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New observed high-lying states
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Observation of Y(2175) Observation of X(2370) Observation of X(2600)
Phys. Rev. Lett. 106, 072002 (2011) Phys. Rev. Lett. 100, 102003 (2008) Phys. Rev. Lett. 129, 042001 (2022)

We propose that it is an appropriate
time to establish high-lying mesons



High-lying scalar states

High-lying scalar states 70T o f,(2020)(BW) ¢ 1,(2100)
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This mess situation should be

clarified by further studies
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Phys. Rev. D 105, 072002 (2022)



Our previous work of scalar mesons

Low-lying scalar mesons family
iIncluding new observed a,(1817)

& |sovetor dlsoscalar
: 2115 - £,(2100)

« Qur prior
research focused on
selected low-mass
scalar meson states

X(1812)

: These high-lying _
5 —i 3 3 4 States also have not

Phys. Rev. D 105, 114014 (2022) been established In
our work -




New observed X(2600)

The quantum numbers J¥¢ of the X(2600) could

The X(2600) state be either 0~ or 2. In our previous work, it is
proposed as an n(6S) state
Fur: 3500 > 10 _ n(2973)
= 3000 ol
% 2500 00 # T : X(2500) n(2867)
o E M __ 6f (2225 n(2627)
N e > ! X(2370)
— 1 0 ese, I NED" 4k X(1835)
"UEJ 1220 o . s s, x(2100;((2120)
o 2t 4 n(1760)
1 500 - n(1295)
0 PR PPN EPEPEPENE TP TR O'n
2.3 2.4 2.5 2.6 2.7 2.8 ! ! \ . . . \

1 2 3 4 5 6 7
M, .-(GeV/c?) n
Phys. Rev. D 102, 114034 (2020)

The possibility of the X(2600) being a pseudotensor
meson with /¢ = 27* still needs to be examined

Phys. Rev. Lett. 129, 042001 (2022)



The 1|} famlly

_ N2(1645)  16(JP% =0+ (2-)
The summary table in the PDG

Includes the n,(1645) and 1 (1645) wass S
772 (1870) StateS 12(1645) WIDTH 181 =+ 11 MeV
n2(1870) IG(JPC) =0+(2—+)

The n,(2030) and n,(2250) are

12(1870) MASS 1842 + 8 MeV
listed as further states 72(1870) WIDTH 225 + 14 eV
_ _ _ JrC Mass M Width I
Including the previously discussed Mev) (Mev)
X(2600), there are five isoscalar —t 2267414 20050
pseudotensor states awaiting o—+ (2030) (205)
classification o+ (1860) (250)

Phys. Lett. B 491, 47 (2000)



Mass spectrum



The Regge trajectories

In our previous work, we studied low-
lying scalar mesons and pseudoscalar
mesons using the Regge trajectory

Phys. Rev. D 102, 114034 (2020)
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The Regge trajectory shows that the
masses of hadrons follow a pattern that
can be written as

2 _ 2 2
M — MO ‘I‘ (n - 1)[1
Phys. Rev. D 105, 114014 (2022)
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The Regge trajectories of scalar mesons

Three Regge trajectories of the scalar mesons family: f, states (a) and a,
states (b), while f, states can be categorized into nn states (f,(980)) and ss

states (f,(1370))

- (@)

f,(2660)

f,(2200)

Eo(zaso)
f,(2100)
f0(1 370)
f0(1812)
f,(1500)
Isoscalar|

~ 14(980)

L (b)

a,(1817)

a,(1450)

a,(2610)

30(2375)|

a,(2115)

Isovevtor

« The states are
studied in our work

Not included f,(500)
and f,(1710)

nn. u and d quarks
sS. s quarks
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The Godfrey-Isgur (Gl) model

In the nonrelativistic limit, the To account for relativistic effects, two
effective potential: modifications are introduced, a smearing
2+ p? 4 /m2 + p? + Vo (p 1), function and momentum-dependent3factorsare
p o —o-(r—
Veff(r) — Hconf +thp —|—HSO, f(?‘) — /d?’?”[)(l'—l")f(r!), [)(I’— I") — me 2( 1")2,
3 a(r)
Hconf:{__c+br_|_ S ]F . F ~ 2 \1/2 2\ 1/2
4( ) r _( - Fo) G(r) — (l + EpE ) G(r) (1 + EpE )
— S(r) + G(r), 1 Cornell potential i =2 =2
Vi(r) mymy \ /2t Vi(r) (mymy\ /2t
N a,(r) [8x ; 38,-rS,-r - ;
H"P = — —81:8,8°(r) +— =85, mym; E\E, mymy \ E1E;
mym, | 3 r r
x(F1-Fy), The screening effect replaces the line potential
H = Hsoem) 4 pyso(tp to account for the unquenched effect
r
Jsolem) ( ) ( ) F -F ) _—ur b(l — e~Hr
f1 L br — bl ~e ), H* = (1-e )—4(};'(r)+c
con r
Fsolp) — Lo Si L g 2
2r or % m%
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The mass spectrum of n, family

The parameters involved in the Gl

The mass spectrum of p, w, .
P P ¢ model from our previous work

3.0
75 9512 0D 2.861 65 ag71 P 2.924 Parameter Value Parameter Value
' 65 TR 20 2681 59 a1 2T m, (GeV) 0.22 my (GeV) 0.22
: m, (GeV) 0.424 b (GeV?) 0.229
2or 58 oaz 0 2270) =90 48 2.423 i o0 € Gev) —?-é64 eéosv) g-g;ﬂ
P : oy (Ge . s (Ge .
[ 45 2180 o 2D 2236 4 (GeV) 0.081 ¢ (GeV) -0.30
= 20} 20 2% 5005 ¥ 0 Esov 0.262 € 1.993
= = p(1900) i
3 35 —— 1.862 1 S 1D 1.860 _
PR Y Comparison of the calculated results
| p(1450) _
SRR I P and the experimental data
$(1020) States This work Experimental values
1LOF 15 —— 1.020
o(770) n,(1D) 1650 1645 + 14 + 15 [22]
| 15 ——0.775
p/w “ n,(2D) 2003 2030 + 10 £ 15 [23]
0.5 - n,(3D) 2279 2267 + 14 [24]
' 1n,(4D) 2498
Phys. Rev. D 105, 034011 (2022
y ( ) 1> (1D) 1882 1881 £ 32 440 [25]
75 (2D) 2238
7, (3D) 2520
,(4D) 2764

13




Decay behaviors



The Quark-Pair-Creation model

T = —3?’Z<1m; 1 —m|00) / dpsdp45° (ps + pa)

5 B B
(BC|T|A) = 5 (P + Pe) MMM / 6

Vi (BT )AL 00 b 051 )
y = 7.1 for the scalar mesons, y = 6.57 for the

AP g g, )(Pa)) = V2Ex Y (LaMp,SaMs,|JaM,,) 1y family

Mg, Mg,

< &tz 70 E, o8 < The simple harmonic oscillator (SHO) wave
*lor (P + 1) @(=2=Pa - 7)) function

MIE(P) = 42];(2??1) N (LM, |IM,,) PmR.p) = RL, (R, p)Yim(P),
A MM, .
X (TpM gy d My [T, M g ) MPatistoe Ry (R, p) = (=1)"(— —i)! Rz r(n 2+s,l+) 2(R2 ez p
75|PE|
‘MJL
4 mA ;
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Decay behaviors of f (2330)

— 14 .
100 @) 12 1475 is (d)
_ Total Width 100}
E 300 ma;(1260) 10 o0
s, 80}
= 1800 8 10
Node effect = $ of N 6 a0 (980)2(550)
§ ............... BESWI@Jan2022 40}
= 4 | S
wr~ BESII@Feb.2022 20} 7T(1300) 2
11
- ~.o. 035 50 52 54 56 48 50 52 54 56 ' 45 50 52 54 56 ' 48 50 52 54 55
8 0 TN L R (GeV™) R (GeV™Y) R (GeV) R (GeV™)
; 1
o
= -1t C . .
> onsist with the result
¥ o ; ] Center R value + 0.5 .
o807 -0 of BESIII Collaboration
3t
S R value: :
0.0 05 1.0 15 2.0 2.5 3.0 Major decay Channels

p (GeV)

Phys. Rev. D 72, 094004 (2005)

Phys. Rev. D 55, 4157 (1997)
Phys. Rev. D 101, 054029 (2020)

ma,(1260) nm(1800)
and mr(1300)
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Decay behaviors of other scalar states

300 @] @) (0 o @] (b) o] " (d)
2f KK 15 K*K*(1410)
1475 100 KKi(1270)
= 10 AN <= 300 Total Width K*K1(1400) 8
z | ey poc 10 3 sl KKi(1400) \ T
< 200 80 . 2 \ 7| 10 1'n(1295) 6
= = 7
% 150 60 KK1(1400) . g 200 60
z . 4
2 100 40 l g 40 — 7 5
= Total Width 4 2 100 f(2470) BESIl@Jan.2022
.......................................... KK(1460) 2
% 2 KKy(1270) . 20 e
KK . . \ - K'K , _ n(1285) 1= 'rm( )
Y Y
YT Y R T TR R R I VR T R TR Y 48 50 52 54 56 48 50 52 5456 48 50 s2 54 56 18 50 52 54 56
R (GeVh R (GeVh R (GeV) R (GeV™) R (GeV™) R (Gev™h) R (Gev'h

Consist with PDG data at R = Consist with PDG data at R = 4.7
50to 5.4

500 20

(@) (b)

] / l/) - yn’ 77’ r‘e Sult - wl” fo(2020) BESHI@Jan.2022 .. 150

KK(1460) 15

Phys. Rev. D 105, 072002 (2022) =
£ 300 100
E 10
!/ g f2(2020) BESII@Feb.2022
J/W — ynn' result —  gup A
Phys. Rev. D 106, 072012 (2022) ? NS
. Total Width
fO (2020) reqUIreS further StUdy 0 42 44 476 48 5.0 0 42 44 4?6 48 5.0 0
R (GeV™) R (GeV™)
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The mixing of f, (2020)

. . N
The m|)(|ng Scheme Of fO (2020) VALUE (MeV) EVTS DOCUMENT ID TECN COMMEN:TI
436 +4 16 1 ABLIKIM 2022C  BES3 Jb—m'n = 442 ntn)
( f 0(2020)>) _ ( cos 0 Siﬂ@) ( |55) ) 203 +9 1 2 ABLIKIM 2022AS BES3 J/H(18) = v’
1812 —si 7 . .
fo(1812)) sinf - cos6/\In) ) The partial decay widths of f,(2020) when
The total decay widths of the taking center R value at 4.6 GeV
fO (2020) Channels 6 =15° g =50°
. nn 1.44 12.58
A\ 700 am(1300) 10.51 92.09
am(1800) 1441 126.25
na(1260) 3.01 26.40
- m 5.79 9.56
m’ 5.86 1.21
nn(1295) 23.50 38.79
- nn 12.43 17.41
KK 20.38 22.34
KK,(1400) 17.50 6.74
KK,(1460) 82.75 62.64
=0 Total width 203.92 429.40
w Assuming R = 4.6 GeV~1 and considering 8 =
0 20 40 60 80 15° or 50°, we derive different decay widths as
9 Dxigree) reported by BESIII collaboration
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The predicted scalar mesons

600 30 10

200
N (e) 200 () N (@] f (h) (i) @ 4 (b) " (c) s (d) /
12} 7o1(1300) 3 5(980)ay(1450) m(1475) m(1300)
2 20(980)a(980 P
g 400 150 ta;(1260) 20 0(980)a0(980) 10 n'n(1295) B KK(1460) E Total Width 30 m(1295) ]
= Total Width 1475) > < 10 S
£ a0 15 8} 7Tm,(1880) nn(1475) 2 1265) by (1235)
i 100} 77(1800) pb,(1235) p 4 H 20 A Ks1270)
§ 200 10 7 pi g T '
a 4 KKy(1270) a 5 s 5
100 50 5 2 s 10 m(1300)p
- o —= _ 2 {70 T m(1800)7
— wh
059 57 54 56 58 60 50 52 54 56 58 60 50 52 54 56 ssmao 050 57 57 56 55 60 "Sv 52 57 56 583 60 0 - 0 il I > L 0 =
h - - B - " - - : ‘ - : : - o * - * ° " " * " ° - " * * - " 48 50 52 54 56 e 4.8 5.0 5.2 54 5.6 4.8 5.0 5.2 54 5.6 4.8 5.0 5.2 54 5.6
R (Gev™h R (GeV™h) R (GeV™h R (Gev™) R (GeV™h) R(GeV™ R(GeV™ RGev™) R (Gev™)
fo(2570), decay width is about 200 ay(2375), decay width is about 80
- 350 80 14
600 (e) 14 (@1 u (hy1 14 (i) (e) (f) (g) | (h)
300 12
500 1z 12 . 12 12
z Total Width K'Ko*(1430) nf1(1420) o 250 10 why(1235) m(1300)r7
2 10 10 10 z 10
= 5 sl KK(1410) s An(1475) é 200 3 hy(1170)b4(1235) sl mooars)
B 300 sl KKi(1270) K'Kz'(1430) £ 150 Total Width 6 phy(1170) .
5 P . g
g 200 . |- . . n'n(1295) 2 100 i ] KK|[1\270) P 4
100 2 2 2 50 2 ,,.// g 2
v W 51 289 7 . a4 . 7(1800)n — rfay(1260)
0
950 52 54 56 58 60 50 52 54 56 58 60 U50 52 54 56 58 60 U50 52 54 56 58 60 U50 52 54 56 58 60 S0 52 54 56 58 e Y50 sz sa 56 58 6 Vs0 52 sa 5658 e 050 52 54 56 58
R(Gevh R(Gev'h R(Gev) R (Gev™h) R (GeVY) R(GeV™) R(GeV™) R(Gev™) R(GeV™)

f0(2660), decay width is about a,(2610), decay width is about
300 MeV at center R value 100 MeV at center R value
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The decay behaviors of n, family

(]
o

- (a)
States This work Experimental values State 17, (1D) ;?’2(1 D) § ol {
m(1D) 1650 1645+ 14+15  Decay =l
n,(2D) 2003 2030 4+ 10 + 15 channel  0=0°0=15 0=30°0=0°0=15° 0 =30° & f----m-mm-mmooomoo- T
€ of * CBAR
"Zgig; gi;g 226?% 14 a,(1320)z 1733 161.8 1300 --- 153 572 sPec
& pp 285 266 214 ... 83 310 ®)
i, (1D) 1882 1881 + 32 & 40 w0 77 72 58 -~ 27 100 & e
7, (2D) 2738 ap(980)x 7.0 6.5 5.2 0.8 31 £
n5(3D) 2520 a (1260)z 42 3.9 3.2 2.4 89 b L ]
y(4D) 2764 KK* 26 10.1 207 798 604 397 &l
K*K* - - 295 328 300 s
nf>(1270) - ... 02 18 94 3,0 “
The mixing within the 12 famlly Total width 2233 216.1 1863 109.5 123.5 1893 - S { sec |
Exp 180137 £ 25 221 + 82 4 44 g%r
=-05 |

l72(nD)) ~ [cosf —sind \ni)
(|77'2(nD))) N (sin 6 cos 0 )(m) ) The mixing angles 4 for all n, The branching
meson states are constrained ratio of n,(1870)
tof < 30°
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The 1, mesons

State 1,(2D) 7,(2D) State 72 (3D) 1,(3D)
Decay channel 6=0"° 6=15" 6=30° 0=0° 60=15 6=30° Decay channel =0 =15 6=30° 6=0° =15 6=30°
ma,(1700) 91.7 85.5 68.7 \ 7.1 26.4 a;(1700) 295 27.6 220 o 3.7 13.9
ma>(1320) 517 483 388 \ 6.3 23.6 may(1320) 184 17.1  13.8 o 3.7 13.8
bi1(1235 206 192 154 4.9 184 " 107100 8029109
pb1(1235) : : : \ : A+ ay(980) 61 57 46 - 01 05
The N (2()3()) pp 192 179 144 \ 3.0 101 pb,(1235) 61 57 46 - 31 117
A1 (1170 63 59 48 23 g5 ma(1260) 3835 28 e 0416
and 772(2250) @i (70 ! ow 33 31 25 .- 10 35
ww 6.0 5.6 4.5 \ 1.0 3.6 pp(1450) 25 23 1.9 . 1.9 7.2
are curre ntIy nap(1450) 49 46 37 \ 0.5 1.9 whl((l 17(;) 24 22 18 - 14 51
i ww (1420 1.6 1.5 1.2 - 0.7 2.7
IISted aS 00(980)7( 3.3 3.1 2.5 \ 9 x ].0_4 3 x 10_3 ??f(](lSOO) 1.6 15 1.2 . | % 10_2 4 % 10_2
i nf2(1270) 3.1 3.0 25 2x10% 0.1 29  nf>(1270) 1.3 12 L1 3x102 03 1.6
tentative state 0 22 21 16 \ o 3x102% 0l 23%1450) (1)2 (1)-2 g-g ‘e 102-42 110-42
- l - - . . . .
In the PDG KK*(1410) 1.3 4.8 9.6 440 273 172 kk+(1410) 0.2 1.6 39 135 197 150
KK* 0.4 2.7 6.7 234 24.1 17.7 KK* 0.1 1.1 3.1 16.0 14.1 10.6
. KK3(1430) 0.1 0.4 12 203 265 227
KK 0.2 0.3 0.8 179 180 153 kK3 (1430) 1x1023x102 02 3.5 4.6 4.2
KK;(1430) 0.1 0.3 0.8 357 398 359 KK, (1650) Ix1027x10734x1073 02 1.1 0.8
KK;(1430)  4x 107 6x 107 0.1 7.0 6.0 57 K K*(1410) o o S 189 168 139
KK, . e o 5.5 5.0 4.0
K.K* \ \ \ 8.9 72 64 kK (1460) - . - 40 56 43
ww(1420) \ \ \ \ 0.6 22 (1300)ay(980) - . o . 0.5 1.9
- a;(1260)a; (1260) - -- 0.5 2.0
Total width 211.0 2033 1749 1369 1482 1959
_ Total width 89.9 849 760 1018 1429 177.6
Exp 205 + 10 + 15 [23] \

Exp 290 + 50 [24] . 21




The n,(4D) and X(2600)

State 1,(4D) 1, (4D)
Case fO (1500) X(QGOO) Decay channel 0=0° 0=15° 0=30° 0=0° 0=15° 0=30°
xay(1700) 180 168 135 .- 28 103
Mass (MeV/cz) 1498.0 & 4.5#;'5?2 2617.8 = 2.11%%2 mz(1320) 99 92 74 ... 26 95
_ op(1450) 52 4.8 39 .. 28 104
Width (MeV) 166 £ 101%2 200 = 87_?[7} J:{r{:zn(f%@,{)) 47 44 35 .03 11
pp 4.1 39 3.1 1.8 6.6
b, (1235) 3.9 3.7 29 .. 2.3 8.5
ra, (1260) 24 22 18 - 0.4 1.6
I I I i ww(1420) 2.1 2.0 1.6 1.0 3.8
Calculated decay width is significantly lower wal42) 21200 16 e L0
than X (2 60 O) 7(1300)a0(980) 1.3 12 10 - 0.2 0.8
o 13 12 10 - 0.6 2.1
nfo(1500) 1.1 1.1 08 - 1x1025x1072
nf(1270) 0.8 0.8 06 1x102 02 1.1
This discrepancy rules out the possibility e0a©s0) 03 02 02 o os 13
- g - / KK*(1410) 0.2 0.8 21 62 117 99
of id ent|fy| N g the X(2600) , dS a n- (4‘D) K*K*(1410) 0.2 0.1 03 207 137 116
KK3(1430) 0.1 0.4 14 154 194 160
state K'K3(1430) 0.1 0.6 13 6.1 115 95
K'K* 7x102 03 10 110 156 128
KK* 3x102 07 21 129 116 90
: KK 2x102 02 06 51 106 86
Proved our eal‘llel‘ reSUIt KiK(1460) 2x 102 6x107%2 0.1 6.1 5.7 4.4
. . KK;(1430) 3x107* 4x1072 02 1.9 2.8 2.4
Still need further exploration KK, (1650) N S BRNRTT IS
K, K*(1410) .24 09 12
K, K3(1430) : . - 12 1.3 0.9
a,(1260)a,(1320) - 0.5 1.7
p(1450)b,(1235) - . - . 0.4 1.6

Total width 579 559 52.0 98.5 147.6 171.0 22




1. We conduct a systematic investigation of high-lying scalar
and n, mesons.

2. The mass spectrums are constructed for scalar mesons
and n, states through Regge trajectory and Gl model.

3. Strong decay behaviors are analyzed via the QPC model,
calculating partial widths and branching ratios.

4. The study of high-lying states may be a new task for
experimental study.

THANKS!
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