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Outline

¢ Charmless Hadronic Decays
* B>¢K B— oK
» Summarize B - Kz, 7zr; B — n'h; Asymmetry
¢ Radiative Decays
b — s yinclusive (Asymmetry), exclusive
b — d yexclusive




Rare B Physics

¢ Involving loops and boxes ¢ Learn about Unitarity
Triangle:
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~ Mixing - Electroweak Penguin . .
8 & % Direct (decay amplitude
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Rates from loops and boxes are . . >. litud
o . . L 4
non-negligible because Top is so ’ M1x1?g (mixing amplitude
heavy (incomplete GIM) interference)
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CESR and CLEO

¢ Symmetric e*e” accelerator
at or near Y'(4S)
(P ~ 300 MeV/ ¢)

¢ OntheY(4S):
ete - Y(4S) » BB (6 ~1nb)

e'e — qq, (=1u,d, ¢, s) (c~3nb)

¢ 1/ 3 running at OFF Y(4S) for

continuum bkg subtraction

¢ CLEOII+ILV Collect_ed
ON: 9.1 tb! (9.7M BB)
OFF: 4.4 tb!
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The CLEO Detector

¢ Cleo II (1989-1995):
< 1.5T Solenoidal Field
3 Tracking chambers

Helium Reservoir

L)

L 4

s CsI Calorimeter Muon Chambers
“ Time of Flight o
Superconducting Coil
% Muon ~ Bt ot
PTL Detect
3.1 fb! ON, 1.6 bl OFF Aﬂﬁuﬁ/Micro-Ig;{;guadrupole
= Vertex Detector
&‘QLEJ End Cap Time of Flight
Pole TiP Shower Detector
~ Time of Flight Scintillators
o Cleo ILV (1996-1999): [
“* 3 layer silicon detector I Magnet Yoke
replaces innermost tracker
“* Replaced Drift Chamber é
Gas (Argon Ethane — HePr) -
0 1 2 3 4
’:’ 6.0 fb~1 ON, 2.8 fb~1 OFF I l : l Melters l : l I
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Charmless Hadronic:
Common analysis techniques

¢ Selecting Signal ¢ Rejecting continuum
< Beam constrained mass Signal = isotropic (2 uncorrelated B’s),
> > continuum = jetty
MB = \/Ebeam_ | p |

“* Thrust angle

o ~2.5MeV (3.0 MeV if 29) . T
¢ Fisher discriminant:
% Energy difference Lin?ar combination of 11 shape
variables:
AE = E -E, * Sphericity angle (signal
B daughtersl “ iSOtI'OpiC)
Resolution is mode dependent, * R, (signal < continuum)
but generally * Energy distribution about
c ~ 20-25 MeV

Sphericity axis

(X2 worse if 7°) use nine 10° angular bins

160

s dE/dx and AE for PID

120

80

& Put all this and more
into ML fit
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Fisher Discriminant
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Submitted to PRL
hep-ex/0101032

PDF shapes for ¢Ki)1<—7;+ ‘J”"""—”wu P,

Continuum (Off data) 3

—Signe.ll (MC) j "[L

m
j&“ﬂ_nn - “""|_|-u'|.|_[ o it
. pred, NI J L““
du ~d,u KK* R

- - 1 1.018 1.036 -0.2
(GeV/c?)

¢ Clean signature for gluonic T

|cOS By ueil

penguin (no BB bkg) i e I S e

¢ Maximum likelihood fits for lcos Bl A O Vst
each topology: 0 05 0 0.5
0 T 1T T T T T T
oK™, K", K" ., dE/dX o M
. . (K) : I-r..-.- B _..u-ﬂ'u-'un-ﬂ 4 i
¢K —Kz °’¢K%K"ﬂo’¢K%Koﬂ' _,'—-'r‘y. N P -".l‘)in‘ K
3 L fominal 3 0.83 087 0.1
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B — ¢K() results

Yield elée(c(;: ) Stat signif ( 1BOF6) Th((::fgz)BF
oK~ | 14273 54 540 |5.57:+0.6| 0.7-16
oK' | 427 48 290 <123 | 07-13
B — oK 610 |5.5:+0.7
oK” | 1217 38 450
K" 0| 5155 20 270 !
B—¢K™ 516 | 1152377 | 02-31
oK 0| 3854 25 150
oK | 40720 32 270 v
B—¢K™ 310 <225 | 02-31
B — ¢k 590 | 112777

Belle: BF(B — ¢K) = (17.25] +1.8)x107°

(ICHEP2000)

A. Lyon (CLEO) - 2001

— Data
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B —- Kr, KK, nrx
Results

CLEO K7 PRL 85, 515 (2000)

BaBar/Belle ICHEP2000
— Belle BaBar
CLEO 0.7M BB ) (ICHEP2000) | (ICHEP2000)
, . Eff ] Theory | [5.5MBB] [8.6M BB ]
Mode | Nsig | Signif. (%) BE x10° | gr . 100 BE x 106 BE x 10-6
o | 200778 | 426 | 48 | 437+05 | 826 <16.5 9.372¢" "
'z’ | 21357 | 326 39 <12.7 3-20 <10.1
'z’ | 62755 | 200 29 <5.7 0.3-4.6
Kr |80271% | 1170 | 48 | 1723512 | 724 | 174% 434 | 12580
K'z* | 252%¢ | 760 | 14 | 182755%1.6 | 3-15 <34
K'z* | 42155 | 610 | 38 | 116735 826 | 18.853£23
K'z° | 1617 | 495 | 11 14,6792 3.9 21.0%37°
KK~ | 0757 | 0o 48 <1.9 <6 <6.6
KK | 1477 | 116 | 14 <5.1 0.7-1.5 <5 19502 £0.2
KKl o 0o 5 <17 2173 £0.2
¢ Good agreement with theory Data
¢ Small rate and limit for nn modes Fit Proj
% No strong phase enhancement
% Large gluonic penguins nr signal
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B — U’K nK* 1, n: PRL 85, 520 (2000)

nc : hep-ex/ 0007012

| 20

¢ Significant modes:
BF(B*—n'K*) =(8.0y5 £0.7)x107
BF(B0—1n'K?) =(8.955 £0.9)x10™
BF(B*—»n'n?*) <1.2x 107
BF(B*—n'K**) < 3.5 x 105

BF(Bl‘anK*i) =(2.672£0.3)x10™
BF(BO—nK*0) = (147535 £0.2)x10~

BE(B*—nr?) <0.6 x 10°

BF(B*—nK *) < 0.7 x 10

¢ BF(B — ') >BF(B — n) and
large!

F 3
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B — PV, B - VV modes

PV: PRL 85, 2881 (2000)

(10.4733£2.1) x10°* y VV: Submitted to PRL (hep-ex/0101029)
—— np
! ]‘;.Iil_plill:|
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! g Theory
(27.6' 5£42) %10 4 _
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I Kp ——@— Measured BF (>50)
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Direct CP

Theory: Ali, Kramer & Lii, PRD 59, 014005 (1999)
Asym m etry CLEO Results: PRL 85, 525 (2000)
¢ A, comes from two or more ¢ Use self tagging modes (high-p
amplitudes with different weak daughter tags B flavor)
and strong phases ¢ A, free parameter in ML fits
BF(B — 7)—BF(B — f) . Facto.rization.: Acp <01, but f.inal
ACP = state interaction or new phy51cs

BF(B — f)+BF(B— f)
Mode Yield Acp

could enhance

K7 80275 —0040.16 | Kwr=e—
K7’ 42.1°1%° —029+023 | —
K'* 2527 40.18+0.24 e |
K*n" 1007  +0.03£0.12 Ky E%S%%LLmit
wrt 2852 —034+025 | or . = Theory
10 -05 00 05 10
ACP
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Inclusive b - s ¥

¢ Electroweak Penguin
“* No FCNC at tree level

% Provides direct look at
loops and boxes

¢ Sensitive to V,, V.

& b—osy
% SM NLO prediction:
BE(b — sy) = (3.28 £ 0.33) x 10+

¢ Perhaps there’s new physics in
the penguin!
% Charginos
% Charged Higgs
% Anomalous WWYy couplings

A. Lyon (CLEO) - 2001
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Analysis Strategy

¢ Basic idea: o7
E I~ Total
Measure E, spectrum _ I~ Continuum ISR
for ON and OFF 105 Contnuum 7
E - BB
d b ] 71 bosy
resonance and subtract
2 1054
¢ But, must suppress 2"
. [+H]
huge continuum =
B 104
background! >
: ke
[veto is not enough] 103
o Three attacks: 10°4
“* Shape analysis -
"M07€$L+r AL £ A —
0 0|5 |1 1|5 é 2|.5 Z|3 3|5

“ Leptons

A. Lyon (CLEO) - 2001 13



Analysis Details

L Require 2.0< Ey <2.7GeV Continuum

¢ Shape Analysis: ?/
% Exploit shape differences |

% Combine shape variables Signal

(energy cones, event
topology, photon isolation)
with Neural Net

& Pseudoreconstruction:

“* Loosely find the X, system XS B y

T ]
 K+uptodr(at most1 7’) @5\/\/\
% 2 to choose best combination ’ AE=E

candidate ~ ™~ beam
% Use NN to combine shape > \/ .
analysis, %2, coS 0, M, \/ E =P E= P, |
i

A. Lyon (CLEO) - 2001
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(more) Analysis Detalls

& High energy lepton
% From the other B
% Not likely from continuum

& Putting it all together:
% Every event gets a weight

% Weights are chosen to
minimize statistical

uncertainty
Continuum like
0.0 0.2 0.4
poor shape  Good poor good shape
shape shape & reco
only & reco

A. Lyon (CLEO) - 2001

poor shape
& reco &

lepton

1.0

good shape
& reco
& lepton
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Inclusive b — s ¥ Results  preiminary

. —4
BF (b —sy)=(2.85£0.35,, £0.22_ ) x10
¢ Cleo Il +1I.V data — On - Off Subtracted data
9.1 fb1 ON, 4.4 fb! OFF = BB MC
200
¢ BF measured for >
20<E, <2.7GeV °
Factor of 0.94 — Full S
spectrum § 0
5 l
¢ NLO Prediction: = g0l + On- Off - BB Subtracted Data _
(3.28 £ 0.33) x 10+ - — Spectator Model
Chetyrkin, Misiak, and Miinz HJ{
¢ Belle (ICHEP2000) measures: 0 l—= 4T++ IS SR
(3.34+0.5070% 20 )x10™ ——— = . L y —
E, (GeV)

A. Lyon (CLEO) - 2001



CP Asymmetryin b — sy?

& SM says its small! Another window on new physics?
i

w

i0,
b—>sy=A +A e e

= 0, —if

b — Sy = Asm + Anewe’ s New physics could appear
in Asymmetry that would
not alter branching fraction

BF =|b—sy|>+|b 55y

~ A’ (1+2pcosh, cosb, +p*) p= i”ew

sm

_|bosyP-lb o5yl
b—osy +|b o5y

A-p 2psinf smnb,

¢ A.Kagan, M. Neubert PRD 58, 094012 (1998), Aoki, Cho, Oshimo PRD 60, 035004 (1999)
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b — s y CP Asymmetry (Tagging)

¢ Require22<E, <27GeV True flavor
¢ Pseudoreconstruction: b ?
% Same algorithm as for BF > Y
% Aggressive particle ID
% If K% and neutral pions, then b b 2 2 b, b
ambiguous flavor (?) Measured flavor
< o~9%, v~ 25%

Electrons Total b — ¢
‘ LeptOn Tag: 60 o gg?oirgary
% Tag lepton from the other B ol Nz 7 ot
“14<P,,,,<22GeV/c
+* Recover events not
pseudoreconstructed

% If event has a lepton, ignore
pseudoreconstruction

% o~ 11% (most from mixing)

Pid u..--""
20 -7

do/dp Ap (pb)

Muons
60 |-

40 |-

......
s et
¢ e
- e
20 e N e
""""
.......

1.0 14 18 22 :
A. Lyon (CLEO) - 2001 Prepton (GEV/C) 18



b —sy A-, Results

¢ Data: Full CLEOII +II.V
9.1 tb1ON (9.7M BE)
4.4 tb! OFF Resonance

¢ DPseudoRe
N

co (TOF + dE/dx):

W(b) W (b-bar) W(?)
ON 5542| 1712+ 6.8| 174.7+ 7.0] 23.0+ 2.7
OFF 4878| 111.6 £+ 6.6/ 101.5+ 6.1 11.56+ 2.0
BB-bar 113 8.7 8.7 1.2
Yield 551 57.0+ 95| 646+ 92( 103+ 34

(dE/dx only):
N W(b) W (b-bar) W(?)

ON 2408| 655+ 3.8/ 723+ 43| 82% 13
OFF 2114 475+ 42| 407+ 3.7 55+ 14
BB-bar 35 2.9 2.9 0.4
Yield 260) 15.0+ 57| 287+ 56| 23z% 20

P

A. Lyon (CLEO) - 2001

Afse“do =-0.178%£0.132

¢ Lepton tag:

N W(b) W (b-bar)
ON 507 1271+ 89| 1073+ 7.8
OFF 280 517+ 6.8 480+ 7.0
BB-bar 40 12.8 12.8
Yield 187 62.6 £+ 11.1 46.5 + 10.5

A" =+0.191£0.181

¢ DPseudo & Lepton analyses are

statistically independent:
combine, weighting by

expected statistical accuracy

Azombi"ed =-0.079£0.108

P

19



Submitted to PRL
b — s y Asymmetry Results [omiost o™
=(-0.079+0.108, 0. 022addsys) *1.0t 0.03multsys)
¢ Data: Full CLEO II + IL.V Lepton Asymmetry

9.1 fb1ON (9.7M BB)
4.4 tb! OFF Resonance

¢ 90% CL Limit:
-0.27 < Agp < +0.10

¢ Systematics

“* Multiplicative: Mistake
rates; on, off subtraction;
ambiguous events, f, /f,,

s Additive: Particle
detection biases

A. Lyon (CLEO) - 2001

Asymmetry

[All ON-OFF Data]

Central electrons 0.003240.0029
More forward e 0.00974+0.0077
Muons -0.0005%0.0021

i +iHH‘
+ .I. ]l
IIIIIIIIIIIIIIIIIIIIIII 25 | 3
g gg *fa(}ns* hl u
0. ug #Eei T+1++++++ H”
-0.08 , . . 'I'
0 0.5 1 1.5 2 2.5 3




But what did we really measure?

¢ We actually observe a weighted
sum of b —s ydecays:
% Charged B, neutral B
Low mass X, , high mass

)
0‘0

)
0‘0

Ambiguous decays for
PseudoReco (B? — K?...) are only
measured by lepton analysis

>

L)

% If at most £10% difference in

individual Ap's:

Unevenness in our weightings
asymmetry that differs from

uniform weighting by no more

than + 0.02 -- add to systematic

¢ Measure no A, dependence on
Myor E , (but limited stats)

A. Lyon (CLEO) - 2001

& Sensitivitytob —d y

% In SM, rate down by
1V, 1V, P=1/20

“ But A, forb —=d y up by
factor of 20 and opposite sign

< Lepton tag: €,/& =1.1
PseudoReco: ¢, /¢, =0.56
Combined: ¢,/¢ =0.65

+» Misld rates
Lepton - same
PseudoReco - ¢ =0.4

% We've really measured a
weighted sum

Ap =0.9654(b — sy)+0.02A4(b — dy)

21



Exclusive Radiative B decays

¢ Analyses:

“*Update the 1993 K*y discovery analysis with full
Cleo II+1I.V dataset

% Look for heavier K* resonances
“*» Look for exclusive b — dy to set limitson |V, /V, |

“* Look for B —¢y (non-penguin radiative box

diagram) [No theoretical rate prediction]
[All new analyses above: PRL 84, 5283 (2000)]

% and B? — D*y (possibly enhanced non-penguin)

9.7 X 10° BB pairs 4.1 tb! off resonance

A. Lyon (CLEO) - 2001 o))



Main Analyses Requirements

¢ £E,>15GeV  [cosB | <07

04

¢ Backgrounds from continuum L Charged K modes

% 7 from ISR - take central y 03 ]

%+ yfromn’and n - veto 02F  famm OFF Fosonance Data
¢ Mode dependent cuts to 0.1F

reduce remaining continuum 5 ————

% COS O,y i

%* cos 65 0.3 ' Neutral K modes

% €08 Opgjicity 0.2 ‘
¢ Mass of desired meson 01 ]
¢ Full B reconstruction! --—-—-L*'—l J
& Require at least °0 01 02 03 0.4 05 06 07 08 0.9 1.0

| AE | < 300 MeV,

5.2 <M, <53 GeV/ ¢ | COS Oprugt |

A. Lyon (CLEO) - 2001 73



B — K*y

& K*(892):
% | AE | < 100 MeV

B?—>K*%(892)y

oy
A
e
QO C
= 20f
o ]
o 10 : >
. o OF
% Simultaneous, S . f E
. . 0 ]
binned maximum 2 of E
likelihood fit to K* S z
c 5 .
charged and neutral S | | | | o _
: : : 5.20 5.22 5.24 5.26 5.28 5.30
M, distributions o GeV/e?
g (GeV/c<)
— Fit to Gaussian + .
+ Data Background shape - = Fitted Background
Mode Yield g[n*t]  e[nY] (%) BF (10%)

B - K™(892)y | 883737 |as4x03 133x03 | 4.55072+0.34

B — K" (892)y 36.7757 252405 13405 376705 £0.28
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B — K*y

BF(10~) ¢ Asymmetry
CLEO: 9.7M BB A( L \BFB>Kp-BF(B—>K'y)

BY s K*0(892)7/ 4.55th2§ +0.34 1-2a0 BF(B—>K y)+BF(B—>K Yy)

% Use K72’ ,K'n* ,K*x
“* Mistake rate aonly for K*x
e Require | p, — p, | >500MeV/c

B" > K *(892)y  3.767% +0.28

BaBar: acuer2000 8.6M BB « From MC o= (345 +0.02)%
B— K (892)y 5.4+0.8%0.5 ¢ Fit M, distributions:
Belle: acuer00p  5.5M BB ¢ Neutral K* Ag, =—0.13£0.17

. Ch d K* — . +0.20
B’ 5K (892)y  49+09+05 ¢ Mharge Aep =+0:3801

+ *+ +0.5
B — K "(892)y 29+1.27 ¢ Combined:

A-p=+0.08£0.13£0.03
A. Lyon (CLEO) - 2001 25




B — K*y Heavier Resonances

& K3>(1430), K*(1410):

s Use Oreicity and
resonance widths to
distinguish (1430) from
(1410).

% See no K*(1410)

% Fit K*(1430) M,

& B— K, (1430)y:

< Yield =15.97}7 events

% e[nt] = (185+0.7)%

& 8[7:0] =(7.7+0.7)%

» BF = (1.66702, £1.3)x107

-0.53 —

e BF( B—>K (1410)y )
<12.7 %105 @90% CL

A. Lyon (CLEO) - 2001

% 15 . : : | . | . |

= B—>K2(T30)Y -

3 }

e e

"_céi 5.20 5.22 524 526 528 5.30
5 Mg (GeV/c?)
S

+ Data — Fitto Gaussian + Fitted Background

Background shape

= _BF(B— K, (1430)y)
W2 BE(B — K (892)y)

Veseli & Olsson 0.37£0.10

Ali, Mannel, & Ohl 3.0-4.9

CLEO  0.39%1
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0 04 + +
0.10 BY— pYy B*—>pTy
-  cOMins,,
o W S
conidining 9o, o fie
A G - 2
o L e <o - "
I . % ) D
S 0.05| + =
E . .': - ;
5 aling o -'
£ o) - it
wi . ‘._f:/,)/ ST A D e -
1 oL v F =,
- . . L '\ o
< - - " =h
T 2 2
w - e = =
o = 1
+ % Pty « 1 - =13
? -, . i . —t
q e ® e K ==1
[~ —-0.05F . | . © ‘.T S s =t
— N - X G - o '\ =
T Rejected s .~ Rejegted 5, i
A i Region ™ =i
., vRegionm Segon 8 T
-0.10 T 4= : i

06 07 08
M (=* =) (GeV)

£ (%) 12.84+0.7
Ky x-feed 5.4140.8
qq bkg 9.3+0.6

BF (90% cL) <1.7 x10°

BELLE BF <0.6x107°
(ICHEP 2000)
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M@+ =0) (GeV)
8.510.6
2.610.6
5.240.4

<1.3x10°
<2.3x10°

hST P R VI A i B
09 06 07 08 09

g o2f 0 - :
[y - -

E - - H - ". -

LI:I 0.1 _-. * - ™ -l I

Lum N .5. :.-: . " "

ols . e v . .

0.1p L

0.2 -* ‘- : . o -a 1
-, ™ . o= - -

-03L.s . Y _ %> .0
5.20 5.24 528

Mg (GeV/c?)

combinatoric bkg = 2.7 £ 0.1 events

£=(9.7+£0.8)%

BF(B = wy) <0.92 x10° @90% CL
No observed b —d y
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B — oy

‘th/ Vt

s

¢ Look for non-penguin decay:

|

B%— ¢y
0.3
0.2} °

0.1

Eg - Epoam (GeV)

5.20 524

Mg (GeVic?)

¢ Combinatoric bkg
& £=(23.0x£0.6)%

=12+0.2

¢ BF(B — ¢y <0.33 x10°

A. Lyon (CLEO) - 2001

@ (90% CL)

we BEBpy) vl
~ BF(B—K*y) |V,

¢ CLEO: R<0.32@90% CL

If £=0.58,
| V.,/ V.| <0.75

¢ Assume top-quark electromagnetic
penguin dominates

¢ Belle: R<0.28 @ 90% CL
(ICHEP2000)

28



PRL 84, 4292 (2000)
+ Data  [] SignalMC ----- BB MC
b,, . - ! 1 TR
BD _ W_: D*O 6 . 6
d : u > 5 <5}
- -} % 5,'3 Reject
3 47 | Reject Reject T é‘l‘
z E ®
' o 2
& Strongly suppressed in SM (10-6) 9 1T . * + iP
S0 em o0 2o oo maa0 522I8E)
, AE (MeV Mg (MeV/
# But possibly enhanced by 10x ey  (MeV/e)
% Gluon emission from initial state s E,>15GeV, n° veto, Fisher

quark

% Large gg¢ component in the B
wave function

% Could be bkg to radiative
penguin decays

A. Lyon (CLEO) - 2001

*

L 2

£=23%
In signal region: 0.5 event gg,
0.9 event BB, No Data Observed

BF(B? — D*y) < 5.0 x 10
No big enhancement observed
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Conclusions

¢ CLEO has examined >60 charmless B modes!

& New results for B — ¢K)
< BF(B— ¢K) (5.575+0.7)x107°
% BF(B—¢K')=(11.23¢"")x107¢
¢ Small branchmg fractlons ~10¢
“BF(B—>rn'n")=(4375+0.5)%x107°
¢ All but B — n’K in agreement with theoretical
predictions (many want more precision)
% BF(B—n'K")=(8.97F £0.9)x10
¢ No hint of CP Vlolatlon
< fromb —sy: -0.27 <A <+0.10

A. Lyon (CLEO) - 2001
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