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® Branching fraction and Acp(t) of B — KYKYK?
B Search for lepton flavor violating decay 7 — 7y

® Measurement of CKM angle o
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Overview of B’ — KK K"

® Dominantly b — s gluonic penguin decay. m
® Decay proper time difference between b f} K K.
B — fcpand B — fi,e 1n %<d
Y (4S) — BYB° system: B S}KO — K
% _
: K K
€—|At|/7' d d
f+(At) = 1 X [1 £ Ssin(AmAt) F C cos(AmAt)]
T
—2Im\ , 1— A2 |
S = e ~ —nsin28, C = el ~ (. Good approx. in SM
o= 14
p A

® BY - KYKYK?ispure CP even (n = +1).

Needs good vertexing technique because no tracks from B° vertex.

°

® Deviation from sin 23(.J /1 K?) would indicate new physics.
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BABAR detector and dataset
BABAR Detector

‘ Muon/Hadron Detector
Magnet Coil

. Electron/Photon Detector

. Cherenkov Detector

. Tracking Chamber

' Support Tube \\\\\\\\\\\\

‘ Vertex Detector

9 GeV

000000

® ~ 230 million BB pairs collected (July 2004). =

New Results from BABAR — Chih-hsiang Cheng — p.4



Need excellent vertexing for long-lived K

® Silicon Vertex Tracker: Five-layer double-sided Si strips.

°

Provides 80um or better resolution for fully reconstructed B vertex.

® Radii of inner layers are 32, 40 and 54mm;
outer layers are more than 90mm.

® c7(K?) ~ 27mm; K? can decay well outside of inner layers.

Beam Pipe 27.8mm radius

Layer 5a

/ ; \/ Layer 5b
\\/ Layer 4b
/ // py \\g
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B — K/K?K} branching fraction

® Discriminating variables:
mgs = \/(s/2+ p; - pp)2/E? + p%, AE =FE% —/s/2,and
Fisher discriminant (using event shape variables to separate signal and ¢q).

AGO T T T <) T T T |
I3 - S C
% 50k i 2 50; 721 events in the
— . K &\';40: fit; fit result:
=40 HE: Ng = 88 + 10
2 30 19 Np =633 £ 26
S ok " 20
a1 20F . B
10 ] 10F % .
Do5 554556 526 Ba 004 005 0 005 07
mes (GeV/c?) AE (GeV)
® (c5ig = 5.6%, Npgy = 227 X 109) $» Main systematic errors:
0 ., 4+ — :
B(B® — KOK9KY9) = (6.975:2 £ 0.6) x 10~ ® Mg mim recoelf

® B candidate selection eff;

® PDF parametrization.
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B — KYKYK/ vertex reconstruction

Az ~ AtByvyge

i S > CM frame boosted vBctp ~ 260pum
0 : ;
Btag: s B% .
+ ;
T(48) KH(BT)
e~ =—> o : - o
. K
—> 2 : 0
3 ot All KO — ntn™
0 — T
BreC s
K
® No charged tracks from B, vertex.

® Take advantage of small beam size:

BY production vertex is constrained in \/
the beam spot on z-y plane to A 4
. . W Cm
improve resolution. ai¢
» method pioneered by BABARin ~ ~ 20pm: "~

BY — K970 analysis. Y e

L

Loy ~200pm, o, ~ 4pm
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Vertex resolution

® Resolution with single K and beam spot constraint is very good when K
decays before SVT layer 3.

E | BY% — K970 analysis
A 0.15F ® In B’ — KYKYK?, more than
\t}N I KO decay length 99% of events have at least one
L G \ K? whose both 7 have at least
0.1 / z resolution 1 ¢ and 1 z hit in any of the
] . first 3 layers.
. ® At resolution is similar to
0.05 other fully reconstructed B
i decays such as B — D*7/p.
layer 12, g # dominated by the resolution
0\141/ \l/ L \l/ Vi, ., of tag-side vertexing.
0 10 15 20

KS decay length in xy plane [cm]

BY ng ng K?g New Results from BABAR — Chih-hsiang Cheng — p.8



Time-dependent C' P asymmetry fit

® Result:
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Fit into the picture
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® Result consistent with Standard Model

® Precision comparable to other b — s penguin modes.
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Search for lepton flavor violation 7 — py

® Modest extension to Standard Model to incorporate finite m,,
= B(T — py) ~ O(107°%)
= clear indication of new physics if observed.

® Various extensions to SM predict ~ O(1078 — 10~10)

-2
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107 ARGUS  w DELPHI
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E WBELLE best current limit
E
-8 F MSSM + Seesaw
10 ESUSYG UT .....................................................
i Technicolor + Z!
10710 [ SUSY s leftright
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YEAR
® BELLE(86.3 b=, 2004): B(r — y~) < 3.1 x 10~
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Select from 7 1-1 & 1-3 topology

signal side : tag side

ut \T+ f ;< charged tracks

y >

1 lepton (plus 2 neutrinos), or
1 or 3 hadron tracks (plus 1
neutrino),

plus n +’s.

® Events selection highlights
# Signal side: an identified 1 and an energetic photon.

# Removing high-thrust * .~ candidates and low-thrust ¢g candidates.
# Non-zero missing transverse momentum.
# Neutrino mass ~ 0 when only one v 1s expected.
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T — 1y neural net

Discriminating variables for NN inputs NN outputs
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Observables, mgc and AE

® mpc: py mass with E,,, constraint at /s/2.

# v origin is assigned at POCA of u to beam axis to improve resolution.

® AF = EZW —+/s/2.
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Upper limit

® Unbinned likelihood fit to mgc 1n 20

of AFE yields —2.2757 signal events. _20 .| DTa — B?Cklgro‘lmleitl _| “Iiy
N = -
® Frequentist limit using toy MC: § . BABAR preli&ninary i
: : O 15 _
# scaning the expected number signal (O R ® $ N
(s) 1in the PDF, while fixing the mean 8 B ® e |
of # bkg at the expected # of bkg. For % 1 Ol:— +-E
each value of s, generating large T 5: + .+++ _____ j = + + N
number of toy experiments, :>j - + f
(allowing Poisson fluctuation). OI} | - T
# find expected s when 90% of 1.6 1.8 20 ,
samples yield fitted s larger than the mgc (GeVic)
fit to data.

® B(r— uy) <6.8x107%at90% C.L.

Ea New Results from BABAR — Chih-hsiang Cheng — p.15



Compare with new physics models

® ] Hisano (Tau04): SUSY GUT (flavor-changing right-handed current)
predictions are larger than BABAR limit.
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CKM angle o with 7, pp, pm

® BY - gtx~, pTp~: tree diagram with penguin pollution:
BY — 7979 p9p0: color-suppressed tree plus penguin

W
d. b d} o b
W= u } Tp EO U EO w-
B {’ Syt ot _ Yo ]
d d d d d
® If only tree: [f1(At) o< 1 £ Ssin(AmAL) F C cos(AmAt)]
—_ 21«
A= e~ o = arg [ Vig V[
S =sin2a, C=0 VudVyy,

® But penguin can be significant: .
ud Vb

_ 2iq 1+4|P/T]e’e™ S
)\ =€ 1—|—|P/T|€i5€_i7 ‘/cdv

cb
S = V1 —C?sin2ag, Qe = o+ A«

A

C X sin 5 (0)0)

(1,0)
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Isospin analysis

® Use isospin relations to disentangle penguin contribution:

o AT =L AT- 4 A% A0=17

® Use as many modes as possible to
resolve ambiguities because penguin
contributions and strong phases can be
different.
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BY — gto—

® Using 227 x 10° BB events, we obtain

Npr = 467 = 33

Srr =—0.30£0.17 + 0.03
Crr = —0.094+0.15+ 0.04

(hep-ex/0501071, submitted to PRL)

1b
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R 0,
© | 122m
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o with B — T, PP, PT

— BABAR pre

liminary

B’ tags

Weighted Events/ 1 ps

Asymmetry / 2 ps

At (ps)

BELLE saw CPV (5.20), and evidence for
direct CPV (3.20), but...

® > 30 difference between BABAR and
BELLE results.
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BY~ — 7%~ 7Y and bound on o

® BY — 7197% events = 61 + 17, (5.20)

B(BY — 7%7%) = (1.17 £ 0.32 £0.10) x 107°
CP asymmetry = —0.12 £ 0.56 + 0.06.

® B* - 770 events = 379 + 41
B(BT — nt7Y%) = (5.84 0.6 £0.4) x 107°
CP asymmetry = —0.01 £ 0.10 £ 0.02.

® Upper bound | — aeg| < 35° at 90% C.L.
# require a large amount of data to resolve a.
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® [29° 61°] excluded at 90% C.L.
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B — pp

® V'V final state : mixture of C'P-even and C' P-odd. =need angular analysis
# fortunately it’s almost 100% longitudinally polarized =-C P-even.

® B% - ptp~ with 121 million BB

® Ngig = 314 + 34 ?BABAR prélimina y [Moridnd04] |
£, = 1.00 & 0.02
Stong = —0.19 4 0.33 £ 0.11 0
Clong = —0.23 £0.24 £ 0.14

® Analysis with 227 million BB events

is finalizing.
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BY — pp and measurement of o

® With 227 million BB events: 20
0 0,0 . __ 9a+22 o f
BY — p"p" i nge = 33755 s
O
B(BY — p%%) < 1.1 x107% g,
(90% C.L.) 2 |
25
# penguin contribution is small .
. O 0-|I||I..I..I..
1mn B — IOp 5.24 5.25 m::?GeE{iZQ) 5.28 5.29
# isospin analysis shows hep-ex/0412067, submitted to PRL
| — aegr| < 11° (68% C.L.) 31 BAB\R /\
I preliminary
0.8

0.6

a = (96 4+ 10(stat.) + 4(syst.) £ 11(theo.))®

# total error in quadrature: 15° !
(with BY — p*p~ result from 112
million BB)

0.2

N a—

0 20 40 60 80 100 120 140 160 180
o (deg)
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B — (pm)? — mtn~x" Dalitz analysis

® )T 7T is not a C'P eigenstate. Isospin analysis is more complicated and
needs much more statistics.

® Taking advantage of variation of strong phase on the Dalitz plane, one can
constrain a without ambiguity [Quinn/Snyder PRD48,2139].

® Combine Dalitz and time-dependent analysis:

A, (A oc| Az |® + [Azr|?
T (| Azx|? — | A3x|?) cos(AmAL)
+ 2Im[ A3, A5 ] sin(AmA¢t)
Ase = f+ AT + fLA™ + foA°

(GeV-/ic")

S_

Ase = [+ AT + A + fo A

® f. _g: functions of Dalitz variables for p™ ¥ resonances. * @V’
o AT —U: decay amplitudes, independent of Dalitz.

® Fit a PDF of At, Dalitz and other signal/bkg discriminating
variables to extract amplitudes.
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BY — (pm)" fit

® Projection of discriminating variables:

F 80 7
100 [ [
“‘§ [ 60 |-

75 - - - -
> r - -
= r e s
- [ L 4l @
5 S0 5 F 5
] [ > >
g | o i
L 25 . 20 b — — .

0 , I
-1 -0.75 -05 -025 0 025 05 075 1 -0.2 0 0.2 0.4 0.6 0.8 1

NN output

150

100 -

Events/1
Events/0.06
Events/0.05

50 -

At/ o(AY) m' 0

® ng, = 1184 & 58: dominated by BY — piW:F; no significant p° 7.

® Direct CPV: A = —0.088 4+ 0.049 + 0.013. Osc. coeff.

C=0344011+0.05 AC=015401140.03 (C i = =C+AC)
S=-010+0.14+0.04, AS=0224015+0.03 (5,4, =5+AS)
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BY — (pm)" CPV and «

® Combine A and C' to form two independent

direct CPV
variables: AY~ = —0.21 +£0.11 4+ 0.04
AsH = —0471075 £0.04

® =290 effect of direct CPV.

[hep-ex/0408099] |
-1 Ll

Rewrite amplitudes in terms of tree
and penguin and use 1sospin symmetry
to obtain constraint on «

strong phase btw B? — pT 7).

(and relative

® o= (113737 4+6)° (68% C.L.)
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o and CKM picture

® Combined fit: =a = (1001},)° ([80°,129°] at 2 standard deviation.)
® C(Consistent with CKM fits with other constraints.
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1.2 — ICHEP2004  .....
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[phenomenolgical analysis performed by the CKMfitter group]

o with B — T, PP, PT
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Conclusion

BABAR has measured time-dependent C' P using B — KYKYK?Y
s sin28(K9K°KY) =0.791929 4+ 0.04
# precision comparable to other b — s penguin modes;

#® result consistent with Standard Model;

® very interesting to watch for sin 23 discrepancy between b — sqq and
b — ccs with more data.

BABAR’s search for lepton flavor violation pushed the upper limit of
B(r* — p*~) down by a factor of four.

o B(r — py) < 6.8 x107° at 90% C.L.
# start to be meaningful to compare with New Physics models.
CKM angle a has been measured at BABAR.

#® uncertainty from the combined analysis of BY — 77, pp, pr is about 10°.
® CKM picture 1s still consistent under Standard Model.

Lots more data to come. Stay tuned.
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