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CLEO Data Set

= CESR - symmetric e*e- storage ring

= operates on Y(4S)

= BB produced near threshold
s (BB) =1.05nb
pg » 300 MeV/c

= “Continuum” production

s (cc)=1.3nb
s(qq)=2.1nb
» Data set

= CLEO Il - 1/3 of the data

= CLEO Il1.V - 2/3 of the data
= Totals

= ~9.1fb?!on Y(4S)

s ~ 4.4 bl off Y(4S)
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B Meson Mass

= Use fully reconstructed (hadronic) B decays

= Previous CLEO measurements
fit beam constrained mass for B-> D(*)np and y K(*)
M2 = B2eam -P? and's (M) ~ s(E,.,m) — 2.7 MeV
Systematic limited:

= error on beam energy scale ~ 2 MeV
= error on initial state radiation correction ~0.5 MeV

beam

= New result

exclusively reconstruct B->Yy OK
do not use beam energy constraint
constrainy O to PDG values
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B Meson Mass (2)
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(5279.2 +/- 1.8 PDG98)
(5278.9 +/- 1.8 PDG98)
(for reference: Dm, = 0.34+/- 0.32)
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B Meson Production at the Y(4S)

foo _ ? (U(4S)® B°B°)

Define =
fro 2 (UA4S® B BY)

Any comparison of B* and B rates depends on f, /f,,
PDG assumesf, /f,; =1
Theoretical predictions: 0.95 ~ 1.05

Assuming Isospin conservation:
G(B*-> y K*)*) = G(BO-> y K(*)0
we find
f, /[foo = 1.04 +/- 0.07 +/-0.04
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More results on B to Charmonium
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B to Charmonium branching fractions

Decay Mode

Update Ks->p*p
New

New BO -> cclKO
New
New B->yfK

New
New BO->h KO

SLAC Summer Institute

Signal Background

142 0.3+/-0.2

9 0.9+/-0.3

10 0.5+/-0.2

BR (x10)

0.8+/-0.8+/-0.7

3.919 +/-0.4

0.88+03 _ +/-0.13

10.9*55 , +/-3.3
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Search for Direct CP Violation
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Search for Direct CP Violation
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Under standing Hadronic Decays

— Semileptonic

Strong I nteraction
But if ...

W creates ud "
pointlike

= color singlet d
— <
AT WA\«WN‘WN, [

Strong Interaction

If they get out o
fast enough ...




Hadronic B Decays

G * .
= Semileptonic Decay A :T;Vcqub <n|g,(1- g;)|I><D" |(cb)|B°>

. o G . .
= Hadronic + Factorization A=TF2Vcqub <p|(du)]0><D" |(cb)|B°>

Factorization Tests:

= Branching Ratios
GB® D"h)

(B® D)., .

dG = 6p2C12 fh2 IV [

do?
m Polarization

G/G(B®D*h) = G/G(B®D"*'N)|pm.
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Semileptonic (e.g. B->D*1*v)
A=GJ/14V <y, (l-y > <D (cb)| B>

i

%

Hadronic (+Factorization) (e.g. B->D*§")
A = G,/1.4V ) <n| (du)| 0><D*|(ch)| B®>

I. Branching Ratio Tests

Input: 1t decay constant /\
semileptonic decay ::5\

4
— . —ﬁ.__ - —u-...wT .._._“+ _ = A_..\- “_.nu._..._w. m.w...__._.q _:__..,
Jrz: Q_ -> D* 1+ v)
B->D# B-=D “Theory”
Be->D'"m* 1.18+/-0.21 0.94+/-0.30 1.22+/-0.15
Bo->D"p* 2.92+/-0.70 2.63+/-0.88 3.26+/-0.42
Bo->Da 3.84/-1.0 3.0+/-0.5

I1. Polarization Tests

[/ T(Be->D*p*)=90+/-7T+/-5% - = T / T(B°->D*1* v) = 88%




(a) DE sidebands
|3.0 - 5.0 s|
(b) DE around O
+2.0s fit with
sideband shape

fixed & norm
allowed to float

(D°® K™p")

358+29

Also signals In

D°® K'p* p°and
D°® K'p* p* p- (not
shown)

Fit B yield in bins of
M(4p)

Events / 50MeV

SLAC Summer Institute M, .. (GeV)




The p™p™ p° Mass Distribution

What are the decay

mechanisms for the (4p)

final state?

We examine the p*p p°
mass spectrum (2

combinations/event). All

3 D° decay modes
summed

Gzt

SLAC Summer Institute
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The wp~ Mass Distribution

Fit Mg distribution in wp mass bins
D**wp- l D* °wpr

10 |

30 -

G= 376x4/MeV

+ G=439+135MeV
=L \ All 3 Do
I * | decays used
i \

only D°® K p*

f
it

Events / 100 MeV
Events / 100 MeV

=]
in

Possible resonance (A) at M=1419+33 MeV, G=382+44 MeV
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D**(wp)- Angular Distributions

For a spin-0 A the D* & w would be fully polarized
Spin 0 b c?/dof = 3.5 (cosq,.), 22 (cosq,) P Ruled out
Best fit b G/G= 0.63+0.09 (D), 0.10+0.09 (W)

Spin-0 expectation

1000 |-

cos 'Elm

SLAC Summer Institute Klaus Honscheid, Ohio State University  (p18)



The Dwp- Final State

3 3
D°wpr D*wpr
= _ (a) only DO® K-p+_: 100 — (@) only D*® K+p p—:
3 ] il { t ]
=3 t i : : t -
- - t i > 50 d 4
QO L4 QO
= = 25
od od
P e :
& | @ —:
52 | 522 5.24 5286 E,EEI | 53 5:2 - I5.22 5,24I I5.2Ei E,EBI | 5-.3
Mg (GeV) M (GeV)

Signal: [DE|<2s (18MeV) Sideband: 3s<|DE|<7s

No signal in w sidebands
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The wp~ Mass Distribution

» »
Fit Mg distribution in wp mass bins
v
&0 - * Signal g | Breit-Wigner:
— M, sideband Mass = 1415+43
> + -~ Eg sideband ~ 1. G=419+110 MeV
g 40 l % 20 M J"H
S S % +
P P \
2 £ |
g 20 |- g bl /
L w + t
-
: "Lz}."";""a;

M, (GeV)

-
Rl A O W |
1 15 z

0.5

M, (GeV)

Combined D°wp- and D*wp- modes (179 events)
Consistent with D*wp result

Select (

SLAC Summer Institute

) for angular study (104 events)
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The Angular Distributions in
m.B ® m.D A:A® wp, wl® p°p'p

® °
b betweenwin A frame B between normal of w b between A &
& A boost direction decay plane & w boost w decay planes

a0 1t o1 2 ral g q49 i B (3 o 1t 1 2

cos 6, cos 6, s

€ Small efficiency corrections applied
@ For 1* and 2-, thelongitudind ratio (G /G floats

&1 preferred, c?/dof (1) =17, (27) =32




ldentifying the A" with ther¢

m Clegg & Donnachie: (t® (4p)n, e*e-® p*p-, p*pP'p p)
find two 1- states with (M, G= (1463£25, 311+62)
MeV & (1730+30, 400+£100) MeV, mixed with non-qq
states, only the lighter one decays to wp

m Godfrey & Isgur: Predict first radial excited r at
1450 MeV, G=320 MeV, B (r¢® wp )=39%

SLAC Summer Institute Klaus Honscheid, Ohio State University  (p22)



Summary & Discussion of Rates

Mode Br (%) # of events
B°®D p°p'p'p’  1.72+0.14+0.24 1230+70

B°® D 'wp’ 0.29+0.03+0.04 136+15
B°® D'wp’ 0.28+0.05+0.03 91+18
B®D°pp'pp  1.80+0.24+0.25 195+26
B'®D °wp 0.45+0.10+0.07 26+ 6
B’ ® D°wp’ 0.41+0.07+0.04 88+14

m r¢dominates the wp- final state

= GB°®D*r¢)/ GB°® D*r¢) = 1.04+0.21+0.06
GB®D°r¢)/ GB®D°r¢) =1.10+0.31+0.06
GB®Dr¢) / GB® Dr ¢) = 1.06+£0.17+0.04

m Consistent with Heavy Quark Symmetry prediction ( ratio = 1)

m With B(r¢® wp)=39%, GB® D")r¢) ~ GB® DOr-)

SLAC Summer Institute Klaus Honscheid, Ohio State University  (p23)



Testing Factorization
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Extending g%: B ® D*D.*

® ®
T wtegen | moe
: H o 0" s .
e i Final State B(%)

ol SIS e D**D, 1.10+0.18+0.10+0.28
- D**D, - 1.82+0.37+40.24+0.46
E
: DE)+D**0 | 2.73+0.78+0.48:0.68

D** + | G/G(%)
(- 87.845.3
¢ 63+ 9

DS- 50.6+13.9+3.6

SLAC Summer Institute
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Charged B Decay and Interference

3 3 3 3
BY Decay Decay
_ ¢
u b_\ u
p——c d p——¢
d d d——d u u
BO _>D-p+ BO _>D0p0 B+ _>D0p+
Different final states | nterference
BSW: |a; a, a,tza,
Mode BO(x103)
* a,, a, are phenomenological constants Dp 3.0+/-0.4
e process dependent Dr 7.9+-14
e great success in charm decay: D% 0.0+/"3.3
J . Y- Dr’ 2.8+/-0.6
destructive interference D*p 2 8+/-0.2
smaller G4, onic for D* D*r 6.8+/-3.4
t >> t D*a, 13+/-2.7
S D*r’  2.9+/-05

SLAC Summer Institute Klaus Honscheid, Ohio State University

B* (x109)
5.3+/-0.5
13.4+/1.8

4.1+/-0.8
4.6+/-0.4
15.5+/-3.1
19+/-5
4.1+/-0.8

(p26)
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A new measurement of V New rare decays
V,, update CP Asymmetries
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A new measurement of V,

The differential decay rate, for B—D*|v is:

2
dl” G 7
=—E_ v, F|IFomF Gow)
w is the Lorentz v factor of the recoiling D*.
It is a function of massesand g 2. (1? w? 1.5)
w = 1 is the "zero recoil" point.

G(w) is a known kinematic function.

Fw) is the form factor. HQET constrains it.
As m, . — oo, F(1) — 1.
For finite m, the corrections are O(1/m?2).

The first method is less

but has worse statistics.

sensitive to F{w) systematics,

Two methods:
¥ Extrapolate differential rate to w = 1.

¥ Integrate the total B(b — X _Iv).

SLAC Summer Institute Klaus Honscheid, Ohio State University
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Results
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Is there a problem?

CLEO:
F(1)[V,] =(42.4 £1.8+1.9)x 107 using: F(1) = 0.913 £ 0.042
BR(D*#v) = (5.66 + 0.29 +0.33)%  yields: |V, | = (46.4 £2.0 £2.1 +2.1) x 10

F{ 1} uncertainty
There appears to be a problem:

CLEOT fE Benddil | (42,4 £ 1.8+ 1.9x 1§ F—8— Thls rEELIIt IE SU-mQIY mrr&lat&d WIH-' thE
| measured slope, p?, of F(w):
LEP MCRMGY | (AR AT LA CLEO: p? =1.67 +0.11 = 0.22
ALEFH |t LEP: p? =1.01 £0.08 £ 0.16
Note, LEP and CLEO now agree
DL - about the total semileptonic BR.

cpca e by s i p e o b iy Boaen Fooaafoag wole g
JE CCAG CEIL O CRn 3R SN EED. 44 4k ds

POV,




Walting for a V , update...

B

= Exclusive (B -> rIn or pln) [CLEO]
Vil = (3.25+/-0.14%3-23+/-0.55)x103

= Inclusive (b -> X,In) [LEP, CLEO]
IViol/ V| = 0.8 +/- 0.2

= Rare hadronic decays (e.g. B->pp) (seen)

u B->D p+® (not seen)

mB->tn

SLAC Summer Institute Klaus Honscheid, Ohio State University  (p31)



Pure leptonic decays: B -> 1n

BR(B+®I+n)—G mym’ §1

2 2 2
b I
W
SRV,
u

Standard Model: B -> t n ~ (0.2-1) x 10
|dee: fully reconstruct on B, look for T + missing energy

QI I’“-

it yhelct: 0.9 sigmal
504 background

Using 9.7 x 106 BB events we find
BR(B->1n)<84x10*

. = B E E

Bonus: n H N H N
BR(B -> KNn)<24x 104 T T Ty

SLAC Summer Institute Klaus Honscheid, Ohio State University  (p32)



Rare B Decay

= Tree decays b® u vs. b® ¢ suppressed
by |Vpl?/|Vg|* ~ 0.01

= Additional |V |?/|V 4|?> — 0.04 for K-

= Expect tree dominantly b® uud.

Decays b® s,d GIM-suppressed

Loop diagram p (m,/m,,)>.

Penguin: |- IVial?/IVis|? ~ 0.01

=

Expect penguins dominantly b® uus.

SLAC Summer Institute Klaus Honscheid, Ohio State University  (p33)



B® K*p/p*p Topology

N
g .'ln
o
i E:‘
SLAC Summer Institute

Piagnier ~ 2.55—2.85GeV/c
(higher than for b® c decays)

Major background from efe ® qg “continuum”
Continuum events are “jetty” in topology

P, ~ 300 MeV/cb BB events “spherical”

Continuum suppression from ML fit to several
kinematic and topological variables (more efficient).

Continuum suppression factor of ~ 106,
efficiency for Kp/pp of ~40%

Klaus Honscheid, Ohio State University  (p34)



K/p Separation

» » » »
= Kp vs. pp from dE/dx in drift chamber o]
= Resol. confirmed with D*-® D%-, D%® K- p* :
= Also separation from kinematics: & sl
DE,, = E, + E, - Epean : |
TR Im-
MIIk ® DE resolution studied
| — "B 1 with DO® K p*(p) A
- — PP 7 mass resolutions = e ° = 2
I ' (dE/dx - Expected)/s
7 . DE  dE/dx
“E CLEO II 25MeV | 1.7s | 1.7s
%m0 ow  ow o= CLEO IV 20 MeV | 2.1s 2.0s
DE,,, (GeV)

SLAC Summer Institute Klaus Honscheid, Ohio State University  (p35)
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B® Kp, B® pp Summary

. .
Signal #s e BR

(events) (%) (" 106)
PP 20.0 4.2 48 4.3+39+£0.5
p*p° 21.3* 8 3.2 39 <12.7
POp° 6.2 *4-8 2.0 29 < 5.7
K*p- 80.2 * {{ 11.7 48 17.2+%53+ 1.2
K*+pO 42.1* %5 | 6.1 38 11.6*39+ 1.4
Kop* 25.4+84 | 7.6 14 18.27753+ 1.6
KOp© 16.1 * 27 4.9 11 14.6 29 34
K*K- 0.7 *5¢ 0.0 48 <1.9
K*KO 1.4 ¢4 1.1 14 <5.1

SLAC Summer Institute Klaus Honscheid, Ohio State University  (p37)



Exclusive b ® u Transitions

m Many hadronicb ® u
transitions observed

m New study includes
14 channels
(hep-ex/0006008)

m In general -
good agreement
with theory

m Full Dalitz analyses
could determine
aandg

SLAC Summer Institute
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Likelihood Contours

m B®r*p/rK and B®r%/rK

fitted simulataneously

m BR(B®r*p)/BREB® )
smaller than expected (>4)

SLAC Summer Institute
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Modes with h and h ¢

Mode Shat. B (0%
I e HEE ROTID7
{7 - K 117 &9 1;’_‘@. )
BT = yfr fLidr <1
|t LEer < 5T
Y SRS Y. <. 35
g e g g0 1.5 < £ i
B ifpt 247 < 35 E :
D7 s of Q.67 <12
O e (L& < 6.4
HY i nio (LELy < 9y §
HY gt (LGier < 5.7 .
R (il CL
BT b 4Ry 2E4TVERRS My
P Air 13879016
B s gt 15 < ih
A T L 1.8 < 1
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Pure Penguins: B® fK

B
% L |:n. -1— P e [ I L e 1y —id
s | AECGT — 0l e B33 g s
g ﬂ..\g FRCEY o pAY g e (TR e 1075 1200 1077
'"'Tm 1018 - - = i
m, Cioznhid vessle BRECE - of0 = (62730 « 10~
o _
50 | -1
13 _._H_'
ke i

lroaiy

o Prre ghwoni: pengign, sienie fnal gtate, sermitive to sin27
s Theopetieal meortaindies are janie
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arg(V,,) (= g) from Decay Rates

= Fleischer-Mannel (Phys. Rev. D57, 2752(1998))

RO ABYO K'p) 3 giry CLEO R=1.01+0.26
. = —+
GB®Kop) MY ' R
= Neubert-Rosner (Phys. Lett. B441, 403 (1998))
G(B*® K°%+)
0 1-R.)/e,, £ |d, - CO
2G(B'® K'Y (1-R.)/ey, £ gy, - COSY

0.58 + 0.74 £ | (0.64 + 0.15) - cosy|

= Also model-dependent fit to many CLEO branching ratios of
pp, Kp, rp, wp (Wuerthwein et al. hepex/9910014):

84 < g< 154 (90% C.L.)

SLAC Summer Institute Klaus Honscheid, Ohio State University
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CP Asymmetries

= Measure B and B reactions described by two amplitudes:
I GB® f) = | a,eif1*d) + g eilf2*d2) |2
a G(B® f) — I alei(-f1+d1) + azei(-f2+d2) |2

= CP asymmetry from strong and weak phase differences
o D° (G- §/(G+ QG sin(f,-f,)sin(d;-d,)
= Depends upon comparable magnitudes as well

= CLEO can measure decays that are sensitive to g= arg(V,*)
m B*® K*p?, B*® K%*, B*® K*h’
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A, EXpectations

Factorization model calculations (no FSI interactions)

Ali, Kramer, Liu, hep-ph/9805403
K*p* 0.04-0.11 K*p® 0.03 - 0.09
Kop* 0.01 K'h’ 0.02 - 0.06
wp*  -0.12 - +0.02

Final state interactions may boost A, ~ 20 - 40%.
He et al, Phys. Rev. Lett. 81, 5738 (1998)

Neubert, JHEP 9902, 014 (1999)
Deshpande et al., Phys. Rev. Lett. 82, 2240 (1999)

New physics could boost A, ~ 40 - 60%.
He et al., hep-ph/980982
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Experimental Bias(es)

E E E E
Em&n | | L] _I- I ] I_ il 1§ I _I_ 4 1] ] I 1 L] 1| L]
40000 Negative Tracks ~
B flavor tagged by high 20000 |
momentum track N R o o 7
Must demonstrate | 2.00 2.25 2.50 2.75 3.00
reconstruction not charge 60000 —r—r— j“";"‘j""?“:‘*"f";‘"f";“’f’"j"}"‘j _
dependent. g
¥ ) ) 40000 Fositive Tracks
Charge difference in K'N -
+ . 20000 -
and K*N cross sections I
. 0 [T S TR N NN T WA T T N SRR NN TN NN NN SN N B
difference confirmed in E sipkes Raraucly st of chamarn pacd - 032 pos RO racts
Monte Carlo — 0.002 : + nq..lu L LN I S B R S N B L N B R R B B B
2 N Asymmetry versus momentum .
E D,DDWW
Z N Asym = -0.0021 + 0.0003 -
' _u‘ll U - L [ 1 1 I 1 1 1 [ I 1 1 ] 1 I 1 1 1 I ]
2 2.00 2.25 250 2.75 3.00

SLAC Summer Institute

momentum (GeV/c)
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CP Asymmetry Results

“ “ “ “ : : | 2|361|099|-012|
' 90% C.L.

+ 11.8 - +
80.2 * 116 events K p I —e— §

+ 10.9
42.1 95 events <+p0 § o E

+ 6.4
25.2° - events <0p+ 3 . !
101 *13 events

o K*he o}
28.5 ’ ;g events

| Wp* | 3 . ;
| L |
-1.0 -05 0.0 05 1.0

SLAC Summer Institute
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_CP from New Physics?

3 3 3 3
W- T 60
b i ﬁf - *I'" 126+ 15 events
- }K 3
- = —_ ] a0}
q q

Penguin amplitude p |V (|
Other amplitudes, Cﬂ/small in SM

Some Higgs models introduce CP, p /ossmly

even if b® sg rate unaffected.

Wolfenstein & Wu, Phys. Rev. Lett. 73, 2809 (1998)

Asatrian & loannissian, Phys. Rev. D54, 5642
Kagan & Neubert, Phys. Rev. D58, 094012

SLAC Summer Institute

B — K'(892)y

Summed over K* modes

...................................
82 5.21 5.22 5.23 524 5.25 5.28 5.27 5.2B 529 53

B Candidate Mass (GeV/c?)
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b® sg Results

LY Fo—
Updated branching ratio results: ?—IK (892)5 — Km dec‘f‘isz
X 15 | s
BR(BO® K*Og) — (45i07103) ’ 10'5 g i éEchudedé KﬂSwoneg:I; raEa’
BR(B*® K**g) = (3.840.9+0.3) ~ 10° = ’ s
BR(B® K,"(1430)g) = (1.6+0.55+0.13)" 105 "5} coeniichEAERD
CP asymmetry from special kinematic region T R
for best K/p identificatio e P
A, =0.08 £0.13 £ 0.03 o7l iBEEEEE I A
[ " 33 B T ECorrect K assignment
Asymmetry for inclusive b® sg (based on  —13 =7 "os 0 65 1 15 2 25
9.7M BB pairs only): P(K) = P() {GeV)
A, =-0.063 £ 0.090 + 0.009 or Upper limit on b® d
-0.21 <A, <0.09 (90% C.L.) exclusive penguins:

BR(B® (r ,w)g) < ~10°

SLAC Summer Institute Klaus Honscheid, Ohio State University  (p48)



Search for b® dg

2 2 2 2
= Expect that B® r galso described by it il
penguin amplitude - dominant top? b ’_m/d’
CBOrg _ IVyl T a

GBOK'Q |Vts|2X x~06- 0.8 M - ¥
i C e . b i /s
= Updated branching ratio limits: :— : Jcx
q q
BRB®rl) < 1.7 10° A .
BR(B*®r+g) < 1.3~ 10° - g
BR(B® wg) < 9.2 10 §E 0.05 oy
..... & " K*g
* 0 | —
= BR(B®r g)/BR(B® K*g)<0.32 (90 A)CL),:f i ]
w L e,
s [V /V,| < 0.72 (90%CL) (ORI
m' ., ‘?‘.
i S
=010 ° = *,
0.7 0.8 0.9
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Searches for DO-D° Mixing

B B B B
Vud u }
_ (DY ‘f';r'<d P
5 u 5 £ = s
D ” D" mixing | e - K+
"mass”, d,s,b,x
C u
x=DM/G ‘Eg_, DO{ X §W,X B
u — c
d,s,b.x
"lifetime”, + K+
y=DG2GE) = - )F
p K-
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Right and Wrong-Signed D° Decays

Use tagged DY s from D** decays:

oES;_—P:

. " D* K +
ClrDe Sagg: ig;t?alo " > DO/‘E
ps DO flavor \‘ p

D™+ K& S
> D°<:1§‘f£ Do flanor,
p"' unless DCSD Mﬁ?@ﬁ[@@% pS+
D*+\ _O) K+
DD

\p
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DY -> K*p- Final State

Zero Lifetime

Definitions:

0 G(D°® K*p’ )
R G\D°® K*p"

R=R, +R, +,/R, y¢
Ra =30 + )

texp(-t)
Iinterference

-5 0 5 10

Strong phase, d, between D° Lifetimes
DCSD and CFD Tine dependence of ke
y' =y cod—x sind 1 .
X' =x cod -y sind SPRD+,/RDy<t+Z[xé+yCI?]tzc—:)e't
& 2
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A Charm Event in CLEO I1.V

ClaesdD ClasXD

Hape H2I05 Mvantr 121H0E Remr HIIOS Hyent: 121HE
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Charm Reconstruction and Lifetime Method

CESR beamspot is a ribbon

S, — 350 mm

s, ~ 10 mm

S,~—2cm

Reconstruct 3D beamspot and
decay vertices

Use only y flight information to
calculate proper time

tDo :(yvtx o ybeamspot) mDO/pr

SLAC Summer Institute

Silcon Detector / Slow Pion
i

Keconstructed track

T

;
-
» — x
withoul refit \‘L o
I_l’
-
I
r

]
T D decay vertex

Ream Spol Primary Vertex

|

Other charmed
hadron

Klaus Honscheid, Ohio State University
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Right-signed Decays: D° -> Kp*

B D*+ -> DO p+’ DO -> K—p+

Proper Lifetime in K Events

}' :Ir =] | - T
= CLEO IV k- CLEO TV i CLEO E_I;"*
2 Dala g Dat: z 9.01h
= als = ala B
o = W MW -
2000} z g D"? Kn
64401 MeVic = 13327+116 hygnal = 408.542. 1 fs
w00
EIDD‘ PLATEE]
D [}
[ 1.49 Dt 0 -1 @ 1 2 a
M (GeVie Q MeV) Proper Lifetime {(ps)
S, = 6.4 MeV/c? So ~ 190 KeV s, =0.35t0
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D+ D% D - K

CLEOILV
» » » »

ae Slignall g con™
D**->D%%* flavor tagging

Reject CFD and SCSD candidates with
DO->p*K-, p*p-, K*K- mass hypotheses
within 4s of D° mass

2D Binned ML Fit in Q vs M,

Signal Shapes WS signal shape taken
from RS signal

Background shapes from MC

Phys. Rev. Lett. 84, 22 (2000)

50

Events

Events/400 keV

Events/6.5 MeV

2
SLAC Summer Institute K M (GeV/ic™)



DY -> K*p- Decay Time Dependence

40

Events/D° Lifetime

D*" 5 D', D - K'n

CLEO ILV
" (9.0fb Y

uds

H
charm §

75 0 75 5 75
DP Lifetimes
Parameter Best Fit
Rg (0.48 +/- 0.12 +/- 0.04)%
y' (-2.5 ¥4 +/- 0.3)%
X’ (0 +/- 1.5 +/- 0.2)%

(1/2)x’2

WS signdl fit to function

eR, +4/Rs vt +%[x<€ + yCE]tZQe't
é 2

combined with resolution function

95% C.L.

0.24% < Ry < 0.71%
-5.8% <y < 1.0%

| X' | < 2.9%

< 0.041%



Results

D°-D° Mixing Limits

:‘;"n @ CLEO ILV D°—=K'm

Eiy

: o ErgD°—K'K
0.1f ' E791

otalet
5
S
4
o g
A

E
>, B
b at

=

PRI

. >
L >

ey
L% il

i,
L

£
i

.

AT
Bl
e
L

e
Q"_‘

" = 95% Allowed

{Bayesian)

Limit wihen GP

vielation s alloweed

R, ® R,(1+A,) (andogous toe)
R,® R,(1+A)) (analogous to ef
d® d(1+f) (analogous to sin 2b)

Parameter Best Fit

A, 0.23_*8:23 + 0.01
A, - 0.01_*8-_11? +0.01
an f 0.00 £ 0.60 +0.01

Limit -36% < Ay < 30% (95% C.L.)

Limit wihen CP
vielation is net allowead




DN Pk DATA SIGELICE MD PK DATA SIGSLICE
60 T T T T I T T T T | T T T T | T T T T 60 T T T T | T T T T | T T T T |
WS Data WS Data
i Signal ] i Signal ]
50 — — 50 — —
L oth. charm . L oth. charm .
[ [
T T
o, o,
m m
e e
=] =]
T T
£ £
E E
-] -]
Z Z
0.000 0.0025 0.005 0.0075 0.010 171 1.81 1.91 2.01
Q (MeVic™) miKen®) (Gevic)

N, =39y (from fit) + 7 (sys)
N, = 9045
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D Mixing Prospects

= CP Eigenstates (e.g D° -> KK, pp)
lifetime analysis probes y= DGE2G directly.

D - ' D' = PP
- CLEO ILV
0.0 h!

IR

i L 1
17 14 1.9
n' T Ml 1{-:&\'.1'112}

PP’
Expect s, ~ 1.8% (stat. + sys.)

= Semileptonic Decays D° -> K™*In
No DCSD, so R, = 0 and R = R,,
Estimate sensitivity R,, < 0.15%

SLAC Summer Institute Kle

D°-D° Mixing Limits

F.r!: m CLEQ ILV D°—=K'n
=)
g EE791 D°=K'K
0.1
0
3 i |
95% A llowed
0 0.1 02
X Tpf2)



Search for CP Violation Using D° -> KK, pp

N(D°® f)- N(D°® f)
N(D°® f)+N(D°® f)

Acp(T) =

A (KK) = (0.04 + 2.18(stat) + 0.84(sys))%

Acr (PP) = (1.94 £ 3.22(stat ) + 0.84(sys))%

Summary of A_,(KK)
CLEO ILV - 1999
FOCUS - 2000
E791 —— 1998
CLEO II N, 1905
E687 ~ 1994
E691 1991
L1111 T T S R
40 20 0 20 10
AcplKK) (%)
Summary of A (1)
CLEO ILV » 1999
FOCUS - 2000
E791 —— 1998
I . | |
201 -1 0 10 20
Acplrn) (%)
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CLEO Il

1999

\‘ \\ CEEEETR
Q SY D
3

DNRHER

\ ,“) RN,
\%/‘\,) 2
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Hadronic Event

Fun: 107993 Event: 13344
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CLEO Il Perform

CLEO Il Drift Chamber

Outer skins

Conical endplate

Inner tube

Lo T T T T S S R

I B o 1
§ ..|Lesign Value 15Qum. |
& L |
; Meap 102um

b ;

% 103—&—1—"\— _'..'L -
= b r "'\ F;

&5

i = n

Ll cmstares frrm

SLAC Summer Institute

Mum ber of everts

&0

40

30

20

10

]

| No PID cuts

|
Mum ber of evernts

0,140 0.150 0160

MD -MIDY GeV

0170

30 -

20

10

0
0.140

" Usin

0.150
MD MDY Gev

g RICH

0.1a0

0170
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RICH Principle

LiF radiator

g

CaF2—"

windows

K/p

N2 expansion ;}/
gap I
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We are no longer alone...

3 3 3 3
o o
PEP 11 CESR —~
15 fb1 2 bl Int. L
2.3x1033 cm=2s1 0.6x10 102 cm=2st Inst. L

(1.7x10 1033 cm2 s1)

BABAR
20 mMm
125 nm
100 mMm
7.5 %
7.2 MeV
works
70 Hz
1%

CLEO 111
?

100 nm
75 mMm
5.0%0

5.4 MeV
works

70 Hz
1%

Si res.
aver. DR res.
best DR res.

dE/dx, Bhabha

p° res.

PID

Events to tape
DAQ deadtime

SLAC Summer Institute

@
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CESR 111

instability Thresholds Currents for a Positron Beam

00

q 250
E
h ml
0 I n L ;

14,1414 14,1428 14,2814 28,1414
Time between Bunches within the Train [ns]

TotalCurrent]
e L]
= =
—J =

B apro7-anrr;0sRF B Novas-2NRF;25RF B May 99 -0 NRE;3 S

Superconducting RF Super conducting Quads
* M ore Power  Better focus

= 1 A beam current = b* from 18 to 13 mm

* L ess Impedance » Spring 2001
= 4 RF cellsvs. 20
= Reduced I nstabilities

e Higher Gradient

= Shorter Bunches
SLAC Summer Institute Klaus Honscheid, Ohio State University  (p67)



Conclusions

= Hadronic B Decays still interesting
= Extended Factorization tests
= New Charmonium decay modes
= Intriguing interference pattern in charged B decay

= Large V, from exclusive decays

= New results on rare B
= First observation of B->f p, many new modes
= New limit on B->p°p°
= Limits on CP asymmetries

= Limits on D°-D° mixing and CP violation

= CLEO Il up and running
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