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The “12% rule” in vector charmonium decays

M. Appelquist and H. D. Politzer, PRL34, 43 (1975)

Iy = | M,[2[¥(0) |2

=(2/9m)(m? = 9o (S0, ) me:. (3)
The leptonic width via one photon into Il is
L= M PIE0)? =4 (5)%(50,)me, (4)

where o ~ %= Although separately these calcula-
tions are not trustworthy, the ratio

r 247
T, 2/om (e < 95 ay ®

is independent of wave-function effects.

QV — By (2s5)-x _ Bq;(zs)—>e+e- _ 120 ~ 13.3% [PDG2021 data]

Byjy-x  Bjjyoete- Q'=13.3%
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“12% rule” and “pn puzzle”

< Violation found by Mark-II , confirmed by BESI at higher sensitivity.
< Extensively studied by BESI/BESII/CLEOc/BESIII

< Dozens of models, none satisfactory
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Extension of “12% rule” to pseudoscalar charmonia

 Mauro Anselmino, Marco Genovese, and Enrico Predazzi, Phys. Rev. D 44, 1597 (1991),

“12% rule”
BR(7, —h) _ BR(Y —h) _ o0 i
BR(7. —h) ~ BR(J/$—h) QP= QV

e Kuang-Ta Chao, Yi-Fan Gu, and S.F. Tuan, Commun. Theor. Phys. 25 (1996) 471-478,

In contrast to Anselmino et al., we argue that, unlike the ¢, J/v case (2), the branching
ratio relationship for 7, and 7. to a light hadronic channel h is

BR (1. — h)

BR(p. = h) = Q°=1 (8)

* Qian Wang, Xiao-Hai Liu, and Qiang Zhao, Physics Letters B 711 (2012) 364-370,

BR(n.—2g) BR()— yy)
BRon =22~ BR = ). Q°=1.18+0.81 [PDG2021]
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Experimental data [PDG2021]

Mode Fraction (I';/T) Confidence level
n¢(15) DECAY MODES
i 7'(958)7~w (41 £1.7 )%
[>  pp (1.8 +£05 )%
M3 K*(892)°K— 7T+ cc. (2.0 £0.7 )%
M, K*(892)K*(892) (69 +1.3 )x 103
s K*(892)°K*(892)° 7t 7~ (1.1 405 )%
M7 | KKT (73 £04)%
Mg | KK7 ( 1.36+0.15) %
Fog nmtm— (1.7 £0.6 )%
M50 n2(nT77) (44 £16 )%
M7 KTK nfra— (6.6 +£1.1)x10"3
[ 35 [ KtK-ntn—x° (35 406 )%
M3 KOK 7ntan nt4cc (56 £1.9 )%
M4 KTK=2(xt77) (75 +£24 )x 103
M35 2(KTK™) (1.43+0.30) x 103
M3 w7~ 70 < 5 x 104
M7 a7 7970 (47 £1.4 )%
M3 2(nt77) (91 £1.2 )x 103
M39 2(rT 7 79) (15.8 £2.3 ) %
M40 3(nT77) (1.7 £04)%
(41 pp ( 1.44+0.14) x 103
F4o ppr° (3.6 £1.5)x 103
F43 AA ( 1.06+0.23) x 103
f4a KTPA+ cc (25 £04 )x 103
F45  A(1520) A+ c.c. (31 +1.3)x103
M4 XTX— (21 406 )x 103
My7 = =T (9.0 £2.6 )x 10~ %
f4s 7 7 pp (53 £21)x103

nc(2S) DECAY MODES

Mode Fraction (I';/T) Confidence level
1 __hadrons not _seen
M [ KKn ( 1.9+1.2) % J
M KKn (5 +4 )x10~3
4 2T 27~ not seen
[s p9 p0 not seen
6 3t 37~ not seen
7 KtK-atn™ not seen
Mg K*OK*0 not seen
Mg | KtK—ntn— a0 (1.44+1.0)% J
Mo KtK—2nt2n~ not seen
1 KYK 2ntn~+cc seen
BP 2Kt 2K~ not seen
13 ol not seen
M4 ppP seen
F15 pﬁﬂ'-'_ T seen
M6 7Y (1.9+1.3) x 10~ 4
17 ’)/J/U)(].S) < 14 % 90%
BT T T n not seen
M9 ata~ 77’ not seen
Mo 77 n(1S) <25 % 90%

PDG only listed a few modes with large errors in BFs.
Experimental measurements were not used properly.

QP was not calculated for any mode. =2 Let’s do it! °



Events / ( 0.004 GeV/c?)

Events / ( 0.004 GeV/c?)

Data on n. & n.(2S) production and decays

vy = M. = hadrons vy = N.(2S) = hadrons BaBar, Belle, Delphi, AMY, CLEO
pp 2 M2 YY pp =2 N(2S) =2 vy E760, E835

B*> n. K* B*—> n.(2S) K* BaBar, Belle, LHCb

y(2S) 2 n°h 2> Py n,. w(2S) 2 v n.(2S) BESIII, CLEO

BESIII, PRD 86, 092009 (2012)

Events / (10 MeV/¢?)

BaBar E835, PLB 566 (2003) 45 Belle, PLB 706 (2011) 139

PHYSICAL REVIEW D 84, 012004 (2011) 449
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Fig. 2. Measured yy cross sections for cos(fem)max = 0.20
200 (solid circles). The open squares are the calculated feed-down
o cross section. The curve represents the best fit to a Breit-Wigner 0
m(K*K ' 1710 (GeVic?) resonance on a power law background (see text). 25 3 3.5 4
2
M(K¢Km), GeV/c

Usually both n(2S) & n. are measured in the same analysis, many systematic bias cancels out.



Data on n. & n.(2S) production and decays
 Data from J/y = y n_ are not used [BES, DM2, MK3, CBAL, ...]  sscuwmn i taens s s 1.

* Interference with non-n_ amplitude not treated properly

* Strong model dependence in n_line shape

* Early experiments used wrong (too narrow) n_ width

__Jorge Segovia and Jaume Tarrus Castella, PRD 104, 074032 (2021)
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FIG. 2. The (black) solid line is the fit to the photon spectrum in exclusive J/y — yn. — yX decays using the unsubtracted pNRQCD
line shape of Eq. (3) (a) and using the subtracted pNRQCD line shape of Eq. (6) (b). Experimental data points are taken from Ref. [7].
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m, (MeV) T, (MeV) By (%)
pNRQCD  29858+0.6 29.7+17  (3.86+0.33)
pNRQCD,,, 29858 +0.6 29.7+17  (2.17+0.18)
CLEO 29822406 315+ 1.5 (1.98+0.0940.30)
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Global analysis to extract n. & n.(2S) decay BFs

* Measurements used in the analysis

* all measured n(2S) decay modes & corresponding 1. decay modes
* A few additional modes with large n_decay BFs
* N &N (25) widths — for ", determination

* 97 input data from the AMY, BaBar, Belle, BESIII, CLEO, DELPHI, E760,
E835, and LHCb experiments

e 29 free parameters
* Least square fit assuming Gaussian errors

97 . -~ 2
5 (xi — xt)
A= z a2,
i=1 Xl




Experimental measurements

TABLE III: Data used in the analysis: absolute branching fractions and the ratios of the branching fractions

for 7. and 7.(2.5).

Index quantity Value Experiment

Branching fraction (%)

1 B - KTK~7) 1.15+0.1240.10  BESIII [29]

2 B(n. — KJK*r¥) 2.60+0.21 +£0.20  BESIII [29]

3 B(n.— pp) 0.120 4 0.026 + 0.015 BESIII [29]

4 B — 2(rtr7Y)) 153+ 1.8+ 1.8 BESIII [29]

5 B(B" —nK") 0.120 + 0.008 + 0.007 Belle [30]

6 B(BT —nK") 0.096 £ 0.012 £ 0.006 BaBar [31]

7 B(BT = n.(25)K7) 0.048 £ 0.011 £ 0.003 Belle [30]

8 B(BT —=n.(29)KT) 0.035 4 0.017 + 0.005 BaBar [31]
Ratio of the branching fractions
Blne—¢) ‘

9 ngﬁp% | 1.79 + (?(ﬁj +0.32  LHCb[32]

Ne—+ Q4 o0+0U.

10 m_ 0.03270'010 + 0.009 Belle @]

1 gl i?j}) 0.571 £ 0.025 £ 0.051 BaBar [34]
B(ne—oK K™~ 0.016

12 %’(T;(;. IE’; ) >)) 0.05279016 £ 0.014  Belle [33]
B(n.—2(KTK~ ~»+0.009

13 =E=% <] 0.026" 9002 & 0.007  Belle [33]
B(ne(28)—=KTK™n)

4 B SRR ) ) 0.82 4 0.21 4+ 0.27 Belle [34]
B(n.(25)—>KKmr)-B(BT—n.(25)KT) ~+0.020

15 Bin KR BT ) 0.096" o0 £ 0.025  BaBar [35]

16 Bl Kek mTyesisn 11840054002  CLEO [36]

B(T}C—)I{E}I{i Wq:)-F,;C%fn




TABLE 1V: Data used in the analysis: product branching fractions measured in B decays and charmonium

Experimental measurements

decays.

Index quantity Value (x1079) Experiment
17 B(ne — pp) -B(u(?S) — 7°he = 709n,) 0.65 4+ 0.19 £ 0.10 BESIII [37]
18 B(ne — pp) - B(e = 1) 0.224770-0%8 + 0.020 E835 [38]
19 B(ne — pp) - B(ne — ~17) 0.336"0 050 E760 [39]
20 B(n. — pp) - B(BT — T,(Kﬂ 1.64 40417047 Belle [40]
21 B(n. — pp) - B(BY — 1K) 1.79 £ 0.687) 39 Belle [40]
22 B(n. — pp) - B(BT = n.K+) 1.8703 4+0.2 BaBar [41]
23 B(n. — pp) - B(BT = n.K) 1.42 40117038 Belle [42]
24 B(ne = ~7y) -B(BT = 5.K1) 0.2270-00 +6-08 Belle [43]
25 B(ne — ¢¢) - B(BT — n.K™) 4.7+124+05 BaBar [44]
26 B(n, — ¢¢) - B(B® — n.KY) 24414403 BaBar [44]
27 B(n.— KK7) - B(B" = 5. K™) 740450470 BaBar [44]
28 B(n. — KK=)-B(BY = n.K°) 648 +85+7.1 BaBar [44]
29 B(ne = KTK=7) - B(¥(2S) = 7°h, — 7%n.) 4.54 £0.76 £ 0.48 BESIII [37]
30 B(n. — KTK—7%-B(Bt = n.K+) 114425714 Belle [40]
31 B(ne —» KTK—7%) . B(B° - n.K") 16.6 £50+1.8 Belle [40]
32 B(n. = KoK*a¥) - B((25) — n%he — 7%n,) 11.35 4+ 1.25 £ 1.50 BESIII [37]
33 B(n. — KUKi ). B(BT =, K") 24.0 12750 Belle [45]
34 B(n. KOKiﬁ) B(BY — n.KY) 20.1 4+ 4.7} Belle [40]
35 B(ne = ntnn) - B((2S) = 7°h. — 7%yn,) 72241474+ 1.11 BESIII [37]

36
37
38
39
40
41
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Ne — 2(m T T

B(n. — KTK™n)-B()(2
7)) - B(¥(25) — h. — 7 n,T]C)

S) = wh, — 7%n.)

ne — 2(KTK7)) - B(¥(2S) — 7he — 7%yn.)
BT —n.K™")

( (
e —2(KTK™))-B(
(KTK (

))-B BY — ncKO)

Ne — 7w pp) - B(BT — n.K™)
e = mrrpp) - B(BY = n.KY)
B(

e — 'r+'r‘pz3)

0(2S) — 7%h, — 70yn,)

ne = KTK-ntr7) - B(w(2S) — 7°he — 709n,)

Ne — KOKi’r¥’r T
e — 2(r ) -
1:(25) —>pp) B(B*
7.(28) = KKr) - B(
n:(25) — KOKi"er)
1e(28) = 77 pp) -
1:(28) — 77" pp) -
(25)

)
B(

1;

B((2S) = 7°h. — 7%n.)
(2S) — 7h. — 70n,)
— 1:(28)K ™)
K

25) = yn.(29))

B(BT = n.(25)K™)

B(
B(

n.(28) = KOK*n¥rtr

BT — n.(25)K™T)
B — T)C(QS)Kg)
_) - B((25) —

71e(25))

211+£1.01£0.32
7.51+085+1.11
0.94£0.37£0.14
20+£06+04

0.9+09+04

+0.41 4+0.22
3.94 —0.39 —0.18

+0.32 +0.13
1.90 —0.29 -0.47

2.30£0.65£0.36
4.16 £0.76 £ 0.59
12.01 £2.22 £2.04
75.13 £ 7.42£9.99

0.0342 £+ 0.0071 £ 0.0021

13.0£2.0£3.0

3.1+£08+0.2

+0.18 +0.05
L.12 —0.16 —0.07

0.42+513 4+ 0.03
7.03£2.10+ 0.70

BESIII [37]
BESIII [37]
BESIII [37]
BaBar [44]
BaBar [44]
Belle [46]

Belle [46]

BESIII [37]
BESIII [37]
BESIII [37]
BESIII [37]
LHCb [47]
BESIII [48]
Belle [45]

Belle [46]

Belle [46]

BESIII [49]
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TABLE V: Data used in the analysis: product of ~

Experimental measurements

decays measured in two-photon processes.

~ partial width and branching fraction of 7. and 7.(25)

Index quantity

Value (eV)

Experiment

53
54
55
56
57
38
59
60
61
62
63
64
65
66
67
68
69
70
71

B(T]( — CJ)QJ) ) F-T;C—M/'y

B(n. = 66) - Dy
B(n. — pp) - Ty 4
B(n. — KK7) Ty
Bn. — KK7) T,
B(n.— KKm)-Tp
B(n. — KSK=nF) - T
By, — KeK*77) - T
B(n. — 77 n) Ty nny
B(ne — 2(r*77)) - T Ne—+77Y
B(n. — K*K L I IO
B(ne = K"K~ 777 ) T svsy
B(n. — 2(KTK™)) - Iy —oq
Bn. =+ 2(KTK™))-T ,} sy
B(n. — KTK nta 7% sy
B(n.(2S) — KK) - L 29)54+
B(n.(25) — K2K*7nF) . Iy, 29)=1
B(n.(25) = 7 7 1) - Fnc(gspn@,
B(1.(25)

7.75 £ 0.66 4 0.62 Belle [50]

6.8+ 1.2+ 1.3
7.20 + 1.537) 57
386 + 8 + 21
374+ 9+ 31
600 + 120 + 90
490 4 290 4 90
142+ 4+ 14
65.4+ 2.6+ 7.8
40.7 437453
25.74+ 3.2+ 4.9
280 =+ 100 = 60
56+ 1.1+16
350 4 90 + 60
190 4+ 6 + 28
414446
11.2424+27
56717411

n:(28) = KT K—ntn—x%) . L 28) =~ 30:|:6:|:o

Belle [19]
Belle [51]
BaBar [52]
BaBar [53]
DELPHI [17]
AMY [54]
Belle [55]
Belle [56]
Belle [19]
Belle [19]
DELPHI [17]
Belle [19]
DELPHI [17]
BaBar [52]
BaBar [52]
Belle [53]
Belle [56]
BaBar [52]
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N, width

Index Process Width (MeV) Experiment
2y = e e =yt ET 30.8723 £2.9 Belle [56]
73 4y = Nesne — KTK 34.8 £ 3.1 £4.0 BaBar [34]
T4 5y = e e — KTK 7Y 25.2 4+ 2.6 4 2.4 BaBar [34]
75 4y = Nes e — Ko K*EnT 32.1 4+ 1.1 £ 1.3 BaBar [52]
76 4y = e e — KoK+ 24.8 + 3.4 + 3.5 CLEO [36]
77 Y = Nes e — KSKEm 36.6 4+ 1.5 4 2.0 Belle [55]
78 AV = Nes e — KEKEmT 31.7 + 1.2 4+ 0.8 BaBar [33]
79 vy = nen. — KTK 7ta 7Y 36.2 + 2.8 £+ 3.0 BaBar [52]
80 v — 1es e — hadrons 28.1 £ 3.2 + 2.2 Belle [19]
81 BT — . K, 5. — pp 34.0 £ 1.9 + 1.3 LHCb [47]
82 Bt 5 n.KT,n.—pp 4872+ 5 Belle [42]
83 BT = 5. Kt 5. — AA 40+19+5  Belle [42]
84 BT —n.Kt 5. — KYK*rF 35.4+3.67370  Belle [45]
85 B—n. K", n.— KKn 36.375 ¢ +4.4 BaBar[35]
86 b— n.X,n. — b 31.4 4+ 3.5+ 2.0 LHCb [32]
87 b—n.X,n. — pp 25.8 + 5.2 4+ 1.9 LHCb [57]
88 PP — Nes e = Y 204757 £2.0 ES835[38]
89 PP — Nes e — VY 23.97126 E760 [39]
90 (2S) = 7°h. — 7910, ne — hadrons 32.0 £ 1.2+ 1.0 BESIII [58]
91 36.4 4 3.2 4 1.7 BESIII [58]

P(285) — Wollc — WO”ﬂ]g, N — hadrons

Experimental measurements

n.(25) width

92
93
94
95
96
97

vy = 1:(25), n-(25) — KgKiW¥
Yy = 10:(29), n(25) = KSK*r+
Yy = 10:(29), ne(25) — KSK*rT
BT = n.(28)K ", 1.(25) — [(gKi7r$
P(28) — 1.(25), n.(2S) - KKn

13.4 4+ 4.6 + 3.2 BaBar [52]
6.3+ 12.4 + 4.0 CLEO [36]
19.1 4+ 6.9 + 6.0 Belle [55]
41.0 +12.070, Belle [45]
16.9 4 6.4 + 4.8 BESTII [48]

V(28) = me(28), 7e(29) - K2K*nFrtr= 9.9+ 48+29 BESII [49]
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Fit results (hadronic decays)
* v2/ndf=86/68, C.L.=5.7% =» reasonable fit

decay mode (h) B(n. — h) (%) B(n.(25) — h) (%) Qh
PP 0.136 £0.012  0.0077 00 0.057 007
KKn 6.907515 1.86+098 0.27150
KKn 1.27101 0.511552 0.401 543
Ty 1.201) 13 0.257 58 0.217942
™ T pp 03651035 0.236%00m2 06551
KOK*nFrtr— 2397007 1.007 555 0.42103
KTK-nta—7% 350158 1361070 0.391012
Ty 143705 < 0.96 [18] <0.78
2(n ) 0.86T0 15 < 0.41[19] < 0.50
KtK - ntn~ 0.57 + 0.10 < 0.32[19] < 0.60
2(KTK™) 0.1350 525 < 0.14 [19] <15
3(rtn) 1.75 + 0.48 [20] < 2.9[18] < 2.0
KTK=2(zt77) 0.72 4 0.37 [20] < 2.2[18] <54
b0 0.15510:017 — —
OKTK~ 0.367015 — —

2(rtrw") 15.17 79

13
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A few observations & questions:

Q<1 for all the modes with significant signals and
some modes with upper limits

QPP &« 1 (>40c below 1), very strange
Problem in theoretical assumptions?

Problem in experimental data (neglecting
interference, ...)?

Glueball mixing in n.or/and /', ?
Exotic decays of n.or/and /. ?
 Relevant to B.3 “... heavy meson loops”
Are there dominant decay modes of n’.?
Lyt on " Y )
Lpe—h [ye-2g Le—h e

Lpton It
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2.60 lower than LQCD result

of 6.57+0.17 keV Fit results & discussions
[ Meng, Feng, Liu, Wang,

Zou, arXiv:2109.09381v2 ]

PDG averageis 3.7

lower than LQCD result

Ly, 32.2 £ 0.7 MeV eSO of 6.57-0.17 keV
Fnc(QS) 14.1 + 3.1 MeV 11.3%3:2 MeV

Fnc—vw mf)flzg—'—ggé keV 5.15+0.35 keV

L (25) =y 2.211_8:22 keV Not available

B(BT — n.K™T) (10.84+0.6) x 10~*  (10.8+0.8)x10™

B(Bt — n.(285)K™) (4.42 £0.96) x 10*  (4.4+1.0)x10

B(1)(2S) — v1.(29)) (7.075:5) x 10~ (745)x104

B((2S) — 7% — 70yn,) (5.037025) x 107%  (4.3+1.0)x10*

B(n.(25) — v7) Fnc(25)—>w/rnc(25) 0.48
This study: I'o2s)/Tn. = 0.44 £+ 0.10 B =)  Too/To 0.93%53 =

I I —hadrons I —eTe~
Chao, Gu, Tuan: |—k23) o Zne@S)hadrons . Zv@S)2eTe” g 49 4 (.01

Fnc Fnc—>hadrons FJ/w—>e+e— 15




Summary & Discussions

 BESIII with 10B J/y, 3B y’ events, Belle Il & LHCb with large B-decay samples, Belle Il with
more two-photon collision data will supply more information on these decays.

* We should try to understand these puzzles.

PP

ﬁfpf)

T KK

=24

pin’
2(r:+7:')7:0

R

Q, (%)

. K*K
. P MK2(1983)
0 5 10 15 20 25
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Y N
te4 PP
—e——1 KKn
. KKn
—e——i TN
PP b . :
. 1 KgK3n
. . KK3n
o TUTIN
o 2(n'T)
o KK

Anselmino, Genovese, Predazzi (1991), trigluonium-
charmonium mixing

Chao, Gu, Tuan (1996) : bigluonium-charmonium mixing
Qiang Zhao et al,,

e 1110.6235, n_ mixing effects on charmonium and B
meson decays

e 1712.02550, Revisiting the pseudoscalar meson and
glueball mixing and key issues in the search for a
pseudoscalar glueball state

Qian, Xiaohai and Qiang, 1202.3026, Updated study of
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On QY and Q", with minimal assumption

r(2s—-h) _ XnpT(25-ng)

Assuming only

Mo, Yuan, Wang, CPC 31 (2007) 686-701, hep-ph/0611214

Channel B(I D) B poaz|
¥* —hadrons  (13.5040.30)% (1.6640.18)% .13 7%
ete~ (5.94+0.06)% 597  (7.35+0.18)x10~3 1.93E%
utp— (5.93+0.06)% 596 (7.3 £0.8)x10-3 9.0 E-Y
(i —~ (2.8 £0.7)x10—3 3.1€H
v =X (25.3740.35)% 15903 (3.41+£0.27)%  3.6%7
YMe (1.3+0.4)% (2.6£0.4)x10-3 YU ED
I '(7;;0@70 (31.8 £0.6)% 5Y4.687,
070 J A (16.46+£0.35)% (8.9
nJ/p (3.09 £0.08)% $:97%
03/ (1.262£0.13)x10-3 (V€7
YXa0 (9.2+0.0%  9.729
YXcl (8.740.9)% 9.1%
YXc2 (8.1£0.4)% I35
=X (1.3+0.4)% (r.7£1.2)% $5.97

Yeeox=Thl37
Vreex=20137 3’4'6&)( 895"7 é‘lc I

jl’o.f T° g éxto ¥
Cos +trge= 72.377 > @3}+BH7» X i

r(1s—-h) Y, T(1S-ng)’

72:;,;—-723, 1437  Ree = m'm?

one reaches QV~14% and QP~1

Liot(ne) = T'(n. — 2g)
I‘tot(n::) ~ I‘(U::"'* 29)

B(n¢—h)

F(Mc(25)—=h) /Ty .25

QP = B@e@S)=h) _

F(mc—h) /Ty,

=1

Kuang-Ta Chao, Yi-Fan Gu, S.F. Tuan, Commun. Theor. Phys. 25 (1996) 471-478

Ceot(nt) =C(nt = ne+ 7+ 7y + U(n, — ¢ (*P1) +4) + T (e — /¥ + v) + T(n; — 29)

(i) I'(n. — ne+ 7+ ) and I'(¢’' — J/¢+ 7 + ) both preserve parity and C-parity of their
¢C piece in transition, and have comparable phase space. Hence I'(n, — n.+ 7+ 7) = I'(¢/ —
Jiv+74+ w),[lﬂ and is thus equal to 140 keV.l"]

(ii) The E1 transition width I'(n, — v(*P1)+7) = (4/3)e2ak3{* Pi|r|n.)|?. Taking M(*P1)
at the c.o.g. of the M(3P;) states, M, at 3600 MeV, k& = 80 MeV, and the dipole transition
matrix element |(1P;|r|2S)| = 2 to 3 GeV~!, it is then estimated!'®! that T(n, — ¥ (P} + 7)
is about 11 keV, certainly in the range O(10) keV.

(ii1) The M1 transition width I'(n, — J/4 + 7) has also been estimated, 13 and is found
to be about 5 keV hence in the range O(1) keV.
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Kuang-Ta Chao, Yi-Fan Gu, and S.F. Tuan, Commun. Theor. Phys. 25 (1996) 471-478

The argument is as follows. First, analogous to J/%, ¢’, we have

(. — k) _ [$O)I/M];,
T(n. —h) "~ [[9(0)l/M]2,

via the two-gluon intermediary to any normal light hadron final state A.

8a;|R(0)|7,
My

84
Ftﬂt(’?c) ~ P(’?c - 29) - (1 + 4-8'}3')

8a2|R(0)I2, :
Teot(n) & T(n}-— 2g) = “(1+48*)

2
3MZ,



Justify Teoe(n)) =~ L(n'-— 29)

Cior(ne) = D(n, = ne+ 74+ 7) + D — ¥('P1) + ) + T (e — J/¥ + v) + T(n — 29)

(i) C(n, = n.+ 7+ 7) and I'(¢’ — J/9¥+ n + ) both preserve parity and C-parity of their
¢€ piece in transition, and have comparable phase space. Hence I'(y, — 5. + 7+ 7) = I'(¢' —
J/Y+ 7+ ﬂ),[”] and is thus equal to 140 keV.["]

(ii) The E1 transition width ['(n — $(1P)+7) = (4/3)e2ak3|(* Py|r|nL)|?. Taking M (*Py)
at the c.0.g. of the M(®Py) states, My at 3600 MeV, k = 80 MeV, and the dipole transition

matrix element |({P;|r|2S)| = 2 to 3 GeV~!, it is then estimated*3! that T'(n} — ¢ (*P1) +7)
is about 11 keV, certainly in the range O(10) keV.

(iii) The M1 transition width (5, — J/% + ) has also been estimated,|!] and is found
to be about 5 keV hence in the range O(1) keV.

(iv) I'(n. — 2g) is estimated to be about 4 MeV by notingl*®l that in the nonrelativistic
limit with the hyperfine splitting effects neglected

O(n, —2g) [RO)I/M]],  T(y —etem) _ 23310.04keV
T(n. —2¢) [|R(0)|/M)2. ~ T(J/Y —ete")  5.53+0.10 keV

=0.42+0.01

and using I'(n. — 2g) = T'io(ne) = 10.3i§’,;§ MeV{ and the experimental values for the J/v
and v’ leptonic widths.

[, =322+ 0.7 MeV = I, ~ 13 MeV
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