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® ¢* ¢ —» @ n: isospin one, contributed by p* state
® Resonance parameters by p(1450) + p(1700) + Y(2040) fitting

v Mass 2034 + 13 + 9 MeV and width 234 £ 30 £ 25 MeV

v Br*l, = (34 £ 11 £ 16) eV

v dominant uncertainty by other resonances and interference
® p(2000) or p(2150) ? contribution by p(1900) ?
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® BESIII: formular in published results M
® Dianyong: theory formular S
® Joint effort by experiment and theorist ?
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PRD 103 072007

e
® predominantly from pn’, non-p
contribution less than 10%
® pn’: G parity = +, p* state
® BaBar @ PRD 76 092005
v mass 1990 + 80 MeV
v width 310 £ 140 MeV
® p(2000) or p(2150) ?

o
+

o't (nb)

') (GeVic')

® ' £,(980) signal
® G parity = -, o* state ?
® BaBar result @ PRD 101 012011
¥ Mass: 2265 & 20 MeV; width 75 +125 27 MeV
v Only 2.6 0
¥ @(2205) or ©(2290) ?

" p2170)

® ¢n’ modes: iso-scalar

v ¢* and ©* (OZI suppressed) \

¥ useful to measure 55 parameters To 122+5.1
® @ PR D96 054033 I
® ¢n’: free of $(1680) contribution n
® §(2170) width (149.0 1 15.6 + 8.9) MeV

¥ Larger than ¢(2170) PDG value

HIRSSHEERAESR,
MELLA G — TR

® G parity =+, p* state
® p(770)+p(1450)+p(1700)+Y(2000)
T ® Y(2000) @ PRD 97 052007
N ¥ mass 2010 £ 40 MeV
¥ width 420 £ 90 MeV
¥ MC generator: ¢ ¢ —p 1 @ 12000) ar p(2150) ?
v Without ¢ e — a,(1320) &
v reliable MC generator ?
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® n'mor ot x p signal
® p°n%: G parity = -, OZI rule, ©* state
® no published results on p'x’
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ete — f,(1285) n*
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® mn: £,(1285) or (1295) ?
® Remaining t°7 : concentrated in p(770) region
® ¢ e > 1,(1285) p(770) -> f,(1285) '
® p(2150) @ PRD 76 092005
v mass 2150 £ 40 + 50 MeV
v width 350 £ 40 £ 50 MeV

Possible partner of ¢(2170)
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" PRDSG 012008 |

V' mig < 106 GeV, assume as £,(980)
® $(2170) -> § £,(980), ¢ £,(980) @ 2.4 GeV,
similar mode, partner of $(2170) ? ; )

p* and @* @ [2.0, 3.0] GeV

BCHR (P ERERARKE)

® How to study JFC = 1~ vector states ?

® Status of JPC =1-3S, & 3D, p*

® Status of JP¢ =1-3§, & 3D, o*

® Possible p*, ®* and ¢* with mass > 2.4 GeV

® What do we want ?
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p(1450) 1 p(1700) BYEII

Nuclear Physics B58 (1973) 31-44
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(o) 6-12 GeV {c) 12-18 GeV
40 | prm 20 |- prtr ]
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[ 4]
=
g 20 - 10 -1
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L% “(b) 47 (no p°) (d) 47 (no p°)
20 'l 10 —
1.0 2.0 3.0 4.0 .O 20 3.0 4.0
M(47) (GeV)
Fig. 7. yp = n o ot a~p. Four-pion invariant mass distributions with A™* excluded.
Photon energy (GeV) 6—12 12—-18
Mass (MeV) 1622 + 20 1624 + 50
Width (MeV) 265 + 90 433 + 100
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PDG 1976

Data Card Listings

For notation, see key at front of Listings.

p'(1600)
-4
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The p' was first seen in

, 8 + -
¥ (real or virtual) + g'% = plr'w

+ - .
with the T 7 pair apparently in an S wave

(BINGHAM 72, DAVIER 73, SCHACHT 74, ALEXANDER 75).

PDG 1988
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PHYS. REV. D 108, L111101 (2023)
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FIG. 4. Cross sections of e"e™ — pn. Solid squares with error
bars are BESIII data.

B - TR, _ are determined to be (2044 + 31 £+ 4) MeV/c?,
(163 69 +24) MeV, and (34.6+17.1+6.0) or
(137.1 £73.3 £2.1) eV, respectively. The observed struc-
ture agrees with the properties of the p(2000) resonance
observed in ete~™ — wa’ [49], which indicates the first
observation of the decay p(2000) — a,(1320)z. To further
understand the dip structure around 2180 MeV /¢? observed
in the e"e” — pn cross section line shape, it will be
necessary to acquire more energy points in order to improve
the precision of the cross section measurements in the future.
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Parameter Solution 1 Solution 2
Mgz (MeV/c?) 21850+ 6

IR (MeV)

BrIR, _(eV)
¢d(rad)

-0.12 —

0.1870% +0.05
4527901 £ 010 4

250 el
gattaegn
H6" i = 0,02

—0.05 —

For N resonances, solutions with equally good quality:

N-1

N-1
1+ ,

1

)+

o

N-1
N-1

) — 2N—1

@rard ® pris

The multi-solution problem in
experimental fitting

Dian-Yong Chen
Southeast University

o Bal and Dian-Yong Chen, Phys. Rev. D 9, 072007 (2019)
¥ Bal and Dien-Yang Chen, Preparing targetu 2028 02 13
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ete” - wn'fn'TrAIEEMEL R

BESIII: Physics Letters B 813 (2021) 136059

30¢ - s -+Thiswork —+ SND(2000)
. 25F s i SND(2016) — Total fit
25 b B - Y(2040)  --p
= F F | +—p(1450) - -p(1700)
c 20 E -.- Interference
T o1sC
3 -
1 10 —
‘o 50
+ C
L H
c 0F
-5
; I 1 1 1 I 1 1 1 ‘I.' ‘ 1 1 | 1 1 1 I 1 1
1 1.5 2 2.5 3
Is (GeV)

M = 2034 + 13 MeV,
=234 + 30 MeV,
[eB(wn®) =34+ 11eV

Another structure is observed in the wm? cross section with a

significance of more than 106 and with a mass of m = (2034 +
13 £ 9)MeV/c?, width of I' = (234 4+ 30 & 25) MeV and TI'¢€ . por’
of (34+11+16) eV. This structure could either be the p(2000) or
the p(2150) state. However, the mass and width of the observed
resonance is closer to the p(2000) resonance, which is suggested
to be the 23D, state [41].

T T T [ | B [T R
300} (a) —=— BESIII .
- --¢-- BABAR B

[ L — Total fit 1

N --- Resonance 1

200 :L AR Interference E
¥ i

100 -
O B ’ \""l'--"'""'""'"."_"-":'-'-':'=:'-"-'-" mmmmmm q-?!.r\ ._:

: $ ' .
-100 ] L L L | | L

BESIII: Phys. Rev. D 103, 072007 (2021)

M =2111 + 43 + 25 MeV,
=135+ 34 + 30 MeV,
I,.B(a,m) = 0.64 + 0.49 + 0.42
(23.3+53+3.3)eV

the second systematic. The mass and width measured in
this work agree with those of the ¥(2040) resonance found

in ete™ = wa’ by BESII (M = 2034 + 13 +£9 MeV/c?,
I'=234+30+ 25 MeV) [17] and with those of the
p(2150) resonance found in e*e™ — y'z"x~ by BABAR
(M = 1990 + 80 MeV/c?, T =310+ 140 MeV) [16]

within two standard deviation.
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TABLEIV. Decay widths of ¥(2040) as the p(23D;) (in MeV),
the initial mass is set to be 2034 MeV and the masses of all the
final states are taken from PDG [2].

Channel Mode p(2°Dy) Mode p(2°Dy)

1= =00~ T 19.77 KK 0.32
2z(1300) 1481  KK(1460) 030
2z(1800) 1.28

== 071" TTw 6.31 m' 0.013

— TT7 KK* 0.015

@(1420)7 6.68 w(1650)x 0.14
KK*(1410)  0.57 2(1450)n 0.51

== 171" PP 36.38 K*K~ 0.13

- >0 1"  a(1260)z 2660 A (1170)z 3520
KK,(1400) 0098  5,(1235)y  6.23
KK,(1270)  0.19

1= = 072"  a,(1320)r 976  KK3(1430)  0.027

1= > 02" any(1670)  39.15

1= > 03" zws(1670) 0.19

== 1717 b(1235)p 1586  a;(1260)m 520

Total width 227.91

Experiment 234 £30+£25[1]

Assignments of the Y(2040), p(1900), and p(2150) in the quark model
Zheng-Ya Li (Zhengzhou U.), De-Min Li (Zhengzhou U.), En Wang (Zhengzhou U.), Wen-Cheng Yan (Zhengzhou U.), Qin-Tao Seng (Zhengzhou U.) (Feb

Published in: Phys.Rev.D 104 (2021) 3, 034013 = e-Print: 2102.05356 [hep-ph]

The ground states and the first radially excited states of D-wave vector p and ¢ mesons

@ reference search %

@ reference search

Guo-Liang Yu (Morth China Electric Power U., Bacding), Zhi-Gang Wang (Morth China Electric Power U., Baeding), Xiu-Wu Wang (Morth China Electric
Power U., Baoding). Hui-Juan Wang (North China Electric Power U., Baoding) (Feb 22, 2021)

Published in: Int.Mod. Phys.A 36 (2021) 27, 2150197, Int L Mod.Phys.A 36 (2021) 2150197 » e-Print: 2102.11078 [hep-ph]

2,
%

%) 13 citations

N

A

<

7

2%
(P
o
2

State 0(1900) 0(2150) 5(2000)
Mass (MeV) 1890 = 20 [3] 2160 [11] 2040 [11]
R(GeV-1)[11,20] 3.8 ~43 45~50 43~48
T,eo (€V) [20] 166.31 ~ 213.91 78.72 ~96.80  28.74 ~ 16.74
B(wn®) (1073) [11] 0.18 ~ 24.79 1822 ~88.76  15.01 ~ 19.65
Blon) (1073 [11]  6.85%x 1074 ~2.73 B-94—2-65 5-55—15-76
[ B(wn®) (eV) 0.03 ~ 5.31 1.76 ~ 6.99 0.23 ~ 0.38
Lo Bon)€V)  0.01x1072~0.45 0.10 ~ 0.20 0.11 ~ 0.24

FEAZHENELMEMLRERGFEERER,
HALZEBpASKES
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PHYSICAL REVIEW D 105, 074035 (2022)

Identifying the contribution of higher p mesons around 2 GeV in the
ete” — wn’ and e*e~ — pif processes

Qin-Song Zhou,"*” Jun-Zhang Wang,l’z"l' Xiang Liu S and Takayuki Matsuki 28

0.0 f="

Combined fit
+

SND(2016)
BaBar

* BESIII
Total fit
Direct

=+ +-p(1900)
-===-p(2150)

-------- Interference

.................................

1.8

24 26 28
E_, (GeV)

o(e'e—n't'n") (pb)

300

Combined fit ¢ BaBar

«  BESIII
Total fit
Direct
— - =p(2000)
- = ==p(2150)
-------- Interference

..................

Y(2040)=2p(3S)Flp(4S)FHHI%R




ete” - a;(1320)rHIBENELR

BESIII: Phys. Rev. D 108, L111101 (2023)

2000

1000

,™) (pb)

b
2
=}

—#— BESIII
Total fit
(a) = === Resonance

- Interference

3000

ole’e >

2000

.L‘\H‘Illll |

1000

TABLE II. Resonant parameters from the fit to ete™ —
a,(1320)z cross sections. The first uncertainty is statistical,
and the second one is systematic.

Parameter Solution 1 Solution 2
Myp MeV/c?) 2044 + 31+ 4

r {gt (MeV) 163 + 69 + 24

BRF’;{?_ (eV) 346 +17.1 £6.0 137.1 733+ 2.1
¢ (rad) 1.95 £ 0.97 £ 0.06 4.35 +0.48 +0.43

(137.1 £73.3 £ 2.1) eV, respectively. The observed struc-

05% R ture agrees with the properties of the p(2000) resonance
1000 [~ observed in ete™ — wa’ [49], which indicates the first
L - S - o L observation of the decay p(2000) — a,(1320)z. To further
Vs (GeV)
PHYS. REV. D 102, 034037
State M.y, (MeV) R (GeV ) [6] T, (keV) p(23 Dl):{c\ﬁ"] yﬂ%%jﬁ:
p(1900) 1909 +£17 £25 [16] 3.85~4.28 0.1958 ~0.1578 B 44 3 20 eV T /|
p(2150) 2150 + 17 [6] 474 ~498 ]0.0888 ~ 0.0806 E'/]jg ’ %l—,_.J_. =
£(2000) 2000 £ 30 [38] 434 ~480 10.0204 ~0.0160 :-Fp (4 Sl) EI‘J iﬂ&l%ﬁ,&
p(2270) 2265 1+ 40 [31] 440~480 0.0163 ~0.0129

MR Y (2034) = Y(2044) = p(2D) = Br(p(2D) > wn®/a,(1320)7) > 100% !
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fEFanoTiFRIIESR Y (2044)

Di 1 12
o(s) = |M"" + Z ' Mf,z | Parameters  p(3S)  p(2D)  p@S)  p(3D)
k \ M,. (MeV) 1862 2003 2180 2283
r's (MeV) 15 179 102 158
\/ 1227, B” [ot e (eV) 156 20 63 16
: _ . ete (13200 p* D, (s ?
MPT = Cp - s Dy(s) M = - - — 2 2) B2 (102 1975 034 331 012
§— Mp* + IMp*Fp* (D2(Mp*) BT (1072) 18.1 0.40 5.52 0.29
2500 o ' I ! I ! 1 ! I ! 1 E
- - BESII :
- Total fit Continuum |
2000 = p3S) == p2D) 2
z [ p4s) p(3D) :
5 1500F .
§ [ ]
7 1000F .
S
500 ! .
0 = I— ':‘:'-'r'r' -l"'\'.l:l.'-l._._. -r.—.—nn. *rr-lr-*--ul‘*mflf |rv.- n-l o —

2.0 2.2 24 2.6 2.8 3.0
Eom (GeV)
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TABLE III: Masses and decay properties of pi¢ .. P56 _»p» Pis_sp» and pjs_s,. Here, mixing angles for 35-2D wave and 45-3D wave
admixtures are taken as +23.4° and +25.1°, respectively.

Positive angle Negative angle

Parameters Pis-2p Pis_ap Pis_ap Pis_3p Pis_2p Pis_ap Plis_3p Plis_ap

Mass (MeV) 1828 2034 2150 2311 1828 2034 2150 2311

I (MeV) 109 243 103 182 97 207 77 192

[ e (V) 93.35 85.94 31.03 51.81 169.59 1.14 79.21 0.02
Lot o~ By, (132002 (€V) 5.51 7.25 1.11 4.75 27.15 3.67 x 107 9.76 5.52x 1077
[te-8B,0 (V) 6.87 7.17 0.72 2.20 30.01 5.96 x 1077 5.49 2.90 x 107°
oo By sy €V) - - 0.63 0.1 092  328x10™
['to- By (€V) 12.70 2.61 2.74 1.00 1.38 0.14 0.46 2.01 %1073
oo B,y (V) 1.29 2.39 0.12 0.58 5.63 1.01 x 107° 0.89 7.35 x 1077
Lot o~ B,y (€V) 0.02 0.13 0.02 0.02 0.12 1.76 x 107° 0.03 2.62 %1077

Parameters Lot o- B 12850+ - (V) Lot~ Bpynea- (€V)

i o em . fete” > fi(1285)nt nid g,
Pls_sp 0.93 (1.38) 0.03 (0.04) péS_ZD f\npé’S_ZD B IEKE.
Pis_3p 0.20 (0.0006) 0.03 (4.3 x107)
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