof 5 =21250 GeV .
a i — p(770m
m e
5 - p(1450)
S a,(1320)x
o 200} —
z i a,(1700)n
Lik]
= +
& i
0 Pl B . . H —l____ -
5 :
~ oF Ww.’*iw-'—'w ,,...*.,-.fk‘v.-# -
02 04 06 08 1 12 14 1. 8

o(e*e’—pn) (pb)

M(*) (GeV/c?)

o(e* e—nntn) (nb)

+BESIII

2.6 28 3 32

s (GeV)

34

F PRD108 L:Lfl%ilol (26233)

#BABAR
+BESIII

ale” e—=»nn*n’) (n

[l
) L
%é st T
_é_‘{- 1.8 1.9 2
B by, Vs (GeV)
R Fang
! N DO . o o ]
2 2.5 3 3.5
s (GeV)
—i— BESIII
— Toatl fit
Res
Interfer
. ——tl
) P ST i et S B
22 24 26 28 3 32 34

s (GeV)



Mass (MeV)

Nature of f (2170)

Aym $(39) s hybrid $(45)
5 — T fo980 CC44 02410 1 (2020) Mass 2188 2002 2000 [29] 2498

,/' K “.‘ 'r" 3 “\\ Channel Value  Value Value |29] Channel Value
i ! \ Total 217 133 120 Total 942
E '} ‘.l KK*(1410) 484 45.2 9 KK_;(ITX()) 178
,‘ ; " '. KK* 60 26.9 16 K*K5(1430) 160
"J T ' '-l KK’] 4.36 21.4 064 KK'] 123
| { ; KK, 236 193 26 K*K* 94.9
i i \ ‘w' KK 11.9 10.8 S KK5(143()) 84.6
Vg ! \ 5 ;‘ KK5(1430) 39.8 448 2 KK*(1410) 80.9
' ' / K*K* 22.7 4.40 KK* 67.5
A ; :7(,1') 666 () 363 3 KK, 542
0.0720 0.02 54.8
f ‘\_“_,l’ \-__‘_," b Th
L ¢ "PRDY9 074015 (g{@i ) 200
U / Diquark Anti—diquark :
120
3300 +— L | 7777777 LI l 7777777 !I T T T T T T T
wod = N ] ¢ $(2170) $(2050) ﬁ)
- T H s85s spectrum - —_
3100 ] ] PRDlO y 016018 (KGZ@) Mode Width (MeV) Width (MeV) _8- 100} P D104 054045@@
3000-3 \ . _ """"""" [ k + q) K (1400)K 120 64 —
200 _ e 2 ST [ ( K]( 1270)K 111 c 80f
W oy z i? 21 . _ 6‘
Pamm T « PRD104, 54027 (2@2 1) € «f
27001 ., 2657 2869 A V K+ =
2600 : - i q /’11(1415)f 15 8 L
- W= = qb (P ) P 4 04 N
=00, o ™ - 2446 7 R 5(1430)K 3 0 \
a0 R - “(1410)K 3 37 ‘o 20}
o . K( 1460) K 2 6 ©
/ y
ZEQO]DRD]-OB 016016 (202 ].) (P k ) + iy 0.6 0.4 ok
b - Total 410 277
2100 +—————————— q KR (p) ou .

Experiment 125 4+ 65 2.0 2.1 2.2 2.3 24 2.5 2.6 2.7

tetraquark ? s’listate? f f,(980) molecular state? mixing state ?
24



Nature of f (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 |l

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

16 published paper +1 draft
ete -> K* K. PRD 99, 032001 (2019)
ete ->f K* K- PRD 100, 032009 (2019)
ete -> K+ K-p? p% PRL 124, 112001 (2020)
ete ->f ho : PRD 102, 0120
ete ->wh & wp?: PLB 813, 136059 (2021)
ete ->hop* p: PRD 103, 072007 (2021)
ete ->f h: PRD 104, 032007 (2021)
ete -> KK, : PRD 104, 092014 (2021)
ete ->w p° p®: PRD 105, 032005 (2022)
e'e -> K* K p% JHEP 07, 045 (2022) BEST
ete ->f p* p: PRD 108, 032011 (2023)
ete ->h p* p: PRD 108, L111101 (2023)
ete ->wp*p: JHEP 01, 111 (2023)

e'e ->K S K L po : JHEP O 11 180 (2024)\/[easurement of the Born cross sections for e*e” — wnn” at
. O gntg—of—mags er?rg'ﬁ bZWﬂn ?OO and 3.08 GeV

Lingin Huang®,

ee->whé6: JHEP 07,
e'e ->p* p p% arXiv:2401.14711 PRD
ete ->w h p% draft @ Wenbiao :

¢University of Science and Technology of China

6

+ FLUTO

= KEDR & Crystal Ball
| | PR [ T T | | 1 |
2 3 4 5 6 7
Vs (GeV)

Memo version 2.3

ete->whp°
BESIII Analysis Memo

November 15, 2022

ateng Zhang®, and Wenbiao Yan®, and Yuxiang Zhao®

Anstitute of Modern Physics, CAS
bZhengzhou University




Summary and outlook

Using BESIII R scan data, we are extensively studyiny(2170)

V f(2170) aspure 33S,s'[? 23D, sII?

V f(2170) asl-s'lf hybrid ? molecular state  ? three body systenf KK ?
V f(2170) agetraquark: ? mixing state: ? f f,(980) molecular state ?
Needr * and w* spectrum to understandf (2170).

Belle II: 50 ab! data, studyf (2170) with ISR method.

102; L L] —

Lum (pb'/10 MeV)

— Belle I, 50 ab

— Belle I, 10ab™ | -

—— Belle, 1 ab’ .
e BESIII

lllllllllllllllllll

Ecm (GeV)
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