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Abstracts: #541, 544, 545, 546
o H41: B — 11,
® 546: B ete,utp et pyT
e 544: B — charmless (PP, PV) states
=~ B 7m, Kr, KK,n'K, CP asymmetries,
- B 19K,
- B = pr,wr, K*r
o 545: B — ¢K
Use complete CLEO II data sample of 9.66 x 10 BB events,
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Standard Model Expectations
e BR(B - ete™) ~ 26 x 10715
o BR(B® = ptp~) ~ 1.1 x 1070
o BR(BY = e*u¥)  forbidden
e BR(B* - rtuy,)= E@i(l - %)Efﬁwublzfs
r 2-10 % 107° |
= (4.08+0.24) x 10~4 ]
Crogs Section Enhanced Due to New Physics:
e Two Higgs doublet Models
s SUSY
e Pati-Salam Leptoquark Models

Present Status:

® BR(B" 5 ete) < 59 x 10~7 (CLEOQ, 1994)
® BR(B® - utu~) < 6.8 x 10~ (CDF, 1998)
» BR(B — e*uF) < 35 x 10~7 (CDF, 1998)
o Mpg > 21.7 TeV /c? (CDF, 1998)

e BR(B* = 7%y,) < 5.7 x 10~4 (L3, 1997)
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lAnalysis: B = [T~ I

Signal Event Selection
¢ 2 Track with Lepton ID and Opposite Charge

» Beam Constrained Mags
Mp - V%Em'm —(p+ + ;-2 < 30

¢ Energy Constraint

By 4+ Ep- — Byoam < T5MeV (up), < 100MeV (eu, ee)

Background Study (not much is expected)

o BB backgrounds (< 0.02 events)

~ Generic BB backgrounds

- b= e(u)lv

-~ BY = K*n~ mtn— ete
o 717~ backgrounds (< 0.5 events)

e ¢te” — qf where g = u,d, s, ¢ (< 0.2 events)
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|Analysis: B—=ry. I

Fully reconstruct one B and study decays of other B
Reconstruction of charged B ( 8200 events)

New Technique:

o BY - D™ 4, n=12.5

¢ D roconstructed in 8 modes D — K + nn

¢ use D* — D mass constraint
Search for other B decay: B — 7 — one prong (e, u, )
Found 6 candidates compatible with background

Likelihood fit to the kinematics of the reconstructed B
(no additional information in the single track) gives an
apper limit |

BR(B = 1v,) < 8.4 x 10™* (90% CL)

Byproduct

Require consistency with kaon kinematics/identification
BR(B = Kwv) < 2.4 x 10~* (90% CL)
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| B — v in Data and Monte Carlo
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Results

Decay Mode | Efficiency (with errors) | Evts | UL @ 90% C.L.
BY —» ete~ 31.3+0.4+24% 0 < 83 x 1077
B utu~ | 424405+ 32% 0 | <61x10°7
BY = Xy 436 05+ 7.1 %) 2 < 15 x 107
Bt = 1y, 329+01 % 0.96 | <84 x 1071

New Limit on Leptoquarks
M E Q

-

(

my oy (my)

cvs(mp)

Mg > 26.9 TeV at 90% CL
New Limit on B — rv,:

BR(B— mv,) < 8.4 x 10~
New Limit on B = Kvv:

BR(B— Kwvv) < 2.4 x 104

L

I'(B? = e*u¥) = ra2(Mro) ——_1 FZm%R?

ay(Mpg) )-;(aa(mz) =

A
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Charmless Hadronic Two-Body B Decays'

{soals:

¢ Construct a coherent description of the weak quark couplings
and their phases,

o Establish CP violation outside kaon sector: direct or mixing
induced.

o Test unitarity of CKM matrix.

¢ Scarch for non-8M physics.

Two main types of diagrams:
® b — u spectator (tree) diagrams (suppressed by Vb)),
* b~ s penguin diagrams (suppressed by loops),
~ EM penguins: b~ sy  (seen by CLEO in 1993),
= gluonic penguins: b — sg (seen by CLEO in 1997).

Ratios of branching fractions allow to extract information
on angles of unitarity triangle.
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Feynman Diagrams

» Must measure many related modes

Dominant diagrams for charmless hadronic B decays.

¢ Usually, there is more than one contribution — interference

i

Ryszard Stroynowski, SMU/CLEO

ICHEP 2000



11

Analysis Technique for Rare B Decaysl \

Signal: ete™ = Y(4S) wBB (6~ 1 nb)
Background: eTe™ —qq, ¢ =u,d,s,¢ (o ~ 3 nb)

7

Initial selection constraints:

o mp= /B, . —|%:Pil (Omy = 2.5 MeV)
o AF = Zr By = Braam (U&E = 20-30 MeV)

o Continuum suppression via event shape
(continuum “jetty”, BB “spherical”)

Yields determined from unbinned maximum likelihood
fits.
Variables used to distinguish signal from background:

¢ Mass and energy of B candidates: mp and AE.

« Fisher discriminant - linear combination of 11 shape variables.

¢ B candidate flight direction.

¢ Resonance masses and helicity angle for V P decays,

o dE/dz and AFE for particle ID.

At high p, weak separation of K* and 7% =

Simultanecusly fit for both components
(e.g. B = K*=nF In®n¥F),

Dominant remaining background - cross-feed from other rare B

Qﬂﬂﬁyﬁ- //
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llustration of Fit Results for B — K*n¥, 7¥y¥
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/ ‘B—}Kﬂ',*ﬂ'ﬂ'l

(All upper limits at 90% C.L.)

Mode ¢(%) Yield Signif. B(10-°)
K*r¥ 48 80.2T50 170 172128419
KOr* 14 25271838 760 182148116

K*z% 38 421t)%° 610 11613014

K%° 11 18350 48 146139134
rEp¥ 48 200%7% 420 43118405
n*xd 3% N 3% <127
e 20 6273 200 <87
K*K¥ 48 07837 000 <19
E¥KY W 1438  dwe < 5.1
K“K“ 5 0 0.00 <17

—_— —
S

PRL Sﬂ 3456 (1998), PRL 85, 515 (2000) + Abstract #544

¢ General agreement with theoretical expectations.
¢ All four K7 and 77~ modes finally observed!

o 77~ rate small and only UL for 797%— no strong phase
enhancement

\“ " G'}Hﬂ}ﬁiﬂ p{.‘jﬂguiﬂg are l&rg&.

S
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Modes with ' and TII
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PRL 80, 3710 (1998) + PRL 85, 520 (2000)

\_

Mode Signif. B (107°)
B* 5K+ 1680 8013 £7
B — 5/ K© 11.70 8971849
BY 5 g'nt 0.00 <12

BY — g0 0.0c <87
BY 5 g/ K** 1.80 < 35

B® = /K0 1.80 < 24
B* s y/pt 2.4c0 < 33

BY — o p° 0.00 < 12
BY s npK* 0.8¢0 < 6.9

B = KO 0.00 < 9.3
BT = gnt 0.6c < 5.7

BY — nn0 0.0¢ <29
BY —» nK*t  48s 26473%+3.3
BY — nK*0 5lo  13.8%38+1.8
Bt <= ppt 1.30 <15

BY — pp° 1.8¢0 < 10

A
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/(;ntarpretatiun of results still unclear. \
¢ Decay rate into ' larger than that into 7.

e Interference of gluonic penguin diagrams: constructive for 'K
and nK" and destructive for nK and »'K* (Lipkin 1991) is
qualitatively OK but numerical problems remain.

¢ Intrinsic charm content of ' has been proposed but no
corresponding enhancement of the B — n.K channel has been
seen. CLNS 00/1680,hep-ex /0007012
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BR(BY = 1.K") = (1.091335 £0.12 4 0.31) x 10~3

BR(B* = n.K™") = (0697937 £ 0.08 £ 0.20) x 10~3
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Exclusive b — 4 Transitions

¢ First ohservation of hadronic b = u transition.

o New study: 14 channels of B decays to (7 or K)+(p, K*,w)
CLNS 99/1652, hep-ex/0006008.
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‘Mode  Yield Signif. B(10-°)  Theory
B= =7 298192 Bde 104733421  0.4-13.0
B~ s K-p° 22407 37 <17 0.0-6.1
B~ - 7%~ W  Ble < 43 3.0 - 27.0
B= = n'Kx— 26142 100 < 31 0.5 - 24.0
B~ = r w 25735 62 113833414 06-24
B~ - K~w 79139 210 <179 0.2 - 14.0
B~ wn K™ 184707 360 < 16 3.4 -13.0
B~ K-K* o00%; 0de <53 0.2 - 1.0
BO — g pF SLOSS* 560 2metiii42 12-

B® - K*p¥ 164712 350 <323 0. 0-120
B = 7% 54108 1% <55 0.0 -25
BY = 0 1582 060 < 5.5 0.0 - 12.0
BY = K% 0058 3% <21 0.0 - 17.0
B" +n°K* 00555  0.00 < 3.6 0.7 - 6.1

N
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Likelihood contours
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o (pTr*/pTK™) and (p"7* /p°K*) fitted simultaneously
o In general - good agreement with theoretical expectations
o B(B — p*n¥)/B(B — p°n%) smaller than expected (> 4)

¢ No significant yields in AS=1 transitions (as expected in
factorization based models)

e Full Dalitz analyses of these modes can determine o and A

7
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IB - K - Preliminary'

Number of svenls

¢ Pure gluonic penguin, simple final state, sensitive to sin 273
¢ Theoretical uncertainties are large
~ Deshpande+He: inclusive B — ¢X,~ (0.6 — 2.0) x 10~4
~ ¢K fraction of ¢X, ~ 10%
BR(B~ = ¢K~) = (6.4725123) % 109

BR(B” < ¢K°) = (59755 14) x 108 5< 1.2 x 105 at 90% CL

Combined result: BR(B — ¢K) = f{;fz*f{;_'_[;;) % 10°°

pS o
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/ CP Asymmetry Measurements' \

Direct CP asymmetry can result from interference of two
amplitudes with different strong and weak phases.

¢ Factorization model predictions are small, but new physics
and /or final state interactions can enhance the strong phase.

¢ Definition

B(B - f) - B(B — f)

BB f)+B(B—J)

Acp =

¢ Parent B flavor self-tagged by high-p charged particle.

o Agp included as free parameter in ML fits.
QLB% i mtervals

----- AN

Mode Yield  Ac» ¢r } 1
K*g¥ &g 27116 —0.04+016 ., e b

K*7% 421%5%° -0.29+0.23 i T
Ko%% 252484  40.18+0.24 |
K=y 100%13  40.03+0.12 i V=1

wrt 285897 —034x028 M| ¥ ——

= I T T T Y]

¢ No A¢p observed, but allowed range significantly reduced.

\ ¢ All measurements are statistics-limited. /
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‘ Summary I

¢ New limits on fully leptonic B decays have been set.

o Over past few years CLEO measured or set upper limits on
over 60 exclusive charmless hadronic B decays.

¢ New results this year: B — nr, nK* 0K, mp,nw, oK, n.K
o All branching fractions are small - typically fowx 108,

e Most measurements are in reasonable agreements with
theoretical models - probably due to lack of experimental
precision.

o Future, higher statistics measurements will be able to extract

the information on the sides and angles of the unitarity
triangles.

¢ Data indicate existence of many contributing and interfering

diagrams.

/
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Status of the Theory'

9
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