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Outline

» Physics background
» Status of PEPITI & The BaBar Experiment

* Measurement of sin2p-
- Golden Modes (b—ccs) -
- Tree + Penguin modes (b—dds)
- Pure Penguin modes (b—sss)

* Measurement of Sin2a .¢¢.ctive

- CP violating asymmetries
= B—nm, pr

- B — hn', n%°branching ratios
* Direct CP asymmetries
» Conclusion
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Standard Model mechanism for CP violation

B — D*rn, DK,
K, ...

B'— JiYyK,, D*D*,...

and p

From CKM
unitarity

VV +V.V. +V .V, =0

(1,0

\_ _/ All angles related to n




Mixing introduces time-dependant CP violation

RO 0 o - —0 B
7 m ~ w?mvu%w vHQm v q Via ?HW\»A% — fep)
mo ,\.Oh DEQ“EInEh Nw A\N& E>Amo¢.\ovv
@ F
f =T(B" — fep) —t/T

€ L .
f, = H,AWQ — fcp) mHQv = %T + S, sin(Am,1) = C, 82?5&

DB = for ) =T (B — 21 1= |A]
Aep(t) = Alﬂﬁ \%v A Pt x%v = B»M sin(Am,t) - 7 ﬁ cos(Am,1)
H,Amw\da ¢.\,DUV+H,Am~§§ — \,qu H+ TL H+ TL
Sensitive t |l :
> Tm ».\ ensi _<m>o o<m5. 1l 5 D.:m& Ow |
Sf=——3 phase of A; even if Cr = f violation if multiple
H+T( 7 no Direct CP 1414 2 amplitudes with
/ Violation U different phases
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PEPIT el
_u._._ Wm__._mw

Morth Dramping
Hin

[1. ._ﬂm. GV ) . .
Pasitran Refurm Line Pasitron Source
l

&-aun

mnm_m.ﬂ__m_._.__ Linac PEF Il High Enengy Bypass (HEE) Y
injactor
South Damping Seclor-10 PEP I PEP Il
ﬂm__u_E &7 INj2Cior I— —.- m-.—m
(115 GaV] FEF Il Low Energy Bypass {LEB) :-m-._ﬂ n_l_mmw
n
S=ctor-4 PEP I
et injeclor _”m .QN.S

- 3 km -

3.1 6eV e+ on 9 GeV e- cms boost <«fy> = 0.55

» Peak Luminosity = 4.60 x 1033 cm-2 s! (3 x 1033 cm=2 sl design )
+ Positron current = 1775 mA  Electron current = 1060 mA
*  Number of bunches = 800 IP beam sizes = 147 um x 5 um




Data sample
PEPITI delivered ~99 fb-!

BaBar recorded ~94 fb-!

Used in the analysis
81.2 fb-! on peak
9.6 fb! of f-peak

~88M BB pairs considered

100

=70

2002/07/05 12.45

BABAR

BABAR off-peak 9.93/fb

— Delivered Luminosity

— Recorded Luminosity

—  Off Peak 1
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BABAR Detector

Instrumented Flux Return (IFR)
(resistive plate chambers)

SVT Measures origin of charged particle trajectories
DCH Measures momentum of charged particles
DIRC Identifies particles by their Cherenkov radiation
EMC Measures energy of electrons and photons

IFR Identifies muons and neutral hadrons

Superconducting Solenoid
(1.5 Tesla)

Electromagnetic
Calorimeter (EMC)
(Csl crystals)

Cherenkov radiator (DIRC)
(quartz bars)

Orift Chamber (DCH)— S IR . /
(muitiwire gas chamber)

e (9 GeV)
Silicon Vertex Tracker (SVT)
(silicon module)

SVT: 97% efficiency, 15 um z hit resolution (inner layers, perp. tracks)
SVT+DCH: o(p7)/p;=0.13 % x p; + 0.45 %

DIRC: K-nt separation 4.2 c @ 3.0 GeV/c () 2.5 c @ 4.0 GeV/c

EMC.: Og/E =23 %E"®1.9 %

CSpr23.2002 BFacobsen T



Experimental measurement

Flavor
Tagging

Tag vertex
reconstruction

\/

|
EERLEES e

m+
o
— . B 15
Coherent BB pair /ﬁ|

Az 1 Az
Exclusive B Meson and Vertex
A \LJ\V C Start the Clock Reconstruction
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B Flavor tagging method

b ]
. s K

Using tracks with or without particle identification, and kinematic
variables, a multilevel neural network assigns each event to one of five
mutually-exclusive categories:

« Lepton tag: primary leptons from semileptonic decay

- Kaon1 tag: high quality kaons, correlated K- and p*, (from D’)
- Kaon2 tag: lower quality kaons, p, from D*

* Inclusive tag: unidentified leptons, low quality K, p, leptons

- No tag: event is not used for CP analysis

New and improved tagging method

DHN@H + 0.7 % Compared to Q=26.0 = 0.8

Sept 23,2002 B. Jacobsen




Vertex and At Reconstruction

Reconstruct from
charged B,. daughters

Brec Vertex

Determine from -
rec daughters
All charged tracks . .
not in Interaction Point
Constrain with m m U
vertex, Beam spot
beam spot, and (4S) TAG Vertex
momentum y4
Remove high x? tracks >

(to reject charm decays) G tracks) VO

High efficiency: 95%

Average Az resolution ~ 180 um (dominated by B,)
(<lAzl> ~ 260 um)

At resolution function measured from data

Sept 23,2002 B. Jacobsen 10



Tagqing errors and finite At resolution dilute the CP

perfect typical
tagging & time resolution mistagging & finite time resolution
- =0 0
wsmn B wsmu
* .qu ? * Uoo_um% H:MM Uﬁowo:oo Mawoo-ﬁmﬂmw (ps) " .._ﬁ ? h Uoo.um% ﬁ:nm Ummowosoo Mawoo-ﬂm_mw (ps)
( I7>N Twaw ]
e ) )
f(AL) = - (151, sin2B(1-2w)sin(Am,An)]p R
m_.\ﬁw % ‘
Need to know and At resolution function R

in order to measure CP asymmetry.
Can extract these from data with B%-B° mixing events.




Use self-tagged By, sample to measure w and R

* Fully reconstruct self-tagged modes:

Méccl mQ — Q¢-uﬂ+\b+\m.\+ . M H“.I mQ — L\Q\RQQAJAWV ._AD
mmgo.l Zﬁm@@mQHNw@._ 3 m Sow Zﬁm_@@mQH._ 757
SSHI _UCZ._“V\H@L.O\O 200 _UCZ._“V\HQQO\O
3000 - Bc.\ 4 /
mn L L L 5.02 L L L 594 L ! L 5.6 L ! ! W.Mﬂ”mm AQW«_\“MJ@ mn SPHE JE I8 _Wx_uNum,} Bt .m..NMJ:T.. e ..mNm BulrTn « .m-N.q._W-mmnuaWQJ\_”.Nm.N
+ Apply By, To other side, fit for B9-B mixing
[ —|At \ﬂw ,
£, (A =1 [1=(1-2w)cos(Am,AD]t R
Mixed 4tp

B

sample is x10 size of CP sample

flav

Sept 23,2002 B. Jacobsen
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Tagging performance from By, sample

A .. = N unmixed N mixed ‘ w\ﬁw\ﬁw
mixing
N unmixed T N mixed 057 4 |
~1-2 S
~(1-2w)cos(Am,At) |
: 1 05 | < }
o(sin2f) o« ——
O L f .
0 5 10 15 20
|Atl (ps)
Category |Efficiency | Mistag | Q=g(1-2w)?
(€) Fr. (W) This new tagging
Lepton 91:0.2| 3.3:06 7.9 + 0.3 | | method increases Q by
7% compared to the
Kaon2 19.8 +0.3| 20.9:0.8 6.7 £ 0.4 | | previous result:
Inclusive | 20.0:03| 31.6:09|  27=0.3|[PRL87 (Aug 01).
Total 65.6+0.5 28.1 + 0.7
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sin2B (b—ccs) o

C
.
Charmonium states m

Ncp = -1 0
BO — L\at K S
B0 — (2s) Xom
BO = % K's o = (A
B0~ n, —Aom B0 — Jhp X*A_Aomq%v

Aep(1) = LBy = fer) = DBy = for)
fcp H‘AWMS% — %%V + HJAme% — \qu

-

= —Np mEADE&N v



Yields

r 600 ——— ; _
Mode Ntag | Purity (%) w.” . H_H_A\mtmwwom a) ]
J /YK, (vt) 974 96.5 - = = Ao Jom i
T/pK, (%) | 170 88.5 > Tl ”
W2s)K. 150 96.9 500 = KK ) ]
g | Backrround ]
Y cKs 80 94 5 I N W L %
jn_Am 132 634 57 522 54 576 M _H_um_.____?_wmm“_
(cc)K, 1506 92.2 . —————
T/pK, 988 55.2 m i Jeblsimal b
T/pKO(K, 7°) 147 81.2 ot HoX backgound 1
All CP 2641 78.2 j Lo - Hon-J/s: badkgmound
Brec (had.) | 23618 84.2 " ol
T/pKoK) | 1757 95.8
Bflav 25375 84.5 _“_.H__ __”____H____J,_”____m_n____ﬁ_
AE (MaV)

1. has been added to the sample

n. ~* KK+*n- and n, » K*Kn®
Sept 23,2002 B. Jacobsen 15



o B’ tags |l & Background

ﬂ.MOl___,i_,,____,_ _,___,___l
* Y Background

Entries / 0.6 ps

Raw Asymmetry

At (ps) At (ps)

sin2p = 0.755 =+ 0.074 sin2p = 0.723 =+ 0.158

sin2f3 = 0.741 = 0.067 (stat) + 0.033 (syst)

Submitted to PRL, hep-ex/0207042




sin2B results (b—ccs)

Jw K, (w'7) Ll_ 0.82+ 0.08
Jng K_(x°n%) _ - _ 0.39+ 0.24
Y(2S)K, _ - _ 0.69+ 0.24
A K, _ . _ 1.01£ 0.40
N K, _ . _ 0.59+ 0.32
Iy K, _ J _ 0.72+ 0.16
WK . 0.22+ 0.52
All modes _ _ 0.741+0.067
PR T WV RN OO T T S ('

0 02 04 06 03 1 12 14
sin2p

All consistent P(x2) = 57%
T



Dramatic effect in golden modes with lepton tag

0
B~ tags Lepton ta _ .
: | P 8 (cCc)Kg with lepton tag

H

10 | + Zﬁm@@mo_ =220
T f+/./. Purity = 98%
|n“ﬂn+\u\+ —e—— ¢ o

B tags Mistag fraction 3.3%

20

Entries / 0.6 ps

other tag categories

At (ps)

sin28 = 0.79 = 0.11




Cross

-check

X1 K

W(2S) K"

Ju K (K

JwK'

DR

D" xtp/ay

HiH

£4 030201 0 01 02 03 04
sin23

-0.19+ 0.14

0.26+0.12

-0.00+ 0.07

0.04710.046

0.017+0.025

0.02110.022

on data control samples

(72] 1 I I 7 I I I I _ I I
=¥
,%NOOO || L WO _NWMm A & Background ||
O = B’ tags
= |
= I
=
1000 — }
> Ot T —
T 05— —
g
g L |
> | 1
P — 4
Dnm 0= —f—————e Iall4||+| —
-0.5 — —
| |
-5 0 5
At (ps)

Observed no asymmetry, as expected




Sources of Systematic Error

s(sin2b)
Description of background events 0.017
CP content of background components
Background shape uncertainties
Composition and content of J/y K, background 0.015
Dt resolution and detector effects 0.017

Silicon detector alignment uncertainty
Dt resolution model

Mistag differences between B, and B;,, samples 0.012

flav

Fit bias correction 0.010

Fixed lifetime and oscillation frequency 0.005

TOTAL 0.033
Steadily reducing systematic error: July 2002 = 0.033

July 2001 = 0.05

Coseprz3002 Blaobsen 0




Method as in
Eur.Phys.J.
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Golden Modes beyond the Standard Model

If another amplitude (new physics) contributes a different phase, then

Acp(At) =5, sin(Amadat) - C £ €0S(Amadnt)
2Tm A 1-[2,[

Sj=— 1 Cr=—1"5

1+ A 1+|A,

In the Standard Model IA;l =1 (which we assume in the nominal sin2p fit)

mm¢ = e\:m_sm\w Ow& 0

Fit 12,1 and S, using the clean (cc)K, modes

(1,=-1, Nigggeq = 1506, Purity = 92%):

| 4,1 =0.948 + 0.051 (stat) = 0.017 (syst)
S;=0.759 = 0.074 (stat) = 0.032 (syst)

Consistent with the Standard Model expectation of |4, 1=1 and

nominal fit sin2p = 0.755 = 0.074 for (cc)K, modes alone.
Sept 23,2002 B. Jacobsen
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(b — ccd) mode B? — D™D™

- Cabbibo-suppressed mode with tree
level weak phase same as b — ccs

« Penguin contribution uncertain,
expected to be small < 0.1 Tree

- Not a CP eigenstate, mixture of
CP even (L=0,2) and CP odd (L=1)

both to 7° mode

W., u,_H_M______________________________________ T ___m
5 - BaBir w

g ~ E

S wf za@.@_au 102 = Reconstruct D™— Do
2 b Purity = 82% = or D'z, but not

P C ]

B b e

52 521 522 5123 524 525 526 527 528 52% 53

Sepi co, cuvc . yucupsern 23



CP composition of B — D™ D™

- We measure CP odd fraction (corrected for acceptance) to be small:
R, =0.07 = 0.06 (stat) = 0.03 (syst)

s BABAR 7
m wom| |m
S 25F =
> = 3
S £
L
ok, LN
S .
o.Hl o_w o_a o_h o_m _-_o_ o_w o_h o_a o_w |H
cos(6,,)

dr’ 3 : 3

=~ (1-R,)sin®* ¥, + - R, cos” ¥,
I'dcos?,, 4 2

Sept 23,2002 B. Jacobsen
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CP asymmetry fit B — D™D™
 Improved fitting strategy:

— Parameterize in terms of CP even (l,)
and odd (I,) components, include
angular information from partial-wave 0 [T—=t— —
analysis

— Fix CP odd component to
|, =1, Im(l ,) =-0.741

—

<
Ln

Raw asymmetry

0.5

|A.| =0.98 + 0.25 (stat) = 0.09 (syst)
Im(\,) = 0.31 £ 0.43 (stat) = 0.10 (syst)
If penguins are negligible, then
Im(4,) = -sin2p

Entries / 1 ps

Im(A,) measurement ~2.7c from BaBar sin2p
in charmonium, assuming no penguins. :

Sept 23,2002 B. Jacobsen



(b — c&d) mode BO — D™D-

«  D*Dnot CP eigenstate

- Possible strong phase
contribution (and still have
penguins)

- Different (but related)
decay time distributions for

B° — D+Dr BO

B’ — D" D*

-043+141+0.20
C. = 053+0.74+0.13

W
i
"

0.38 + 0.88 + 0.05
0.30 + 0.50 + 0.08

a0
+
n oo

g D'D 56 fb
Zﬁm@@mo_n 85
Purity = 52%

10

5.2 322 324 5.26 3.28 33

ES

Update to full data set in progress

Sept 23,2002 B. Jacobsen
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(b—ccd) mode B9 — J/y a0

Cabibbo and color-suppressed mode with comparable tree and
penguin contributions c

5 Y
O E.._. L
i = R R LN LN EELE LR R R R Mw <0Q d
C I Q
Wuuwmwmmw\mm E T
% 20F Preliminary 3 d d
3 M“ Ntagged=49 [T = Tree: ~Vy Voy ~OM%)
2 Purity = 59% E same weak phase as b—ccs
12k = E
210 Ni=+1 £ =
g 8 3 Jhy
w o H | E 5 3
45 ] =
L seemrypp et o B ¢
obntiin L BT L d - g
5.2 5.215.225.235.245.255.265.275.285.29 5.3

=

(GeV/c’) - . . 3
ES vm:mc_3.2<OU<OQ + <C_U<CQ ~ OAV( v
adds additional weak phase

Sept 23,2002 B. Jacobsen



CP asymmetry fit for B0 — J/y =9

w— T T T _ T T T _ T T T _ T T T _ T T T _ T T T T T T T T T - — T T T T T T T T T r r r T r r —
et 1 1 ] — 3 E ! 7
£ - . ~ o 12E B0t : BABAR 1
£ - c) - — C a) ag Preliminary
W.. 0.5 - — ..m 10 E : —— Signal + backgrounds
=X C —e— ] W 3 H| === Sum of backgrounds |H
m _H_I Mo . 14‘ ._| : aH| |H
- /1”““ | . i :
05 . J 2 . -
L Prelimi N 05 6 4 7 D ST 6 3
C —_— refiminar 7 = =
= :x|+ 1 Y At (ps)
PR B B 1 M R R B
8 ] 4 2 0 2 4 6 8
At (ps) 16 _ T T ——
4 B BaB4ar
B tag Preliminary

— Signal + baclgrounds

=== Sum of backerounds

Events /(2 ps)

e III|III|III|III|III|III|III|III

ﬁ;—f: 10 =0.38+0.41 (stat) = 0.09 Aww_w: M
mw,_.___..E 0= 0.05 £0.49 (stat) £ 0.16 Aww.,m: M ’
DZBW

In absence of penguins O,eauo, m,§ = - sin2p

Sept 23,2002 B. Jacobsen



sin2B from penguin mode B? — ¢ K.
Charmless decay dominated by (b — sss)-gluonic penguins
Weak phase as b — ccs, but sensitive to new physics in loops

L

b s
_ A\V ﬂ.n.ﬁ.q |Av
.m u,c,t s b M.. 5
Lm s K W - W 3 - qwumw.w
a. d - i d w. d u d
,.M - h.phmm H — Small branching fraction O(10-5)
O s ] — Significant background from qq
8 E continuum
2 | L .H E — Using only ¢ — K*K
P A E
i m =
m 6 % 4; - Zﬁm@@mo_ = 66
e + % E Purity = 50%
: m._um m_ur_. m._um m_u_m 3 _u.. m..m 3* = ._

Sept 23,2002 B. Jacobsen
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CP asymmetry fit for B0 — ¢ K,

+0.52

- 0.50 (stat) £ 0.09 (syst)

Fix IA,J =1, fit: S, = -0.19

_._.. .............. T w_“_._ Hmm

Events /{ 0.5ps )
o

Cross checkon Bt — ¢ K+
ms\A = ON@ + ONV

Analysis of B — h’ K in progress

Events /{ 0.5ps )

s SETET L LR I R LT TP -
- -4 = 0 2 4 £

At (pS)

If no new physics, msxn sin2f

Sept 23,2002 B. Jacobsen 30



sin2 Conclusion

* New measurement of sin2f from- Results have been improving by
charmonium modes (88 x10¢ BB) more than just luminosity gain
0.5 —
sin23 = 0.741 £ /0,067 (stat) + 0.033/ (syst) EECEES
0.4 F
Submitted to PRL July 17, 2002 035 E
ATNUlNX\ONOVON—.Nv en 03 wl
S
- Begun to probe the same CP-violating phase m 0-2 -
and look for new physics via penguin modes: ©  %*E
0.15
B~ K% 0.1 F
BO—J/y x° 005 L
and open charm modes: om _
BO—D™D™ Million BB pairs
BO—D™D-

The Standard Model remains unscathed, but the high statistics future of
BaBar will provide further opportunities to challenge the theory.
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Sin2o.: CP Violation in BY-> -
With Penguins (P):
Tree (T) Level: ;
a2 ViV ViV
N@N& ﬂ\:&w\

B_x_ﬂm\m /Qmom<
B t B ”yc - ﬁuﬁa oC mHSA&v

_ lia Hiw\ima iy
N >§ =€ 1+|P/T|ee™

o
\

d > >b
N .
M,. _ 2ia = /\H - Qﬁa m:wANOmom)v
T
C =0 Need branching fractions for
ey -, =Y, and nfnlto get
rm.aa — mmDANQv from o4 -> isospin analysis

Sept 23,2002 B. Jacobsen 32



B0— 5, Kn, KK

» Small branching ratios ( few x 10-¢)

» Important continuum background
- Topological variables
- Kinematics

BUT
The key issue is

Particle Identification

First results presented last year

oseptz3a002 Bwobsen w



— K sample
BABAR #
E-..._..._... K
. w\» wkﬁ R e hypothesis
: K/n separation [ / \
with DIRC 2000 i
S D*— Dot — (K"t -
A ] v O.ND_ _-.ﬂ_lo_ L._.__.__ﬁ_u | | _ﬂ_D|_L|L. _MD
T For £=85% Kaon (6 -0 K)/o(6.)
ol 1 ] L TA-A&Q_HVHH.VO\O
1.75 4.25

K/T momentum (GeV/c)

Sept 23,2002 B. Jacobsen
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Branching fractions and direct CP violation

* Maximum Likelihood to extract branching
ratios and Krx asymmetries

* No tagging or vertexing needed

Direct CP violation
_Br(B° =K a")-Br(B*—=K'z")

A, = : — : - Z1sin(y)sin(5)
Br(B" =K n")+Br(B" = K'n")
Mode Yield BR (10-9) (Ac)
BO—>mtr- 157 £ 19 47 +0.6 +0.2
BO-> Ko 589+30 | 17940907 | O pf 0%
BO-> K+K- 1+8 <0.6 (90%CL)

oseprz3a02 Bwobsen s



m,. and AE for B— m+ -

1-J
=

wO u.ﬂ+u.ﬂ - i

9

Events per 2 MeV/c™
&

(]
<
|
I

Events per 10 MeV
|
|

—
=
I

10 g | H
I T ] s [ 1.
_ F ] 0 \ S S S NN TR SO ST S N

o 1 _ 1 _
5.2 5.225 5.25 5.175 5. -0.1 0 0.1

GeV/c AE GeV

Hﬁm g

Sept 23,2002 B. Jacobsen 36



Validation of Tagging, Vertexing, and ML Fit

Fit projection in sample of Kn-selected events
- Kp decays are self-tagging
— T =tag charge 2

— Q =kaon charge < ]
X e M 05 -
fig (B == [1-TO(1-2w)cos(Am,At)] | 1
: - ‘ |
» Floattand Dm, in same 0
sample used to extract CP - ]
asymmetries: I |
05 ]
T=(1.56x+0.07)ps |
Am, = (0.52=0.05)ps™ B U B

0 2 4

6
|At] (ps)

oseprz3a02 Bwobsen



CP Asymmetry Results

Fit projection in sample of nx-selected events

,777,,7777,7‘,,,7777777
£
B tags

Preliminary

2

— 0
S_=0.02+0.34+0.05 m 20
C, =-030+025+0.04 [ =

Submitted to Phys Rev (hep-ex/0207055) ) 0

LN

»\/\Ammﬁ v._. ZAMM% v

=S__sin(Am At) - C__cos(Am At)

. B’ ~-0.5
A_(At) = 2@5 vl 2@:@ v

Sept 23,2002 B. Jacobsen 38




Isospin Analysis to get o from o ¢?
Gronau and London, Phys. Rev. Lett. 65, 3381 (1991)

+  The decays B— s, n*n’, i’ are related by isospin

» Central observation is that nn states can have I =2 or O
- (gluonic) penguins only contribute to I = O (AI = 1/2)
- wn'is pure I = 2 (AL = 1/2) so has only tree amplitude
= (|A*%=[A*))

*  Triangle relations allow determination of penguin-induced shift in o

But, need branching
fractions for all three
decay modes, and for
B? and BOseparately




The Base of the Isospin Triangle: B+->m*n®

v
Simultaneous fit to wn’%Knr’ = a‘ w\_cw\_a
- nn
o
Prelimin 5"
reliminary 2 ?;
84|
91 |
> T - ] B ‘
MG - Fit region BaBAR U | -
' 0 | %52 5.225 5.25 5275 5.3
- myq (GeV/c?)
E Mode | Yield | BR (10-6) Agp

B+->
. +23 +1.0 +0.
(125723155500 £0.6 | 20,031 +0.02

B> |[239%2) 12.8"12 £1.0 [-0.0920.09=0.01
K+m0

-0.2 -0.1 0 0.1 hep-ex/0207065
AE (GeV) 40




Remaining side: B°->x%xf

Data after cut on probability ratio (e ~ 20%)

BABAR

Events / ( 0.005 GeV/c?)
77

T
{
T
4
T

N|

7 pr’

19— o=

|||||||||

I

5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29

M. (GeVic’)

Sept 23,2002 B. Jacobsen

hep-ex/020706 3

BABAR

10

Likelihood including systematic erro

~“Likelihood statistical only

Tn_\___,_*,____,_,,7_,____,¥_7___

0 10 No 30 40 50 60 70 80
%70 Yield

2 NW+~O

ﬁ..ﬁ‘

BB’ - n’7")<3.6x10™° @90% C.L.

Preliminary

Significance including systematic errors = 2.50

41



Setting a Bound on Penguin Pollution

»  Can still get information on o with only an upper
bound on 70

- For example: Grossman-Quinn bound (assume only
isospin)

L _wimo — 7°7°)+ BR(B' — n°7°)

- 2
Sin (& —-—) <
(Gor ) BR(B* —= n*1°)

<0.61@90% C.L.

A/Ooqgm:.o:m and systematic errors included

ot —a| <51 @90% C.L.

*  Many other bounds on the market
- Charles, Gronau/London/Sinha/Sinha, etc...

Coseprz3002 Blacbsen e



B%— pn

Events / 1.5 MeV/c’

Clear B%— px signal

observed

N, =413"]
N =14775
From B9— prr :

t=1.59+0.12 ps

DBQ"O.W \_ + OO@
ps!

I | I I | I I | I I | I I I I

5.25 5.26 5.27 5.28 5.29
GeV/c?

Bmw (S C
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B%— pn asymmetry

ALy =-0.22"5 (stat) = 0.07(syst)
ALy =+0.197)1 (stat) = 0.11(syst)
C,. =0.45%;(stat) = 0.09(sys?)
S . =0.16:03: (stat) = 0.07(syst)
AC,, =0.38"), (stat) = 0.11(sys?)
AS,. =0.1503: (star) = 0.05(syst)

Sept 23,2002 B. Jacobsen

Events /(1 ps)

Events/ (1 ps)
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Direct CP measurements summary
_BABAR
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Conclusions:

- Measurement of sin2p = 0.741 + 0.067 = 0.033

* Measurements in T+P and P modes

- Time dependent asymmetries for B°— n*n- and
BY/ B® — p=nbeing measured

» Building blocks, BR(B9— 7979 and B*— x*n0), for
an a isospin-analysis are on place

BaBar starts exploring the exciting physics for
which it has been buil*
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Run 1 o] 0.63% 0.14
Run 2a He ] 0.86x 0.19
Run 2b _!.I_ 0.79+ 0.12

Run 2cd | 0.76x 0.12
Jhy—e'e AT 0.69+ 0.09
Jhy—uu He ] 0.78% 0.09

B’ tag L 0.71+£ 0.10

B’ tag | 0.76x 0.09
Lepton He—| 0.79x 0.11
Kaon 1 e | 0.78% 0.12
Kaon 2 | B8 | 0.73% 0.17

Inclusive _|u|_ 0.45% 0.28
All modes 4 0.741£0.067
0 02 04 06 08 112 14

sin2f3
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CP asymmetry in the tagging categories for the (cc) K, sample

—

Raw Asymmetry
o

-0.5

sin2p

Lepton

Kaonl

Lepton tag

Kaonl tag

Kaon?2

Other

Kaon?2 tag

0.5 ).5 _
gy I - | \7
A LSRG
F\w N ﬁﬁ o
-7.5 -5 2.5 0 2.5 .mb_m Qﬂummv - -1.5 -5 2.5 0 2.5 mbﬁ memv - -1.5 -5 25 0 2.5 mb_“ AMMV
0.79 £ 0.11 0.78 £ 0.12 0.73 £ 0.17

0.5

-0.5

Other tag

e

1.5 -5

25 0 25 5 7.5

At (ps)

0.45 = 0.28




Systematic Errors for sin2f

Largest source comes from backgrounds

e CP of Argus BG is zero in default fit.
Attempt to fit for it in SB. Difference is
systematic (very conservative).

e Klong BG contributions
e Composition of J/9X BG : 0.007
e Shape/reslution of AE : 0.007

Some improvements over last iteration

e Switched from PDG 2000 to PDG 2002 for B
lifetime and Am,. PDG uncertainties down
by x2 (thanks to us). Both were 0.010 last
time.

e Peaking BG now split by mode. J/yK, has
the lowest (0.3%, others >1.2%). Was
0.013, now 0.007.

e MC bias correction (or MC statistics). Used
x7 more MC this time. We understand part
of the bias. Was 0.014, now 0.010.

Sept 23,2002 B. Jacobsen

Source dsin2p
CP and Mix BG 0.017
Klong BG 0.015
At meas. and RF 0.017
Signal Dilutions 0.012
Fit bias correction 0.010
B lifetime 0.004
Amg 0.003
Total 0.033

0.035

Total from winter 2002
result (56 fb1) was
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Pure or dominated penguin decays (IT)

Bo—1’K’ : tree s color and Cabbibo s
suppressed @ w )
n.n
B* —n’K* : treeis Cabbibo suppressed N EEm o
w+ W+
] s b 5
.a_.:__ Mﬂ+umﬂa+
e u, e, t , B+ u,c,t p
KK S

» Still working on that




