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Introduction

Charmonium production in many processes
(B-decays; hadronic interactions; photoproduction; yy; ete™)
remains a puzzle for many years.

‘‘Tevatron 9 (2S) surplus problem’’:

® PQCD: Leading mechanism for high-pr ¥(25):
c-quark fragmentation

® The measured cross-section ~ 30 larger
than PQCD calculations

® Include long-distance effects (Color Octet Mechanism):
g = (cc)® = ¥(28) ngsore =
good to describe cross-section and pr spectrum (with few

free parameters)
bad to describe J/¢ and v(2S) polarization
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Prompt J/¢ in eTe  continuum (history)

& First observed by CLEO (but misinterpreted as direct Y (4S) — J/¢¥X
decays):
“Observation of Y(4S) Decays into non-BB Final States Containing
mesons.” P.R.L.64, 2226 (1990)

&$ Theory:
® Color-signlet: J/1¢gg is a leading mechanism

® C(Color-octet: J/1g could be significant at end-point of J/v spectrum

® V.V.Kiselev et al. (1994): o(ete™ — J/1ce) ~ 0.055 pb
P.Cho and A.K.Leibovich (1996): o(eTe™ — J/1ce) ~ 0.07 pb
S.Baek et al. (1998): o(eTe™ — J/vce) ~ 0.15pb
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BaBar (P.R.L. 87, 162002 (2001)):

Study of charmonium production at B factories

Belle (P.R.L. 88, 052001 (2001)):

olete” — J/9pX)=2524£0.21 +£0.21pb

olete” — J/9X)=1.47+0.10£0.11pb
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E Belle first observation of eTe™ — J/iyce

Belle (PRL 89, 142001 (2002)) observed many processes with
prompt J/v¢ accompanying by charm particles:
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e Sl (e e~ — J/ycT)/o(ete” — I/ X) = (0.591315 +0.12)

o(ete™ = J/9hne) x B(ne —> 2 charged) = (0.03373:927 4 0.009)pb
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E Can we explain Belle results?

y for both ete™ — J/in. (E.Braaten & J.Lee (2003))

) and inclusive eTe”™ — J/¢cé (V.Kiselev et al. (1994); P.Cho & A.Leibovich

(1996) ; E.Braaten & Y.Chen (1996))
G.Bodwin, J.Lee, E.Braaten (2003)

suggested new diagrams:

[hese estimates are done for single

rirtual photon diagrams:
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E Study of recoil mass spectra

lith new data (L =101fb"!) look at recoil mass against J/¢ and (25)

lore than 2 additional charged tracks in the event required to suppress QFED
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E Study of eTe” — J/v + charmonium

Study in detail J/v¢ recoil mass

Constrain J/v¢ into nominal mass to

improve resolution

Check recoil mass scale:
Use ete™ — (25)y for calibration

Find recoil mass bias is < 3MeV/c’

N

N/20 MeV/c

spectrum around ~ 3 GeV/c?

20:;
$ Fit:
® Include all known charmonium: -
Tc, J/¢, Xc05 Xels Xc25 770(25)7 ¢(2S) 10 5 + + +
$ Include ISR taking into account: I ! + B,
Nes Ne(2S): p-wave; others: s-wave “ "H’ e “' . .
2.2 2.6 3 3.4
® lMasses for 7, Xco0, Nc(25) free. Recoil Mass(3/L)
N M [GeV/c?] o N M [GeV/c?] o
Ne 175 + 23 2.972 4+ 0.007 9.9 179 + 22 2.971 4+ 0.006 10.6
J /Y -9+ 17 fixed == 0.0 fixed ==
X c0 61 + 21 3.409 4+ 0.010 2.9 72 + 21 3.408 + 0.009 3.8
Xcl + Xe2 —15+19 fixed = 0.0 fixed =
Ne (25) 108 + 24 3.630 =0.008 | 4.4 97 + 22 3.628 = 0.007 4.9
P (2S) —38 + 21 fixed == 0.0 fixed —=
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E Study of eTe” — ¥(25) + charmonium

Study in detail 1(2S) recoil mass spectrum around ~ 3GeV/c?

$ Fit identical to the J/t¢ recoil
mass

® Include all known charmonium:
Nc, J/’(pa Xc0y Xels Xce2, 770(25)7 ¢(2S)

$ Masses for Mlcs XcOos nc(ZS) fixed:
Nes Xco to PDG values;

ne(2S5) to the J/¢ recoil mass fit

'_\
o
1 ‘ 1

N/20 MeV/c?

751

25 }

3 3.4 3.8

2.2 2.6
Recoil Mass(J/) GeV/c?
N o N o
Il 15.8 £ 6.9 2.7 16.4+7.3 | 2.7
J/ 13.3 =2l == 0.0 ==
X0 19.8 = 8.3 3.0 17.8+8.3 | 2.9
Xel + Xe2 9.3 £8.1 == 0.0 ==
Ne(2S5) 32.8 £ 9.8 3.9 27.9+£9.0 | 3.7
P (2S5) —3.1+6.8 —= 0.0 =
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o =
E Search for ete™ — Xc1(2) + charmonium

tudy the spectrum of recoil masses against ). around charmonium masses

w A
= d
¥ Xecls Xe2 _%’ci/@b’y EB 3.5 -
& Look for x. signal while = 3
the recoil mass against = -
Xc candidate is in the 25
region: ot v ey
. 2 3.4 3.45 3.5 3.55 3.6 3.65
2.9 < Miecont < 3.7GeV/c MO/DY) Gev/c?
& Fit to the J/iy mass o |
distribution: 3
® N, =23"39 o ° M
Xc1 = “¥-2.3 = i
_ 7+2.0 -
$ Ny, =077, 1 — i
$ Set upper limit on 0 W \H_H —
ete™ = Xc1(2) +any charmonium 3.4 345 35 355 3.6 3.65

M@J/Qy) GeV/c?
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summary of double charmonium production X-section

PRELIMINARY!

e~ — charmoniumi charmoniumsz) X B(charmoniumsa — > 2 charged)

(fb)
(except for last column o(ete” — 9(25) charmoniumz) x B(charmoniums — >
0 charged))

o(e

RECONSTRUCTED CHARMONIUMNM
Ne J/9 X c0 Xecl Xc2 Mc(25) ¥(25)

=1 ne —— | 46£6%] | - | <18 | <20 | -- 18 +8+7

% J /1 == <7 -- | <18 | <20 == < 64

= xeo — | 16+5+4 | —- | <18 | <20 | -- 17+8+7

% Yel - <8 — | <18 | <20 —- < 24

|| Xe2 -- <8 — | <18 | <20 | -- <24

§ n.(28) || -- | 25+6+6 | —- | <18 | <20 | - | 314+9410

o | ¥(29) || -- <16 — | <18 | <20 —— <18
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E Study of ete~ — J/v open charm

vith £ = 45fb~ ! statistics Belle observed charm mesons (D*t and DY)
accompanying prompt J/¢ (PRL 89, 142001 (2002))

) Special kinematical cuts against large BB background

) To calculate cross-section for ete™ — J/¢cc from
ete”™ — J/YDO(D*T)X we need to know fragmentation rates for
cc — DY(D*T)

) Large systematic uncertainty + unkonwn model dependence

Now we have more than double statistics (£ =101fb™!) and try to
reconstruct all ground state charm hadrons with no additional cuts

Reduce systematic error + remove model dependence

P.Pakhlov DIS’03, April 23-27, 2003



f
E Study of eTe” — J/v charmhadrons

& Reconstruct D° — Kn(K3r), 0 "o
DT — K27, DI - KKr and 2 40 = 40
Ae = pKm = S
S =
& Fit Charm hadron signals in =20 =20
bins of ¢7/~ mass
L PlOt the results Of the flts 0 T B BN 0 T
in bins of {7/~ mass 28 3 32 34 28 3 32 34
.‘ Fit £+€_ mass: M(|+|-) C;eV/C2 M(|+I-) GeV/C2
o D'(K2m)| © D (KKTT
Nposren = 49.6 £ 13.3 (3.70) S %0 s KT
= = C
Npo_s k3. = 53.0£21.2 (2.50) o 20 © 10 -
Z 0 ! 2
Np+—ror = 56.2+ 15.4 (3.60) | ] H | |H m H t .
- | U] \“\H LA
ND+—>KK7T — 23.8 :l: 9.4: (2.60-) 0 J\ L | \“\ ! \”H l‘\ ‘H \‘T ‘\ "\‘ | \‘ \W\H\Ht ! \’TT
- 2.8 3 32 3.4 3 32 3.4
Np, s kpn = 3.0£4.2 M(*1)  GeVic? M('1)  GeVic?
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E Calculate X-section for eTe — J/¢cc

® Correct each of 5 measured yields on
efficiency

9 Avegailge'S r;sults 1151nig) I_/.\UND Sum DO, DT, Dj and A,
prediction for f(cc — D(A.)) yields corrected on the

efficiency

T o(ete™ — J/yce)

o(e’e - Jipec)lo(e’e - I X)
N
|

, 1 olete — J/ypX)
t ] | | ND0‘|‘ND++ND;F+NAC_
] | ! | | 1 2Ny B
E § = = = 0.82 +0.15

(=)

[an] OD

®» Reasonable agreement with LUND .
prediciotn X2/n.d.f. = 1.25 PRELIMINARY !

olete—J/ypce)
O'(€+€_—>J/¢X) — 0.67 :l: 0.12
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& The main results of the published Belle paper (PRL 89, 142001

(2002)) are confirmed with new data and analysis

®$ Cross-sections for many pairs of double charmonium production

are calculated with better accuracy or for the first time:
® o(ete” = J/Yne) x B(ne —> 2 charged) = (46 + 61])fb

® o(ete” = J/Pxco) X B(xeco = > 2 charged) = (16 =5 + 4)fb
® oglete” = J/9Yn.(2S)) x B(ne.(2S) — > 2 charged) = (25 + 6 +6)fb
® o(ete” — 1(2S)1n:(2S)) x B(n.(2S) — > 0 charged) = (31 +9 +10)fb

_|_ — —
& ZE;Z_:%Z;% is calculated with reduced systematics and removed

model dependence:

0.82+0.15+0.14

$ All results are preliminary
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