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Measurements of Hadronic
Cross Sections at CLEO
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Reasons for Measurements

m e*e  annihilations of hadrons allows us to explore
the point couplings of a virtual y with J°¢=1 final

states

m Since R(s)=0, (e+e' —> hadrons)/csO (e+e' — ,U+ﬂ_)

and

R(s) =R,
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Reasons for Measurements ||

s \We can measure exclusive ¢’s ete—D®D®), also
ete—Dg")Dg ).

m Predictions from Eichten et al (PRD 21, 203, 1980)
iInvolve coupling of open cq cq channels to cc
states, so called “coupled channel model.” New
predictions based on updated masses are now

available with more modern theoretical inputs to
come soon.

m Other predictions (Barnes [hep-ph/0412057]) &
postdictions (Dubynskiy & Voloshin [hep-ex/0608179] )



I\/Ieasur_ement of R

= \We measure Gobs(s)zgsv(s)'l'ghard(S)+Gres(s)
= G.,(S) is due to soft & virtual y radiation, 6,(S) o<
Gy(S)
= Gy,4(S) is due to hard photon radiation, o< 6,(Ss)

» 0,.(S) Is due to e*e~—>yqq, and the qq form a
narrow resonance.

m We then extract 6,(s)



Experimental Procedure

m Must evaluate energy dependent
efficiencies

m Must remove e*e— e*e + hadrons (2y)
background

m Must reduce and correct for 171 production
m Must correct for tails of narrow resonances
m Must make radiative corrections
m Must evaluate systematic errors

m See D. Besson et al arXiv:0706.2813 [hep-
ex] for details



Selection Requirements

s Many requirements for accepting individual
tracks and EM showers

s Many requirements on events

Variable  Allowed range
| Zyertex | < 6.0cm Reduces beam gas
FEyis / 2E cam > 0.5
P By, | <03
Hs/H, < 0.9 Event shape cut for /"¢~ pair bkgrnd
E.1 / 2FEheam (_O. 15,0.9) E_, is most energetic shower, reduces
E%pa.x / Eveam < 0. &\Bhabha’s and T-pairs
NchargedTrack = 4 Reduces E&M
Reduces 2y, beam gas & T pair

} Reduces 2y & beam gas background
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Systematic Errors

s Dominant source. Errors given in %

Energy (GeV) 10.538 10.330 9.996 9.432 8.380 7.380 6.964

Luminosity 1.00  1.10
Trigger 0.09  0.09
Radiative 1.00  1.00
Correction

Multiplicity 1.06  1.38
Correction

Event . 1.09

selection

1.10
0.11
1.00
0.99

1.31

1.10
0.08
1.00
0.84

1.31

0.90 0.90 1.00
0.12 0.13 0.19
1.00 1.00 1.00
0.43 0.38 0.38

1.05 1.02

Total 2.30

2.21

2.15

1.74

Common 1.67
Uncorrelated 1.59

1.85
1.22

1.87
1.05

1.64
0.57




CLEO Results _for R

Inner error bars: uncorrelated
Quter error bars: total
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Comparison with other R Measurements
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Extra_cti_on Qf Ol

m 0, Is determined at each energy point
m We then determine A using 4-quark flavors
m Using our average value for A, we find

" o, (M])=0.126£0.005501], A =031F7"05 GeV

)

m Compared with World Averages from Bethke

0, (M2)=0.1189£0.0010, A =0.29+0.04 GeV

S
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Alternative Extraction

m Kuhn et al (LTH 749) include quark mass effects
and different matching between 4 & 5 flavor
effective theories

m They find

04

S

(Mz)=0.110355"601), A =0.13%5;"4; GeV
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Charm Threshold: The Territory
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Techniques For Measuring Exclusive Charm
Production

Many different modes are produced DD, DD,
D*D*, D.D., D.D.*

ST S? S—S§ 1 ""F
Need to distinguish each variant & measure its
cross-section

m Fully reconstruct charm decays, e.g.
Do—K-t?
= Use invariant mass of decay products

= beam constrained mass 2
M,.= Eieam_(Zﬁij

= AE=E,_ -E,,

beam”
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Simulation: AE vs M, . at 4160 MeV

Reconstruct D°—K-rt*, clean separations
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Also Measure Inclusive D g, Yields
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Exclusive Two-Body Rates for D’'s
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Exclusive Two-Body Rates for Dg
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Compare 3 methods

m Hadronic
event
counting is R
(not
radiatively
corrected)

m Discrepancy
In exclusive
rate and total
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Discovery of D*Dn Production
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= No evidence for DDx
= No theoretical predictions




Cou_pled Channel Model (D’s)
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m New Eichten (intermediate) predictions

“agree” with D*D but are much lower for
D*D*
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Coupled Channel Model (Dg)

4.
E.,, (GeV)

m Doesn't agree at Ds"Dg™ threshold
m Lower than Dg*Dg
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See also Belle hep-ex/0608018




New Resonance at D*D* Threshold?

m Dubynskiy & Voloshin (DV) [hep-ph/0608179]
m They model behavior of individual ¢’s as

= 6(DD)=6,2Vv3 G,=T0’/3s

= 6(DgDg)=0,Vv3 v is velocity of D

= 6(D*D)=0,6(2pAs) #,Sf take care of

« 6(D*D*)=0,14v3 spin counting

m The R =|a, +(b +ic,/D(E))|?, where

i (E_2M)3/2
D(E)=E-W,+—| 2", + :
e 4{ oow” } where w is the

coupling to the D*D* resonance
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DV Fits To CLEO Data

1
2060
E (MeV)

Fail to fit this point

1400f

1200
1000F

pun:
R, =

500 =

m Resonance at 401314 MeV, I'=66+8 MeV explains most data

m But need interfering narrow new resonance to explain dip in
DD at 4015 MeV (See B. Lang thesis, Univ. of Minnesota)
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Conclusions

m CLEO has measured R precisely between 6.96-10.54 GeV

m Determining o, (M;)=0.126£0.005'5;1, A=0315 05 GeV

m EXxclusive charm production above threshold has been

measured.

= o(DgDg) peaks at 4010 MeV with a value of 0.27 nb

= o6(Ds"Dg) peaks at 4170 MeV with a value of 0.92 nb, the energy
CLEO has used for Dg decay studies

m Experimentally, new charmonium states are being detected

at an alarming rate. Perhaps we are even now seeing the

evidence of resonances in distribution dips (i.e. 4015 &
4260 MeV)

m These studies should lead to a better understanding of
QCD

26
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Reasons for Measurements

m e*e- annihilations of hadrons allows

WiGev)

The problem we face is most aptly summarized
by Fig. 5, which shows the observed resonances
that we ascribe to c¢ states, and the spectra of
the known quasi-two-body charmed meson states
in the vicinity of the charm threshold. This is a
classic problem of quantum mechanics: a discrete
set of states in one portion of the Hilbert space

suspended in a contihuum of states belonging to

Al el HII"\H““ Falal
anot (3) The decay amplitudes for ¢c — ¢q +¢¢ are

oscillatory functions of momentum, with a node

structure that is determined by the radial nodes in

the c¢¢ wave function. This provides a qualitative 30 )

understanding of the peculiar branching ratios into R Sp;;m of the ¢& aystem, and of the
various charmed-meson channels observed at _ lowest-lying charmed-meson dec;:i.y channels,
4,03 GeV, The prediction of a zero in o(e'e” — DD)

near 4.0 GeV should be tested experimentally be -

cause it would, for the first time, confirm in de-

tail the structure of a quark-antiquark radial wave

function.
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D Branching Fractions (Vo

Modes Branching Fraction
DV decay mode
K=+ 391+ 0.12%
K-ntx? 14.94 + 0.56%
K-ntntg— 8.20 4+ 0.36%
D7 decay mode
K-ntnt 9.52 + 0.37%
K-ntatqa? 6.04 4+ 0.28%
K.+ 1.55 + 0.08%,
K,ntnv 717+ 0.43%
Katan—nt 3.9+ 0.19%
KTK—n~ 0.97 + 0.06%

Modes Branching Fraction

o, 10 MeV cut on the Invariant ¢ — KTK~ Mass [16] 1.98 £0.15
KYK+ K — K—n= [1] 2.2+0.6

nat.n — vy [1, 16] 0.58 & 0.07

npT,n — 7. p — oY [1] 4.3+£1.2

'T}I”'T_I_ n — ’FT+”T n,n — vy [1, 16] 0.7£0.01

npt.n —atron, T]—*-"‘"“ pt —f—n+ (1] 1.8+ 0.5
oppT.p— KYK ., pt — ntx 0 1] 3.4+1.2

KK+, K, — o ~ 1, 16] 1.0+ 0.07
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