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Introduction :
Rare hadronic B-decays
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Rare hadronic B-decays are rich sources of information
- Indirect CP Violation : Extract CKM parameters
- Direct CP Violation : Interfering SM amplitudes
- Search for new physics effects : study loop processes
- Measured BR, angular correlations
- Phenomenological test/development of the
theoretical models



Introduction

In this talk, we’'ll cover:

1. Extraction of the angle ¢,/a. of the UT
- B9->p9p° with isospin SU(2) (Belle)
- B>a,K with flavor SU(3) (BaBar)

2. B=>VV(A) polarization : f,
- B> oK*0 (Belle)
- B%>b.Fp* (BaBar)

3. Baryonic B-decay : Br, Acp
- B-=>ppK* (Belle)



Analysis methods

@B reconstruction with AE and M,

AE = ‘;eam
\/Ebeam
@Main background ’:? 0.2
@ e*e > qq(g=u,d,s,c) > eventtopology <_';~ 01 -k,
e’ E“/"H e / a
/¥ /q
Spherical Jet—like

@ 11/K/p separation=>» PID

@Signal Extraction
@Unbinned maximum likelihood fit to AE, Mbc. Mass...
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Extraction of the ¢,(a) of the UT

- Hadronic B decays from b—>uud transitions provide the
most direct information about the weak phase ¢, (o).
- The difficulty in extracting ¢, is the presence of subleading
penguin amplitudes (P) with a different weak phase
than that of the dominant tree amplitudes (T)
- This difficulty can be overcome by using symmetries:
- isospin SU(2) (PRL 65, 3381(1990), PRD 71, 07401(2005)
- approximate flavor SU(3) (PRD57, 1783 (1998)
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Meglecting EW penguins, +0 is a pure tree mode

and so the two tnangles share a common side;

AB* = h)=A(B- = h h°)
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SU(3)

in AS=0 decays: T~V V., andP~ V7V,
m AS=1 decays: T' ~ RﬂlhI{; and P' ~ Vfbli’,:;

thus P'/T" 1s 1/2.2 enhanced over P/T
— ¢can be used to bound P/T




Search for BY=>p¢p?

@ Color-suppressed Tree and Penguin

d d
(g=u,ct)

- Small branching fraction (~ 1x10°)
@ This decay can complete the isospin analysis to constrain
the penguin contribution in the extraction of ¢,

Al =BF(B°—p'p)
A7 - BE(BE =Dpip)
A}’ = BF(B* — p*p")
A’=BF(B —pp°)

A’ =BF(B° — p"p")
A =BF(B° — p°p°)




Search for BO>pp?

 AE

i ol 1 (a)

ol

§ 0t A5 B T s
10}

Events/ 2 MeV
W
o

PR —
b1 005 0 005 0.1

” [ ;)apa
— == charmless B
e | == pDC
Belle 657MBB preliminary BELLE e o o continuum
My 90 M, (rrt) 0 My(nn)
(b) 80
> 70
2 60
3 50
8 40
s 30F °
W 20
10

054 59 b5.28

0550.781.011.241.47 1.7 8550.781.011.241.47 1.7

AE (GeV) M, (GeVic?) > M, (nw) (GeVic?) M, (nn) (GeV/c?)
Mode Yield Eff. (%) S B(x10-%)  UL(x10°5)
pPp° 24555000 916 1.0 04+04+0.2 < 1.0
Ao 1125785040012 290 1.3 59735157 < 11.9
A 161.218024269 198 25 124747120 < 19.0
Pfo  —11.8%15575¢  5.10 0.0 0.0 < 0.6
fofo —T7.75 530 2.75 0.0 0.0 < 0.4
form  6.3730-0+180 1.55 0.0 0.673%+1.8 < 7.3

Assume f, =1 (100% longitudinal polarization)

p'nr, 4n excess are seen

UL consistent with BaBar : Br(p%p?) = (0.84+0.29 +=0.17) X 10-° arXiv:0708.1630



Observation of B>a,(1260)K

- Time-dependent CPV B%>a,(1260)r can be
used to extract the effective ¢, : ¢.°7 = ¢, + A,
- Using SU(3) related modes such as B->K,r and

B—>a,K, it is possible to bound A¢,

] BaBar 383MBB L
B->K,n has been measured PRL100, 51803(2008)
B*>a,"(1260)K B®>a,(1260)K
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BB'—a, K*)B(a,—»nnn)=(8.2+1.5£1.2)10°(5.1 6)
A, (B'—>a,  KH)=-0.16 = 0.12 % 0.01

B(B*—>a,” KO)-B(a,*>minn) =(17.4% 2.5 £ 2.2)10°(6.2 o)
A (B*—a,* K =0.12% 0.11 = 0.02




B—>VV(A) polarization

» Helicity amplitudes

A, (longitudinal), A (transverse)
*fL=AS(AHAL A )

* Naively predict f, = 1-(m /mg)?~ 1

—— CLEO CDF HFAG  Message:
— Belle —— PDG2006 Apnl 2008

——— BABAR === New Avg. .
ow Avg - Tree dominated decays: f,~1

- Penguin dominated decays: f,~0.5

Theoretical explanation:

- Penguin annihilation (Kagan)

- Non-factorizable vertex corrections,
hard spectator scattering

0.2

S L LA (Beneke, Rohrer, D.S.Yang;

Cheng, K.C.Yang)

Longitudinal Polarization Fraction (f.)



Search for BO— @K*°

B->VV
b->s penguin dominates

4D fit after continuum suppression
AE, M., M(Kr) and M(3r)

Yield = 15.1 *1}-4

Br = (1.209 + 0.2) x 10+
< 2.0 X 10°

Significance = 1.6 o

Preliminary

arXiv:0707.2462
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B'—wmK 0 continue

Bkg subtracted distribution <O

BELLE

e Belle 520MBB Preliminary

% fwg=0 = 0.09+0.11

w0 L Both methods give the similar f_ *

% (oK* signal fraction) of ~10%
| - Large non-resonant

AT T EERE R .
MK (GeV/c? B> oK* measurement from Belle
consistent with 4d-fit result! ... Will update soon

Fwk = 0.10 (+0.08,-0.07)
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Search for B°>b.#

B->VA
Tree dominant channels

Dominant b, decay: b, on

-New experimental search B~ — b1 ¢

for B>b,"p* modes

-New theory predictions

for B->b,V modes

-Predicted Br(B°=>b,p* )is p- — s &
about X3 Br(B°=2b, n*) B-
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Br(106)  f Br(10-6)
Mode Cheng, Yang CMV
B — bip~ 32171924120 (0. 06T001) 1.6
B —bypt 0610618 (0.081099) 055
B" — b0 0.4703+213 (0.8270-19) 0.002
B~ —Wp~  20.00152124 (0.96T00L)  0.86
0.9%5:675:5 (0.907535)  0.36
B’ — Y 0.1 02705 (0.107501)  0.004
B~ —bjw 0.975325 (0.917048%)  0.38
B’ — b 0010600 (0.98555) 0.0002
B~ —bi¢  0.027007008 (0.987001) 0.0004
B' — bfK*  7.6T33H0T (0711017 .32
B’ — WK™ 3U+[', ]ﬁgj’ (0.807920) 015
)
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— DYK*~
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Cheng & Yang,

arXiv:0805.0329




SearCh for Boe b,]i a = Preliminary

(First Presented at FPCP08)

25

- Should be > b, n*?

- 2"d-class current rule =
BO — b1¥pt» B0 — by*p* 15
(expt. Doesn'’t distinguish)

-Find no excess.

20F=

Events / 4 MeV

.....

BABAR

preliminary

5025 5.26 8 Meg (Gevs).29
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Events / 4 MeV

- Rather puzzling lack of agreement
with the theoretical estimate.

Test: add 100

Signal MC events 5;
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Baryonic B decays

B'2ppK*’ Bt 2ppK*
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B 2ppK® (introduction)

Threshold enhancement of the baryon pair mass(m1+m2) spectra
B 2ppK*, ppKO°, ppzt, ppK™, pAr, pAn°, pAy, AAK*

________________________________________________________________________

________________________________________________________________________

No enhancement in ppK*® by BABAR(PRD76,092004,2007)
Enhancement in ppK™is predicted(PRD75,094013,2007)

B(ppK* )>B(ppK™ )>B(ppK™) (PRD66,014020)

Large DCPV prediction A.,(B*=ppK™) ~20% (PRD75,094013,2007)
Angular distributions = help to understand decay mechanisms

Update B 2ppK™, ppK*™, ppK° with 535MBB(6x last data)
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M, (GeVic?) M,. (GeV/c?) exp(— >, n;) "snd .
3 L= 7 H Z iP;)

P: = P,(M;,, AE", M;{*)

fozr B M(pp)<2.85GeV/c?

M. (GeWcz)

@ First observation of B¢ 2ppK*®
@ Consistent with the theoretical prediction

. D ~ B(ppK* )>B(ppK**)>B(ppK™)
(10] -0.1 DaE?G‘:eU;)E 03|-|-| 5.2 53’?5 (SGEGSfoE)?S 53 . NO Significant ACp
Mode Ng S B(x107°) Acp

B’ — ppK*  70.173% 7.2 1.18%03. +£0.11 —0.08 £0.20 £ 0.02
Bt — ppK*t 5427109 88 3.38%0034+0.39 —0.01 £0.19 £ 0.02
B — ppK°  107.87172 14.8 2517759 +0.21 —




B 2ppK” (threshold enhancement)
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pp mass enhancement near threshold can be seen

Features similar to the theoretical prediction
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HD(K:D) = 101£13%x3 % Large K* polarization, consistent with
Ho(K™) = 32x17£9 % b->s penguin dominance



B 9pr) K" (proton angular distribution)
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ppK™ is similar to theoretical expectation and ppK*



Summary

Rare Hadronic B-decays provide many observables

1. The measurements to constrain the Unitarity Triangle angles:
Updated BF of B®=p®pP, two observations for a,(1260)K

2. f, measurements and study of angular correlations in B>VV(A)
to probe new physics effects:

Search for B2 oK*, B=2>b,*p*

3. Measurement of the dibaryon systems from B:
Observation of B?—=> ppK*?
Threshold enhancement / large K*° polarization
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