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. CESR and CLEO

. Recent Results from CLEO:
B — PP, PV, VV, KW, ITI"K®, b — sy
C'P Violation in B Decays
CP Violation in D' Decays

.oummary and Future Outlook

- /

Recent Results from CLEQ, talk at ICFP2001 Yongsheng Gao, Southern Methodist University




25 L L A B T T T T T T

~ : D .
- i3S |

220 (15 )
g 9.1/fb
5 15 .
= W |
- 0F W ies) / :
‘0 S ¢ \; . © (48
-l_&)/ 5 + *’/; ¢ »’* ' t ! ( ) ]
. + * 4y AR *eotg, &.”.w“_,,¢¢-°\% L

0 I IR S R IR R I R T R R R | I R T S S R I R S N R [

9.44 9.46 10.00 10.02 1034 1037  10.54 10.58 10.62

Mass (GeV/cz)

. Total CLEO 1II, I1.V integrated luminosity: ~ 14 fb=!:
9.1 fb~! on T(49) N(BB )= 9.7 x 10°
- 4.4 fb~! below BB threshold
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CLEO Detectorl
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Success and Limitation of the SMI

. “Replication” problem
« Free parameters

« Matter-antimatter asymmetry

Test the SM and Search for New Physicsl

. New particles search (LEP, Tevatron, LHC etc)
« Neutrino physics (Super-K, Minos etc)

. C'P violation study (B-factories etc)
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Test the SM and Search for New Physicsl
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CLEO Analysis Techniquel

« Mp = /Bl — Doana (o1 = 2.5 — 3.4 MeV/c?)
« AE = Fand — Epeam (o ~ 20 — 60 MeV)
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B — ., Kmand KK Resultsl

Mode Nsig Sig. | Efficiency BR x 10°
rtr~ 1200758 | 4.20 | 48% 4.3775+0.5
rr0 | 213497 1 320 | 39% | < 12.7 (90%C.L.)
w0 | 62738 | 2.00 | 29% | < 5.7 (90%C.L.)

K&t [802T 31170 | 48% 172725 £12
K*r0 [42.11%° | 6.10 | 38% 11.673:9+14
K% | 25.278¢% | 7.60 | 14% 18.2790 £ 1.6
Ko7% | 16.1730 | 490 | 11% 146739124

KTK=] 07532 1000 | 4% | <1.9 (90%C.L.)
K*K"| 1475 | 110 | 14% | <5.1(90%C.L.)
KYKO 0 0.00 5% < 17 (90%C.L.)

. Published in Phys. Rev. Lett. 85, 515 (2000)

 hep-ex/0103040, CLNS 01/1718, submitted to PRL
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B — PV and VV Resultsl

Decay Mode| BR x 10° | Theoretical Prediction x 10°

=" 104755 £2.1 0.4 — 13.0

mEpt  |27.6781 £ 4.2 12 — 93
700 <55 0.0 — 2.5

K=p’ < 17 0.0 —6.1

rEK*Y < 16 3.4 — 13.0

K*K* < 5.3 0.2 —1.0
p’p’ < 4.6 (5.9) 0.54 — 2.5

K*Op_o < 13 (19) 0.7 — 6.2

K*OK*0 < 8.7 (10) 0.28 — 0.96

. Published in Phys. Rev. Lett. 85, 2881 (2000)

 hep-ex/0101029, CLNS 00/1705, submitted to PRL
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Observation of B — ¢ K (*>I

Mode Nsig Sig. | Efficienty BR x 10°
oK™ 14.273% 1540 | 54% 55721 4+0.6
d K" 42429 1290 |  48% | < 12.3 (90%C.L.)
¢ K Combined 6.10 55118 £0.7
PK*(K—7t) 121553 450 | 38% 9.9%534+1.6
PK*O(K 7Y 5.13_8 270 | 20% 46.31“32_5i2_2
»K* Combined 5.10 11.5%35+18
GK*=(K=n") | 3.8741 |1.50| 25% 9.3+H1014 L7
PK*E(KO07%) | 4.0%3% (270 |  32% 11.4799 +1.8
¢ K** Combined 3.10 10.675:71%
»K* Combined 5.90 11.2736+18

 hep-ex/0101032, to be published by PRL
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« EW penguin V, Vy

« SM prediction: B(b

& s7) = (3.28 + 0.33)
x 1074

. Sensitive to New
Physics beyond SM

14
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“|Experimental challenge in measuring b — s I
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Analysis Strategy in measuring b — sy I

« Select photon candidate: 2.0GeV < E, < 2.7GeV

« Suppression of Continuum background:

o “pseudo reconstruction”
o “lepton tag”

- Event shape variables (neural net)

 Subtract backgrounds from 7', n, and other B decays

16
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b — sv Resultsl
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Exclusive FCNC Processes: B —s [T]— K*)

« Suppressed in SM: BR ~ (107° to 1077)

« Sensitive to Physics beyond SM: SUSY etc

Current Results on FCNCI

Results | BB (10°) | B—ete " K* | B—pu"uy K| B—ete K | B— ptu~ K*°

CLEO 98 3.3 < 11.0x107% | < 9.7x107% | < 15.0x107% | < 10.0x107°

CDF 99 | 88 pb! < 5.2x10°6 < 4.0x10°6

BaBar 00 3.7 < 12.5x107% | < 8.3%x107°% | < 24.1x107°% | < 24.5x107F

Belle 01 11.1 < 2.43%x107°% | < 3.96x107% | < 11.1x107% | < 10.5%x107°

/
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Strategy in Searching for FCNC Processes I

« Select Lepton candidates
« Select Kaon candidate from pion backgrounds

« Suppress Physics Backgrounds:
o B = J/YK®™ where J/i) — ete” or utpu~

o B — ¢(25)K™ where 1(2S) — ete™ or ptu~

« Suppress Continuum and other B backgrounds:

- Event Shape variable, Missing Energy, etc

19
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CLEO Exclusive FCNC Resultsl

Decay Mode Efficiency | Evts Obsved | BR UL (90% CL)
B — K'eTe~ 4.8% 1 < 8.5x107°
B — Kutu™ 3.3% 0 < 7.2x107°
B — K*ete™ 15.6% 1 < 2.4x107°
B — K=utpu~ 8.4% 1 < 4.5x107°
B — KITl~ 32.2% 3 < 1.9x107°
B — K**(K’n%)ete” | 2.0% 0 < 11.9%x107°
B — K*=(K'm5)utp~ | 1.2% 0 < 20.1x107°
B — K**(K=n")ete” | 1.4% 3 < 46.4x107°
B K=KVt | 0.7% 0 < 34.2x10°°
B — K*(K*rT)ete” | 8.0% 1 < 4.8x107°
B — K*O(Kiwﬂ ,u_ 3.9% 0 < 6.2x107°
B = K9(K'"ete- | 0.6% 0 < 43.0x10°°
B — K*(K'r 0),u v~ | 0.2% 0 < 145.23x107°
B — K*Itl~ 18.0% 4 < 3.8x107°

20
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« Measure the asymmetry: Acp = : %

. Standard Model Prediction: Acp < 1.0%

« Non Standard Model Prediction: Acp = (10 — 40)%

. Analysis strategy:
0 2.2GeV < E, < 2.7GeV

o Flavor Tag by “pseudo reconstruction” and “lepton tag”

o Mistake rates, On-off subtraction, particle detection biases

« Acp = (—0.079 + 0.108 + 0.022)(1.0 + 0.030)

—0.27 < Agp < +0.10  at 90% C.L.|
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C' P Asymmetries in other B Decaysl

« Search for C'P violation in self tagging decays

B(B— f)-B(B—f)
(B—f)+B(B—f)

« Measure the asymmetry: Acp = 3

« Prediction: Aqp ~ + 0.1% (Ali, Kramer, Lu, PRD 59,
014005 (1999))

2861099-012
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CP Asymmetries in other B Decaysl

Decay Mode Nsig Acp Prediction

B — K*n™ 80*12 | —0.04 + 0.16 | (+0.037, 4+ 0.106)
B — K=n% |42170%° | —0.29 + 0.23 | (+0.026, +0.092)
B — K)n= | 252784 | 40.18 £ 0.24 +0.015

B — K*n 100713 | 40.03 £ 0.12 | (+0.020, 40.061)
B — wr™ 285752 | —0.34 + 0.25 | (—0.120, +0.024)
B — J/YWK* | 534 |40.018 & 0.043 < 0.04
B — ¢¥(2S)K=| 120 | +0.020 + 0.092 < 0.04

. Published in Phys. Rev. Lett. 84, 5940 (2000)

. Published in Phys. Rev. Lett. 85, 525 (2000)
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Search for C'P Violation in DY Decayl

Possible CP violation in Cabibbo Suppressed D° decays:

. At least two paths (tree, exchange, penguin)
« Same final state with different CP-odd, CP-even phases

. Sensitive to New Physics:
o Standard Model Expection: Acp O(0.1%)

- New Physics can enter in the loops

- /
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Experimental T echniquel

 Decay chain: D** — D'rf
« Use SLOW 7 to tag D" flavor at production

e Refit slow pion: @Q = M(D? &) — M(D? M,

cand cand)

Silicon Detector Slow Pion

Reconstructed track R

without refit —~—

“— D°decay vertex

Beam Spot Primary V ertex

Other charmed
hadron

o
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() resolution after reﬁtl
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e Select D — KtK~(ntn")
. Use slow pion tag from D** — Dr¢
. Fit () distribution to obtain yields

« Measure CP asymmetry Acp(KK)

_ I(D'=K*K")-T(D'+K"K")
. ACP(KK> (DY K+K-)4+T(DV»K+K~)

o

C'P Violation in DY — KJFK—7 Tt

/
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Q Fitsfor KK CP Rates
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C'P Violation in DY — KTK— 7T+7T_I

Summary of A (KK)

CLEO 1.V (2001) prelim
FOCUS (2000)

E791 (1998) S
CLEO Il (1995) .
E687 (1994) e
E691 (1991) -
1 1 1 1 1 1 1
-30 -20 -10 (@] 10

20 30
A p(KK) %

CLEO ILV Acp(KtK~) = (0.1 £2.2+0.8)%

Summary of A _(Tu

CLEO I1.V (2001) prelim J
FOCUS (2000) -
E791 (1998) -
I I I I I
15 -10 -5

5
ATt %0

CLEO IL.V Acp(ntr ) = (20£32+0.8)%
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C'P Violation in DY — KST('O, 7Y and KSKSI

. Similar techniques, use slow pion tag

 Poor resolution on D' projection

« No slow 7 refit

« Use full CLEO II + 1II.V data

« Measure CP asymmetries Agp(K°nY), Acp(nnY), Acp(K'KY)

A ( KOﬂQ) _ (D= K20 -T(DV—» K210 _ N(D'—K270)-N(DO— K0
¢ SOPARST ) T p(DOSK0) 4T (DI KOr0) T N(D—K%r0)
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C' P Violation in DY — 7979, K K,

3081100-009 3081100-008
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.810 + 89 Events, Acp(r'n?) = (+0.1 £ 4.8)%

.05 + 14 Events, App(KsKs) = (—23+19)%
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CLEO II + I1.V data (13.5 fb—1)

« Rare B decays: B — PP, PV, VV, oKWY, [TI"K®); b — s~
« C'P Violation in B Decays

« C'P Violation in Charm Decays

« Observation of B — D*rmnrrw

« D' — DO Mixing

« C'P Violation in Tau Decays

o« Measurement of CKM Elements V,;, and V,

CLEO III data  (~ 10 tb™1)

« Physics Results expected in July

o /
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A Brief Hlstory of CLEO
CLEO Integrated Luminosities
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The past/present /future of CESR/ CLEO'

2230398-001
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The CLEO-C Proposall

« Modify CESR/CLEO for High Lumi. @ 3 — 4 GeV
« CLEO-C WORKSHOP: May 5 — 7, 2001 at Cornell Univ.

« Expected CESR performance:

2a—1

o Luminosity: (1 — 4) x 10%* cm™?s™

o Intergrated Luminosity: (1 — 4) fb~!/year

. Expected data sample (start early 2003):
02 x 10° J/4/fb™ 1, 107 o~ /fb~ 1, 5% 10° D,D,/fb™!

« Physics can be achieved:

- Precision decay constants, absolute BR ......
» Test of QCD (Glueball, Hybrids) ......

o Mixing, CP violation in charm, 7 decays ......

- /
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