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4 Describing Possible New Physics in Term of Loops, Boxes and Mixing A

o CP Violation in Charmless B Decays e BB (and DD) Mixing
b w— d
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e Absence of SM CP ViolationinB J/yK

(a) e Flavor Changing Neutral Currents
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4 Bounds on CP Asymmetry in b — sy Decays

_ HA@ — mg\v B ﬁﬁw — wg\v QQWSW 2 12
\—90 — ﬁ@ s mg\v n ﬁa s wxi L(b— sy) = %_Soimv_ Vo Vi

c7 is Wilson coefficient for b — sv in the effective weak Hamiltonian.
Sensitivity to new physics (J.L. Hewett and J.D. Wells, Phys. Rev. D 55, (1997) 5549):
® 2HDM (required for SUSY ) and 3HDM extensions of the SM

® Fourth generation, anomalous W+ coupling

Direct C'P violation from interferences between co—c; and c7—cg,

where c7: b — s7v, cg: b — sg, co: four-fermion interaction.

Y
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/ SM: Acp(b — sv) = 0.5%. Non-SM: 10%-50%7 (Kagan and Neubert, PRD 58 (98) 094012) K
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4 Bounds on CP Asymmetry in b — sy Decays: Experiment A

High energy photon: 2.2 < E, < 2.7 GeV
Flavor tagging: either lepton or self-tag (pseudo reconstruction)
Substantial background from continuum processes
Utilizing all available background-suppression variables
Subtraction of remaining (after neural net cut) continuum
NOT needed: good knowledge of efficiency (cancels in ratio)
Tagging is correct 89% (using lepton) and 90% (using PR)

Systematics: mistag rate, ON-OFF and BB subtractions,
particle ID and particle detection biases (small)

/ «0 K/@O\@Jﬁ \
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4 Exclusive Penguins and CP Asymmetry O

The Technique
® Use only channels
. . *0 + -
® K 7 misidentification is taken care of Simulation of K (892) --> Kt decays
A= L B(B—K*y)—B(B— K"y) .50
CP = — m m . aoa
1=2wB(B — K*v)+ B(B = K*v) I Excluded | KmSwopped, -
1,250 bl 1258
Background asymmetry: +0.01 &+ 0.06 SN mn_ :
Systematics is small: W [ A :
T S PR o1 =
Detector asymmetries: < 1.5% G s irririnas S
Cross-feed among K™ decay modes: 1.0% m - o
= F oLt
Acp(B — K*y) = +0.08 £ 0.13 (PRL 84 (2000) 5283) g 5l - :1:88822:0000 7
K0 u <00 o un_ T mooimoﬁ K7 assignment
L | L | L | L | L | L | L | L
88.311%2 K0 15 -1 -05 0 05 1 15 2 25
K* — Kt7a% KOorxr+ IP|-I|P| (GeV/c)

/ 36.783 K+t \
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\ Search for CP Violation in B— J/w K" and wwlvﬁwmv K* /

G. Wu and A. Soni, Report BNL-HET-99/40, hep-ph/9911419; K. Kiers, A. Soni and
Q. Wu, Phys. Rev. D 59, 096001 (1999).
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Ap(B=JT/yK) = (4+1.8 £ 4.3[stat] £ 0.4[syst])%
>m__w (B*=w(2S) K*) = (+2.0 £ 9.1]stat] + 1.0[syst])% PRL 84 ANOOOV 0
\_ _/
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4 Bounds on CP Asymmetry in Dileptons from BB’ UmSﬁ/

o= NENEE) 4Rl
W= NEHENE) ™ 14egf

Mass eigenstates: [(1+ cg)B° + (1 — cg)B°| /1/2(1 + |ca]?)

ay = (+0.013 £ 0.050 £ 0.005)(1.00 £ 0.10)

A from hadronic reconstruction (PLB 490 (2000) 36): 4-0.017 £ 0.070 + 0.014
mmﬁmmv
L+ |en|’
. 40.025 £ 0.062 £ 0.032
PRL 86(2001) 5000 CDF (PRD 55 (1997) 2546)
OPAL (Z. Phys. C 76 (1997) 401): 4-0.002 + 0.007 + 0.003

. _/
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= +0.0035 £ 0.0103 £ 0.0015

Weighted average of two CLEO measurements:
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4 N

CP Asymmetries in Charmless Hadronic B Decays

Ali et al. (PRD 59 (1999) 014005): A < 0.1
Self tagging employed

K' y —e— § Mode Acp

K*nF |—0.04+0.16
K*70 |-0.29 + 0.23
K s ° S K%n* |+0.18 £0.24
K=*n' |40.03 4+ 0.12
wrt |—0.34+ 0.25

(systematics not shown)

| | PRL 85 (2000) 525
(2000) 2
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4 First CLEO Search for CPV in 1— K, n"v Decays N

(Km)

<]

v

CPV would be possible if scalar coupling
existed for T with CP-odd phase 6, and
CP-even phase ., (w.r.t. vector W coupling)

_ N7T(cos Bcosyp) — N~ (cos Bcos )

Define A

~
~
<, PPRARN
~--- ~

@ N+(cos Bcost)) + N—(cos Bcost))
Then A= KIFp|| Fs| g Sin dsprong Sin O, cos 3 cos 3

g is scalar to vector coupling strength in units of Gr/2v/2

The direction of tis not known, however, Effectively,
analysis is possible in terms of angles Jand y 6= /2 assumed

Used K™ v channel (signal and sideband of K~r'n invariant mass)

Asubtracted (o6 3 cosh < 0) = 0.009 £ 0.038

b%mmé&ﬁog Q OOm,e < S

moamé&?% Beost > 8 observed

Signal 0.058 +0.023 0.024 +0,021 Astracted(cos Bosp > 0) = —0.010 + 0.039
Sideband 0.049£0030 0.034£0033 onserve
—1.7 < gsmnfcp < 0.6
\_ PRL 81 (1998) 3823 Y

KAON'2001, Pisa, Italy

June 15, 2001



Vladimir Savinov, University of Pittsburgh Searches for CP Violation and New Physics at CLEO
4 New CLEO Search for CPV in T Decays to n n’v: %@. » O
gmgmcwmzmHaamsaJ\wol%;mamnn_o_,mo%::m %\%&%@

Achieving maximum ~ utilize the fact that t pairs are produced coherently and
sensitivity: use optimal variable (D.Atwood, A.Soni, PRD 45(1992)2405)

(P-odd term P,
A A, elfe? m -
ﬁT-®<®3 ._.N_._B T®<®=
............. + >>NDmc1N < m >=C HS >“

where this holds
AP = (4 + Asee®) (4, + de@e®) T first order for small Im A
_ 2+ A2+ U Ayeosdeosi - 24 dgsingsing [ iNd € from toy MC experiments
(P-eventermP,,,  CP-oddternP.,  Prove absence of bias!
éa procedure represents the data using SM and New Physics-based matrix m_mami_\
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4 New CLEO Search for CPV in T Decays: Check for Biases N

|
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4 New CLEO Search for CPV in T Decays: the Results O

This analysis done in the framework of 3HDM ( see Y. Grossman, NPB 426 (1994) 355 ).

- Ny * *
Ag ~u(@)(1 = y)u(r) —5——m 2" X —mgZ"Y]| f; M
rgm@.hhm \_xf.m\mm
~ .
A= [m,Z*X — mgZ*Y
= — My, my H
gm&mmm

Using (most conservative) f, = 1, we obtain 90% CL interval on CP violating parameter:

-0.046 < Im A < 0.022

The results of the analysis in the framework of pseudo helicity are consistent with this result

K To come: K _n-v analysis using optimal variable _;m_u-mx\o“ogooo\
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4 Mixing in DD System, D Production Mechanism and cmsva/

X
U |_| D’ —iM —T/2 —iMyy—Typ/2 | D
0
A ol = || . . — Al' =T —I'y
UO Do —iMfy—T%/2 —iM-T/2 |\ Do b ety
T 2
d,s,b
Iwﬁsa +y)t C ! ! u 2M19 AM
2 " " €r = T — r = o
—_— 0 0
Be~/? Uo bWy W b, aAr
B o —e Wgin? 4, = ! d,s.b ! = Y= r Y= 2T
NmL\w W+
A x cos? o _ Ty
<
B 1, |\
el = IS e e R = DK"K" _ 5804 090
= [Rp + VE(ycosd — wsind)t + 7(% +42)2)e " = Dt T 4 .
1
— R R / b= (22 4 22t
fn +VED ’ e What we measure
Interpretation Framework

@m = Ji°r()dt = Rp + VRpy' + 3(=" + ") How we interpret our 1mmc_E
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4 Experimental Technique, Assumptions and Relevant oc%::mm/

2.0 cm Radius \

Berylium A\// Fiber Composite Slow _umoz tagging ._.NOIBECN
Beampipe \/ Supports

SVX 3 - 0O +
at CLEO IL.V: /\\/\ D™ — D" 4=
\\ 4.81
- X
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H — O —
cm Radius b — b |_| \u.hl
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g CP Violation in D' Decays to Pairs of Pseudoscalar >>mmoa/

T T (D7 ) PRD 63 (2000) 071101 (R)
(D= )+ T (D7 = 1) hep-ex/0105002

A

(D" =7 f) —T (D = n, f)

Al =
(D - natf)+ T (D = n;f)
ﬁQwANﬂmﬁov — A|_|©.H + vaﬁ
S fA (KK
ummary of A .,(KK) \wO@UAﬁ.oﬁ.ov _ AATOH + %mvﬁ
CLEOILV - 2001
Acp(KsKs) = (—23 + 19)%
FOCUS —— 2000
E791 1 1998 Summary of A ,(17)
CLEOII — 1995 CLEO ILV P 2001
E687 ——— 1994 FOCUS — 2000
E691 . 1991 E791 - 1998
_ _ _ _ _ _ ! ! !

-40 20 0 2 4 2 10 0 10 2

/ Acp(KK) (%) Acp(nm) (%) \
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" NewFitsto Proper Time and y Measurement N

KK Mass Distribution KK Proper Time Distribution
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S =
= =
g E
s g
z ]
S 160 e 200
AT /21 : 8
- =
Y .
]
ﬁ_u 5 I
CP eigenval KK
80 100 |—
Km Mass Distribution Kr Proper Time Distribution
1500 1500
40
o 2
3 5
=
z z ol . o . L "
=] .m 1.825 1.845 1.865 1.885 1.905 -4 0 4 8
2z £ KK Mass (GeV/c?) KK Proper Time (ps)
2 1000 = 1000 |~
2 3
£ I 7t Mass Distribution ntt Proper Time Distribution
) I
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£ S
|
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s
3
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1.825 1.845 1.865 1.885 1.905 -4 0 4 8
Kn Mass (GeV/c?) Kt Proper Time (ps)

yrx = —0.019 £ 0.029(stat) + 0.016(syst)
Yrr = 0.005 £ 0.043(stat) £ 0.018(syst) N

1.825 1.845 1.865 1.885 1.905 -4 0 4 8
Tt Mass ADn/\\an 7t Proper Time (ps)

y = —0.011 £ 0.025(stat) £ 0.014(syst) CLEO CONF 01-1: preliminary results
Kv r++?\\<<ss._:m.no§m__.m%\_ucc:n\noz*u\mog
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4 New Fits to D’ Proper Time and y Measurement (cont.) N

p°-D° Mixing Limits

y=-0011+ 0.025(stat) + 0.014(syst
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E791

==t FOCUS

Leeeed DY KK

95% Allowed
(Bayesian) 6,=0

Parameter Krn KK e
Number of Signal 20272 £ 178 2463 + 65 930 + 37
Tsig (PS) 0.4046 £ 0.0036 0.411 £0.012 0.401 £ 0.017
Background Frac (%) 8.84+0.2 50.7£0.7 291413
Background Life Frac (%) 81.0+4.8 85.7+2.9 322475
Thack (DS) 0.376 + 0.030 0.436 +0.020 0.56 £ 0.15
fmis %o 38409 Fixed Fixed
Ormis (DS) 0.590 + 0.079 Fixed Fixed

0.1

X

0.2

Sources of systematics

Stat. uncertainty in (MC) studies of small corrections
Description of background contributions

Uncertainty in proper time resolution function

Fit procedure uncertainties

CLEO CONF 01-1: preliminary results

http://www.Ins.cornell.edu/public/CONF/2001/ \

KAON'2001, Pisa, Ttaly

June 15, 2001



Vladimir Savinov, University of Pittsburgh Searches for CP Violation and New Physics at CLEO

4 First Measurement of "Wrong-Sign" D' — K" n°Rate A

_ HAUQ — Mmﬂ_.s.ls.ov ! 1 12 12
R=_——————"=Rp+Rpy + (2" +¢")
(DY —» Ktn—n?) 2
mo N.ol | _ | _ | _ | _ | _ | |
T T | CLEOILY D’ K*z 72" -
1 (b) ,. [0 K=o |
m > a5 | 1.5 -
2 2 -
1 ~ ]
3 | o 30 | 8 -
2 N i -
; 9 * H
> € 15 T -
. $ 0.5 -
W .
0 5 10 171 181 191 201 . O
Q (MeV) M (K720 (GeVic?) 006 -004 -002 0 002 004 006

R = 0.004310:001 (stat) 4+ 0.0007 (syst)
/\»mmcsm nomixing: Rp = (1.7 0.4 (stat) £ 0.3 (syst)) - tan* QQK
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" New Results on FCNC Decays B — KO )

Sensitive to New Physics (i.e. phenomena that not in the Standard Model)
Is better than K'y: at large dilepton mass no hadronic uncertainties
Selection criteria optimized for discovery and best upper limits (fook average)
Fisher discriminant techique employed to suppress backgrounds

w — . Q — o mode F cut observed background efficiency B lim.x 108
events

_3 Q:Q V\m_m KO%*te 0.938 1 0.096 0.053 7.6
. KOtu~ 0.925 0 0.207 0.031 7.8
>>Q—A_3© _Umm._. O.ﬁ S\TD._. Ktete 0.925 1 0.947 0.161 2.3
Ktutu 0.850 1 0.737 0.111 3.4
Kot 3 1.99 +0.35 0.356 1.54
S\N —A30<< Q_UOC._. ﬁ_\mo KOrtete 0.925 0 0.349 0.019 12.8
N KOntptp~ 0.900 0 0.268 0.015 15.6
. Ktrlete 0.800 3 0.268 0.015 46.0
._uo mcﬁﬁ_‘.mmm <_—..._.CQ_ _A \.< K+aOutp~ 0.750 0 0.490 0.008 29.3
+ - \ 2 Ktn~ete™ 0.925 1 0.966 0.073 5.0
N N MQQ Ktr oty 0.875 0 1.241 0.053 4.6
gﬁ VV >>®< ﬁ KO7l¢te~ 0.900 0 0.113 0.007 35.8
KOnOutp~ 0.750 0 0.101 0.002 117.3
NP . K*0te 4 3.80+0.57 0.192 2.88
m.ﬁ.ﬁ_ﬁ_®30<|$\m_mj._.ma Sum 7 5.79+0.83 0.548 1.38

 sum for best limit MC based on work of Ali et al. (PRD 61(2000) 074024) )
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" New Results on FCNC Decays B — K911

~

o
N
T

o
—_
T
o=

o
b

o
-
T

|
5.22

'5.04

5.26

o)
5.28

Major sources of background are real dileptons:
1) J/v and y(25)
2) dileptons from continuum
3) dileptons from BB decays

Solutions: 1) vetoes, 2) Fisher discriminant and
3) missing energy (semileptonic decays)

Internal and external bremsstrahlung recovery employed

Beam-constrained B mass ( GeV/c*)

25 Signal boxes shown (shifted by 5 MeV for electrons)
Almost no model dependence in efficiency

BB = K1) <1.7x107°

FCNC Decays B - KO
(90% CL upper limits, Em__ssiv

@oo\o above SM prediction!

a — K*(892)0 0 ) mys050ev < 32X 107°
0.658(B — K££7) +0.358(B = K*(892)00 ) s050ev < 1.5 x 107

hep-ex/0106___

_/
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4 Conclusions O

_U — muK “Acp = Alo.oﬁw + 0.108 &+ o.owwvﬁ.o + o.oweu Acp lies between —0.27 and 0.030)

Acp(B — K*v) = +0.08 + 0.13 Mode | Ace
K*aF |-0.04+0.16
Acp (B*=J /vy K*) = (+1.8 + 4.3[stat] & 0.4[syst])% w K*7r0 |-0.29 4 0.23
Acp (B* = y(25) K*) = (2.0 £ 9.1[stat] £ 1.0[syst])% K97t |4+0.18 +0.24
K*n' |+0.03+0.12
Dileptons from B'B': Re(cg)/(1+|en|?) = +0.003540.010340.0015 wort  |—0.34 4 0.25

Imaginary part of the 1 scalar coupling (at 90% CL): -0.046 < Im A < 0.022
(Ko1") = (+0.1£1.3(stat +syst))%

°n%) = (+0.1+ 4.8 (stat + syst)% Nyt -
. )=t (tat +5y51) "Wrong-sign" D —= K" n "’ Rate:
Acp in D" Decays: (k2k?)=(~23£19 (stat +syst)% b
(K *K~) = 0.0005 £0.0218 (stat) £0.0084 (syst) | Kws = (043115 (stat) +0.07 (syst.)

?ﬁlvno.ozmwo.amw@gﬁcbomi&mc
y from D’ Proper Time Measurement:—0.011£0.025 (stat)+0.014 (syst) U

9o~ BB K£*) < 1.7x107°
FCNC Decays B =K1l "t B(B — K*(892)670 ), 056ev < 3.2 x 1078
/ 0.65B(B — K£0) +0.358(B — K*(892)6* € )m,s056ev < 1.5 X E;K
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