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The Principle ﬂ("

e ~y JPC — 1
€+>AA"WZW (quantum numbers of photon)
e ——.7 D;M—/ 1+t ot
Spin!
ot N Xe (quantum numbers of 2 photons)
production rates:
I/ ~ | QR(0)P Mz —ete) a0
xe ~ |e*QER/(0)[2 MJ/v—ete) | Pw(0)
2

~ (4ma)? (g) 0.12

Y» = nonrelativistic bound state = 3P,
expect [(yy — eTe™) ~ (0.05—0.5) eV
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The Structure ﬂ("
o
pl:¢ Spin J = 1, polarization e,

o momentum p = py + P

D2, €2

A?/B(phpZa 6)6(116% = I'C{p12(67 61 ) 627p2) +p§(67 627 617p1)
+ 61p1 (67 627p17p2) + 62p2(67 617p27p1)}

p]7 € . . . ﬁ
Spin J = 2, polarization €*”,
€a,3: P

5 momentum p = py + p2
D2, €

Agﬁ(PhP& G)Glﬁ% = \/ECMXCZ{(M P2)6L6,2, + p1up21/(6162)
— Piu€s(€'p2)) — paucy(¢2p1)) Yt
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The Structure ﬂ("

where, in quarkonium model

16ra | 1 1
c=——1/-—3Q2%/(0
v Va2 O s 1 iep
with
& M = Mcharm
Qc == 2/3
¢'(0) = derivative of wave function at origin
¢\ , = polarization vectors of photon
e/ = polarization vector of 1

e*” = polarization tensor of x2
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The structure ﬂ("

~ . dpr _, \ why
3 v
Alete” = °P)) = /e/ (@n) V(/+)h2p12pu§ u(-)A)" (p1, P2, €)

with h=I_ — P1
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Model results ﬂ("

m Alete™ — 3Py) = 0 (helicity)
m AleTe” — 3Py) = g1Vsdu
u Alete™ — 3P2) = gaVyten (I — 1I")/ My,

‘ leading term: short distance approximation ‘

Qz9'(0) log 2"’1

mg=- a;/€32\/—

— & pg4-3_Q2¢’ 2b | ¢ _
| g = ’V’iéz 64moc (0) [lOg My, + 3(’7T +log2 —1)
with b; = 2m — M,, = "binding energy”

. F(3P1—>—>e+e*)_;|ﬁyl M,
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Improvement:
e : AT
binding energy corrections

= terms of order (M2, — 4m?) /M2,

Mx1 —ete) M(x2 — ete)
b= +40.5GeV
leading term 0.0226 eV 0.0243 eV
full result 0.0317 eV 0.0159 eV
b= —-0.5GeV
leading term 0.164 eV 0.0512eV
full result 0.141 eV 0.0731 eV

significant impact!
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Improvement: R4

Short and Long distance corrections

include correct coupling of x, to J/W v, x, to W' ~, and x» to 77,
as derived from the corresponding decay rates

(& (&
J/W 4

Xc Xc Xc

QED vy J/Vy V4 QED+2°

fechnology

F(x1 —efe )eV] 043 0.10 0.01 0.09 0.41
M(x2— ete )eV] 425 0.04 141 045 -
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Experimental Perspectives
1.) Hadronic final state

ree 9 rhad
Roeakk = —= ——/2M—2N,
peak A 40[2 rtot ‘

® A = machine energy resolution ~ 4 MeV
a N>=~07

@ Mg /Tt =~ 0.66
@lge=01eV-05eV

= Rpeak =2-107%—1.1072
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2.) Leptonic final state

Karlsruhe Insttute of Technology

ete” > xy = yJ/V (= ptp )andete” =y J/V (= putu)

ut ut

nontrivial phase relation between signal and background
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Experiment

angular cuts on photon and leptons
(20° < 6, < 160°;20° < 0,,+,- < 160°)

Karlsruhe Insttute of Technology
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(most optimistic choice for couplings; important effect of phase)
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Experiment

Karlsruhe Insttute of Technology
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Karlsruhe Insttute of Technology

Summary

m resonant production of x4 and 2 in e" e~ annihilation is possible

m hadronic final states and leptonic final states are accesible in
principle

a precise numerical predictions are strongly model dependent
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