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Charmonium decays provides an ideal lab for light hadron physics

compact tetraquark

* Clean high statistics data samples

multi—quark states « Well defined initial and final states

e Kinematic constraints
glue—

ball « 1(JPO) filter
* “Gluon-rich” processes

gluonic rg/y -y6) >r(/Y - yH)>T(J/Pp »>yM) >T( /¢ - yF)

excitations Y 0.
c c '\N\Hﬁr
JAp JA _
hybrid c e

I(Jhy = yG) ~ O(aa?) I(Jly = yH) ~ O(aay)

hadro—
quarkonium

f
I
I
I
[

hadronic

molecule Phys.Rept. 873 (2020) 1

| _ ‘w M _ '\NYN\‘\‘J'
“ =G
What's the role of gluonic excitation and Dm@lw c

how does it connect to the confinement? C(Jhy = yM) ~ O(aa?) [(Jly = yF) ~ O(aa)
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World’s Largest T-charm Data Sets in e e~ Annihilation

(2019) (2021) 2.9fb !
Beijing Electron Positron Collider (BEPCII) 1 x 1010 35100 20! 05f! 32fb1 105M1 10
5 Events 2022
. beam energy: 1.0 — 2.3(2. 45) GeV \" ‘i‘ f,% o S \ | Ilzve]nts\ (T |! )] . / / | /
‘/f{é’ %‘ 3‘ — s E "“:A‘f < ’; (‘\f‘/ ' 3 ': 6 : Jl/w A Mark-T L/)(2Z")
Mark-I + LGW
s | =
R p :_ * LL\:“] Ball

7 o KEDR
(‘./l

- 1989-2004 (BEPC):

R Lpeax=1.0x10%1 /cm?s ’ ; :15
. ° 2004: started BEPCIl upgrade, _ '
BESIII N BESII construction 130 points 5.6fb~* at 10 points
' detector B © 2008: test run 2.0GeV < /5 < 4.6GeV 4.6GeV < /5 < 5.0 GeV
St A > . 2009-now (BEPCII): >> 1 x 10° had. Events each - -
Lpeax= 1.0 x1033/cm?(4/5/2016)
2020: energy upgrade to 2.45
GeV & top-up mode
2022/8/11 TEYEFLSERYVESISFR, K& 3



LQCD prediction of glueball spectrum

Glueballs mass spectrum qf glugballs 5
12 + 1
 States composed of only gluons o Z: 22_ )
- Low-lying glueballs with ordinary J¥“ < mixing with q@ meson g | * . ¥ - -
© T — 3 3
* LQCD predictions % 6 2+ e O 29
> 0%+ glueball 4 | 07— | °
e lightest mass: 1.5~1.7 GeV/c? 2| PRD 73 (2006) 014516 1
* BU/Y = vGo++) = 3.8(9)x107° -
» 2*+ glueball P.L.B 826, 136906 (2022)
© 0.35
« lightest mass : 2.3~2.4 GeV/c? g;’;j e

d
o
N

J
e
€ -
- O

* BU/Y - vG,++) =1.1(2)(1)x1072

I
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Glueballs

» Production properties :

B(J/vy — v f3(1500)) ~ 0.29 x 1072,
B(J/vy — vf5(1710)) ~ 2.2 x 1072,

* BJ/Y - vfy(1710)) is compatible with LQCD predictions

for a scalar glueball
* Observed B(J/yY = yf,(1710)) is x10 larger than f;(1500)

» f5(1710) largely overlapped with scalar glueball

» Decay properties : G — 11’ decay is expected to be suppressed

« SU(3)¢ symmetry for a pure glueball

I'G - mmKK:qm:qn':n'm’) = 3:4:1:0:1

J/Y = vfo(1500) J/Y = vfo(1710)
vKK
—+oH o
ynm
o —to—|
ynm
—e—i —e—i

Natl. Sci. Rev. 8, no.11, nwab198 (2021)
11 | | | l 1 | | 1 | | 1 L1 11 I

* B(G - 1')/B(G — mn) < 0.04, predicted by Ref. [1]

J/Y¥ — ynn' provides important information

2022/8/11 TEYEFSSEYESSE
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Branchling fractions (160‘5)

[1]PR.D 92 12,121902 (2015)



Hybrids

* Formed by quarks, anti-quarks, and excitated gluon field

* Low-lying hybrids can have exotic quantum numbers

0*~,17%, 2%, which is forbidden by qq configuration

» LQCD predicts the mass of lightest exotic JF¢
of hybrids is 1.7~2.1 GeV/c?

2022/8/11

= 1~ 7 nonet

FEYIEFSERYIESSE

b

o

Lattice QCD Predictions:
exotics
s
2.5Gev -'- H N
| “— SS
e U
2.0GeV |
» - m
| O+ 1+ 2+
" PRD 83 111502 (2011)




Hybrids(1~ )

Only isovector 1~ " candidates observed : 111 (1400), w;(1600),1{(2015)

- decay channel Collaboration - decay channel Collaboration

mypis mp[ 28] GAMS T Be > n'n TI.'OB€[34-] VES
" p - m'nn[27] KEK o e 852
- 29] E852 n WP
nm TP >l Xc1 = Nt [36] CLEO-c
14 " p - 1'nn[30] E852 2

m(1400) pn—mw mn[31] CBAR " Be —» wn~Be[34] VES
70 = T B2 CBAR L0 b pp — wrtn m°[37] CBAR

T T p - o n’p[38 E582

pTt pp - 2t 2m[33] Obelix ! P P[38]
om mPb - tn nX[39] COMPASS
fm T p - on n’p[38] T p > i p[40] E582

m,(2015) E582 - o - 41 E582 Galy X -
by Tp - pnutnon[41] fyme 11:-;2\9 - TI]jTTr]lTnItnFA[[él-Z]] VES l (] )— ), (1 )
> K" K S=+1

* Isoscalar 1~ * is critical to establish the hybrid nonet

. . . 10"“)=1"(1"%) o
Can be produced in the gluon-rich J /1y radiative decays =0*(1"")

Can decays to nn’ in P-wave [2113114]

»Search for Isoscalar 1~ * inJ/Y - ynm' O TR

[2] PRD 83,014021 (2011)
2022/8/11 FEYIEFSESRYIENSES, K& [3] PRD 83,014006 (2011) 7
[4] Eur.Phys.J.Plus 135, 945(2020)



Observation of An Exotic Isoscalar State 1,(1855) (1~ ") inJ/P - ynn'

« Then'is reconstructed from yn*n~ & nu*n~, n from yy

* Partial wave analysis of ] /Y — ynn/

Quasi two-body decay amplitudes in the sequential
decay processes |/ —» yX,X - ' and /Y —
nX,X = yn' and J/Y = n’'X, X — yn are constructed
using the covariant tensor formalism/°!

« All kinematically allowed known resonances with 0%,
2+ 4% (1) and 177, 17~ (yn") are considered

17* in ' is also considered (n/n’ not identical
particle)

v An isoscalar resonance with exotic JP¢ = 1=+

10 billion J /3
arXiv:2202.00621
arXiv:2202.00623

Decay mode

Resonance M (MeV/c?) T'(MeV) BF. (x107°) Sig.

J/p =X =y’

fo(1500) 1506 112 1.8140.111913 >300
f0(1810) 1795 95 0.114+0.0170:03 11.10
f0(2020) 20104614 203+97}3 2.2840.12103° 24.60
f0(2330) 23124717 654+1073, 0.10£0.02100; 13.20
m (1855) 18554+91% 188+18*3 0.27+0.047003 21.40

2(1565 1542 122 0.3240.057032 8.70
f( 0.02

£2(2010) 2062+671° 165+£1711° 0.71£0.061520 13.40

£1(2050) 2018 237 0.06+£0.01759% 4.60

0** PHSP - - 1.44+0.15753% 15.70

J/p = n'X = ynn' | hi(1415 1416 90 0.0840.0110 05 10.20
0.0

h1(1595) 1584 384  0.1640.027003 9.90

significance of all other additional resonances are less than 3 o

> consistent with LQCD calculation for the 1~ * hybrid (1.7~2.1 GeV/c?)

2022/8/11 hEYIEZSSEE

MENTFR, KiE

[5] Eur. Phys. ]. A 16, 537 (2003)



Events/(10MeV/c?)

Observation of An Exotic Isoscalar State n,(1855) (1~ ") in /¢ - ynn’

vents/0.0

M(Mn')>2.0 GeV/c?

oS
o
o

Events/0.05

200F%;

x*dof = 1.36

" (0)

,,,,,,,

;.

}

e

24 13
NN

v A clear asymmetry largely due to 1, (1855) 51gnal

400_.....,....,.....__ — ] T T T T
[ 4 @Yy, = 157 1 (b) x¥m,, = 1.52 14~ 400
300F & ~+-Data % 400 B
o 13 13 s00f
1 2z 1= 300 1= %%
200F | 1 :1‘* 18 1&
[ . PWA fit projection (excluden) B 200 _: \\t;; 200-
L . —PWA fit projection (baseline flt) E o E [
100 i 0>> ] a>> C
! 1.4 100 10 100
0 15 2 2.5 - 3 0 15 > 0
M(m')(GeV/c?) M(m)(GeV/c?)
: M(n")<1.7 GeV/c? 1.7 GeV/c? <M(nn’)<2.0 GeV//c?
150l X*/dof =~ 1.63 @ 3 X*/dof = 0.96 ' ]
o | A foos i 9 200:
S 100Ent 7l S
5 f 115
i 50f S ‘1':‘(“‘(1355)) 7 it
r £ FI-:WA fit projection (exclude 1) 7]
— PWA fit projection (baseline fit) :
03 05 0 05 1
cosh,
2022/8/11
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— + -
Further Checks on the 1~ ™ State n1(1855) e [
[}
2
Angular distribution as a function of M(nn’) can be expressed model- = f
independently in terms of Legendre polynomial moments g 50l
S Data — Sideband 2 |
. . + ata — Sideban o
(YOO) = Z WinO (COSQ,%) —— PWA fit projection (baseline fit) = o= s o E %
=1 . nunum= Alternative fit without n ' M(‘r‘m’)(GeV/cz)
* Neglecting resonance contributions in the yn and yn' subsystems, the — s
moments are related to the spin-0(S), spin-1(P), spin-2(D) amplitudes| £ *| >
innm’ by: S | =
— S
Van(YP) = S2 + P? + D? = 2] :
\/47T(Y10> = 25Pcos¢p + 4PDcos(¢pp — ¢p) é o: E,
L= -3
(YY) = 0 without P-wave contribution z | | | | | = | | | |
1.5 2 25 3 1.5 2 2.5 3
Var(v?) = 2 P2 + 252 4 25Dcose, Mifm)iGedic)

V5 7

—
o
T —

Weight sum/(10 MeV/c?)
o
Weight sum/(10 MeV/c?)

e Narrow structure in <Y10>

h1 5 2 2.5 3
M(m)(GeV/c?)

» Cannot be described by resonances in yn(n')

* 1,(1855) - nn’ needed
2022/8/11 FEYEFSSRIENSES, KiE 10




Further Checks on the 1~ State n{(1855)

Change J*¢ of n,(1855): log-likelihood 1235
> JPC prefer 1~ *

significance of n1(1855) with various masses and widths

* Remove BW phase motion of n; (1855): log-likelihood 143 . | | | | |
» Resonance structure needed e s ey gy by sl ¥
50 T- - i i) S Y

. 100f

Assuming 1, (1855) as additional resonance, evaluate its E | :
significance with various masses and widths SIPTY S B\ W\ V. S 1

> Significant 1~ * contribution around 1.8 GeV/c?* needed

AS

®I =50 MeV :
I =100 MeV !
I = 156 MeV——t-

® =200 MeV |

B i I = 250 MeV
. SYStleglsastlc uncertallntles arhe stli%led, anﬁl significance of — 5 718 > 55 34 56
remains larger than 190¢ in all cases
N1 (1855) 8 M(n)(GeV/c?)
2022/8/11 TEYVEFSERYVIENSSES, KNiE 11



40— 77—
(a) x*¥/dof = 1.57

Discussions about f,(1500) & f;,(1710)

N
O .
S 300F A .
o [f4 p o
2
 Significant f,(1500) T 200 ot L
§2) «++« PWA fit projection (exclude n)
c ~ PWA fit projection (baseline fit)
B(f,(1500) -» nn’) 1205 . 2 100f
= (8.961335)%10 i
B(f,(1500) — mm)
consistent with PDG 0
1.5 2 2.5 3
Mmm')(GeV/c?)
* Absence of f;(1710)
Decay mode Resonance M (MeV/c?) T'(MeV) Mppg (MeV/c?) I'ppg (MeV) B.E (x107%) Sig.
g - '3 '3 a2 Q : +0.19 7
B(f0(1710) N _rm,) .;.0(1.,,00) 13(7)(3 11_2 139(_» 171-. 1.3&0.11{,_,3 30
< 1.61)(10_3 @90% C. L. fo(1810) 1795 95 1795 95 0.11£0.01700% 1l.10
B(f,(1710) — mm) fo(2020) 20104676  203+£9+13 1992 442 2284012192 24.60
J/b = yX = ym' | £o(2330) 231247%7  65+1013, 2314 144 0.104£0.0210-93 13.20
m(1855)  1855+9%% 18841873 - - 0.2740.0413:22 21.40
> Supports to the hypothesis that f,(1710) overlaps plseyy e Be 122 ”-33f”~”5f3i§§ 870
. (2 o) )7 )+~(J )- +_,U o) M"Y j )+U. ( 340
Wlth the ground state Scalar (O++) glueball f2(2010) 2062+6T." 1651775 2011 202 0.71£0.0675 06 13.4
] , f4(2050) 2018 237 2018 237 0.06+£0.011003  4.60
 Scalar glueball expected to be suppressed in nn: b AR _ _ L4015 157,
B(G - T]T]’)/B(G - T[T[) < 0.04 J/ = ' X = v’ | ha(1415) 1416 90 1416 90 0.08+0.0110-93 10.20
h1(1595) 1584 384 1584 384 0.16£0.027003 9.9
2022/8/11 TEVEFSSRIEI TR, K& 12




Partial Wave Analysis of J/¥ — yn'n’

« Observation of the f;(2480), f,(2020), f;(2330)
and f,(2340) decays tonn’

> A new 01 state f((2480)

 After considering the phase-space factor :
['(fy(2020) -» 1’
(0(2020) > 1) _ 0148
I'(fo(2020) - n'n’)

» Indicates that f;(2020) is a flavor singlet!®!
« B(J/W - v£,(2340)) ~ 3.0x10~*

(LQCD : B(J /Y — yG,++) = 1.1(2)(1)x1072)
» Need more measurment

2022/8/11

HEYEEES

10 billion J /Y
PRD 105,072002 (2022)

Resonance M(MeV/c?) '(MeV) B.F. Significance (&)
|.f«>l2020) 1982 + 3734 436 + 479 (2.63 £+ 0.067931) x 104 25 |
f0(2330) 7] 7.5 S s 134 + 5120 (6.09 +0.64°}%) x 106 16.3
[ 70(2480) 2470 + 43¢ 75 + 971! (8.18 + 1.777373) x 1077 52 |
hy(1415) 1384 + 67, 66 = 107~ (4.69 + 0.807974) x 1077 5.3
[ 72(2340) 2346 + 872 332 + 14738 (8.67 +0.70772)) x 10 161 |
0" PHSP - e (1.17£0.23300) x 10 15.7

Combined Fit Result of J/y—yn'n’

Combined Fit Result of J/y—yn"™'

e £INbins =1.52 (" ZINbins =152
1200~ o :‘?’::I Fit n
- o — 10_phsp a1
1000 |- ) 10_2020 I +1
e F 2 [ e
8 soof- e v 4 1N
N glop [ —ame Bl
iF HE
¢ a00f— N 20 J.—r_‘_ ?rr
- a - I
zooE : 110 rr -;-'_‘IHF"J B .
2 ‘?. e + T (o .. : R4 + N *+ _ ++
N 20 111 Tl e, ® . ’. | = ° 2 | . | e
2 of g T st 5 o W S
.‘: 5 2 22 24 20 28 3 1.8 2 22 24 20 28 3
M, [ GeVic? ] M, [ GeVic* )

[5] Phys. Lett. B 826, 136906 (2022)

EVENSER, K&
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A New State X(2600) ObservedinJ/y » yn'n 1/

PRL 129, 042001 (2022)

: :
* X(1835) was first observed and confirmed in N o % , .
> 20- , >
b o— : PC _ ~—+ 8 |X(2120) | |X(2600)| 3
]/l/) — YU T 1) [6][7], with J7 5 =0 [8], and an - 15@\@ S
anomalous line shape at pp threshold!°! § 1o §
5_
. 1?5 é 2?5 f;

M. (GeVic?)

« X(2120),X(2370) also observed in /Y — yn* ' n'l"]

1 iy 0
S | 120 3 }
S 18f 100 & 18F
T 16} 80 3 gl
« With the 10 billon J /3 events, a new state X(2600) in |® o
B 40 A
M(n'nttm7) is observed, which is correlated to a 12} 20 qaf
2 . b — 2?2 2?4 2?6 2?8 , 0 2?2 2?4 2:6 2?8 ¥ 0
structure @1.5 GeV/c* in M(mt" ™) Mg (GeVic)) M (Calic)
reconstruct ' from yn T~ (left) & n(— yy)ntn~ (right)
6] PRL 95, 262001 (2005) [9] PRL 117, 042002 (2016)
2022/8/11 P S I 24 4] PRLADG, 072002 C2011) 14

[8] PRL 115, 091803 (2015)



A New State X(2600) ObservedinJ/y » yn'n 1/

* To study X(2600) parameters, a simultaneous fit to

n'ntn” and ntnt” is performed Lasoo
. _ ) ) 2 3000
* The structure in M(mt" ™) well described with the i
interference between f;(1500) and X(1540) gzooo
= 1500
2 1000
w .
@>200  Mass (MeV/c?) Width (MeV) )
o o X(2600)
fo(1500) 1492.5 + 3.6124. 107 + 912 JPC = 0 *or2-*
X(1540) 1540.2 4+ 7.07353 157+ 1911} Saook ()
3500 x
X(2600) 2618.3+2.0115°% 19545720 % 650
gizsoo e E
~2000f4. ‘ E
: :  1500F o 3
Case fo(1500) X (1540) $ tooof Ll N,
Events 24585 + 1689 21203 + 1456 ] I W N

BF (x107%) 3.09 4 0.21*} 1% 2,69 +0.19*9-3

2022/8/11

FEYIEFSERYIESSE

s i 1% IR 7O
M...(GeVic?) M...(GeVic?)

reconstruct ' from yn T~ (left) & n(— yy)ntn~ (right)

b
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Observation of X(1835), X(2120) and X(2370) in J /Y EM Dalitz Decays

J/W - eferntny’

* Confirmation of X(1835),X(2120),X(2370) previously observed in J/{y — yntnt™n’

Events/(22.5 MeV/c?)

- I —l— Data ! - ! —4— Data !
:Tl'—>Y7t+7f' mode ==== X(1835)+X(1870) i L ’'—n tnmode  ==== X(1835)+X(1870)
B f,(1510) A s f,(1510)
. - X(2120) - 9 - ——— X(2120) -—
200 - X(2370) _ ; 100 X(2370)
B -=== X(2600) q, ==== X(2600)
150 :_ (a) 15 10:'-:-.- ;(;::‘N:t{c:ﬁtltﬁground _" 2 (b) 15 1a--- ;/:.jn:);‘c:f]f‘:)u;iground )
] B =weiees Other unknown background Q. srecmies (Other unknown background J
: 2
100~ <
[~ =
B o
L -
- —
S0
0 ﬂ‘:---- """" eI NS : ~ g
B4 LG 892N ZE .34 2% ZB
M. . (GeV/c?)
2022/8/11 TEYEFLSERYVESISFR, K&

10 billion J /3
PRL 129 (2022) 2,022002
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Observation of X(1835), X(2120) and X(2370) in J /Y EM Dalitz Decays

J/U = eternt Ty’

« Measurement of the Transition Form Factor of ]/ —» e*e~X(1835)
» Gives additional information of the internal structure of X(1835)

dr (J/ — X(1835)ete™)
dg?T'(J /vy — X (1835)7)

=|F (¢*)|° x [QED ()] ‘

A =1.75%0.29 £0.05 GeV/c?

,..11.11...1,.u...g¢1..§
0.2 04 06 08 1.0 1.2

M. (GeV/c?)

2022/8/11 TEYEFSSHEYESISES, KiE 17



Search for X(2370) in J /¥ —» ynmn’

Events/(0.01 GeV/c?)

Events/(0.01 GeV/c?)

1.3 billion J /Y

PhYS Rev. D 103,012009(2021) X(2370) is previously observed in J/{ — yn*n ' [10
10 :.'J/\:t—rm'nn'.ln'ﬁ v-";r o R _ . J/\:J—wnnn 'n—; I n'n ) I ‘ and ]/‘“|J - YKKTI, [11]’ and pOSSibly a pseudoscalar glueball
f—Data () ] & ef~Da @ i candidate
- — Fit result 1 S [ — Fit result ]
8T g x(2370) 1 3 - 8 X(2370)
[ ---n' sideband ] 3| ---n' sideband 7
6 - - Chebychev g - . - Chebychev
F = g . . :
ik | ’ ’ | g2 No evident signal of X(2370) in J/{y = ynnn/’
- i 1
il: T “F _ B(J/P = yX(2370) = ynnn’) < 9.2x107° (@ 90% C.L.)
. 22 2.3 2. 25 2?6 27 : 2.l2 23 24 25 26 2.7 . . . . . .
?Gev,c) M, (Gevic) » No contradiction with prediction of the branching
S — ratio for pseudoscalar glueball [12]
F Jiy—yn'n'— ya'n & . E J/y—ynm'n'= 1'rm =
25F « Data (e) 1 © "F—-npaa () E
F — Fit result + ] >  12F—Fitresut 3
opmy 1 & ofmriEs _:
---1' sideban R F - - - 7' sideban - .
S b Observation of . = nmn’
@ BF
'g, af B(J/¥ —» yne. = ynnn’) = 4.86 + 0.62(stat.) + 0.45(sys.)
1] ok
%7 275 2285 29 295 3305 3.1 %7 75 28 2.85 29 2.95 3305 31
My (GeVic?) M, . (GeV/c?)
reconstruct )’ from yn*n~ (left) & n(— yy)n*n~ (right) [10] PRL 106, 072002 (2011)

[11] Eur. Phys.J.C 80,746 (2020)
[12] PRD 87, 054036 (2013)

2022/8/11 TEYEFSSHEYEISES, KiE 18



Summary

e J/Y - ynn’ ¢~ * Other partners in hybrid nonet:
« Observation of exotic isoscalar 1~ * n,(1855) m1(bym, fim, ...) and Ky (K, (1270)m, ...)
» Hybrid? Molecule? Tetraquark? ... needs further study < * Production & decay of n; (1855)
* Support f7(1710) overlap with scalar glueball * Jp@H - VX, ..
. ]/l/) N Vﬂ"?' \_ * X - am KK, fin, ...

* £,(2020), £,(2330), f,(2340) and a new state f;(2480) observed
* f0(2020) observed to be a flavor singlet

New X(2600) observed in J /Y — yn*n~n' in addition to X(1835), X(2120), X(2370)

Confirmation of X(1835),X(2120),X(2370) inJ /Y - e*e "n*n™n’ and measurement of
Transition form factor of J /Y — eTe~X(1835)

Upper limit for X(2370) in J/Y — ynpnn’ and observation of . — nnn’

» With the world’s largest charmonium data sets, BESIII provides great opportunities to map out
light meson spectroscopy and study QCD exotics.

b

2022/8/11 TEYEFSSEYESSE KiE 19
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Thank you for your attention!
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Backup slide
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Amplitude analysis of J /Y — Yy KK

Events / 15 MeVic®

Events / 15 MeV/c®

MD analysis is well consist with M| analysis

5000

4500

g + MI solution 1
200 + MI solution 2
2500 - MD

2000

1500

1000

500

°3 15 2 25 3

Mass(K.K,) [GeV/c?]

Mass-dependent (MD)
Mass-independent(Ml)

Mass(K K

o) [Gevic)

2022/8/11

1.3 billion J /y

Phys. Rev. D 98, 072003(2018)

Resonance| M (MeV/c®) | Mppa (MeV/c®)[I' (MeV/c?)|Ippc (MeV/e?)| Branching fraction |Significance
K*(892) 896 895.814+0.19 48 474406  [(6.2870:1510-33)x10~° 350
K1(1270) 1272 127247 90 90420 (8T M PV T L 160
fo(1370) | 1350+9F3% [ 1200 to 1500 [ 231421735 | 200 to 500 |(1.0739957039)x107°| 250
fo(1500) 1505 150446 109 109+7 (1.5930:1670.36)x10~°| 234
fo(1710) | 1765+2%] 172318 1464371 13948 (2.0013:0340-30)x107¢|  >350
fo(1790) | 1870713 . 146+1477, L WS G B g P [ 240
f0(2200) | 21844513 2189+13 3644973 238450 (@720 027 )x107*| >350
f0(2330) | 2411+£10+7 = 349+181% z (4.957021 T0%5)x107°%| 350
£2(1270) 1275 1275.540.8 185 IBg7ias [@ssid ity ® 330
£5(1525) 151641 152545 754141 7352 (7. 99+8 it x107%| 350
£2(2340) | 2233434715, 2345130 507437145 a0 (5.5470:301343)x107%| 260
07" PHSP : = z s (1. 85t8 05+0.68y.10-5| 260
2t PHSP . . 5 E (5.731301570)x10°%| 130
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Further Checks on the 1~ State 1, (1855)

Angular distribution in different M(nm’) region

Efficiency/0.05

Events/0.05

o

o

a
T

2022/8/11

M(n)<1.7 GeV/c?

150l X*/dof = 1.63

|
1009 g ;
* h * Data
0%
S0~ — 1" (n1855)
e l!>WA fit projection (exclude n

0. A o

X
— PWA fit projection (baseline fit) 1

(@) 1

-1 -0.5 0 0.5
COSG,1

' +Efficiency (Mqm'<1.7GeV)
+
s .””’00’.’0

thhatiaey o
1] 0’. .’0’. 4t

’ .000

1 05 0 0.5 1

cosf(n)

Events/0.05

1.7 GeV/c?<M(Mn’)<2.0 GeV/c?
[ x2/dof = 0.96 '

0.1 +Efficiency (1.7GeV<M'<2.0GeV)

gg %%,

S

2

@ 0.05}

O s

3=

m -

0 05 0 05
cos6(n)

Efficiency/0.05

M(mn)>2.0 GeV/c?

[x¥/dof = 1.36

" (©

03 05 0 0.5 1
cos(-),]
0.1 E +Efficiency (2.0GeV<Mmy)
0.05|-
0 05 0 05 1
coso(n)

v" A clear asymmetry largely due to n,(1870) signal
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A InL

A InL

Further Checks on the 1~ * State n,(1855)

Scan of additional states with different J°¢, masses and widths
» No significant contributions from additional resonances

O—r —- —
B \ E I =50 MeV \
! .l".l [ #r=100 MeV '.4 ! :r-100':eV f4(4++) “:
4k = 125 : I = 150 MeV. [ or =150 MeV :
15t 4F ¥ or-toomey . 19 er-200Mev g 151 ar-200mev 4o
: _6f . O EYET I e vl B R R T
-20 I ; 18 _ —-A——_————igg'——_—-r-zsoﬁiev—_- 20 f— 5 SRS ORI SNP™ WP SUSEP: SRR o O By
16 18 2 22 24 26 X 16 18 2 22 24 25 , '
M@m)(GeV/c?) M(m)(GeV/c?)
OF Or 0 :
2f : 2k
4 A - + S s 4"
sf e YWY R S
-8§—§ E s, e a _ , ‘ i LU ol . -8f
: =50 MeV () 1 101 or-somev « : |
A0 ar - 100Ky p‘{ /¢(177) [ orofoobey U 4o 10}
S e i i ait e T el - B R e - s
-14 | or =250 Mev : i [ o1 =250 MeV , - -14F #T = 100 MeV:
® [ H : = =150 MeV:
i 50 | 20f——— - - —-16f _ersopuey
o4 s ey e ey R S s BT - #r =250 MeV
i, 1| RV P P S W wr—— " O ] I P! SO PRI SO Ty & | P ] | B AN | A I D P R I AP A
12 14 16 18 2 22 24 12 14 16 18 2 22 24 0.8 1 12 14 16 18 2 0.8 1 12 14 16 18 2
M(yn)(GeV/c?) M(yn)(GeV/c?) M(yn)(GeV/c?) M(ym)(GeV/c?)
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Significance of additional resonances

Decay mode

Resonance

JTC AlnL Adof Sig.

J/Y =X = ymn’

2022/8/11

f2(1525) 277
f2(1810) 2**
fo(1710) ott
f2(1910) 2**
f2(1950) 2F*
fo(2100) 0**
f2(2150) 2**
fo(2200) O0F*
f2(2220) 2**
f2(2300) 2*°
f4(2300) 4t
fo(2330) 0F T
f2(2340) 2**F
fo(2102)[61] 0*T
f2(2240)[61] 21+
f2(2293)[61] 2*F
f4(2283)[61] 41+

6.3
2.7
34
39
2.6
1.1
2:3
0.4
8.6
12
2.3
1D
6.3
0.1
29
4.1
0.9

6

AN AN AADD AN A

Decay mode Resonance J ¢ Alnl Adof Sig.
19 p(1450) 17~ 34 2 2lo
070 p(1700) 1=~ 08 2 070
3 o p(1900) 17~ 00 2 0o
: J/Yp—>nX —->ynm’| w(1420) 17~ 53 2 280
l.1lo w(1650) 1°~ 26 2 170
0.60 $(1680) 17~ 43 2 250
1.1 $(2170) 17~ 04 2 04do
0.50 hi1(1415) 17— 13 4 050
0.40 h1(1595) 1t~ 81 4 290
2.60 p(1450) 1=~ 13 2 llo
220 p(1700) 17~ 3.1 2 200
050 J/Y—=->nX = m’ | p(1900) 17~ 6.1 2 3.00
120 w(1420) 177 25 2 170
195 w(1650) 17~ 08 2 0.7c
il $(1680) 17— 21 2 150
070 $(2170) 17~ 01 2 O.lo
1.20
0.10
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