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IntroductionIntroduction
Rich physics outputs from charmless B decays

CPV, CKM angles, Vxx, B decay mechanism, new physics, …

Many activities on charmless B decays at Belle

Mesonic/Baryonic/Radiative/Leptonic/…decays

Β0 ρ0ρ0 (with 657MBB updated from 520MBB @ LP07)

φ2(=α) constraint

Β ppΚ * (with 535MBB updated from 85MBB)

baryonic B decay mechanism
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3.5 GeV e- Belle 

KEKB accelerator
Two separate rings for e+ and e-

Energy in CM is 10.58GeV Y(4S)
Ring length 3Km

Two separate rings for e+ and e-

Energy in CM is 10.58GeV Y(4S)
Ring length 3Km
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Total L= 766/fb

Peak  L= 17.1 /nb/sec

Results are based on

535 or 657 MBB pairs
8.0GeV e+
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B reconstruction with ∆E and mbc

Main background
e+e- qq(q=u,d,s,c) event topology

π/K/p separation PID

Signal extraction
Unbinned maximum likelihood fit on ∆E, mbc, Mass…

Spherical                     Jet-like

Analysis OverviewAnalysis Overview
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Β0 ρ0ρ0 (introduction)
φ2 (=α) measurement is essential to test SM
3 decay channels to measure φ2 : Β ππ, ρπ, ρρ

Penguin pollution δ:

Isospin analysis (PRL,65,3381(1990))

Have to measure all BRs of B ρρ

Tree Penguin

Polarization measurement
3 polarization states with diff. CP

Longitudinal(CP even)        Transverse(CP even + odd)

+
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Β0 ρ0ρ0 (introduction)
Color-suppressed Tree and Penguin

Small branching fraction (~ 1x10-6)

Strong limit can be set to δ ρ0ρ0 is crucial

Measure 6 modes: Β0 ρ0ρ0,  ρ0ππ,  4π,  ρ0f0,  f0f0,  f0ππ
Unbinned maximum likelihood fit on ΔE, mbc, M1(ππ), M2(ππ)

Fix B0 a1
+π -, Β+ ρ+ρ0 to the expected value 

Assume ρ0ρ0 100% longitudinal polarized

+
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Assume fL= 1

S includes systematics

ρ0ππ, 4π excess are seen

Consistent with BABAR
Br(ρ0ρ0)=(1.07±0.33±0.19)x10-6

Β0 ρ0ρ0 (result with 657MBB)
ΔE Mbc M1(ππ) M2(ππ)

Need more data…Need more dataNeed more data……
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Belle collaboration,  arXiv:0802.0336v1
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Β ppΚ∗ (introduction)
Threshold enhancement of the baryon pair mass(m1+m2) spectra

B ppK+, ppK0,  ppπ+, ppK*+, pΛπ−, pΛπ0, pΛγ, ΛΛK+

2-body counterpart is not found

No enhancement in ppK*0 by BABAR(PRD76,092004,2007)

Enhancement in ppK*0 is predicted(PRD75,094013,2007)

B(ppΚ+ )＞B(ppΚ∗+ )＞B(ppΚ*0) (PRD66,014020) 

Large DCPV prediction: Acp(Β+ ppΚ∗+) ~20%  (PRD75,094013,2007)

Angular distributions help to understand decay mechanisms

Update Β ppΚ∗0,  ppΚ∗+,  ppΚ0 with 535MBB(＞6 x last data)
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Β ppΚ∗ (result with 535MBB)

First observation of B0 ppK*0

Consistent with the theor. prediction
B(ppK+ )＞B(ppK*+ )＞B(ppK*0)

No significant Acp

Unbinned maximum likelihood fit

M(pp)＜2.85GeV/c2
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Β ppΚ∗ (threshold enhancement)

pp mass enhancement near threshold can be seen

Similar feature to theoretical prediction

Theoretical expectation 

PRD75,094013,2007
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Β ppΚ∗ (K* angular distribution)

Efficiency corrected helicity(0,±1) PDFs are applied

M(pp)＜2.85GeV/c2

H0(K*0) = 101±13±3 %

H0(K*+) =  32±17±9 %
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Β ppΚ∗ (proton angular distribution)

ppK*+ is similar to theoretical expectation and ppK+

Theoretical prediction

PRD75,094013,2007
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Summary
B0 ρ0ρ0 with 657MBB

No significant signal Br(ρ0ρ0) ＜ 1.0x10-6 (90% C.L.)
Upper limits on Β0 ρ0ππ / 4π / ρ0f0 / f0f0 / f0ππ

B ppK* with 535MBB
Observation of B0 ppK*0

Threshold enhancement in ppK*0 and ppK*+

Large K*0 polarization 
H0(K*0) = 101±13±3 %

H0(K*+) =  32±17±9 %

H0(K*0) = 101±13±3 %

H0(K*+) =  32±17±9 %
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Backup slides
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Β0 ρ0ρ0 (systematics)

Test possible interference between ρ0ρ0 and a1π, 4π, ρ0ππ  by Toy MC

Simple interference model modified from a relativistic Breit-Wigner

Re-fit with parameters A and δ which are uniformly varied

Mean deviation from the incoherent case 

(A and δare interference amplitude and phase)



Lake Louise 2008 18

Β ppΚ∗ (Br systematics)
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Β ppΚ∗ (Threshold enhancement)
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Introduction



		 Rich physics outputs from charmless B decays

		 CPV, CKM angles, Vxx, B decay mechanism, new physics, …

		 Many activities on charmless B decays at Belle

		 Mesonic/Baryonic/Radiative/Leptonic/…decays



		B0r0r0  (with 657MBB updated from 520MBB @ LP07)

		 Á2(=α) constraint

		 BppK * (with 535MBB updated from 85MBB)

		 baryonic B decay mechanism
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KEKB accelerator

3.5 GeV e-

Belle 

		 Two separate rings for e+ and e-

		 Energy in CM is 10.58GeV  Y(4S)

		 Ring length 3Km



Integrated luminosity (/fb)

Total L= 766/fb

Peak  L= 17.1 /nb/sec

8.0GeV e+

Results are based on

535 or 657 MBB pairs
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Analysis Overview

		 B reconstruction with ¢E and mbc



		 Main background

		 e+e-  qq(q=u,d,s,c)  event topology









		 π/K/p separation PID



		 Signal extraction

		 Unbinned maximum likelihood fit on ¢E, mbc, Mass… 



Spherical                     Jet-like
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B0r0r0 (introduction)

		 f2 (=a) measurement is essential to test SM

		 3 decay channels to measure f2  : B  pp, rp, rr









		 Penguin pollution d:

		 Isospin analysis (PRL,65,3381(1990))













          Have to measure all BRs of Brr

Tree

Penguin

		 Polarization measurement



   3 polarization states with diff. CP





 

Longitudinal(CP even)        Transverse(CP even + odd)

+





Lake Louise 2008





B0r0r0 (introduction)

		 Color-suppressed Tree and Penguin







		 Small branching fraction (~ 1x10-6)

		 Strong limit can be set to d   r0r0 is crucial

		 Measure 6 modes: B0  r0r0,  r0pp,  4p,  r0f0,  f0f0,  f0pp

		 Unbinned maximum likelihood fit on ΔE, mbc, M1(pp), M2(pp)





		 Fix B0a1+p -, B+r+r0  to the expected value 

		 Assume r0r0  100% longitudinal polarized



+
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B0r0r0 (result with 657MBB)

		 Assume fL= 1

		 S  includes systematics

		 r0pp, 4p  excess are seen

		 Consistent with BABAR



    Br(r0r0)=(1.07±0.33±0.19)x10-6

ΔE

Mbc

M1(pp)

M2(pp)

Need more data…
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Belle collaboration,  arXiv:0802.0336v1
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BppK* (introduction)

		 Threshold enhancement of the baryon pair mass(m1+m2) spectra

		 BppK+, ppK0,  ppp+, ppK*+, pLp-, pLp0, pLg, LLK+





		　2-body counterpart is not found

		 No enhancement in ppK*0 by BABAR(PRD76,092004,2007)

		 Enhancement in ppK*0 is predicted(PRD75,094013,2007)



		                      B(ppK+ )＞B(ppK*+ )＞B(ppK*0) (PRD66,014020) 

		 Large DCPV prediction: Acp(B+ppK*+) ~20%  (PRD75,094013,2007)

		 Angular distributions  help to understand decay mechanisms



Update BppK*0,  ppK*+,  ppK0  with 535MBB(＞6 x last data)
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BppK* (result with 535MBB)

		 First observation of B0ppK*0

		 Consistent with the theor. prediction

		 B(ppK+ )＞B(ppK*+ )＞B(ppK*0)

		 No significant Acp



		 Unbinned maximum likelihood fit





		 M(pp)＜2.85GeV/c2
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BppK* (threshold enhancement)

		 pp mass enhancement near threshold can be seen

		 Similar feature to theoretical prediction



Theoretical expectation 

PRD75,094013,2007
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BppK* (K* angular distribution)

		 Efficiency corrected helicity(0,±1) PDFs  are applied

		 M(pp)＜2.85GeV/c2

		  H0(K*0) = 101±13±3 %

		 H0(K*+) =  32±17±9 %
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BppK* (proton angular distribution)

ppK*+ is similar to　theoretical expectation and ppK+

Theoretical prediction

PRD75,094013,2007
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Summary

		 B0r0r0  with 657MBB

		 No significant signal Br(r0r0) ＜ 1.0x10-6 (90% C.L.)

		 Upper limits on B0r0pp / 4p / r0f0 / f0f0 / f0pp 



		 BppK* with 535MBB

		 Observation of B0ppK*0









		 Threshold enhancement in ppK*0 and ppK*+

		  Large K*0 polarization 





		 H0(K*0) = 101±13±3 %

		 H0(K*+) =  32±17±9 %
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B0r0r0 (systematics)

		 Test possible interference between r0r0 and a1p, 4p, r0pp  by Toy MC

		 Simple interference model modified from a relativistic Breit-Wigner





		 Re-fit with parameters A and δ which are uniformly varied

		 Mean deviation from the incoherent case 



(A and δare interference amplitude and phase)
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BppK* (Br systematics)
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BppK* (Threshold enhancement)
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K Reconstruction - 41%  4.1%
R Selection 2.3% 23%  2.3%
Multiple Counting 2.0% 3.5%  2.0%
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Belle detector

Electromagnetic Calorimeter

v, 19 reconstruction
e*~, K_identification

"K{Muon Detector
K., 1 detection

| Central Drift Chamber

Charged track momentum
K7 separation
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B — p°fy, B® — fofo, B® — pPnw, and B® — form. For the non-resonant B® — 4,
other rare B decay, b — ¢ and continuum backgrounds, we vary their M,;-M, PDF shapes,
repeat the fits, and take the deviations from the central values as the systematic errors.

We test the possible interference between B® — ain¥, non-resonant B® — 4w, B® —
PPrm and B® — p%° by toy MC. We add a simple interference model to the toy MC
generation, which is, for p° — 77~ decay, modified from a relativistic Breit-Wigner
function to

2
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where A and § are the interference amplitude and phase, m, and T are the p° mass and
width, respectively. We assume that the interference term due to the amplitudes for
B° — afnT, non-resonant B° — 47 and B° — p’mr decays is constant in the B® — p°p°
signal region. Since the magnitude of the interfering amplitude and relative phase are not
known, we uniformly vary these parameters and perform a fit in each case to measure
the deviations from the incoherent case. The mean deviation is calculated, and we add
and subtract the r.m.s. of the distribution of deviations from this value to obtain the
systematic uncertainty. The interference systematic for B® — p®p° decay is (¥251)%.
The systematic errors for the efficiency arise from the tracking efficiency, particle identi-
fication (PID) and R requirement. The systematic error due to the track finding efficiency
is estimated to be around 1.2% per track using partially reconstructed D* events. The

systematic error due to the pion identification (PID) is around 1.0% per track estimated
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