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Whereis BABAR these days?
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Wasin Stockholm few months back
Half of the 2008 Nobel prize in Physics goesto...

M akoto K obayashi, High Energy Accelerator Research Organization (KEK), Tsukuba, Japan
and

Toshihide Maskawa, Yukawa Institute for Theoretical Physics (YITP), Kyoto University, and
Kyoto Sangyo University, Japan

"“for the discovery of the origin of the broken symmetry which predictsthe
existence of at |east three families of quarks in nature"
..Aslate as 2001, the two particle detectors BABAR at Stanford, USA and Belle at Tsukuba,

Japan, both detected broken symmetries independently of each other. The results were exactly
as Kobayashi and M askawa had predicted almost three decades earlier...
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Define Char mless Decays
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¥ Typical diagrams for charmless three-body B decays (h denotes K or )

b—s loop (penguin) transition contributes only to the final states with
odd number of kaons due to presence s quark e.g. Knmn, KKK

Final states with even number of kaons, such as KKkw get contributions
from b—u tree (suppressed with V, factor) and b—d penguin diagrams
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ltskey rolein testing SM

o Interfering tree and penguin amplitudes == good place to |ook
for direct CP violation

 Non-SM particles can appear in the loop diagrams (signature of
new physics)

* Probes flavor sector by measuring
— sin(2P) or just B in the Kh*h™ (K/w) Dalitz plot
— o 1n the modes: nw, pt and pp
— v using flavour symmetries (isospin, U-spin €tc.)

o Low-lying meson spectroscopy

o Test varietiesof dynamical models for hadronic B decays —
PQCD, factorization, SU(3) flavor symmetry ...
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Analysis Strateg

| nclusive

» Background fighting:

v" Continuum (event topol ogy)

v" Other types of B decays (PID,
charm and charmonia veto)

» Signal extraction (kinematics)
Full (3body) or partial (Q2B)
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» Dalitz plot technique (three-body decays having reasonable

signal size)

Time-dependent DP (3body)

» Time-dependent analysisin neutral B meson decays to
determine CP violation parameters at each point of the

phase space
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Particle | dentification

NIM AB553, 317 (2005)

]_0 T T 1

 PID iscrucid for these ; BABAR |
analyses 3t ]
— distinguishKvs. 7 mmmm) § ¢ |
Q >30
- = 2 - N
0_92_ R : : :
M;_ Kaon efficiency old ww%% W 02‘ L ‘2.‘5‘ L ; - ‘;5‘ L ‘;‘
0.7 momentum (GeV/c)
0.6
05E &= | Ultimate PID
0.4
03E  Makes use of info from
0.2 old i—K 014
o Plonmisdrate e other sub-detectors, e.g.
I w2 S racker. calorimeter

28-04-2009 momentum, GeV/c



Continuum Suppression
e EXxploit event topology

— B meson produced at rest @ f

— Jet-like udsc events

Isotropic 8 event Jet-like continuum event
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Typical Performance

Background rejection versus Signal efficiency

Background rejection
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Kinematic Variables
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o Utilize the precise beam
energy information and
(E,p) conservation
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Physics Observables

0
T

Example: BO — p*p~

d*N

dcosf, deost, = 4f; cos* 6, cos® O, + (1 — f;)sin? 6, sin* 6,

<—— Longitudinal — < Transverse ———>

» Measure the branching fraction and fraction of longitudinal polarization ( f,)

simultaneously
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Resultson B* — p*p°

» Fit mzg, AE, NN, mass and helicity of two p candidates, constructed as n*nln*n
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| sospin Analysis of B—pp system

> The b—u tree amplitude (a) and B°B° mixing allow us to measure
the UT angle o (m—B—y) in B?—p*p~

» Modifies to oy due to the possible b—d penguin contribution (b)

v relate all B—pp amplitudes
v' get a handle on Aa (0—0lg)
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Measurement of angle a(¢.)

PRL 102, 141802 (2009)
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How did It Improve so much?
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> |sospin angle flattens out, thanks to the large base formed by BF(B*—p*pY)
» Two distinct solutions (left) — single solution (right)

% Belle'sfinal results on B—pp, especially p*p°, are eagerly awaited for
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Resultson B — op, of, and oK’

BO > KO J Total 9 decay modes o0 o
— @
» tree-dominated VV- wp : o . .
200 > tree-penguin mix VW- K" 15'_ (b) |
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Resultson B — op, of, and oK’

m——

wp®  0.8+0.5+0.2
of,  1.0+0.3:0.1 45 - -

. op”* 15.9+1.6+1.4 9.8 —0.20+0.09+0.02 0.90+0.05+0.03
1st observation

) oK'* 22406202 41  045:0.25+0.02 0.72+0.25+0.02
oK™+ 24+14+02 25  0.29+0.35+0.02 0.41+0.18+0.05
) o(Kn),© 18.4+1.8+t17 98  —0.07+0.25+0.02 —
) o(Kn), " 27.5£3.0£2.6 92 —0.10+0.09+0.02 —
) oK,  10.142.041.1 5.0  —0.37+0.17+0.02 0.45+0.12+0.02
) oK, " 215+36+24 6.1  0.14+0.15+0.02 0.56+0.10+0.04

d A-p iIsmeasured by looking at the charge of B (K) in the charged
(neutral) B meson decay

0 (Kn), is parameterized with LASS line shape — the K, (1430) plus

an effective-range nonresonant component
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Resultson B*— K'OK**

a _ K_7t+KS7T+ E

Il:l

» Occurs through both electroweak and
gluonic b—d loop

» EXxpected branching fraction isin the
range (0.5-0.6)x10°°%  nps 774, 64 (2007)

[+1]
1 | LI |
I

=

Events / ( 0.0039 GeV/c®)
[*)]

PRD 78, 094001 (2008) 22
> Fit to mes, AE, NN, mass and helicity §25
of the two K* candidates 15
o
ar Xiv:0901.1223 [hep-ex] E I
B = (1.24+054+0.1) x107° 210,
. = 0.751%16 10,03 S
@ 5
» 3.70 significance including systematic E -
and set 90% CL upper limit at 2x10°¢ W

£33
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Polarization Puzzle

B—pp decays fit to the
expected pattern:

5

fL zl_m_f

My

One could say, within errors
f, for K’'K™, mp*, oK," and
pK™* follow the trend

But what is going on for
some of loop-dominated
modes, e.g., oK or p*K*0?
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Longitudinal Polarization Fraction (f.)

Nice review talks by Adrian and Nagashima-san at HINTS09
http://belle.kek.jp/hints03/program.html
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Dalitz plot Analysis

« Powerful technigque relying on Lorentz invariant phase-space
variablesin athree-body decay

Decay rate, |A]? = —%L—  |eyge?r 4+ Zk e Dy (513, $23) |2

~ dsi3dsos

— M2
Sj = M5

/ \

1 > 1
B <3@>_ﬁi<

3 B 3

 Extract 6, s and ¢, s INn amaximum likelihood fit

L(813,823) = fsig - Lsig(Model, c;,) + forg - Lokg
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Dalitz plot Analysis|[2]

@ Fit fraction isthe ratio of the integral of asingle decay
amplitude squared to the coherent sum of all

> Fr#1
e k
N; ka 2dsqad
B, < <5NBQB) X |F, = [ ek 'k Dy (513,523)[2ds13ds23
S35 ¢4€ "iDj(s13,523)ds13ds23]2

<&

» Measure CP violation asymmetries by comparing B
and B decay amplitudes

 Differencein therate aswell asin the phase
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B*— n*n*a” DP Analysis

. PRD 79, 072006 (2009) -
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325 33 335 34 345 35 355 36 3.!5:';
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v Only available measurement of
the charged B—nnint Dalitz plot

v" First observation of tensor-pseudo
scalar decay B* — ,(1270)n*

v" Useful inputs toward a precision
measurement of the UT angle o

A Time-dependent analysis of B—
(pm)? Dalitz plot PR 48, 2139 (1993)

v" No signatures of ., and Y,

v" Precludes the measurement of the
UT angle vy PRL 81, 9067 (1998)
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B*— n*ta*ta” DP analysis

QZS‘EWL" PRD 79, 072006 (2009) a ,E B- Decay . . : , " B* Decay 3
o SRR 1 B ';; 120 =
%0 S 100 3
S H = ]
105 2 40
"o 140
0 T 120
2 100
S 80
» (Top) Background- 2 60
subtracted Dalitz plot &
of candidate events o .
= E
> Noevidencefor CP ¢
violation S ol
g Sy Lo,
e 1 e i
N
® 02 04 06 0B 1 L2 14 162 04 06 08 L 12 L4 16

m_, . (GeV/c) m__ (GeV/c?)
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W ealth of M easur ements

PRD 79, 072006 (2009)

Mode Fit Fraction (%) B(B* — Mode)(107%) Acp (%)

rErtaT Total 152+06+1.2103  +3.24+44+31157

p°(770)7%; p°(770) - 7tn~ 532437 +251L5 8.14+0.7+1.2+%1 +18+7+512,

p°(1450)7%; p°(1450) — nt7n~ 9.14+£23+247F7 14404404753 —6 428 +20 132

F£2(1270)7%; f>(1270) - 7f7n~ 5.9+1.6£0471570 0.9+02+01+% +41+£254+ 1317
fo(1370)7%; £o(1370) — ntr~ 189433426132 290405405107 (<4.0) +72+15+147]
ntn% 7T nonresonant 34.9+4.24+2971%5 53+0.74+0615% —14+14+771L

fo(980)7E; £o(980) = wtm™ — <15 —

X0 5 Xeo = ™ — <0.1 } 90% CL —

Xe2T 55 Xe2 = wha™ — <0.1 -

» Second solution: worse by 10 units of 2xNLL and fy(1370)x*
fit fraction is consistent with zero (3.0£1.9%)

 The CP asymmetry of p%770)rn* has strong dependence on

the presence or absence of the f;(1370) component
28-04-2009
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Search for the decay B*— K Ko™

> Motivation from our earlier observation PRL99, 221801 (2001 K'K™m"

400 E
of an unexpected peak near 1.5 GeV/c* ¢ } x(1500) -
in the K'K™ invariant-mass spectrumof ¢ \ ;
the decay B*— K*K™=n* o ¥

> Similar structures seen in DP analyzes “L SRANEE NITNS
of B*—>K*K K* and B*->KK*K" | R S B A
Mg+ (Gercz)
soor, PRD74,032003(2006)  KTKTK™ arxiv:08080700 [hep-e] K K'K™
£ 1500 %300—% Bgégﬁa}é _
= : |
E i ﬁZOO_— —
& 50 [5 E
- o-
28.042000  mulK'K) (Gev/e) My (GeVIE) g



Sear ch for the decay B*— KKt™

» Now the question is:
d Isthe f,(1500) a scalar or vector?
1 Does its decay obey isospin?

» Probe the decay of B*—KKgt* that isrelated by isospin

» No signal events are found

I ~ PRD 79,051101(2009) __ :
» Improved current BF upper % ! e _
limit by almost an order of SO e e O |
- S b Pa e S
magnitude 32 - 5x1077 @ 90%CL > B B Bkg 1
> Result disfavours modelsin 5 |
which the f, (1500) has even L
I i I I -0.1 -0.05 0 0.05 0.1
spin and decays with isospin AB (GeV)

Symmetry
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SM Sin Charmless B Decays

» Scalar Meson Spectroscopy
d What are the f;(980), f,(1370), f,(1500)...?

» Our results provide useful input —
to pindown properties of scalar & 't
mesons

d Thef,(980) seemsto have a
dominant ss component

BaBar UL on fy(980)n* =~~~ 7
0o T

4 If the f, (1500) isfound to be a Ok .
scal dr, resultson Bt —» KK " 0O 20 40 60 80 100 120 140 160 180
o . d
and KK gt* indicate that it may 9 (degree)
have an exotic quark structure

ar Xiv: 0812.2314 [hep-ph]

N
N\

RN

.................
......

f(QfO)n( ))[1 0
DA

N

» Would be niceto look for related decays of B mesons
0 KK, K*K™ %, KK*n0 and so on...
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Closing Remarks

* A number of recent measurements in the charmless B decays
performed with the full BABAR dataset at the Y (4S5) peak

- B*— p*p°

— B — oK', op, of,

— Evidencefor Bt — K'OK™*

— Analysisof B* — n*n*n~ Dalitz plot
— Search for B — KKgr*

 |deal probe for the Standard Model
— Weak interaction (CKM physics) by measuring the UT angle
#® Precision measurement of a(@.)

— Strong interaction (low energy spectroscopy) in the decays
Involving the f, (1500) etc.

« Mantle to be passed on to the next generation of flavor
experiments;== LHCb and superK EKB

28-04-2009
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