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Overview

® B mesons decay predominately through tree level b—cW™*, leaving a
charm meson 1n the final states.

® In charmless hadronic B decays, other
types of diagrams are enhanced. f< l/’ﬂ/“'<d b
They provide a rich laboratory to study i =t i it
Color-allowed Tree Color-suppressed Tree

CP-violations, long/short-distance

QOCD effects, hadronic phases, and " \\,\ § // 1 5%%
New Physics search. ” P Q - s
e About 100 charmless B decay modes oo Penguin (Ghonic or EW)
have been measured with >4 N l' N4
significance, mostly from BABAR and S F A
Belle. Their BF’s range from et | M /vm,w_,oop\‘

fewx10>to 107,
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Large number of channels

Charmless Mesonic B Branching Fractions
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Charmless programs

e CKM angle a (mm, pp)

o CKM sin2Besr: Hint of discrepancy from
golden modes B—J/wK.

e CKM angle Y (0,0) (1,0)

e Direct CP violation: Kz puzzle? sin(2B*") = sin(20{") FEAS

PRELIMINARY
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e Polarization in B—VV, TV WK Average T | Tl
Ks K K Av?rage 0.74+0.17

e Search for enhancement in b—s.d TI. Average Rodbh
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B factories
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1 Off resonance:

-54 fb'

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 20121

e Together B factories have collected > 1.2 x 10° BB pairs. T
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Separate signal from background

_|_

® Major background comes from continuum e" e~ — qq, ¢ = u,d, s, c

K1nemat1cs of fully reconstructed B Event shape to suppress continuum
; 120 | pr—— o TTTTTIITIRRRITIIRIIIIRRTITII I
:‘c 100 | ': - i ' - ete = T(485) = BB | cte™ — g7

s | { |Mes = \/Emm = Ps M’
o Mes Topology: .
“0 r 1 ~ 7/
t AF = E E e pe ~300MeV/c
e 7 L ' Angular a9y Bl TR !
TREMG . e AE distributi >‘ “‘< = e g
2: h . ’ B E — . : . lS n |On A=09P‘W3Ve Jl-lfze S-wave
-100 [ - s %3 < = s 2 012
S 4 BAE N Ia 26 N an 00 20 s a0 ‘ h(l O B0 vo 5-
£ o1
008
0.06
T 004
i These variables are often :
:combined to form a Bl
:grand likelihood %

;func.tl.or? to Increase Bu11d Fisher, NN, or other class1ﬁers
O to separate background
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Inclusive B—K*’, n* beyond charm threshold

e Charmless decays have large contributions
from penguin diagrams. g g

e New physics entering the loop could
enhance the branching fraction. q

» e.g., Randall-Sundrum warped top-condensation model radion field postulation
(b — s¢ — sg™) enhances charmless BF by an order of magnitude.

e Strategy: fully reconstruct one B meson through B—D”X and
measure K or £ with momentum beyond b — ¢ kinematic threshold
in recoiled B.

e SM prediction of partial BF ~ 1074,

e A significant inclusive signal has not been observed in previous
experiments.
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Analysis

- T T
=
e 2x10° BB events reconstructed, from a™ o
383x10° BB pairs. 5
° ° - o I‘BB i
® High p* (momentum at recoiled frame) K : ;3
and 7 are selected. jog- continuum " N\
e Veto D', DY Ds if they can be reconstructed. |
e PDF variables: mgs, Fisher, p* spectrum e BRSO SN

including various charm components.

o o R

A L4 L L} ) -
v ™ (Gev]

mass of the system
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Charmless B Decays in B-Factories La Thuile, 2011/02/27 — 03/05



Inclusive B—K*? 7zt results

1.5

m, (GeV)
1.0 0500

Events / 40 MeV

K_|_ (@)

*>2.34 11
Ns(iZ; = 5471

®@ BB K'X,p*>234GeV) = (1.24+0.34+0.4) x 1074,
B(B — KX, p* >2.34GeV) = (1.94+0.5£0.5) x 10™*,

oy 2.8
p* (GeV)

my (GCV) )< BABAR m, (GCV)
1.5 10 0500 R 1.5 10 0500
% 0 T T p—y O (b) % 60 T T ™ _I_ (C)
= i =
P (p*>2.34) 0 *>2.36 15
: N =52+7 £ NP =239 = 907514
@ T+ m i
Sheee . i
N of ]
. 1‘ e g
oo - P o il Tl
24 2.5 2.6 2.7 28 24 25 2.6 2.7 28
p* (GeV) p* (GeV)

B(B— nX, p* >2.34GeV) = (3.7£0.5+0.6) x 1074,

e In agreement with the Standard Model
e Exclude large enhancement from New Physics.

Charmless B Decays in B-Factories

(< 1.9 x 107*@90%C.L.) 2.90
(< 2.9 x 107*@90%C.L.) 3.80

6.70

[PRD-RC 83, 031103 (2011)]
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Polarization in B— Vector-Vector

for B—¢K*, and many other b—s penguin V'V states.

e B*—plK™ had not been observed yet. Expect: BF~ (5

Polarizations of Charmless Decays

e Naive expectation: fr ~ 1. B—pp have f1>90%. However, f1~50%

1) x 1076,

HFAG X A I3 (1430)
August 2010 . — O3 (1430)7
8 oK (1270)
YA
= + _ﬁA+A-
IS (1430)
. g ) _._-/l\‘, 1430) SR | . .
& I\ SL
s K* N SR| | ey <
3 i /\. ) d —r g
: KK R,
, K
== |
—— New Avg. .
Belle - ’
—o—‘BABA:? | | | | | ’--::-—'l | |A00|2 > |A++|2 > IA__IQ
0.2 0.4 0.6 0.8 1.0 1.2

Longitudinal Polarization Fraction (f.)
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e Reconstruct; BT — pK*t, fo(980)K*T, with p, fo — ntn—, K*t — Ktn® Ko™t

e Measure: branching fraction, polarization (pK*), direct CPV.

e Decay rate of B—pK™ « 4fL sin® ¢+ sin® 00 + fr, cos® O+ cos 0,,05

» after integrating out the angle between decay planes of two vectors.

® Seven variables in PDF: 7i(x) = Pi(mes;) - Pi(AE:) - Pi(NN;)
Pi(Mpsz-;) - Pi(Mkxi) - Pi(cos O+ ;) - Pj(cosOkx;)

® |2 background components including continuum, various
combination of combinatorials, higher resonances, #°, and non-
resonant S-wave contributions.
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Projection plots of B*—p’K™* foK™*
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BT—p'K™ foK™" results

e Observation of B*—p’K™* decay: BF(B*—p’K™") = (4.6+£1.0+0.4)x1076
e Improved BF(B*—/)K ") xBF(fp—ntn")=(4.2+ 0.6 £0.3) x 1076
o fi(B"—p’K™)=0.78+0.12 £0.03

» consistent with large fr; the other two K*p modes are further away.

o At g : K P K*+p" BABAR 0.78 £ 0.12 + 0.03 This result
—— BABAR K*9T BABAR 0.52 +£0.10 £0.04 PRL97,201801(2006)
e — — A Belle 0.43+0.117555  PRL95,141801(2005)
s K™p K*°p" BABAR 0.57 £0.09 +0.08 PRL97,201801(2006)
0.2 0.4 0.6 0.8 1.0 1.2

& y = : K*T pO . penguin + color-allowed b — wus tree
Longitudinal Polarization Fraction (fi) K*0p . pure penguin

K*%00 : penguin + color-suppressed b — @u3 tree

‘Data set: 467 x 105 BB pairs. Accepted by PRD-RC

Mode B (x107°) JL Acp

BT = pK*F 46+1.0+0.4 078 +0.12+0.03 0.31 +0.13 +0.03
Kt 5 Kzt 46+1.2+405 0.74+0.13+0.03 0.25+0.14 + 0.03 ,
K** - K+ 7° 44420405 0944 0.27+0.03 0.59+0.31+0.03  Previous results: 232M BB

BT — fo(980)K*" 4.2+0.6 £ 0.3 - —0.15+0.12+0.03 B(B* > p°K**)<6.1x10° (@90% CL)
K*" - K2 7r+0 3.6+0.7+0.3 - —0.34+£0.16 £0.03 B (B* - f,(980) K**) = (5.2 + 1.2 + 0.5) 10°¢
Kt 5 Kt nx 524+ 1.0+0.3 - 0.14 +£0.12 + 0.03 PRL 97, 201801 (2006)
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BY —» K*OK*0 motivation

e B — K*K*0 is a pure b — d penguin, and should have the same f; as
b — s under U-spin symmetry.

e Possible explanations in the SM for small f;: large fr contributions from
penguin annihilation or rescattering.

e If alarge fr is observed, a time-dependent CP asymmetry analysis to mea-
sure phase difference between A7 (b — d) and Ar(b — d) could distinguish
the two possible contributions which have different weak phases.

b 5 0 b S 0
B C B s
_ ) g _ ) -
q 3 b
S p p K* B
q - -
q q
_ _ x x X=DXD*, D*D*K...
b 5.0 b s 0 Xsp K pp K™ c"s
B S B S The rescattering diagrams.
q 5 q 5
g~ K g~ K
Datta et al, PRD74, 034015 (2007)

The penguin annihilation diagrams.
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BY —» K*OK*0 K*O K*0 results
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0 i, 0 ) - . oL & . ) a8 [ e I

-0.1 -0.05 0 0.05 0.1 5.25 5.26 5.27 5.28 5.29 5.3 07 09 11 13 15 17 s [  / | 3 Ok

~ - “ c -

AE (GeV) M, (GeV/c?) M, (K*n) (GeV) g 1°'| I > 5

° ST SR \\\ \ R i w L
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e I'it PDF: mgs, AE, mg», mg;y, (and Fisher, K* helicity angles: (BABAR)).
e Belle fits K* K* and higher/non-resonances at once; BABARfits K* K* and
subtract other contributions extrapolating from fit to higher resonance.

B(K*K*9) fL(KOK*0)  B(K*K*) Ngz [10] Ref.
BABAR 1.287 50 £ 0.11 0.80 515 = 0.06 < 0.41 383 PRL100, 081801 (2008)
Belle  0.26793510 08 (< 0.8) — <0.2 657 PRDS81, 071101(R) (2010)

BF unit: 107%; Upper limit at 90% C.L.

~ 20 discrepancy in B(K*YK*?) between the two measurements.
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Charmless 3-body

B(B — (3 body modes))
E /H\Eglit 2010
® Secarch new physics in b—s or b—d o I
penguin dominated processes. eyl ]
e Typical analysis involves Dalitz plot - |
analysis, some with time dependence, and |- .
some need to utilize isospin/SU(3) o
symmetry. B
» Interferences among resonances allow CKM i 1
angles and strong phases measurement. el
+ Eg.,a:B—orrr, yv: B—Knr, B: B—>KsKsKs e ""'— o
» Search for direct CPV in components. é =
e Other structure in Dalitz plot. i ——
0.0 T s0 1000

Branching Ratio x 106
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B—¢@K analysis

® Possible new physics in b—s penguin. Interference with B—# K at
¢¢ mass near 7. could produce large CPV.

- N EEN EEE B N EEN RSN BN BN NN MEN RS BN N NN MEN RN BN NN AN RN RN BN EE RSN M MEE EEm R M M M o oy,

B—nK n.—pp i  B=o9K )

(Tree) (Penguin) _ New
b, m — b .| Physics? J
5 gt u

5 gt
> u
Arg(VipVis) =~ Arg(V,Ves) New CP violating phase?

b

B+

U N u KT
VopVes

/{n
| o
3
@)
vy
+
I~

T s e e e e e S e e S B B B BEE BEE S EEE M B B BEE GEE GEE GEe e S B GE GEe GEe Gae Eae e e e e

* Non-zero direct CP asymmetry would be a smoking gun for New Physics.
— Could be as large as 40%! (Haizumi, Phys. Lett. B 583, 285 (2004)).

e Study spin structure of ¢¢ system. Only J°=0~ component of 3-body
B decay interfere with #..
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Peaking background

® Peaking B— 5K background occupy different zones on mg;-mg2 plane.

® Fit yields by zone and use cross-zone contributions determined by MC
to estimate peaking background.

Belle[0802.1547] 449 x 10°BB . ABAR preliminary 464 x 106 BB :
1.2 . . % “L .| . [ e .|.. o [ ;
8 .
Q | L., .52 3 |
A1.15 g 1.15H E'. : ;.°. * _
NO I ¢ . . . 1 N
S R o
QO 1.1 I T E O .o e
¥1.05 A
1 @
I TR~ R PR .
1 1.05 1.1 1.15 1.2 Y AR N SR IR RR RN BRI SR
9 1 1.05 1.1 1.15 12
M, (GeV/c) m,; (GeV)
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Fitting yields

® Maximum likelihood fit to mgs, AE, Fisher, _ R =112D0
E 6ok preliminarly ] E 40_‘ 7
mgy1, M2 [BABAR]. = |BY = goKT S %] _
e Cut on a likelihood of Fisher, cosOs, and Az, : | |2 :
and flavor tagging on the recoiled B, and A .

then ﬁt to IMES, AE [BGHG], - '. .m,ES(G,er - 'AIE(C'}eV?

S 4o 1 3 of
< 40 5 8ot
= ° I
Belle[0802.1547] 449 x 10°BB N s |
20F 1 3 4of
25 |- ! £ 1
15 | + 101 1 & 20F
BT @ ook 20 | |
> |Nag=34+6 = N R S R M O 101 102 103 Lo4
= [ o Ge’ Fisher m, (GeV)
<10 Q15 2%6
~ ; d) L ’ - . NSiE
(2] - I '
‘g 510 neé % | BABAR preliminary ]
_ > % 0 0
o O w z 10—B — gbqbKS | |
5 =
1.[ || ] =
1 1 0 s g 4 1 1
6 & } |
0
N (c) poK Y o
o 4 30 > 93 525 53 . 0.1
> " [Ngg = 7.3 2, g (GeV) AE (Gev)
= S ~ ~ 20 :
a ~ = % L
2 £ = 1 s 1
s [ S 2 £ g
w w z S 1ok -
— | % i
A > 5k -
0 1 0 S 1
5.2 5.25 25.3 -0.2 -0.1 0.1 0.2 L1111 ~
M, (GeV/c”) AE (GeV) p O 101 102 103 104

Fisher m, (GeV)
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Branching fraction and Acp

. < Belle[0802.1547] 449 x 10° BB

BaBwR preliminary - “gygq Bellel |20
g [BY & goK* | g 1o \ | : S (a) : .
7 50F = | | = - ! L
N s ﬁﬂ :: z Y T Me s
R 40 g s H + = N : 0 4
O U H ER U L o= S 5200 2.85 GeV 3
S 201 : ii 3 2 "0
S F 2 3 4 5 3 [ 28 29 3 31 3.2
> 10— 4 m, (GeV) 3 >
2 opthre, +++++ - ©
g OE_. ................................................................................ +_F s L T T P .._E g’
m 2: 2|5 :|3 |3|5| Lo |£|I- ! 4-|5 :5 Z’ 0

) 2

m,, (GeV) o (GEV/CT)

15k ~ BF

Partial BF: mgg < 2.85 GeV
(10°5)  B(BY = ¢¢K*) B(B® = ¢pK°)
BABR  5.6£05+03  45£0.8+03 [T el P e
Belle  3.2707 +0.3 2.3y =02 O, B T

o
1

Yields per 5 MeV/c?

o

Acp(¢ppK ™) below and within 7. region, consistent with zero.

Mo < 2.85GeV 2.94-2.98 GeV 2.98-3.02 GeV
BABAR —0.10+0.08+0.02 —0.10+0.15+0.02 —0.08+0.14 £ 0.02
Belle 0.017)1¢ £0.02 | 0.15791% £0.02 |
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Angular study

® Project J/=0~ component by weighting mg
by the product of Legendre polynomial and X N

spherical harmonic

Py(costh) Re [Y5(02,x)] = % {3cos*(01) — 1} sin®(62) cos(2y)

Llll
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T T
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> IIBII o L L L S L
S 1001~ { ABAR preliminary — S BABAR preliminary
= - - . - 8 - . - ]
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A N R Sideband 2 B --%-- Sideband i 8 af sxiz'/"fghi)*igg(/cghi) ﬂza/tndf
8 9 - - T 355 o. Prob 1.184¢-09
g (‘:]‘ 50_ § 305_ p0 19.76 + 2.471 po 4.246 + 0.6898
S 50—+{+ — & - I OE 770 I‘egIOIl BABAR preliminary
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v 9
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e Below 7. region is not consistent with J=0".
but consistent with J"=0",

10F
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Summary

® Very rich program in hadronic charmless B decays.
® More physics still to come after shutdowns of B factories.

e Inclusive B—K*’ n* beyond charm threshold:
» Consistent with the SM, rule out large NP contribution to b—sg*.

e Observation of B*—p’K™" and B® — K*°K*? decays and
measurement of their polarizations:

» more pieces towards understanding B— V'V polarization puzzle.

e BF, Acp, and angular analysis of B—¢¢K:

» Clear signal, but Acp consistent with zero. No large NP in the penguin.

Charmless B Decays in B-Factories La Thuile, 2011/02/27 — 03/05



