Measurements from
BaBar

Maurizio Pierini
CERN-PH

on behalf of BaBar
Collaboration



The consistency of the Standard Model

4 The measurements of Bfactories & Tevatron &

have confirmed the prediction of the UTfit

4% The CKM paradigm is established as the source
of CP violation & flavor mixing in the SM
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Some "“tension”
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Possible Explanations in the SM

Effect induced by statistical
fluctuation and/or effects
in calculation (as for Vub)
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Large statistical
ad fluctuation for both the
2 Tevatron experiments (?)
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Effect of Aqcn/mPB
corrections (neglected
in perturbative calculations)

Statistical fluctuations
(and indeed the differences
are smaller than in the past)
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AAcp

4™ generation: An economical BSM explanation
g

A recent example: Soni et al arXiv:0807.1971
A fourth family of quarks with mt+'>700 GeV
provides a natural explanation of these effects
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The measurements are a crucial ingredient, being the experimental errors
a limiting factor to establish the deviation from the SM expectations.
BaBar, Belle and a superB can play an important role in this scenario



BaBar & PEP-II
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AU Full Statistics
467 million Y(45)
(All new results
are preliminary)

As of 2008/04/

Drift Chamber
40 layers

P Il Delivered Luminosity: 553.48/f =

Silicon Vertex

Tracker

strips

5 layers, double sided

BaBar Recorded Y(4s): 432.89/fb

BaBar Recorded Y(3s): 30.23/fb

BaBar Recorded Y(2s): 14.45/fb
Off Peak Luminosity: 53.85/fb
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The B—Krn decays

Very rich phenomenology

% BR and direct CP asymmetries in a set of four isospin-conjugated states
% Time dependent analysis of B°—»K°r° decays

#New results from BaBar for K'n™ and K°x°

One of the most rich and exiting parts of the
physics program for the B factories

The experimental challenge:

% BR ~ 10™-5

% large contamination from e’e’—qq events

% Possible cross-feed among the channels

% (for some of the channels) no charged
track coming from the primary vertex

The experimental handles

% Closed kinematic

% Topological variables

% Use of the full decay chain

% Particle ID for K/n separation
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“Closed” kinematics

Lab frame
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The energy difference

AE=E" —+/s/2

beam

Two independent
analysis variables

~2.6 MeV/c’

ES

dominated by beam energy spread
o, ~10+40 MeV/c’

dominated by energy resolution
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Topological variables

S
Main source of background from e‘e’— qq.

Difference in topology to reject them

B produced ~ at rest qq events decaying with
isotropic topology lqrge !ahase Space
) Jjet-like topology




Particle ID for K/mn separation

PMT + Base
~11,000
PMT's

Purified Water
17.25 mm Thickness Light
J/ (35.00 mm Width) Catcher
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The pull of the measured Cherenkov angle is
parameterized as a Gaussian with m(|_5) and 6(5)
and used in the ML fit
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A of B°—>K'n™ decays (I)

ML Fit of kinematic variables, topology variables and Cherenkov angle
Kaon charge used to tag the B (i.e. no mistagging)
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BR of B°—K°n° decays

Much more difficult than Kr, due to the recon’rr'c’rlon of the two composite
mesons. mes and AE correlated because of n° energy Preliminary
resolution. Use mg and muiss (lower correlation) e-Print: arXiv:0807.4226 [hep-ex]
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The B—Kn “puzzle”

L. Silvestrini Ann.Rev.Nucl.Part.Sc .57:405-440,2007.

QCDF [50] PQCD [54, 55] SCET [58] exp

BR(z~K% 19.3113t1U2+19+4182 94 5+136 2084+ 7.94+0.6+=07 23.1+1.0
Acp(n~ K9 0.9152+93+0.1+08 0+0 <5 0.9+25
BR(7°K~) 111103333408 +8% 1397198 1134+414+1.0+03 128406
Acp(n®K™) | 7111115010820 —173 ~11+9+114+2  47+26
BR(nTK~) 1631381284118 2007728 201474413406 194406
Agp(rtK-) | 45111122 +02481 —913 —6+5+6+2 —95+13
BR(nx°K?) 7.0}t lt0r153 91738  044+36+02+03 100406

op(7OK% 33158130013 713 5+d+d=+1 ~12+11

Only SCET includes a non-factorizable O(Aqc/mb) charming penguin
All these approaches neglect the CKM suppressed O(Aqcn/mb) corrections
BSM physics not a must to explain the data
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Time dependent measurements

P\ N

With only one CKM term in
the decay (A = A)

C=0 ; S=sin(2p)
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Vertex Reconstruction

u +
;
Btag//
Y(4S)

Bre O
Yoo | <
e‘/)loccf \A

B mesons pair oscillating
in a coherent state

Az
At~
<|Az|>~200um <By>c
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Measurement of sin2B from charmonium (I)
o
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Measurement of sin2B from charmonium (IT)
QI
‘467 million Y(45) \
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Measurement of S(J/yn°) (I)

T 1108
. . » Cabibbo suppressed decay,
Jhy
c » If no penguin contribution: C=0 and S=- sin2f3
i
BD
» A model independent approach to constrain penguin
LS contribution in J/¥K® Golden modes: PRL95,221804 (2005)
d * d
» Maximum Likelihood fit on mgg, AE, Fisher and
At distributions:
c v Fisher: Ly,L, and cos6,,
Jiy v’ 184+15 signal events
B v Br=(1.69+0.14+0.07) x10-° prL 101,021801 (2008)
h * | ¥ i = ? y R o LT Il h L R T S R L P
‘ ’ @ 2100 log™ |
5 K
2 2200
% S0l 1§
Background from B decays _ = AW ! _ E]n{
| B e M Pl LN
Continuum background 52 524 528 -010 010203 -6-4 20 2
mg¢ (GeV / ¢) AE (GeV) Fisher
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Measurement of S(J/yn°) (IT)

{467 million Y(45) |

c8888
T T T

-
-
-
oy,

Background

thf

~o88838

AsymmeTy Events/2.0ps Events/2.0ps

At(ps)
PRL 101,021801 (2008)

» S =-1.23+0.21+0.04 and C= -0.20+0.19+0.03

» Consistent with SM expectation for a tree-dominated transition
» Consistent with previous publication

> Significance of CP violation > 4c
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|Ex-P,|

Theoretical error associated to sin2

1)Fit the amplitudes in the

SU(3)-related decay J/yn’ and
keep solution compatible

2with J/yK

2) Obtaln the upper
penguin
amplitude and add
100% error far SU(3)
breaking

'y

0.001

Probability dens

0.0005

SN T BT
0 2 4 6

|PGIM le

Jryr®

3)Fit the amplitudes in
J/yK°® imposing the upper
bound on the CKM
suppressed amplitude and® *™

extract the error on sin2f
o

robability density
T

I
AS= 0.000 £ 0.012

Ciuchini, M.P.
and Silvestrini
hep-ph/0507290

1

005

A I L 1 L 1
0.05 0.1

AS(JK?) 20



S~sin2P in b—s penguin decays (I)
Vu IIIII|I T+PGIM

A(B°—K°h®) = Vys V" x P (1 + )

We define Vi
re = | VsV |/ Vis Vis| X (T*’PGIM)/P b
om = Bd mixing phase, i.e. 8

Bs = Bs mixing phase in the SM

sin(2(8s + our)) + |re|® sin(2(dar +7)) + 2Rere sin(Bs + 20u + 7)
1+ |rp|* +2Rerpcos(Bs — )

Sp =

% In the SM and assuming a single amplitude (re=0) S= sin(2B+2Ps), Ps<«< B
4% BSM, S can deviates from sin2p if we have NP in Bd or Bs mixing
4 A departure from sin2p in the SM can also be induced by

hadronic effects (re0)
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Experimental challenge: B vix from Ks

R
No charged tracks from the B vertex.

Extrapolate back the Ks:

% Using the constraint of the beam
spot on the transverse plane

4 Requiring the Ks to decay in the
inner part of the SVT

Beam spot constraint
on transverse plane
T -

e- B B B B - |
—

»
I3wg
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BaBar updates Summer0O8 (I)

. /KO

150~

g

%)
=]

Events / ps
[=]

150

100 'r:"' ‘.-.1' L]
50
0 l I I I
1 -
0.5 -
‘E f\
£ o . =
=
= g(
& 057 BABAR -
L Preliminary |

6 4 2 0 2 4 6
At (ps)

‘ 465 million Y(45S) —mumm

Mode —’I]fo
nKg 0.5340.08+0.02
nK? 0.8240.19 4+ 0.02
n’KY 0.57 £ 0.08 & 0.02
Mode Cy
nKg —0.11+0.06 & 0.02
nK?  0.09+0.14 +0.02
K% —0.084+0.06 £ 0.02
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BaBar updates Summer0O8 (IT)

Iﬂﬂﬂﬂﬂwwmﬂl Il
465 million Y(4S) 465 million Y(45) |

20 —BD t&gﬂ lllll 1

ok
=

o

Events / ps

8

wEBABAR -

t  Prelimina .
%‘ 05 Y =
E qof|——t=4" T
0.0F i =

< -0.5¢

S = 0551035 +0.02 |mmmmm S = 0.55+0.204+0.03
— ) 5T s C = 0.13+0.13+0.03 4




BaBar updates SummerO8 (III)

A L ‘465 million Y(4S) ‘

0 K+ K~ KO o _

B —_ _I_ S N% 40_—%-@r B;r‘ggfr?ajrzy 7]
2 = qa ]

- ;m—g L | 4} y

* Reconstruct K¢ — ntn~ and n°7° . g | f e 1 } ]
* Model uses: ¢K2, foK?$ 3 % Tﬁ_l RS, i
XoK%, NR, xaoK% D¥K-, DtK- F. oL .o
526 5.27 5.28 5.29

* Fit entire Dalitz plot, then fit low- My (GcWr_:z)

mass (mg+x_ < 1.1 GeV) and high- 5 B0 WholeDP  pam |
mass (mg+x_ > 1.1 GeV) regions. g B’ é}— 3
Fit Sl el Y /jz X&t ;
Whole DP 1428 + 47 o | i
High-Mass 1011 + 39 - ’  at oo
7 — (3 ambiguity Low-mass 421 + 25 g “Whole DP _ BaBaz |
ruled out at 4.80. 505# ]

| 1=
Fit Acp (—Cf) Beff ()GSM ~ 0.37) 0; o S =
Whole DP ©.03+0.07 £0.02 0.44 £+ 0.07 £0.02) os= . . =

High-Mass 0.05+0.09 £0.04 0.52 = 0.08 + 0.03
oK 0.14 £0.194+0.02 0.13=0.13 £ 0.02
foK?2 0008 ==1026 = 10007 ol== ElS = 0:03
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Summary of the results for AS

e MENBARIRO
( -4~ World Avg. . 1
i | | | 4 BaBar Sin 2 ,Beﬂ-‘
= ! Belle Yy,
— b — ccs A - <
T H K" T | e 4 Not HFAG
= averages
- — - g
- @ED e -
- _@ N Ay | Babar fO(?T.‘"'zr")Kg
- 1. results not included.
— (K+K-Kg)1' A =
- —
_I | | | | | | | )
-04 0.2 0 0.2 0.4 0.6 0.8 1




b— sll decays

AR
+.
—_—
K[l »
® BaBar 349 b
5= ® CDF08
- @ Belle Prelim. 625 b
_|_
—— Kl'l Ali 02
@~ Zhong '02
R N T B B & | &
0 0.5 1 15 2 2.5

Branching Fraction

Branching ratio in agreement with the theoretical predictions
Rich phenomenology beyond the BR (isospin asymmetry, AFB, ...)
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Longitudinal

FL and AFB Results

| 384 million Y(4S)

ArXiv: 0804.4412
submitted to PRL

K* polarization

Lepton f

- (b)

I N |

¢ [GeVZcH

F s =035+ 0.16 + 0.04
F Mshs = 0.71°°% + 0,05

-0.22

1
0.8
0.6
04

0.2
i
< O

-0.2

-0.4j
-0.6F

-0.8

orward-backward asymmetry

I\“ II‘II\|II\|I\I_

,=-C,*M SM | A= E
CyCio= Jhy & A SM i
SM | = ~hre z
% ||-C¢7)Clwo| | [ [ | BT O | YN N M
10 2 4 6 8 10 12 14 16 18 2
q? [GeV7/c?]
lows _— +0.18
= +
AV =0.24°% + 006
highs _ +052 4
Alihs = 0.767°% 10,07

0
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Isospin Asymmetry A;

* No significant asymmetry observed in high mass region

» In low mass region, significance to exclude A;=0, arXiv:0807.4119
including systematics: submitted to PRI

- Kll: 3.20 ‘384 million Y(4S) ‘
- K*|: 2.7G Low mass A; fit Alogl scans
-K™M:3.9c  ZeE T
Mode Low mass A, 8’ 14
Kptp— —0.9171240.18 < 12F
Ketem —1.4170%0 +0.04 10
Kete— —1.43%02° +0.05 8
K*utu— —0.267030 +£0.05 6
K*ete~ —0.6677 72 +0.02 4
K*¢te— —0.56701L +£0.03 2
0
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Measuring B = X,y with recoil technique

L
Signal B

Fully reconstructed tag B
b.D 4_@%K’s and Ts)

B(B— Xy,E, >19GelV)=3.66%0.85(stat) £0.60(sys)x10~*
(E,)(E,>1.9GeV)=2.289+0.058+0.027GeV

((E,~(E,))’ ) =0.0334%0.0124%0.0062GeV”

| PRD 77:051103 2008 | 210fb-"

I I ' 1 8 L L | ! | ] | T T T

_ 40} (a) 6<E,<17Gel _ (b3 <E, <2.4Ge > 200 + SR £ spectrum B
‘” I 1=
= - 1 o B ~ Data
@ 20 ! 14T 12 100 :
= EN L | W £
it O - L} g

D 1 L ] | 0 |IJI_| r|h| 1 ‘: ] ) L

5.20 5.24 5.28 5.20 5.24 5.28

Ly mes (GeV) mes (GeV)



No ‘:\

> S
01500 1500 |
o o« e
< S

Q : L
21000 21000}
£ g |
I.|>J 500 :>; 500:

Time Integrated CP Asymmetry with B —» Xy

Detector asymmetry A,,=-0.007 + 0.005

A, =—0.011%0.030(stat) £ 0.014(sys)

Most precise measurement to date of A (B — Xs7) . Consistent with no CPV
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CKM matrix is the source of flavor mixing and CP violation in nature

Some measurement shows a "tension” with respect to the global picture.
Some of these measurements are difficult to explain in the context of
Standard Model

The presence of a 4™ generation is an economical & attracting solution to
these "puzzles”

The precision is limited by the experimental data

We gave a summary of the inputs from BaBar for this kind of analysis
Charmless hadronic B decays

Time Dependent measurements in the golden mode and measurement of sin2b
sin2b from penguin-dominated bs decays

rare b decays (bsg and bsll|)

The systematic error dominates for the rates, but not for the CP asymmetries
There is a lot of room for future experiments (LHCb and superB) to

improve the precision of the cons’rr'am’rs further
1 HON
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Weighted Events / 2 MeV/c”

BR of B°—K'n~ decays

il NI
%1500:' g ]
z , 21000
21000 . 2 |
i, Pk} i, bkg
= 7 - =
5.;5ES (GeV/czs)s 600 0 N, (0(.}16\])
= I
2 400 =
aa .
i .
= .
5200 »
=
0 : ] | | . | L 0_‘
53.27 5275 3.28 5.285 5.29
m, (GeV/c)) AE (GeV)

BR(B°—»K'n™) = (19.1 £ 0.6 £ 0.6) x 10°°

BR(B°—K'n ) (18 1 +0.6 + 0.6)x10°® T (Ey"™) = 0.947 + 0.005

33




Phys.Rev.D76:091102, 2007

BR and A of B"—)K" ° decays

e-Print: arXiv:0707.2798 %3000 -
[hep-ex] 22000
%10005 ‘
5 9 524 526 528
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Q i L -
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<, 200 2 100
Z : = 3
E 0 S q; O:I | |
S 524 5.26 5.28 D 01 0 0.1
H mg (GeV/c?) A E (GeV)
BR(B'—»K'n®) = (13.6 + 0.6 £+ 0.7)x 10°°

Aw(B“‘—)K+ o) = 0.030 £ O. 039 + 0.010
ML R il
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BR and A of B'—=K°n* decays

O
Phys.Rev.Lett.97:171805,2006.

e-Print: hep-ex/0608036

2 300

TTT
co
S -
(=2

> . ¢ 200- s =

= 200 ~ E 150— | i =

— 1 - Y | | N . =

2 1 5 = 7 -

M 0F = , . QT | -
5.26 5.27 5.28 5.29 -0.10 -0.05 0.00 0.05 0.10

Mes A E (GeV)

BR(B*'=K’n*) = (23.9+ 1.1+ 1.0)x10°
Acr(B'—K°t*) = -0.029 + 0.039 + 0.010
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