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e ) > 3
® A ® AR Outline

e BABAR

e Charmless Hadronic B-Decays
> Relevance for C’P violation

> Decays into 2 pseudoscalars

> Decays into 3 pseudoscalars

e Charm decays into light mesons (scalar sector)
> D§ — KK on™

> Dgw—L — gt

e Conclusion / Outlook
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e Asymmetric e" ¢ -Collider

> /5 = 10.58 GeV, (T(45))

> bb from resonance, c¢¢ from continuum

+ good vertex and track reconstruction

+ good particle identification

+ good energy resolution

+ high luminosity
> May 2002: > 86 fb~!

> more than 90 Mio. bb-events

> more than 110 Mio. cc-events
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BABAR 7/

PEP-II Delivered 91.24/fb /J///
BABAR Recorded 86.79/fb
BABAR off-peak 9.53/fb /—I

| 4

— Delivered Luminosity [ |
| J / — Recorded Luminosity| |

/ —  Off Peak

= Excellent opportunity for " beautiful/charming” physics and
light meson spectroscopy
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B-Decays: Motivation

2 main categories of rare B-decays:

b — u transition b— s,d
CKM suppressed: Induced FCNC and
Vs /Vip| &= 6 x 1073 " Penguins”
W
b — - u b—»—\_/—>— d,s
" 0 uct
“~ds 1
e Interference — Phases, C'P viola- e Penguins complicate C’P measure-

tion ... ments
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guf

A B A R B-Decays: Analysis Strategies

e Measure branching ratios / time dependend asymmetries

it

e Continuum background rejection:
> Event shape

e

e B candidate selection: -
[> AE, mES qq Jets

e Signal extraction:
> Cut and count, Maximum I
Likelihood fit, Neural Network : :
e All analyses blind! |
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guf

BABAR

it

ete” — YT(4S) — BB
B mesons = at rest (p; = 325 MeV/c)

Events/0.4 MeV

Typical: ¢(AFE) =~ 25 —40 MeV

9 _ 9
® dp1 = Mp

e Beam energy better known than B energy

2
= Mps = \/(%S + Do ‘pB> /Es —pp  (LAB)

Typical: o(m) ~ 2.8 MeV/c?

i T P P TR T PO PP T T
50200 5210 5220 5230 5240 5250 5260 5270 5280 5290 5300 M

ES
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BA A R B-Decays: Blind Cut and Count

o]
A

e Cut optimisation

(signal MC and on-peak data GSB) Signal Regiotr

e Efficiency determination

AE

Grand Side x|l %
(signal MC) Band

e Extrapolate background x *
GSB — SR: N(Bkgsg) B )
(on-peak data GSB)

e Estimate N(BBgsgr) (BB MCQ)

e Signal: N(SR)—N(Bkgsr)— N(BBgsr)

* *
Blinding Box~”
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A B A R B-Decays: Likelihood Fit

L= 1[I £i, where L=} n;P;(z;)
NU 5 j=1

40

e n,;: population for each species
(signal and/or background)

e P;((x);): Probability density 7
function evaluated with a set of E
observables 7; (mgs, AF, etc.) N

e Statistical significance
S = \/X2(no signal) — x2(minimum)
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B—mr, Kn, KK

o Very important modes to constrain
CKM angle «

VIR

> Time dependent asymmetry in Bo(ﬁ) — qtaT
measures sin(2a.y)

In absence of penguins: a.ff =
Unfortunately: penguins are not small :
Bt — 7t7Y% . ~ Pure Tree

- BT - 7T K" : =~ Pure Penguin

B (B+ — 7T+K0> > B (B+ — 7T+7T0>

ViR

o« ML fit with AE, mgg, etc.
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B — mm, Kn, KK Branching Fractions

N, B [107]
mt 124%15%g 54+0.7£0.4
624111 RREPRE
070 9.8 +£8.7 <34
Ktr 403+ 24+ 15 178 +1.1+0.8
Kt 149 + 1775 11.1ﬂ;§ + 1.0
KO+ 17241749 175718+ 1.3
K97 8.2151 i 1.2

KTK- 0.6139(< 15) < 1.1
KK’ 56728 £ 25 < 1.3
K'K’ <13
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. ' __ Time-dependent CP in B® — 77~
BABAR

e Decay distributions f, (f_) if "other” B tagged as B°(BO)

e—At/T

o f1(At) = “— |1 £ Srrsin(AmgAt) F Crr cos(AmgAt))

i~

e \Weak phase (only tree diagram)

A

>\ = Z%A_z _ nf€—2z(ﬁ+’)/) — nf6—2za

> Crr =0, Sy = sin 2«
e Additional phase from penguin diagram
> [A| # 1 = direct CP
> Im(A) #sin2a = a = Qeff
> OWT 7& O, SWT — sin 20é€ff
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BA A R BY — 7mt7~ Asymmetry Results

e Measurement compatible with no CP violation in BY — 77~
e Statistically limited due to small branching fraction
e Need ~ 500 fb~! for 0(S;;) ~ 0.10 — 0.15

2

20

BABAR | s
S S _ = —0.0140.37+0.07
g C.. = —0.0240.29+ 0.07
nw 0 7
ci'o.sf
<os Data: 55.6 fb!

5 25 25 5
At (p9
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s A BA R Charge As_ymmetl’y Results

Final state Acp
K*x¥ —0.05 4+0.06 4+0.01
Kon® —0.17 40.10 4+0.02 <«
w0 —0.02 1927 40.10
K*x0 0.00 4+0.11 40.02
Belle:

Apo + = 0.46 = 0.15 £ 0.02
= 3 o direct C’P asymmetry,
not confirmed by BaBar
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m?®,, (GeV/c?)

BY - ntr—
Zone | Main Contribution e 7] Yield
| =(770)7F 135+16| 89+16+6
[ 20(770) 70 7T4£09 | 6.1E£58+28
[ pE(1450)7T | 15.0£2.1 | 174 £9.7£6.9
TV p°(1450) 7" 8.7+18 | —4.7+3.6+2.2
(charged scalar)m= | 15.0 £2.3 | 8.6+ 7.3+2.3
Jo(100 = T200)7" | 67 =10 | —03%32+32
m=rta'(NR) 75+1.0 | —42+73+£3.8

20 25
m’,o (GeV/c?)

m?(n~ ") vs. m?*(ntaY)

e Cuts optimized for each Dalitz region seperately

Significant signal observed for
B — p(770)7T

e Important for determination of a:
Enough info to disentangle penguins
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. A BA R B — pr

B(B" = p*(770)7¥)
B(B" = p°(770)x°)
b (BO — 7T+7T_7TO>

i~

(28.9+5.44+4.3) x 107°
10.6 x 1076
7.3 x 1076

e 2 Samples: p™7~ and p~ 7
e Compute charge asymmetry:

L(pTn™) —T(p~n™)

[(ptm) + D(p-mt)
= —0.04 = 0.18 = 0.02

= no evidence for direct CP violation

Ay =
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D% -Decays: Motivation

e Search for exotic states in the spectrum of light mesons

> exotic states: glueballs (gg), hybrids (¢gg) and multiquark-states
(9997)

> glueball candidate f(1500) found in pp-annihilation

> fo(1500) may mix with conventional mesons of same quantum
numbers: fo(1370), f;(1710) (if J = 0)

e For the interpretation of the light meson spec-
trum it is crucial:

> to settle the spin of the f;(1710) and f,(1710) ~
> to understand the production and decay of the f (1500) -
f0(930) -

f,(1370)
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D3I — KYK2n*: Selection

e Data: 18.4 fb!

e Geometric vertex algorithms

o D?-candidates: momentum cut pcmS(DgF) > 2.5 GeV/e

e Further optimization

> vertex probability, lifetimes, mass windows, compatibility with interaction point

e Strong increase of combinatorial background at low D?-momenta
> Additional constraint that D?-mesons originate from Df;i — D?y
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D3I — KYK2n*: Selection

N (Dg) = 1069.62866 + 46.62191

N
Ul
o
I
I

E(DS) =1.96942 + 0.00029
o (Dg) =0.00622 + 0.00030

Clgacy = 59.99883 + 1.13149
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D3 — KYK2%n*: Dalitz Analysis
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o]
A

e Fit done with fixed masses and widths

e Fitting only with well known reso-
nanzen (K*(892), K;(1430)) fails to re-
produce the distribution in the Dalitz
plot

e There is need for an additional reso-

nance at
m(K3K?2) ~ 1700 MeV/c?

May 2002 Meson 2002

BA A R D? — K2K27*®: Dalitz Analysis
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DT — ntn—nt: Selection

N (Dg) = 902.90265 + 63.38998

250 | m(Dg) =1.96860 + 0.00052
o (Dg) = 0.00739 + 0.00062
Clg,cq = 413.22238 + 64.07133
200- — | C2,,c«=-146.27213 + 32.36530

entries / 2.5 MeV/c

=
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o

| !

About 900
100- - entries in the
D3 signal
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D3 — mtr~n*t: Dalitz Analysis
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Conclusion / Outlook

e Large data sample (Runl: =~ 23 - 10° BB-pairs, = 30 - 10° cc-pairs)

e Updated results: 55.6 fb—1!
> Sensitive to B down to a few x107°

> No evidence (yet) for direct C'P violation

> First results from Dalitz analysis DS — K2K%r*: strong contribution from
D3 — f;7(1710)7F necessary

e Future
> End of Run: ~ 100 fb~!

> Important to understand: Penguin/Tree contributions
> Constraining (and measuring!) «

> more data = more decay results + higher sensitivity
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