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OUTLINE

Vector Charmonium decay mechanisms

J/y strong imaginary decay widths, experimental evidences:
= Vector+Pseudoscalar, Pseudoscalar+Pseudoscalar - ® — 90°
= Energy scan: |® |~ 90°
= A possible way to get the continuum phase

v (3770) experimental evidences : ® — - 900°

A model for strong imaginary decay widths

The ¥ * Puzzle: controversial evidences for vy’ (25) :

= VP :J V¥ updated : ® — 90°, vy’ (2S) revisited : ® — 180°
= PP :J/ ¥ updated : ® — 90°, v’ (2S) revisited : ® — 90°

Toward a proposal for a scan, below and above the vy’ (2S5)



Vector Quarkonium Decay Mechanisms

Strong — Ag, Electromagnetic — Ay,

Non-resonant Continuum — A,

(a) e'e — J/y —» hadrons via strong mechanism (b) via em mechanism
(c) non-resonant e*e” — hadrons via a virtual photon.

pQCD regime: all amplitudes real (apart BW resonance behaviour),

while data are as if there is an additional 1 in front of the BW




Experimental Evidences for
Imaginary Strong Decay Widths

Model dependent experimental evidences

SU3 and SU3 Breaking in 10,00, 1'1- decay : ¢ ~90°<
J/¥ - VP (10) ¢ = 106< =+ 10<=Ul
J/¥ — PP (0-0) ¢ = 89.6==x 9.9<I2
J¥ - VV (1°1) ¢ = 138< =+ 37<2l

If Ale*e > nny,,) ~ - A(ere - pppa) Bl
B(nn,.,)/B(pPpPpsy) = 0.98 = 0.08 > ® ~89=+ 8<I[41 (BESIII)
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[3] FENICE Coll. NP B517(1998)3, SND Phipsi Rome, Sep (2013).

[4] M. Ablikim et al., Phys. Rev. D 86, 032014 (2012).




Model independent from interference in g2 behavior

AEM

cyborn:I’A‘3g+'A‘EM+'A‘cont|2 = I IASgIeup+IAEM+ et ‘Acontl |2

Actually @ .. = ©-0 oy aNd | D, eas] ONlY IS measured,

since it is difficult to get the sign

e —ufu lcos8l< 0.6

100 £ ]
The full interference between Ag,, and - (b) 3
A.nt has been observed , as expected, 3 - E
at MARKI(1975), BESII (1995), KDER 5 MARKI

(2010).
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1/2 photon propagators require ¢ =180°




The interference pattern between a vector quarkonium
and the continuum is not always the same.
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BESIII J/y scan
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Summary of fit results
Chanmel _ [M,,, _T®Kev) _[¢»

+p— 3097.33+0.01 92.9 (fixed) 0° (fixed)

THTT—T+7T— 3097.46+0.03 92.9 (fixed) (-2.14427.59)°
THT—1+1—70 3097.50+0.04 92.9 (fixed) 0° (fixed)

n+m—m0 3097.50+0.06 92.9 (fixed) 0° (fixed)

0.3+3096.9

_
U+~ 5.94x102 (fixed) 5.94x107
THT—THT— — (3.04=20.17)x10-3 (3.5520.23)x10-3
T+R—T+7—70 (102.6%x5.1)° (3.5520.13)x10 (4.120.5)x1072
-0 (108.44+10.1)°  (1.8720.08)x102  (2.0720.12)x10"2

PP (84.73%9.62)° (1.90+0.05) x103 —
T Y X U S
LA~ 0. 92+O 01

T+ TT—T+TT— 0.465+0.014 0.92 (fixed)

THT—1+1—70 0.153+0.013 0.92 (fixed)

n+m—m0 0.040=0.010 0.92 (fixed)

0]¢] 0.006=+0.001 0.92=+0.01



Experimental evidences for imaginary strong decay widths
for other vector charmonium

> Y’(3868):
¢ B(ppyy)/B(Nn,,) = .84 .05 — ®~51 +5 (BESIIl internal)
% Disquieting results on e*e- — 41, 611: No interference (!?)
> P”’(3770):
» non DDbar (small) -> mostly seen throught the interfence with continuum

» For a wide resonance: interference at peak = - 2|A; |/I";; sing x cont.

» CLEOc and BESIIl: ® ~ - 90, taking into account continuum sign

decay | continuum | ¥""'(3770) | sign
pT 13.1+2.8 7.4x+1.3 - CLEOc, PRD 73(2006)012002

o1 21416 | 4.540.7 + | CLEOc, PRD 73(2006)012002

PP 0.74+0.08 | 0.42x0.02 - BESIII Y.Liang, Nov (2012)




A possible way to get
the continuum phase

(work In progress)




d Continuum amplitudes should be almost real : 8(s) — 0° or 180°

U Logarithm Dispersion Relations
relating modulus |F(s)|? — o(s) and 38(s) might help:

__s—af o, 7 InF@®)/F(0) _sys—a¢ ., (7 InFt)/F(0)
5(s)= = py qf(t—s)mdt 5(s)= - ijqft(t—s) _t_qtzdt

d Check: phase as expected, if |F(s)|? — BW — o(s) / IPS
d Applied to o (ete  -=> 3 r): 8(s) — 180°

c (e*e” -=>pp,, ) (unphysical region): 3(s) — 360°
c(ete  ->nn) :3(s) — 180°

a If 5(s) #0and itis known how 180°0r0° is asymp reached,
from |®, .. |= |9 — 8] the sign (+/- 90°) might be established




" - and pp,, (throught the unphysical region.) phases

(S.Pacetti, R. Baldini... EPJC 11(1999)709... long time ago)
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3 n© phase according to Dispersion Relations (work in progress)
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O Unitarity (ImM T =%, T* T, ) for a Breit-Wigner
implies Zi Fi — Ftot -=> Fi real and positive

A (large) phase between Fi not in agreement with unitarity

O Looking for a different J/y description
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A model to explain

Imaginary widths




Quarkonium OZI breaking decay
as suggested by Freund and Nambu  (PRrL 34(1975), 1645)

[0 Quarkonium as a superposition of

B A narrow resonance v
(coupled to leptons, but not directly to hadrons)

B A wide resonance (a glueball O)
(not coupled to leptons, but strongly coupled to hadrons)

f is the coupling between v and O
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[1 An infinity of radial O recurrences

[0 Many referred to this model mainly to explain Br(y’) / Br(J/y) anomalies
(S. J. Brodsky, G. P. Lepage, S. F. Tuan, PRL 59, 621(1987)
W.S. Hou, C.Y. Ko, NTUTH-97-11, 1997)
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Narrow and wide glueball O superposition
P.J.Franzini, F.J.Gilman, PR D32, 237 (1985)

O g ¥ fzx\/FO

A =
strong (M, =W =0.5i, )x(M, =W =0.5iI ) f

@\/ Fe*e‘ X f = \/FO gFeJre*

A = A, ~ _
strong FO(MJ/.,, W —o.5irj/.,,) M (M oy —W —0.5|FW)

B The additional 90° phase is naturally achieved

O J/y shape reproduced if:  |f | — 0.012 GeV , Mg ~M,,, , I'xc ~0.65 GeV

[ Cross section affected far from the J/y ( no contradiction with BES, PR 54(1996)1221 )
U v "(3770) decay phases agree with Nambu suggestion.

O vy ‘unclear; y*‘->Jyarn (?)

17



SND wtm m'

SND measured ®>n*nn?, OZI breaking.
¢ interferences with w and w’ tails: s
¢ ~ 180 (interference dip is after the O®) L

Fit SND @ and continuum data with 1-
f = -0.016 GeV (close to J/¥ 1) :
Mo = 1.34 GeV

Bl b b oo byaaa byl gl [

1 1 1 1 | | 1| 1 11 1 1 1 1111 11
a0 820 1000 100 1020 1030 1040 1050  10&0
I, ~ 05 GeV

SND data on 31T and present
model prediction
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Masses and widths

M, = (1350 | 20 | 20) VeV /c?
Tor = (450 L 70 = 7D) MeV /c*
M, = (1660 — 10 | 2) MeV /c?

T = (230 0 30 = 20) MeV/c?

BaBar found indeed an unexpected
resonance (O ?)

at 1.35 GeV , wide 0.45 GeV
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The v Puzzle




VP decay

updated and revisited




SU; and SU; Breaking Amplitudes

Use reduced amplitudes B=B, / P* 3

Process J/¢y — Amplitude
ptor—,p°n°, pwt g+ e
K**K-,K*"K* g(1l—3s) +e
K*°K° K*9K° g(l1 —s) — 2e
wn (0 + €)X, + V2ra(vV2X, +Y,)
wn' (9 + €)Xyt + V2rg(V2X, + Yy)
én (9(1 — 25) — 2e)Yy + rg(V2X, + Yy)
¢n' (g(1 — 2s) — 2€)Yyr + rg(V2Xy: + Yy)
P°n 3eX,
p°n’ 3eXy:
wm?® 3e

¢n° 0

22



Jy
Vector +Pseudoscalar

SU, strong Amplitude g 7.22 = 0.38
SU; breaking strange s 0.18 = 0.04
SU; breaking DOZI r -0.04 = 0.02
E.M. Amplitude e 0.75 %= 0.04

Phase f 81.51+6.75

23



Jy
Vector + Pseudoscalar

p? ge’+e 169.0 #15.0 133.00 1.13
K™+ K- g (1-s) el+e 51.2 #+ 3.0 51.5 0.01
K0 KO g (1-s)el*-2e 439 + 3.1 48.5 0.48

® M (g X+d)el*+eX 17.4 +2.0 18.5 0.06

o M (9 (1-2s)Y+d)el-2eY 75+ 0.8 3.9 4.02

pM 3eX 1.9 =0.2 2.2 0.30

® T 3e 45 +0.5 4.1 0.11

on (g X +d )e'*+eX 7.0 =7.0 11.9 0.10

obn (9 (1-2s)Y +d ")e'-2eY’ 4.0 + 0.7 6.1 1.87




SU; strong Amplitude

9

SU; breaking strange s

SU; breaking DOZI
E.M. Amplitude

Phase

¥?/DFR =0.96

r

e

LIJ 7
Vector + Pseudoscalar

Parameter

Fit

0.49 &= 0.04

-0.04 %= 0.13

-0.04 &= 0.08

0.18 #= 0.02

159.#4 12.
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LIJ 7
Vector + Pseudoscalar

p0 m0 ge’+e 0.32 +0.13 0.28

K™+ K- g (1-s) e'+e 0.17 == 0.08 0.19 0

K*0 KO g (1-s)e*-2e 1.09 # 0.20 1.15 0.04
® N (g X+d)e'*+eX .00 +=0.11 0.08 0.06
b (9 (1-2s)Y+d)el-2eY 0.28 == 0.90 0.24 0.10
pM 3eX 0.22 = 0.06 0.15 0.22
® T 3e 0.21 =+ 0.06 0.26 0.10
on (g X' +d )e+eX 0.32 +=0.25 0.03 0.23
on (9 (1-2s)Y" +d ")e'-2eY"  0.31 + 0.16 0.29 0.02

PN 3eX 0.19 &= 0.17 0.08 0.11




PP decay

revisited




Pseudoscalar Pseudoscalar Decay Revisited

d Open question about J/¥Y -> nr decay, since pure em :

B™ = |E™|2 , while
B = (1.47+.23) 104 from PDG
|[E™"|2 = Bw g(ete ->n" 1)/ o(ete ->up) =
= (0.46 £ .23) 10% extrapolated from BaBar
B~ * |E™|2 by 3 s.d.

[0 w 7w cross section slope B ,

asymptotically it is expected B= -2-4 xn, = -6
B — -10+2

28
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Pseudoscalar Pseudoscalar Decay Revisited

d

It Is possible to avoid it inconsistencies
and complications from s quark mass.
by means of KK BR’s and |EKX] only

B*- = |S|?+ |E*|? +2 |S||E*"| cos ®
BSL = |S]? + |ESY]? - 2 |S||ESY| cos @

|[E*-|? = B o(ete” -=>K* K)/ o(ete ->u )

|[ESH]2 — 0,since o (ee-=>KsK) <<o(ee-=>K"K)

CLEOc :

c(ete -=>KgK) =(0.032 £0.016) pb at W=4.17 GeV

c(ete->KsK)—~ 0.6pb at ¥, — 0.1 pb at ¥’
(at most)

32



O J Y
B*-

Pseudoscalar Pseudoscalar Decay

= (2.37 £0.31) 104 BSL = (1.66 +0.26) 104

|[E*|]? = (1.3+ 0.6) 104 from BaBar
® = 83.79+9.0° (2.37— 1.66+1.3 )

O 9 :
B+-
|[E*-

= (6.30 +£0.70) 10~ BSL = (5.26 +0.25) 10
2= (0.7 £0.4) 10> from BaBar

® = 950+110 (6.3~ 5.26+0.7 )
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® at the V' from K*(892)K Decay Only

0 K"(892) K decay: possible to avoid SU; assumptions
and complications from s quark mass,
since CLEOc measured the continuum cross sections
d CLEOc (arXiv:hep-ex/0509011v2):
c(ee-=>KOK%+cc) =(23.5+5.3) pb at W=3.67 GeV
c(ee->K*+*K+cc) — (1+0.9) pb

|[E+-|2 — 0.1x105 |E00|2 — 28.x10-5

Q B+ = (1.7 +0.8)x105 BOO = (10.9+2.0)x105
B+ = |S|2+ |E*|2 + 2x|S||E*| cos @
BOO = |S|2+ |E%|2 — 2x|S||E%| cos ®

S ~ 2.7 10° cos ® — (1.7-2.7-0.1)x1075/(2x5.x1.x105)

® = 1599+ 240 again like VP !

34




Toward a proposal

for a ¥’ scan




OLD BES DATA (2005)

v(2S) Scan

Purpose: Improve accuracies of y(2S) parameters: T, [, I',, ', 7,
B(h), B(u), and B(n* n= J/w).

Croup yr ['(KeV) T'a(KeV) B{up)(107%) B(x*x~J/¢) (%)
MARKI 75 228156 224456 93+1.6 3244
SPEC 75 TT+1.7

DASP 79 20257 9.9+3.2 366

E760 92 306+ 39

E760 a7 8.3+0.86 2834+29
E835 00 74+ 0.53

PDG 00 277431 103 +35 3L.0+28

¥(2S) —» pr p-and ¥(2S) —» n* - J/y are important
for identifying ¥(2S) decays in B-factory and other
experiments.
Scanned 24 energy points from 3.67 and 3.71 GeV.
Integrated luminosity = 1150 nb’!
Eaur-channels: y(25)>-hadrons—jrjime e -and-m z.JLy

36



OLD BES DATA (2005)

W25) —hadrons

YW(ZS) oI T A

Wi2S) spp

) :

! il
' 1

3.67 3.675 368 3685 3.69 3695 3.7
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Interference between the EM production
& y(3686) decay to ptu~

olee s u p)=A4+e°4, [

ole'e - u' u)

p— 10 B - " - PN “ J%‘l =| Al |2 +| A: |:
b7.5 ¢=(-14£13+3)’ | Interference:
v2/NDF=1.2
d %

| No interference:
x2/NDF=5.0

cle’e” - u )= 4 +e%4,|

1
3.65 3.66 3.67 3.68 3.69 3.7 |
E._ [GeV]

Gang Rong’s report on BES-IlI Collaboration Summer Meeting, 2--6 June, 2011, NU, Nanjing
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Interference between the EM production
& y(3686) decay to light hadrons

500 |/o(ee —lighthadrons)= 4 +e4, [ ete— = -
§ >_~<;:~_m . >‘“—?‘é'~“ . TR,
© rnond,

000 Amplitude A4 Amplitude 4, : o L L | |

@=(83£19+3)" |
¢ \

(& B — ]
500 o ; b ,

0 1 | | |
3.66 3.68 3.7 3.72

Ecm [GeV]

Gang Rong’s report on BES-lIl Collaboration Summer Meeting, 2--6 June, 2011, NU, Nanjing
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Y’ 5 w ideal cross section (no ISR, no beam spread)

10

1072

- 1800

10




v’ scan observed 5= cross section (ISR and beam spread included )
ISR E, <100 MeV

O, |ND]

1072
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First integrated luminosity estimation

O Present J/ ¥ measurements : AO — 10°
(enough to distinguish between 90° and 180°)

0 FromJ/VY to ¥ ' :

27t 2nnd < 101 ~ 5 x10+!
PPbar ~ 10 ~ 10
K* K- ~— 3x10-1 ~— 5x10-1
T ~ 5x101 ~ 2x101

O Present J/ ¥ measurements : L,//¥ — 100 pb-!
since BRs and cross sections ¥ < 10*J/Y¥Y—>L,,f — 1 fb?

O T —86.4ks x5x1032x 10° x1.3 < 1 month

42



Conclusions (work Iin progress)

OO0 O

O

the J/¥ scan shows that ® — |90°]|

Updated VP and PP J/¥Y decays data confirm this result
An explanation can be put forward
¥'(3770) present data suggest ® — - 900

Updated VP and PP ¥’ decays data are contradictory:
VP and K*(892)K : ® — 180°

PP:® ~ 90°

A scan below and above the ¥’ is proposed

In the first approximation L;,f — 1 fb1, T < 1 month
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