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CLEO Data Set
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o Integrated Luminosity of 13.5/fb

e 9.1/fb on T(4S); ~ 9.7 x 10° BB events

e 4.4/fb on continuum 60 MeV off the T(4S)

e 2/3 data in II.V configuration; most analyses
described here combine the samples.



Observation of B —» ¢K

Unambiguous gluonic penguin

ﬂ‘&/h:hw/ (
B(B~ = ¢K~) = (6.4337193) x 10-6
B(BY - ¢K%) < 1.2x10-5 90% C.L.
B(B = ¢K) = (6.2378%127) x 10-6

Consistent with theoretical expectations.



B — 7970 Limit

Continuing a program to search for all the B — 7,
B =< Kn and B -+ KK modes to get constraints
on the angles of the unitary triangle.

Feed down from B* — p*#0 is noticeable.

Mode Events BF x10°
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B — v, Kvv Limits

Uses technique of looking opposite inclusive B —
D™ nx signal for a single track. Checked in B —

D*tv.

(%) F(a)

Likelihood fit finds 0.96 signal events and

B(BT = r7v;) < 8.4 x 1074,

at 90% C.L. and slight modifications (take only
the single tracks that are not leptons) leads to

B(B* - K*vi) < 2.4 x 1074,



B — ¢ Limits
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B(BO =7 6+e-) < 83x 10_7 ~ 20°%
B(B® - e*u¥) <15x 1077 o -
B(B® » uty~) <61x107 ~70

at 90% C.L.



Measurement of V, in
BO — D*t¢—p

This analysis systematic limited, and only uses the
~ 3 x 108 BB events in the CLEO-II sample.

Technique is to measure the D*t¢~ yield as a
function of w = vgevp« = (m%+m%*—q2)/(2m3mﬂ*).
At maximum ¢2 or minimum w the normalization

is proportional to |Vl times a form factor that can
be well calculated by theory.

The yield is determined by fitting the cosfp._p«
distribution of candidate D* — ¢ pairs in w bins.
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This is then fit taking into account backgrounds,
efficiency, and the w resolution.
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dr G%|Vp|? 3 _
e —%:——él—(mﬁ - mDa-)zm%; w? — 1(w + 1)2

(1+4
F(w)2

where the form factor F(w) depends on two form
factor ratios Ri(w) and Rs(w), and a normaliza-
tion hy,(w). These can be constrained with dis-
persion relations (Caprini et al., hep-ph/9705252).
The dependence can then be reduced to a “slope,”
p2, and Ry(1), and R»(1).

w 1-— QW(mD'I/mB) + (mD"‘-/mB)E)
w41 (1 — (mp+/mp))2

we find  ( Arelirminary i)

[Veslh g, (1) 0.0424 + 0.0018 + 0.0019
p? 1.67 +0.11 4+ 0.22
B(B° - D*tep) = (5.66+0.29+0.33)%

and using h4,(1) = 0.913 £ 0.042 we find

V4| = 0.0464 + 0.0020 + 0.0021 + 0.0021
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B, Mixing

Uses high momentum lepton tag versus partially
reconstructed B — D**x¥F or D**pT to increase
statistics and remove dilution from charged B's.

con 5

Sample has ~ 2000 events with 13% dilution and
3% mistagging.

xqa = 0.198 + 0.013 + 0.014
from 4 <4 versus - - events see no evidence of CP
violation and limit

IR(ep)| < 0.034
and with LEP measures of Amy and lifetime
Al 3/2r 3 = |y4 < 0.41
both at 95% C.L.
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Observation of
B — DMar

Still many B decay modes to be investigated; total
measured branching fraction ~ 35%, only 10—-12%
is hadronic, and hadronic-B decay multiplicity ~ &
motivates such a search.

W | BE side band

M
Observation from B — D(*)(2 — 3)x that 2 body
decay modes dominate. We look for substructure.

In the 277° mass:

_

Events / 50 MeV
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Combining the «w with the remaining =:

y T r

Events / 100 MeV
8

=
o

fi

and observe a resonance with m = 1419 4+ 33 and
M = 382 + 44 MeV. We investigate the angular
distributions:

e W
S ¥ 759 ¥ ¥

cos 0,

and find JP = 1~ and identify this resonance as
the o). CLEO alc obeerves €he @' i T ecwy,
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Mode Events BF (%)
D**rtr—7=20 1230+ 70 1.72+0.14 +0.24

D*twn— 136 £ 15 0.29 + 0.03 4+ 0.04
DYwn— 91+18 0.28+0.05+0.03
D*Oxta—a—20 1905+26 1.80+0.24+0.25
D*Oun— 26+6 0.45+0.104+0.07
DO%n— 88+14 0.41+0.07 +0.04

The p/ saturates the wn final state. We also mea-
sure the polarization of the D* at 63+ 9%. We can
combine this with previous results on D*p and new
results on D*Dg to test prediction of factorization.

] ] ¥ ¥ L] L 'I ] ] 1 | 1 1 L]
51. qﬂ_usi Il Factorization Prediction (1) Region
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B — Charmonium

First observation of B — n.K and search for x.oK:

3

h‘[l

1IN — )

Mode  Events
nK™T 195+6.0 0.69+0.24 4+0.08+0.20
nkK® 85+38 1.09+049+0.12+0.31
xco K+t 0 < 0.48

xc0K° 0 < 0.50

limits at 90% C.L. Also measure f,. = 335+ 75
MeV assuming factorization. Implies no enhance-
ment of ' due to charm content.
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Measurement of inclusive B — x,1 and x.». Test
of charmonium production models.

) N
Mg
3 3
g §
™ 200 g S 0 450 <0
M /Py) =M/ 9) (Mev /™) M /) =M0 /) (Mev/2™)

Measure the direct rate for x.; by subtracting off
the contribution from J/W(2S) = x.17.

(4.14 + 0.31 4+ 0.40) x 10~3
(3.83 4+ 0.31 + 0.40) x 103

B(Bo - Xclx)

B(B° - x.1[direct]X)

B(B° - x.sl[direct]X)
: 44

B(BO — x.1[direct]X) S Color Oc&ﬁ?

Limit at 95% C.L.
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Many other recent Charmonium results:
® Two Body Charmonium
o B(B— J/YyK% = (95+08+0.6) x 104
o B(B - J/y79) = (25+1.0+0.2) x 105
o B(B— x1K% =(39+16+04)x10"%
® Limits on Agp
o Aop(BY - J/YK*) = (4+1.8+43+04)%
o Aop(B* = J/Y(28)K*) = (+20+9.1 %
1.0)%
® Precision B mass measures in B — ¢ K
o m(BY) = 5279.1 + 0.7 + 0.3 MeV
e m(Bt) =5279.1+0.44+ 0.4 MeV



B - D{") D*(*

Partial reconstruction of D* combined with the Dq.

.
608 () = cos (o)

Mode Events BF (%)

D,D*~ 93+18 1.01+0.18+0.10+0.28
D!D*~ 149+37 1.82+0.37 +0.24 +0.46

DSMD*0 82428 2.73+0.78+ 0.48 + 0.68

and measure the longitudinal polarization of the
D? at (51 £ 14 + 4)%.
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BY - D* pprT and
D* " pn

First observations of both modes and first obser-
vation of exclusive B decays to nucleons.
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Antineutrons are identified by their annihilation in
the calorimeter.

B(B° - D* pprt) =66+1.4+1.0x10"4
B(B° = D*"pi) =145+32+27 x10"*



DY Mixing and
CP-Violation
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Latest result is the observation of a wrong signal
in D = Knn.
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The wrong side yield is 39 + 10 4+ 7, right sign is
9045. Now conducting a Dalitz plot analysis of
this signal to extract Rus.
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Efficiency of ANl Cuts

; ;
: i 3
% A
K = i
) l :u'm‘t’l {Gew:’!’ ) t :I*tl':‘i tmv;'i’

Need to take care as eposp #F €miz- VVE are also
working on lifetime analyses of this mode, CP even
eigenstates KK and nn, and CP odd eigenstates
K%, K959, and K%, and semileptonics K¢&v and
K*tv.

2

£ 558385835 ¢§

We have new measurements of: (/). Lu,iiery _/\_w

Acp(DY - KK) = (40.04 +2.18 + 0.84)%
Acp(D° = n7) = (41.94+3.224+0.84)%
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Charm Baryons

Many new results.
e Observation of the =T and new measure of

=fmass.  m(Al#0) - MUK,

Events / 2 MaV

e Observation of the J” =17 pair = and =0,
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e Observation of new states in Anw; wide de-
caying to X, and X7, possibly an orbitally ex-
cited X .1, and narrow decaying to X.n and
non-resonant, possibly an L = 1 between the

ight quarks, __M(A& rim) = M (AS)

iml— i

| M)
2 | = MAS)
g Consis tent
< wrth &
0 L B g g & & _J o o 2 il o & _.
370 470 570 670 70
AM_; (MeV)

e CLEO observation of £2., m(£2:) = 2694.6+3.5
MeV.

® New A, results; lifetime, absolute branching
fraction, and correlated production.
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Measure of f + —/f0 0
and BT -

From relative rates for BO — J/WK®)
J/WK®+ we extract:

f4+ - _r(r@4s)- BtB")
f00 ~ r(r(4s) —» BOBO)
and assuming f4+ - 4+ f00=1

= 1.04 £ 0.07 + 0.04

Hi

f4 - =0.49 +0.02 + 0.01
f00 = 0.51 + 0.02 + 0.01

e 1IN 21

Observe 300 2y -> nﬂ — KOK¥Fr

----------------

ll:a':
m(ne) = (2980.4+2.3+06)MeV
Mn) = (27.0+5.8+1.4)MeV

May(ne) = (7.6+0.8+0.4+2.3)keV
Resolves outstanding disagreement with P%D.



CLEO III Status

Detector upgrade completed in April 2000. New
detector includes:
e New 4 |layer double sided silicon strip detector
® New 47 layer drift chamber
® New barrel Ring Imaging CHernkov for particle
ID
o Refurbished Csl calorimeter and muon cham-
bers
e New DAQ and trigger system designed to func-

tion at luminosity of 5 x 1033/cm?2 — sec
Physics running started in mid-July.
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CLEO III Status:
Silicon

Detector looking good. S/N is 50.

mu:-J 1

.......

. B o= T ST R
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Currently being aligned. Should have point reso-
lution ~ 10 um.



CLEO III Status: Drift
hamber

Working very well. It alone is giving tracking per-
formance as good as CLEO II.

pi-pale msmenturn from Katman file
m . L 'I L] L] Li Li I L] L]
m L T L T e T T T i
! - : ) ; Fit to Goussion + quodratic
L Plsstiunt surered rort 47 D aneate e J I meon 52848 ¢ 00032 Gev
s L Avernge o « 100y for cove B : 160 = sigmo 0.0885 £+ 0.0038 Gev
p Whls o = B & O O .
% 'H‘ Teokid rrem - 'm -
5 f W -
b o
“ ............
# -4 0 4 #
Drift distance (mm)

& residual D a JO Qym
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CLEO III Status:
dE /dx

Also working very well. Getting 5% resolution.
Nearly as good as CLEO II performance. Still
more calibration to do.

dE/dx Bands vs. Momentum

kit
."F. - i

Bl

- =
*

dE/dx (arb. units)

“ i & ] el

' Mommtnm raxm (Ge V/t.)
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CLEO III Status: RICH

Working well. Resolution on Chernekov angle is
5-7 mrad in hadronic events. Gives 3.50 7K sep-
aration at 3.5 GeV.

Wil here domins Led by trock pom C/y

résols trom. A/C'td/ J;}{éﬂ ‘o ;*m/mwt.

Shite 15 a mselisument bet wien A%
Chamber + T CH.
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CLEQ III Status:
Calorimeter

A classic that only gets better. Resolution markedly
improved over CLEO II due to reduction in mate-
rial in tracking volume. For 5 GeV photons 1.3%
in barrel, 2.1% in transition, and 1.4% in endcap.

CLEO Hadronic Events

oc=57 MeV

ool Pro> 0.8 CeV/c

B 011 012 013 014 015 016 017
M, (GeV)

=14 MeV |

P> 1 GeV/¢c

048 05 0852 tuu 056 058 08 062
M,, (GeV)



CLEO III Status:
Reconstruction

Starting to process useful running taken so far.
Tracking only with the drift chamber.

D)D) in CLEO il
L] I L] L] L] L] I ¥ L] Li Li

80
meon 1457 £ 0.1 NevV 4

80 = sigma 1.0 £ 0.1 MeV =

- o
A0 b=
a0 =

0 s b -
0138 0.145 0,185 0185

miKer)-miKn) (GeV)

D 4agged D"-<Kx in GLEG Il

TT" I 'I Il"lll

meon 1865.1 4 1.3 mev
sigene 12,1 £ 1.1 Mev

1.78 163 188 168 1,68
m{Kx) {GeV)
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Clos EH — Prefiasmy Chvw 171 - Profimionr
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CESR Status

Peak luminosity for CLEO III (0.6 x 1033/cm? —
seéc) is not as good as peak for CLEO II (0.8 x
1033 /cm? — sec). Some source of coupling seems
to be blowing up the vertical size. Not yet under-
stood.

Beam current peak has been 0.8 Amps and could
easily be increased by as much as 1.5 by going
from 9x4 bunches to 9x6. We want to understand
the blow up before pushing on this.

Beam related background is not a problem. Oc-
cupancy in Silicon and Drift Chamber from beam
IS negligible. Radiation dose on Silicon is far less
than 80 krads/year.

Upgrade of new super-conducting final focus quads
and more RF to shorten the bunch can increase
luminosity by a factor of two.
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Conclusion

CLEO continues to mine our data for new re-
sults. Very wide and deep program.

Clear gluonic penguin: B — ¢K: #%20 is small.
Best measure of V.

New high multiplicity hadronic mode: B —
D) 4x and resonant substructure.

Many other physics results.

CLEO III detector taking physics data
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