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BaBar and PEP-II

s BaBar detector
» 4r collider detector

s PEP-11 asymmetric B factory
= 9.0 GeV e beam
= 3.1 GeV e* beam

s Peak luminosity
= 9.1x108% cm2s

= Integrated luminosity
= Delivered: >268 fb-"

Most results in this talk are
based on 227 M BB events
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The Beauty of the Unitarity Triangle
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Two ways of looking for New Physics:
= Compare measurement of sides and angles
= Measure angles in channels with different sensitivity to New Physics
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The three roads to 3

= Charmonium modes: b _
c

= JYKs, W(2S)Ks, X1 Kss NKs %
. JwK, W s

x JWK (K — K 10) d 7]

= Open-charm modes: _,/W”A
« D**D*-, D**D-, D* D~ b - c

= Penguin-dominated modes: b
. KO, K*K-Kg, KKK t( 2
. n'KS 2 2 g

. K1, wKg, £,(980) K
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CP violation In interference between
mixing and decays

B
=0 ’ 4 (1)~ NE D > 1) ~N(E @) > 1)
R0 N e N(B°(t) - £,) + N(B°(t) > £.,)
3w =S, sin(Amt) - C, cos(Amt)
A R 1.2 g%
-0 As Sf - 2 }Vf -
B cp 1-|-‘/1 ‘ l—l—‘ﬂf‘ P Af

=  When only one diagram contributes to the final state: {Cf =0
s Example: B> J/¥YKq: S, =ImA

l — 77 I/tljl/td Vcchb V(:;V — _e—iZ,b’ ¢
T Buin VaVer Jaecas \VeaV e KD % E
A,(t)=-n.sin2p sm(Amt) W d
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How to measure the CP asymmetry
B

N(B*(t) > fep) =N(B*(t) > fep)

Ap(t)="12
TN BYO) > fop) +NB(0) > o)
€ Flavor tagging
/%/ﬂ > Q=(30.5+ 0.5)%
€ 4Yv(LI-S) g e+ I

Exclusive B
reconstruction
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Phys. Rev. Lett. 94, 161803 (2005)
The golden mode for sin2f:

B> charmonium K®°

B
c
= Theoretically clean b =
= Experimentally clean _
: W
= Relatively large BF (—104) . a
d d
CP sample:
1000 5/ K, Y(2s)K,, yK,, n.K, — 400
N,,_, =4370 = ~ 2788
Lal |
500/~ £ 200
L
-
]
82 522 524 526 528 0= 50/
Mes [GeV] AE [MeV]

G. Sciolla — M.IL.T. Measurements of sin(2p) at BaBar 7



Phys. Rev. Lett. 94, 161803 (2005)
The golden mode for sin2f:

CP fit in B> charmonium K®°

B
Unbinned maximum likelihood fit to At distribution

5‘200 E‘
S S 200
e e
2 2
BT BT
2 05 2 05
z 0 z 0
B B
205 2 -0.5|

sin(2B) = 0.722 = 0.0404,, = 0.023
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SM test in B® > charmonium K°

B cos(28)<0 _
w T T T ] T T T T ‘[ Lt ‘lT\ V4 r T LI T I 1 Ll Ll 1 I Ll L 1 1
[ | excluded area has CL>0.95 | : \\ ! J i

s Compare sides and angles
= Both BaBar and Belle results used 1 L

=  Ambiguity resolved measuring 0'5:
sign(cos2p) in B> J/PK*

= C0S(2B)=-0.68 excluded at i
86.6%CL [PRD 71 (2005)032005] = 0

s Excellent agreement with 05 1
constraints from the sides I
= Another SM triumph?

SM test #2: _
Compare B in various channels | >~
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The b=>ccd trees:

BY - open charm
B
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= Tree measures sin2f3 from b—->ccd transitions
= Penguin expected to be small in SM (< few %)

New Physics could have large effects

» D*D*: as large as AB = 0.6 [Grossman and Worah, 1997]
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New

The open charm trees:

Recent update: B = D**D*-
E——

50

m Vector-vector final state:

Q : Preliminary
= CP-even and CP-odd admixture = E
: - R E
= Transversity analysis measures fq . en E oo E
[T E
i [Vpwpe =391 28 rrrprrerpree : ; AT £
%140-_ h ; : Tt —— +— T -_-
Em:— . | £ .F E
= L {1 E ¢ e ]
5100 £ C ]
so 12 .0 +'7T =
6oF ] = :
wf ; e
ol ] At(ps)
0 : 0 ] CCP+ = +OO6 i 017 i 003
523 524 525 526 527 528 529 53 -1 -0.8-06-04-02 -0 02 04 0608 1
m_ (GeVic) cost, -Scps =0.75+£0.25 £ 0.03

fep. = (87.5+4.4 +0.7)% In good agreement with SM

G. Sciolla — M.IL.T. Measurements of sin(2p) at BaBar 11




Events/ps

Events/ps

hep-ex/0505092

The open charm trees:

BO - D)t D

Raw asymmetry

B
D**D- D™D+ D*D-
Updated % Updated %20 _ New
(b) % %20_ (b)
201 5 5t }
58] (o
L 0] o =i | o
S S
0/—/:@:'?{*—}_'—}‘ 1.1 T E E U———__—;LL’\ B T
CTETTT) T T
-1f 3 g -11
. . e . = . . .
-5 0 5 -5 0 5 -5 0 5
A t[ps] A t[ps] A t[ps]
-S 0.54 £ 0.35 + 0.07 0.29 £ 0.33 = 0.07 0.29 £ 0.63 = 0.06
C 0.09 £ 0.25 + 0.06 0.17 £0.24 £ 0.04 0.11 £ 0.35 + 0.06
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The key to New Physics:

The Penguin Modes

Decays dominated by gluonic penguin diagrams

= The typical example: B%>¢K,

b s
SM g
"t 5 u,Cc, t
b b
9 b

= NoO tree level contributions

« In SM, top quark dominates the loop: C~0; S~sin2f3

= Impact of New Physics could be significant

= New particles could participate in the loop = new CPV phases

= Low branching fractions

= Measure A in as many b—->sqq penguins as possible!
| (p KO, K+ K_ Ks, I’]’ Ks, KS 770, KS KS Ks, w Ks, f0(980) KS
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Phys. Rev. D 71, 091102(R) (2005)

The golden penguin: B® = ¢K°

N =114 +12

?Ks

~
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15

Events
3.6 MeV

Combined ¢Kgq and ¢K fit:
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Measurements of sin(2p3)

0K |
~—L '_'[7’%2'4"_'?\
BABAR
6 4 2 0 2 4 6
At (ps)
S 0 = +0.50£0.25 '3%;
C¢K0 =0.00+0.23+0.05




Phys. Rev. D 71, 091102(R) (2005)

Related channel: B> K*K'Ks
B

= For non resonant B®>K*KK¢ decays, nep = 2 fopen- 1
s f,.., measured from angular moment analysis of the K*K- system

A2
Z—A—089+008+006

even 2
A

200—"_'"'-'-_ .......................

N _|_ —
a3 | Mo, 45228 05 KKK
6| 100 e
Wi 'y 4 4+ + 505_ »—u—._/

A s T & RN 0"V ' .

NI N S ) B |
522 524 526 528 , 6 4 2 0 2 4 6
Mg, (GeVic) At (ps)
sin 2,6’ 0 = =+0.951£0.22 ., + 0.04%[ +0.11,,
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hep-ex/0502013 (accepted by PRL)

A new golden penguin: B®2>KKKq
B

| [—
o wn
LIS T

= Theoretically clean
= Penguin dominated CP=+1 eigenstate

= h

s Experimentally challenging

» B decay vertex uses Kq pseudo-particles
and beam spot constraint

[a—
o

Events / 1.5 ps

kan
TTT

o

— 60— | | | ] N 1_ : : : : : (C)_;
O - . C - _ ]
= 50¢F E g O ;1*"""_—7:%.7____1 | * - E
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10 ]
: : -S = +0.71 232+ 0.04

KKK -0.38 —

55 554 556 528 5.3
mes (GeV/c?) C =—-0.34 +0.28 + 0.05
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Phys. Rev. Lett. 94, 191802 (2005)

The silver penguin: B® - n'Ks
B

= Relative large BF ~ 6 x 10 a 1005_ BY
= Theoretically less clean than ¢K 2 of
= Tree diagram possible g F

... but Cabibbo and color suppressed... 0o :
= - 0 ]
| |AS| _ls\PK'SPenguin|~ O'OlQCDFaCt 9 O'lsU(3) 100 B _:

> T T T T
= N, =804+40 :
N150F- ° - OF -
2 E 0.5F E
: - ——
Ll i a.. ——
50 2 050 -
' 0 5 0 5 10
0 . 1 . 1 1 . At (ps)
525 526 527 528 529 Syxe= 0.300.14 +0.02
mgs (GeV) C,yx. = —0.21£0.10£0.02
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The challenging penguins:

BO> %Ky, fKs, 0Ks

] BOQROKS:

= dominated by b — sdd
= b — suu tree contribution are non negligible (AS ~ 0.1 — 0.2)
= Experimental challenge: B, decay vertex reconstruction (c,,~1ps)

| BoéfOKS:

= In SM dominated by H — ss5

] BOQ(DKS:

= In SM dominated by 6 — sdd
= But tree can be relatively large

hep-ex/0503011
hep-ex/0408095
hep-ex/0503018

BO-> 0K,

BO->f K

BO->wKq

+0.30
¢S | 0.357%, +0.04

+0.23
+0.95 *22> +0.10

+0.34
+0.50 * 70 +0.02

C 0.06 + 0.18 =+ 0.03

-0.24 £ 0.31 £ 0.15

-0.56 02> +0.03

) -0.2
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“sin23” In penguins: BaBar only

B
III|IIII|IIII|IIII|IIII|IIII:|II:II|IIII|I
Charmonium Average (WA) | : ;
0.726:+0.037 ; 1 e Although each
0K - -
050 02507 = e measu r_ement. IS
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0.30+014+002 l _I. | : P
i K , L a trend is visible
SGQSDiE:giDJD | |
K : : I ’
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“sin23” In penguins: BaBar + Belle

I
| I | I | | | 1 ‘ | LI | 1 I I i LI | I | | | | L 1 | | i ‘ I [ {W\
Charmonium i i | .Statllstlcal fluctuatlon.or
0.726+0.037 ; ; ] first signs of New Physics?
) K® L e ot
0.34+0.20 ] A—— i
; KO | : ;
TE)ASSir 0.11 : F—A—
f 0 I L I ]
8(::(36%+ 0.26 - * |
c K . N -
g,} 0.338 e ; - I -
g Qhg oo e
?KKKS : | !
0.53+ 0 17 i ! & 1,
K2 K2 K2 : : .
026 0.34 = E & |
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Summary and Conclusion

= Precision measurements of sin2f3 in many different
channels are a powerful probe for New Physics

= B9 charmonium K°: our calibration point (o, ~
= BY%> open charm: no smoking guns so far
= B%-> penguin modes: intriguing shifts observed

= New Physics or statistical fluctuatlons’?
= Time and data will tell...

s Goals for BaBar luminosity

= Summer 2006: 500 fb!
= Summer 2008: 1 ab!
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Events /(0.2)

Transversity analysis
B

e D**D*" is not a CP eigenstate
e sum of L=0, 2 (CP even) and L=1 (CP odd)

e CP odd fraction R, determined by transversity analysis

ol b b b b b b b b L g
1 08 -06 04 -02 -0 02 04 06 08 1
cos(e,)

1 dr 3
['d cosg, 4

1-R,)sin* 6, JrgRl cos’ 6,

R — |AJ_|2
AP AP AT

23
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D*D analysis

B
SM expectations

s D+D-
o =0
e S=-sin2p

= D*D
° CD*+D— = _CD*—D+
¢S ., =—Xsin2p+35)and S,. ,, =-Xsin(25 - )
with:
e X=y1-C2,

e s=difference of strong phases for 8° - DD~ and B° - D" D"
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cos and sin fits in penguin modes
B
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hep-ex/0503011

The challenging penguins: B>n® K¢
B

= In SM these decays are dominated by 6 — sad
= b — sul tree contribution are non negligible
= AS ~ 0.1 in model dependent QCD calculations
« AS ~ 0.2 in SU(3)
Experimentally challenging

= B, decay vix from K and beam spot

s K, tracks with > 3 SVT: c,,~1ps

N, = 300 + 23

Unbinned max likelihood fit:

S
C

s

st

, =+0.35 "% +0.04

-0.33 —

» =+0.06+0.18+0.03
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hep-ex/0408095

. hep-ex/0503018
Two more penguins: P
B> f,Ks and B> wKs
B
B°-> f K. dominated by b-> sss B® —> wK: dominated by b — sdd
£,(980) = Cos @, 55 +5in g ““}dd, @ =—48 +6°  Tree contamination can be relatively large
N S 2 S
"Gt N, =153+19 ]l E = *F N, = 92113 .} e
s I N )
= A IS
T SErT L BEL 1 LI
523 524 525 526 527 528 .29 L5 556 527 520 5 29
mes (GeV/cH) N . . mESIIGe‘ﬂ
T T _z g 1 —
I :% 205__ (c) +._.._. _
S E Z 4. 1
\l l\]\._.l—//:; = 0 ':,—% _—‘_\—-._‘_:
T B R R VL R,

~7ep %S, . =+0.9570% £0.10 —1ep X S . =+0.50 1035 £0.02




Results presented at Moriond 2005
The Other Trees:

Recent update: B = D**D*-

B
: ~ sl BaBar
m Vector-vector final state: H‘:’i Preliminary
s CP-even and CP-odd admixture g
= Transversity analysis measures f 4, 3
=
s foq =(125+4.4 £0.7)%
0
%140:" '_ 3100:..-|.......|-..|.-.,..-|...,...|-.-|..._ ‘EO.S—
ﬁ _ g i B4B4.R L= 1 L ‘__
120 > 80l E.Oﬂ'""':“l_ll ] |
o 7 SRR =
L 1 = T s ]
% s 1E0 S 0.5\ T
5502 - i . .
p i :_ -5 0 SAt[ps]
" s Ccps = +0.04 £ 0.14 £ 0.02
0

RISV BV R BV Y “0806-0402 0 02040608 = =0, + (. : + (.
§] | | | I | [l Il lnnnlbinnl Ll SCP+ O 65 + O 26 +0 09_0 07 + O 04
m_ [GeVic'] cosB,, '

- Good agreement with SM
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Penguins vs tree
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