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Charmonium spectrum (xq,,, = |c€ >) = JPC =07, 1++ 2FF
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e Luminosity of electron positron colliders are sufficiently high to
make possible direct resonant production of these states at low
energies in eTe™ colliders (BES - Il1).

e States X, with positive charge conjugation can be produced
directly only through the neutral current or higher order
electromagnetic process.

e We consider electromagnetic interaction of |cC > state.

e Measuring cross section for ete™ — x¢,, = Y(J/¥ = ptp™)
allows for determiantion of '(x., — ete™).
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QUARKONIUM MODEL
! P ! 1,,
e fermion and antifermion are treated in the non relativistic

approximation.
Form Factor x. —77:

cC = Ci(MXci7p]2_7p%7miaa):
l6raa 1
AL ((P% + Pg)/2 - ch,- - bich,- - b;2/2)2’
bj =2mj — My, a=/23Q%¢'(0) with Q; =2/3
J. H. Kuhn, J. Kaplan and E. G. O. Safiani, Nucl. Phys. B 157
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€uPr — €vPy

(1)

J pr—
_ 1 1 0 2 0
Ao = 6M,. (M2 +pl-p2) —219)

where I? = FjVF2‘“’, 19 = pll’FﬁVFz’w‘pga.

J=1
1
Al = —,Ec(/l1 + 1)

where I} = ije“”O‘Bon‘szVeB.

J=2
Ay = —cV2M,_ I3

where I3 = ¢ F; 2,
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Extraction of unknown parameters using the data for decay widths:
Fxe = 77)  Txg —d/¥), fori=0,1,2

The same Form factor ¢ used for x, — vy and x., — J/¢.

fltl - XCov Xclv XCQ

fit2 - ¢\ Xo
b,‘ = 2m,- — MXc,-
| \a[GeV]“\ bo[GeV] | bl[GeV] | bz[GeV] | 2]
| fitl | 0.065(2) |-0.338(7) | -0.577(6) | -0.652(8 \1 6 |
[fit2 ] 0.062(2) | - | -0.584(6) | -0.661(6) | - |

for fitl x? = 12.8 for M(xc, — 77)-

AleTe™ = xg) X Me.
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widths [MeV] Xco Xca Xc

F(x = 1)exp | 2.3(2) 1073 - 5.3(3) - 10~*

F(x —vY)w | 1.66(1)-1073 - 5.3(3) - 10~%
F(x = J/¥7)exp | 1.33(9) - 1071 | 2.8(2) - 1071 | 3.7(3) - 1071
F(x — J/¥7)em | 1.36(2) - 1071 | 2.8(4) - 101 | 3.7(6) - 1071

Table: Experimental (exp) and theoretical (th) values of
M(Xaa. =77 J/97)-

Xe 7+ 7Y according to Yang's Theorem.
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Determination of electronic widths

q

)

€
- le1l?
Mxg —»ete”) = 197 M
- le2?
Mxe, > €eTe”) = 207 e
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Determination of electronic widths

loop = gj = g,'(MXc,., mi, a, MJ/w)
& = 8iyy + e’(z)g"wl/w'

The coupling J /1) — ~ di:

_ ad
FJ/Y —v—>ete)= 3/\/’731
I/
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Determination of electronic widths

Predictions of electronic widths

\ widths | fitl | fi2 |
M(Xq — €7 € )max | 0.041 eV [ 0.037 eV

M(xeq — ete™) | 0.040 eV | 0.036 eV
M(xe, — €e™),, | 0.040 eV | 0.036 eV
M(Xe, — €7 € )max | 0.094 eV | 0.087 eV

M(xe, — ete™) | 0.093 eV | 0.086 eV
M(Xce, — €Te7),, | 0.022eV | 0.02 eV
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Implementation in PHOKHARA MC generator

+ Interferences (2 unknown phases).

_ 3r L
J/v — utu~ coupling: | 2Ltz
[ —wTp” coupling: [ =
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Implementation in PHOKHARA MC generator

TESTS OF THE CODE

Helicity amplitude method vs Trace method

relative accuracy ~ 1071°

Narrow width approximation (/s = ch1_2)5

127 _ _

Oye = TBr(XCl — eteT)Br(J/v — uTuT)Br(xe — J/U7),
207'(' + - + -

Oye, = TBr(XC2 —e"e )Br(J/Y — T u)Br(xe, = J/U7),

(0.49 £ 0.07)% for xc,
(2.81 £ 0.02)% for xc,
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Determination of ¢
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Determination of ¢
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Final remarks

e The production of X, , have been implemented in PHOKHARA
MC generator

e Results show that these processes can be measured in existing
experiments (BES-II).

e Obtained results depend on relative phase of radiative return and
Xci, Production amplitudes.

Outlook

e Production of x¢,,, in two photon procesess can be also
considered to check the corectness of charmonium states models.
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