ICHEP 2012
July 4-11, Melbourne, Australia

~ Charmless B decays and CP violation

at BABAR
Branching fractions, Amplitude analyses and CP
CP asymmetries and violation in B — 3K modes
polarizations in
B? — pOK*O, fOK*Oa p-K*+

LPNHE-IN2P3-
Université Pierre et Marie Curie (Paris)
On behalf of the BABAR collaboration



General introduction

- Forvrs AL e

s All the decays presented here are b—>qQqs transitions
s Standard Model (SM): their leading decay amplitude is

S

b Vio V*ts
- ( E E ? “—— = CP violation (CPV) only by CKM phase
not g QQQ< ! same as in b—ccCs transitions
q direct CPV ~ 0, mixing induced CPV ~ sin 23

s New physics (NP): another virtual particle in the loop (?)

s This can result, e.g., in:

¢ New CP violating phases (?) A

. All these
= observable through CP asymmetries (# cCs modes) observables:
¢ Enhanced branching fractions wrt SM expectations > probes for
e Altered polarizations in final state (e.g. in B ->VV decays) new physics!

J

s« But... we observe hadrons and not quarks = QCD predictions play a crucial role

precise theoretical prediction + precise measurement = powerful test of the SM
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Common analysis techniques

T i = = Forvrs AL e

Kinematics of fully reconstructed B || Background characterization:

aef | = = —> Mainly continuum: e*e—qq (q = u,d,s,c).
- E Mge = cam — VB . . . .
) ) S Suppression by multi-variable classifiers based
ok - | |AE = E, - By, on event-shape variables:
5 M C B AE Fisher discriminant, Neural Networks (NN)...
; - _o- *: 2:_;_.‘—.—' : e*a— s 'T'(JI-H:I BB ete— — qq
R T Topology: ‘?‘:’ &
P ~300MeV/c
So0s4f (b - A e (@) - a
T | i ngular Y@ (- _
Good charged g 21l Gistribution:|© 1m0 > P w< B E:ivg
particle ID (in e :
particular K/n) % » -
—> Background from B decays: classified by
up to few GeV/comsif :

kinematic and topological properties

SENTE TS T P R T S
1.5 2 25 3 35 4 45 35

p(GeV/c)

Variables are often combined to a likelthood function, used in a maximum likelihood
fit for signal/background separation and to measure parameters of interest
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Branching fractions, CP asymmetries and polarizations in
B? — p%K™, {,K*® and p K™ decays
Different K™ states: K(892), (K=n)*, s-wave, K*,(1430)°

arXiv:1112.3896 [hep-ex], Phys.Rev.D83:072003, 2012.

full BaBar dataset
(467M BR pairs)
twice the

Prevj
Nalysis 'ous
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Introduction

B? — p%f,K? and pK™

s “‘Polarization puzzle” for B - VV modes

Naive expectation from helicity arguments:
longitudinal polarization fraction (f;) ~ 1

B — pp hasf,> 0.9

but other b — s penguin VV states have f, ~ 0.5

s (partially integrated) decay rate oc
1-f,

s 2 s 2 2 2
sin” 6. sin” @, + f, cos” 6. cos” 0,

helicity angles in the K*/p decay planes

— angles give access to f; (in VV channels)

s« The modes f/p® (Kn)*, and f,K*, (1430)°
are studied for the first time

s QCDF predicts BF, f;, and A, for B—pK*
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B? — p%f,K? and pK™

Analysis

s Reconstruction: p%) — 770 - and f,(980) — n* n~ ; KO*) — K* 0)

s Maximum likelihood fit with 7 variables: myq, AE, Fisher, m__, my_, \cosep, COS@K*}

Y
: : VV modes only
s I 1n 2 regions:

s Low Mass Region [0.75, 1.0], contains K*(892)
= High Mass Region [1.0, 1.55], contains (Kn)*, , K*,(1430)°

- @i, ' I T ] 60 "w%ﬁ:
LMR _ 60_—" PROsN 1 ;.’
01 *0 > [ | = &
K 40 v |
~ i i
g | >
L% 20 - E 20
Py | e ) | | |
background/ 0.6 0.8 1.0 0.75 0RO 0.85 0.90 0.95 \1.00
m . (GeV) background my, (GeV) (Kn)",
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B? — p%f,K? and pK™

Analysm

. Reconstructlon po( ) — n+(0) T and f,(980) —» n* 1 K 0+ — K+ m0)

s Maximum likelihood fit with 7 variables: myq, AE, Fisher, m__, my_, cosG , COSO+

T

: : VV modes onIy
s I 1n 2 regions:

s Low Mass Region [0.75, 1.0], contains K*(892)
= High Mass Region [1.0, 1.55], contains (Kn)*, , K*,(1430)°

HMR so- K0 ] g
0 * >
0/ P (Kﬂ) 0 2 100
O
Two stage fit in HMR: | ¢ 50
extract sWeights for %
(Km)"pand K'5(1430) | 2 o[} E—
then fit m__ to p, f, %
-50 | | i
1O "2 éackground 0.6 0.8 1.0 1.2
m. . (GeV) m,.. (GeV)
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B? — p%f,K? and pK™

Results

Mode Y S B U.L. fr A
(events) (o) (107°) (1079
p°K*(892)° 376 + 37 60 510698 .-+ [0.40 = 0.08 = 0.11|-0.06 = 0.09 = 0.02
PO(Km)® 1045 +36 11863 31 +4+3 k-
foK*(892)° 220+23 |98 5.7+0.6 049 - = +0.07 + 0.10 = 0.02

fo(Km)? 88+ 19+10 [30 3.1 +08=+0.7%"--

foK3(1430)° 13414 =23 (43 86+ 1.7+ L.0% -
p K*(892)* 16727 |51 10.3+23+ 1.3+ [[0.38 = 0.13 = 0.03[(0.21 + 0.15 = 0.02

p (Km)y™ 221 + 74 28 32*x10*+x6 <48
“ 1stobservation  consistent with 0.5 (wrt final state K2)
Y 15t evidence and with other

. consistent with 0
penguin modes

s Need more data to check consistence of

f; hierarchy with QCDF prediction — K" f
s BR of modes with (Km)*, allow to favor _— K K* vl ! L
predictions from QCDF over pQCD. P Ky

0.2 04 0.6 0.8 1.0 1.2
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B — 3K modes

] BO —> KSKSKS

Amplitude analysis and time dependent CP asymmetry
arXiv:1111.3636 [hep-ex], Phys.Rev.D85:054023 (2012)

« B> K'KK(, B"—> K'’K'’K" and B* > KKK*
Amplitude analysis and study of CP violation
arXiv:1201.5897 [hep-ex], Phys.Rev.D85:112010 (2012)

full BaB

ar dat
(467M g aset

B Pairs)
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Time dependent measurements, flavor tagging

T i = = Forvrs AL o

Used in B > KKK and B® —> KKK

€+

Coherent BB
production

Exclusive
el B meson
reconstruction

BB Almost at rest in the center of mass
Boosted in the laboratory

By ~ 0.56 rec tag
At ~ 15 = 1.5ps & Az ~ 250um
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Dalitz plot and the isobar model

s« Each intermediate resonance in P 2> 12 3
appears as a structure in the DP according to its

mass, width and spin

s Parameterization of intermediate state amplitudes:

s A~Zc F(m?;m,) B decays
A~ X ¢ F(m?;,m?),) B decays

/

complex e.g. Breit-Wigner

2 A
m-,;

“Cartoon” DP

3
dm, dm,, o d_p
spin=(0
spin=1

~
7

2
m*y;

Directly extracted parameters:
Isobar amplitudes ¢;

Other parameters (S, C, A,
phases, Branching Fractions)
are computed from them

Superimposed resonant contributions
> Interference
> access to phases

with no ambiguity such as

Sin2f = sin(180° - 28 )

Complexity of analyses varies: mode, time/ tag dependence...
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ICHEP, July 7th 2012 11



BO —> KS KS KS B? — KKK

_overview and motivations o

« Small theoretical uncertainty = Comparlson with b—>cCs is more meaningful
« Low background level (difficult to “imitate” 3 KY)

Inclusive time dependent analysis
to extract CP asymmetries S and C
B'—3K%(n* )
BO—2K%(n* 1) KO (n'n0)

Dalitz plot analysis
(time integrated, tag averaged)
to extract intermediate-states composition
BO—3K%%(r* )

CP=+1 eigenstate = possible first time ever Simplest

oo Only ~200 sig. events !

BaBar
| PRD74:032003(2006)

3 identical bosons
Symmetrized amplitude
even-spin resonances only (fx(1500) ???)

226 M BB

Events/(50 MeV /c*)

T Broad structure seen in past analyses, not confirmed

_ I T T
1.0 15 2.0 25 3.0 35

oy K TK) (GeV /) 12




B? —> KKK

Determining the signal model

Start from a “paseline” model inspired from K*K-Kg (f,(980), %o, €Xponential nonresonant)

“Ask the data” for the rest:
—> Likelihood projection as a function of the mass and ‘ of additional generic resonance
20

-In(Likelihood)

15

Signal components:

0 0
.5 Each point e B’— £,(980) K%

= fit to data e B’ — f,(1710) K%
BO £.(2010) K°
£,(1710) ¢ 5= HEOIOKS
11 1.2 13 14 15 16 1.7 18 1.9 2 & BO—)XCOKOS
m aSS‘ [GeVIc?

¢ Non-resonant
= 5x1-1=4 complex

1sobar amplitudes

£,(2010)
’ No ,(1500)

Width [GeV/c?]

2.2 24
Mean [GeV/c?]
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Results of the amplitude analysis

B? - KKK

Jo(980)K3_Fit Fraction (FF) 0-4113% & T T

Significance |o] 3.0 E o ./
fo(1710)K%  FF 0.07 7505 = 8

Significance |o] 3.3 Huge S . 75
£2(2010)K% FF 0.0072%  destructive ity

Significance |o] 3.3 interference -
NR FF 2.16 03 St

Significance |o] 8.0 4
WKE FF 00T | 3,

Significance |o] 3.9 u 3

Total FF 2.84 0% 2; el

L S I NSO o sorsrareon s AR ARREN A

5 (+inclusive) Branching fractions (B) 10 12 14 16 18 S 20 [G2e2v2/c42]4
Mode B[x107°] _ PDG: =
Inclusive B® — KQKJKY 6104048 +0.15£0.12 |62+ |2

fo(980)K2,  fo(980) — KSK 2713 £0.441.2
fo(ITI0)K2,  fo(1710) — KEIKS  0.507038 4 0.04 £0.10
£2(2010) K, £(2010) — KOKS  0.547020 +0.03 4 0.52

NR, K2KJK? 1334224+ 06+2.1

) -0 ) -0 770
XCOI&S7 XecO — BSBS

0.46 1022 £0.02 + b
Consistent with other measurements

Eli Ben-Haim
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B? - KKK

Results of the time dependent analysis

1 Signal yields:

Cep PRELIMINARY
201+ 2 BO—3KO(r*m) (Purity = 40%)

62+ 5  BO—2Ky(n*m) Koy(non?)

04 -

éphysical boundary

2 2
02 I S +C" =

Confidence level contours (C, .S)

00.5— —5
I B—e¢cCs
- —4
: o *
i K 3
i 1 1 1 :
-0 0.2 04 0.6 0.8 1 i 2
. a2 . SCP
Contours give -2A(In L) = Ay” = 1, corresponding to 60.7%¥ CL for 2 dof _0.5 -

§=-0.94+ 21 (stat.)+0.06 (syst.)

‘/ physical boundary
C =-0.17+0.18 (stat.) £ 0.04 (syst.) 45 4 05 o0 . °

First evidence of CPV (at 3.80)
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Other B— KKK modes Other B — 3K modes

_overview and motivations

B* 5K'KK*  B*— KKK BO 5K*KKq

In general: rich resonance structure = access to many observables:

° ACP

» Branching Fraction } For each component

» relative phases between components
which can be used to set non-trivial constraints on the CKM parameters (p, 1)

Time dependent analysis to measure the effective f in B'>K*KKq
—> not a CP eigenstate! CP content depends on the intermediate state
- includes ¢Kg (small theoretical uncertainty)

s DP structure of B*>K*'K'K" and B"—>KK K" useful for B"->K*'K-Kg
—> 2 K¢ in the final state: helpful to study the nature of broad f,(1500)
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Other B —» 3K modes

Determining the signal model

e Prlor to ﬁttlng CPV parameters the nomlnal DP models are estabhshed
- CPV parameters set to the SM ones
—> angular moments vs invariant masses are used to compare data and fit

I
{Pf(ﬂﬂﬂﬂj)}zf dl'P¢(cosfy)d cosbs

s K'KK™ ¢(1020), £,(980), £,(1500), £,'(1525), £,(1710), %, poly. NR Best
s KKK, £,(980), £,(1500), £,'(1525), £,(1710), %o, poly. NR fits
In the 3 modes: no need for the £, (1500)

good descrlptlon with £,(1500), f,’(1525), f,(1710))

003 § 0, £,980), (1500, £/(1525), €, 03F £,(980), £,(1500), £,(1525), ]

0.02 f,(1710), %, poly NR (S+P) i - f,(1710), %0, poly NR (S) h{ ]

R b, £,(980), £ (1500), £,(1710), ] 02 L £,(980), £y(1500), £,(1710), -

0.0 [k Ye0» €Xp NR E - Y0- POly NR (S) ]

N = No0af —
A Vol

001 [ R | I —{—%ﬁ +++++*‘

I ETRRE T

_0.03 f K+K-K+ —E 0.1 C ++ KSKSK+_:

: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -_'. L1 11 I | N T | I 1111 | 111 | 111 | 111 | | I I - | 1 I_

é z.ls _l, 35 1 15 2 25 3 35 4 45
My o (GEVIE) my k. (GeV/c?)
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Results (B*—

KKK ; KsKK?)

Other B —» 3K modes

E N, = 5269:I:84 (Purity = 43%) CP(1nc1us1ve) =(-1.7"19 £1.4)%
% BF =(33.4+0.5+0.9)x10° [y, K excluded] | A p(¢@K) = (12.8+4.4+1.3)%
(2.86 from 0, SM: ~ 0 - 4.7%)
Beneke, Neubert, Nucl.Phys B675,333 (QCDF) : Li, Mishima, PRD 74, 094020 (pQCD)
gm:—..[}.tal...l...|.%—_ {0 I L L L L L L L L B B DL N
o 700 - T signal i - - “sPlot” in the -~ B Q%
2 = ackgroun 3 o 120 ]
2 600 F B Contmam ‘/ E 2 oE  dregion + . -/ 3
© 500 s f i E
Il S o . :
S 300 S
= " 2 40F =
5 E wf $ ; :
= C
o L T
527 5275 528 5285 529 099 1 101 102 103 104 105 106
mg (GeV/c?) My 1 (GEVICY)
+
¥ N, = 63228 (Purity = 20%) Agp = (4£542)%
En BF = (10.1£0.5+0.3)x10°6 [y.,K excluded]
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Other B —» 3K modes

Results (B —>K*'K'Ky)

N = 1579£46 (Purity = 18%) 5[:;.@ |
— Signal
BF = (25.440.9+£0.8)x10¢ [y, K excluded] ‘% £ eckgroun
Bei(PK() = (21+£6+2)° «— most precise . Agree g
with SM 2
B.s(non-¢, non-f)) = (20.3+4.3+1.2)° 2

-
90°-B.¢ excluded at 4.8c (ambiguity in J/yKy)

5.26 5.27 5.28 5.29
my (GeV/c?)

lpm— 71— 7 3 € : )1:'--|-'-|'-'|-' T T
o8 | OKg 1 different o8t (non-¢)Kg E
0.6 - ? E CP 0.6 ?—
Q0'4;_ L E t tgﬂ_qz— =
= 02F . S - content & o2 F j— E
e T S :
Forp | T E Z02f ] =
04F E 04 F %T —f
06 F = yad E
08 E —— E 0sF E
et e L L L L [ T S S S I SR A

oo
=
.
[
="
[
I
o
oo
&
&
b
[
=
[
b
=
oo
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Eli Ben-Haim

Summary and Conclusions

BaBar continues to produce physics
results, adding more information and
using more sophisticated analysis
techniques to improve the precision of
measurement in hadronic B decays

All measurements agree with the
standard model predictions, though a
few tensions and puzzles still exist

The actual statistics is not sufficient to
tell whether or not these could be
indications for new physics.

To find new physics in hadronic modes...
D

7\
SuperB
N

I H

Belle IT

(213

)_

n(2¢; ) [EEXE

PRELIMINARY

b—ccs  World Ayerage ; E : 0.68 + 0.02
- g, BaBar ! U e . 066+0.17+0.07

= Belle : i 0.90 513

% BaBar g et ' 0.57 +0.08+0.02

= Belle : —H« ! 0.64+0.10+0.04

{ BaBar ! : * . 0.94 021+ 0.08

< Belle e ' 0.30+0.32+0.08

e < BaBar ! ' 0.55+0.20 +0.03

% Belle ——+—— 0.67£0.31 +0.08

> BaBar ! h————[| 0.35703] +0.06 +0.03

“w Belle 9.64 012 +0.09+0.10

& BaBar : : : 0.55 *525 + 0.02

8 Belle : ' 0.11£0.46+0.07

g BaBar ! | * - 5 0.74 012

+° Belle 5 b 0.63 *215

f,k, ~ BaBar ! ’ 648+ 0.52 £ 0.06 £ 0.10

f, Kg BaBar : 0.20 £ 0.52 + 0.07 + 0.07

n n’ K, BeBar 1-0.72+£0.71 £ 0.08

on° K, BaBar —f— 0.97 "o oa

" K. NBaBar — 0.01:+0.31+0.05+0.09

¥ BaBar ' © 0.65+0.12+0.03

£ Belle § s 0.76 "33

b—qgs Naive average H m 0.684 +0.03

-2 -1 0 1 2

vk contribution from analyses shown here
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