Citation: R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 (2022) and 2023 update

1(4660)

/G(JPC)

also known as Y(4660); was X(4660)

This state shows properties different from a conventional gG state.
A candidate for an exotic structure. See the review on non-qq states.

Seen in radiative return from e

+

e

— 0 (1 )

collisions at /s = 9.54-10.58

GeV by WANG 07D. Also obtained in a combined fit of WANG 07D,
AUBERT 07S, and LEES 14F. See also the review on " Spectroscopy
of mesons containing two heavy quarks.”
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4641 110 OUR AVERAGE Error includes scale factor of 2.7. See the ideogram below.
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section using 5.85 fb~1 of data at c.m. energies 4.61-4.95 GeV. Statistical significance

is over 5o.

Fit model parameterized as the coherent sum of a Breit-Wigner resonance and a contin-
uum amplitude term.

From a cross-section measurement of e+ e

- D0 p*—

7T between 4.189 and 4.951

GeV, assuming a coherent sum of 3 Breit-Wigner resonances plus a continuum amplitude.
The two other resonances have masses (widths) 4209.6 + 7.5 (81.6 £ 19.9) MeV and
4469.1 + 26.4 (246.3 + 37.9) MeV.

4From a three-resonance fit to the Born cross section in the range /s = 4.008-4.698

GeV.
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5 Using D:2(2573)_ — DYK™ decays.
6 From a fit of a Breit-Wigner convolved with a Gaussian.
7 From a two-resonance fit. Supersedes WANG 07D.
8 From a two-resonance fit.
9The ntn— 1(2S) and /\;_*' A states are not necessarily the same.
10 From a fit to the et e™ — 7T 7 4(3823) cross section between 4.23 and 4.70 GeV

with two coherent Breit-Wigner resonances. The data is also consistent with a single
peak with mass 4417.5 + 26.2 + 3.5 MeV and width 245 + 48 + 13 MeV.

1 The pole parameters are extracted from the speed plot.

12 From a three-resonance fit.
13 From a combined fit of BELLE, BABAR and BES3 et e~ — nt 7~ J/ypandete™ —

7T 77 (2S) data.
14 From a combined fit of AUBERT 075 and WANG 07D data with two resonances.

WEIGHTED AVERAGE
4641+10 (Error scaled by 2.7)
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VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
73 iig OUR AVERAGE Error includes scale factor of 1.7. See the ideogram below.
126 j% +30 LABLIKIM  23BI BES3 ete™ — KT K™ U/
30.5+22.3+14.6 2ABLIKIM  23H BES3 ete™ — ¢X62
218.3+72.9+ 9.3 3ABLIKIM  23x BES3 ete™ - D*Up*— 7t
155.4+24.8+ 0.8 4 ABLIKIM  21AJ BES3 ete™ — nta—(25)

1. _ _
4707313+ 46 66 SUIA 20 BELL ete™ — 4D} D%, (2573)
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13.9 _ _

49.81 1304 4.0 8o 0JiA 19A BELL ete™ — DI Dy (2536)

68 +11 + 5 279 T WANG 15A BELL 1058 eTe™ —
vyt T (2S)

104 +48 +10 37 8LEES 14F BABR 1058 ete™ —
yat T (2S)

g2 140 +10 142 9PAKHLOVA 088 BELL ete— — AtA”

—-24 =21 c’'c

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

33.1+18.6+ 4.1 10 ABLIKIM ~ 22r BES3 ete™ — 77~ x g7

62.6+ 5.6+ 4.3 11 pAl 17 RVUE ete  — /\j_f/\;

113.84+18.1+ 3.4 12 7HANG 178 RVUE ete™ — nTa—y(25)

103.5+15.6+ 4.0 13 ZHANG 17C RVUE ete™ = nta—J/yor
Y(2S)

a2 11+ 6 44 141U 08H RVUE 10.58 et e~ —
'y7r+7r_zp(25)

48 +£15 + 3 44 WANG 07D BELL 10.58 eTe™ —
'y7r+7r_zp(25)

lSeen as a peak in the c.m. energy dependence of the ete” - KtK— J/ cross

section using 5.85 fb~1 of data at c.m. energies 4.61-4.95 GeV. Statistical significance
is over 50.

Fit model parameterized as the coherent sum of a Breit-Wigner resonance and a contin-
uum amplitude term.

From a cross-section measurement of et e~ — D*0 D*~ 7+ between 4.189 and 4.951
GeV, assuming a coherent sum of 3 Breit-Wigner resonances plus a continuum amplitude.
The two other resonances have masses (widths) 4209.6 + 7.5 (81.6 & 19.9) MeV and
4469.1 + 26.4 (246.3 + 37.9) MeV.

4From a three-resonance fit to the Born cross section in the range /s = 4.008-4.698
GeV.

5 Using D7,(2573)" — DO K~ decays.

6 From a fit of a Breit-Wigner convolved with a Gaussian.

7 From a two-resonance fit. Supersedes WANG 07D.

8 From a two-resonance fit.

9The ntn— (2S) and /\;i' /\C_ states are not necessarily the same.

10From a fit to the et e — 7T 77 (3823) cross section between 4.23 and 4.70 GeV

with two coherent Breit-Wigner resonances. The data is also consistent with a single
peak with mass 4417.5 + 26.2 + 3.5 MeV and width 245 + 48 + 13 MeV.

1 The pole parameters are extracted from the speed plot.

12 From a three-resonance fit.
3 From a combined fit of BELLE, BABAR and BES3 et e™ — 7t 7~ J/ypand et e™ —

7T 77 (2S) data.
14 From a combined fit of AUBERT 07s and WANG 07D data with two resonances.
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WEIGHTED AVERAGE
73+13-11 (Error scaled by 1.7)
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1(4660) DECAY MODES

Mode Fraction (I';/T)
M et e not seen
N YRS)rtra~ seen
s J/¢n not seen
4 DO D*~ nt not seen
s D*Op*— gt seen
6 1»(3823) I seen
F7 Xc1? not seen
F8 Xc1 gb not seen
9 Xc27 not seen
rlo Xc2 QZS not seen
M1 /\2_ N seen
12 D: D51(2536)_ seen
13 D: (2573)” seen
Mg wm not seen
M5 wn not seen
Me =~ =t not seen
17 pK_ﬂ-l- c.C. not seen
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1(4660) (i) x I'(e* e™)/I(total)

F(y(2S)rtn~) x (et e™)/Miotal rafy/T
VALUE (eV) EVTS DOCUMENT ID TECN COMMENT

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

47438 1 ABLIKIM 21A) BES3 eTe™ — nTa—y(25)
11.243.2 2 ABLIKIM 21A) BES3 ete™ — ntn—4(25)
47+4.2 3 ABLIKIM 21A) BES3 ete™ — ntn—4(25)
11.3+3.3 4 ABLIKIM 21A) BES3 eTe™ — nTa—4(25)
2.0+£0.3+0.2 279 5 WANG 15A BELL 1058 ete™ — ~xT 7 ¢(2S)
8.1+1.1+1.0 279 6 WANG 15A BELL 1058 ete™ — ~xT 7 ¢(2S)
2.7+13+05 37 7 LEES 14F BABR 1058 eTe™ — yaTa—4(25)
75+1.7407 37 8 LEES 14F BABR 1058 ete™ — ~yata—1(25)
22797 44 LIV 08H RVUE 1058 et e~ — ynta— 4(25)
5.9+1.6 44 10y 08H RVUE 1058 ete™ — ~ynt 71— 4(25)
3.04£09+03 44 7 WANG 070 BELL 1058 ete™ — ~yntx—4(25)
7.6+1.84+08 44 8 WANG 07D BELL 1058 eTe™ — ~yxta—(25)

1 solution | of four equivalent solutions in a fit using three interfering resonances.
2 5olution 11 of four equivalent solutions in a fit using three interfering resonances.
3 Solution 11 of four equivalent solutions in a fit using three interfering resonances.
4 Solution IV of four equivalent solutions in a fit using three interfering resonances.
5 Solution | of two equivalent solutions from a fit using two interfering resonances. Super-
sedes WANG 07D.
Solution Il of two equivalent solutions from a fit using two interfering resonances. Su-
persedes WANG 07D.
7 Solution | of two equivalent solutions in a fit using two interfering resonances.
8 Solution 11 of two equivalent solutions in a fit using two interfering resonances.
9 Solution I in a combined fit of AUBERT 075 and WANG 07D data with two resonances.
10 solution 11 in a combined fit of AUBERT 075 and WANG 07D data with two resonances.

F(J/¥m) x F(ete™)/Tiotal M3l /T
VALUE (eV) CL% DOCUMENT ID TECN COMMENT

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

<0.94 90 WANG 138 BELL etTe™ — J/yny
r(D*D*—nt) x I(ete™)/Miotal sry/T
VALUE (eV) DOCUMENT ID TECN COMMENT

e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
19 to 2005 1 ABLIKIM 23x BES3 ete™ — D*0p*—rt

1 From a cross-section measurement of et e~ — D*0 D*— 7 between 4.189 and 4.951
GeV, assuming a coherent sum of 3 Breit-Wigner resonances plus a continuum amplitude.

Depending on solutions | — VIII with same fit qualities.
M(xc17) x F(ete™)/Miotal M7l /T
VALUE (eV) CL% DOCUMENT ID TECN  COMMENT
<0.45 90 L HAN 15 BELL 1058 eTe™ — X1

Lusing B(n — ~7) = (39.41 + 0.21)%.
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M(xc10) x F(ete™)/Tiotal Fgly/T

VALUE (eV) CL% DOCUMENT ID TECN  COMMENT

e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o
<0.04 90 L ABLIKIM 23H BES3 ete™ — oxg

1 Fit model parameterized as the coherent sum of a Breit-Wigner resonance and a contin-
uum amplitude term.

M(xc27) x F(ete™)/Ttotal Fol1/T

VALUE (eV) CL% DOCUMENT ID TECN COMMENT

<21 90 L HAN 15 BELL 1058 eTe™ — X0
LUsing B(n — ~v7) = (39.41 + 0.21)%.

M(xc28) x F(eTe™)/Ttotal F1ol1/T

VALUE (eV) DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. @ o o
0.13+0.13 1 ABLIKIM 23H BES3 eTe  — dX 2

LFit model parameterized as the coherent sum of a Breit-Wigner resonance and a con-
tinuum amplitude term. Constructive solution of the interference. Destructive solution
gives 0.66 4 0.41 eV.

(DY D;1(2536)~) x T(ete™)/Tiotal 12l /T
VALUE (eV) EVTS DOCUMENT ID TECN COMMENT
143728115 80 lua 194 BELL ete™ — 4D} Dy (2536)~

1 Assuming B(Dg;(2536)~ — D*0K~) = 1.

(D} D%,y (2573)) x I(ete™)/Total M3l /T
VALUE (eV) EVTS DOCUMENT ID TECN COMMENT
14.71‘2:25:3.6 66  LlJIA 20 BELL ete™ — 4D D%, (2573)~

1 Assuming B(D%,(2573)" — DOKk—)=1.

I‘(E‘_?"‘) X I'(e"‘ e‘)/l‘tota| I‘15I'1/I'
VALUE (eV) CLY% DOCUMENT ID TECN COMMENT
<0.0199 90 L ABLIKIM 23BK BES3 ete™ — 1 (4660)

1 From a fit to et e™ — =~ =7 cross sections.
r(pK_7+ C.C.) X I'(e"‘ e-)/rtota| M7l /T
VALUE (eV) CLY% DOCUMENT ID TECN COMMENT
<2.8x10~3 90 L ABLIKIM 23BL BES3 ete™ — 1 (4660)

lFrom afitto et e — p K™ A+ c.c. cross sections.
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1(4660) I'(i) x M(et e~)/M2(total)

F(DOD*~at) /Teotal X (e €™)/Tiotal Fg/T x /T
VALUE CL% DOCUMENT ID TECN COMMENT
<0.37 x 10—6 90 I PAKHLOVA 09 BELL ete— — DOp*—
1 Using 4664 4+ 11 + 5 MeV for the mass of 1(4660).

F(ATAZ)/Teotal % T(et ™) /Tiotal Mi1/F x /T
VALUE (units 10_6) EVTS DOCUMENT ID TECN COMMENT

+0.16+40.29 1 L T
0.68™ 512 T 0.30 142 PAKHLOVA 088 BELL efTe™ — ATAZ

1 The nt o™ (2S) and /\? A states are not necessarily the same.

r(DOD*~at) /T (p(2S)ntn~)

9(4660) BRANCHING RATIOS

Fa/T2

VALUE CL% DOCUMENT ID TECN COMMENT
<10 90 PAKHLOVA 09 BELL ete~ — DOp*— 7+
I (¥2(3823) 7% 77) /Tiotal e/l
VALUE DOCUMENT ID TECN COMMENT
seen 1 ABLIKIM 22R BES3 ete  —

7r+ T Xc1Y

L From a fit to the et e™

with two coherent Breit-Wigner resonances.

— 7T 7 1(3823) cross section between 4.23 and 4.70 GeV

0
r(“”" )/rtotal M1a/T
VALUE DOCUMENT ID TECN COMMENT
not seen ABLIKIM 22K BES3 ete™ — wnl
I (wn)/Teotal M5/l
VALUE DOCUMENT ID TECN  COMMENT
not seen ABLIKIM 22Kk BES3 ete™ — wn

1(4660) REFERENCES
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