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Charmless B Decays

 Many such decays are dominated by b—s penguins
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* Tree amplitudes subdominant in SM
 New Physics can appear in loops — affecting:

— CP-violating asymmetries (A.p) In decays

— Altered polarizations in B—»>VV decays (angular analysis)
— Altered branching fractions
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The BaBar Experiment

« PEP-Il asymmetric e*e collider at Rings
SLAC e

« 9.0GeVeon3lGeVet &

« Operating at Upsilon(4S)
resonance

Low Energy Ring

BABar Detector

Electrons
High Energy Ring

BABAR Detector

‘ Muon/Hadron Detector

« BaBar took data from 1999-
2008

Magnet Coil

. Electron/Photon Detector

. Cherenkov Detector it l o Ll . .

B vecingcromsee D #_ < -+ Analyses based on final
B support Tube B i\ dataset:

1 Vertex Detector -

« ~470M BB pairs
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Common Analysis Techniques

« Suppress dominant “continuum” background: ete—qq (gq=u,d,s,c)

Multivariate Fisher discriminant or
neural network (NN) to distinguish
event shape:

MES = v i — pQB % ntinuum

Continuum

- BB backgrounds: generally small, but some can look similar to
signal — dangerous!

 Measurements extracted using multivariate maximume-likelihood
(ML) fits
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B*—p’K™ and B*—>f,K™: Motivation

* Measure BF, A.p, polarization
« B*—>p’K™ not yet observed

« B*—p’K™is VV decay, angular
distribution given by

1 — . 9 .9 ' 5 9 Polarizations of Charmless Decays
sin® O~ sin” 0, + f1, cos® O+ cos” 0, HEAG S
August 2010 JKH1270) —e ©K3(1430)°
. . . . . oK (12
« f_: longitudinal polarization fraction = K"
. . i @KwiK*(1430)“
« Naive factorization: — K0
WK
— fL = (l- mVZ/mBZ) ~0.9 ? wK*?
— Works for B—pp, not for other el o
B—VV decays JE——
«“ . . » — wpt
— ‘“polarization puzzle” — recent work | __ . .. —_— |
. . —— Belle -
in QCDF to resolve issue i —=
0.2 I 0.I4 I O.IG I O.I8 I 1i0 I

Longitudinal Polarization Fraction (f.)
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B*—p’K™ and B*—>f,K™: Analysis

* Reconstruct p/fy—>nin,

K**—>Kgn* and K*n® K*"—Ksn" only
S
2o b
- ML fitto 7 variables: mgg, =% .
S0 :

AE, NN, invariant masses,
and cos(0)
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« Background: continuum +
9 BB categories.
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» Fit simultaneously for BF’s,
Acp'S, and f,

N-—N+
N-+N+

Acp =

" |cos(6.:7)]
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B*—>p'K™ and B*—>f,K™: Results [rrossosno @on)

B*—p'K™:
« N(Sig) =85+ 24 (Ksnt), 67 £31 (K*n?)
« BF= (46+1.0+0.4)x10° consistent with prediction

— 5.3 o significance (incl. syst.) — first observation
* Ap=0.31+0.13+0.03
« f,=0.78+0.12+0.03 larger than other pK* modes

B+ —f K™*:

. N(Sig) = 69 % 14 (K<t ), 91 + 20 (K*n)
. BF x BF(f,>nn) = (4.2 + 0.6 + 0.3)x10®
+ A.p=-0.15+0.12+0.03
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BO_)(pO/fO)K*O an d BO_) p_K*"' Preliminary Result

Ne
W
 Reconstruct p/f;o>nn, K¥>K* -, “Op,,
4

K** —>K*r

* ML fitto 7 variables: mgg, AE,
Fisher, invariant masses, and
cos(0) 3

< 100

M

« f,(1270)K™ events extrapolated
from m__ sideband

Events / 4

 Also measure scalar and tensor
K* states in a “high-mass” region
(not in this talk)
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BO—(p%f,)K™® and B°— p~K™:Results

Preliminary Result

First 5 o observations of B%— p=K™
0 *0 |
and B°—f,K™! (POl K E |

B(BY — p I{*+)

(10.3+2.3+1.3) x 107°

Events/ 12.5 MeV

fr(p”K*T) = 0.38+0.134+0.03
Acn(p”K*T) =  +0.21+0.15+0.02 >
p=
BB — p"K*) = (514+0.670%) %« 107° 2
fo(p"K*%) = 0.40+0.08 +0.11 g
A (p°K*%) = —0.06 +0.09 + 0.02 =

I | e
75 080 08> 09 095 100
my (Ge

:f(f[] — % ’.rTTT\J :r#;]_rﬁ OIS
= (5.74+0.6+0.3) x107°

B(B® — foK*) x L

A (foK*) =  +0.07+0.10+0.02 .
« Experiment: s, (oK) < fL (0" K0 < frL(ptK*0) < fr (oK)
« QCDF: fL(p"K*) < fr(ptK*%) < fo(p” K*7) < fo(p"K*T)

More precision needed to really test Exp/Theory
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B—¢pK: Motivation

B—¢¢oK and B—n,(—¢¢)K can interfere at m,, ~ m(n,):

Tree Interfere with Pengum
each other
B - \ § 0
\—LLLLIW< \Q%%(s (I)
u :I K*

In SM, tree and penguin carry (approx.) the same weak phase
— No significant CP-violation in SM

New physics in loop of penguin diagram could have different CP-
violating phase
— Large direct CP-violation possible!
* (Hazumi, Phys. Lett. B 583, 285 (2004) ).
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m, (GeV)

B _)(I)(I)K Bac kg rounds PRD 84, 012001 (2011)

« Peaking backgrounds from B> ¢KKK, f,KKK, and 5K
* Measured in sidebands in m,,—-m,, plane.
* Extrapolated into signal region based on MC m,,—m,, distributions

l‘2 I i T T T I. .I T I.'I Il Ll T T hi
[ S | "y
1150 e ]
i -~ © '
- .'- . .
L1 ot g
. .| :

- ."} . o';' - . . a
1051 4% 4. . A
- o*:.i' d s -

R B A ]
S M L. Lt
1 1.05 1.1 1.15 1.2
m, (GeV)

Brian Lindquist Charmless Hadronic B Decays with BaBar 11



B _)(I)(I)K Results PRD 84, 012001 (2011)

- ML fit in mgg, AE, Fisher, my;, m,, -
y For m¢¢<285 Gev A 83 s.zi S 91 005 0 005 01
~ BF(B*->¢¢K")=(5.60.5+0.3)x10°% o o
— BF(B°—>¢¢K?)=(4.5+0.8+0.3)x10® : | 15|
— Acp(B*—¢dK*) = -0.10£0.0820.02 e BY |2
HJ 93 HHL £vsm 91 005 0 005 o1
* ML fitin bins of m,, \ e o e
— 60— R T
3 sl T, 1T zopm
§ 40;_ nc | SMHHHL _in_ =
*  Acp in n, region (2.94<m,,<3.02): S a0 H 0 *Fm .
— Agp = -0.09+0.10+0.02 s ]
= 10 mg, (GeV) ]
Consistent with SM 5 OfHH*‘*J *++++rﬁ_._h,_._“ E
2: B S B ¥ E—Y (GV)S
mM (S
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B0 K*rr®: Motivation

‘K puzzle”
* Naively, we expect:

— Acp(BY—>K*) = Ap(B*—>K*nY)
« Experimentally, we find:

— Acp(B*—K*n®) = 0.050 + 0.025

— Acp(BO—K*m) =-0.098 + 0.012

* Is there a similar “K* n” puzzle?
« Measure BO—>K** -

5.3 o difference!

Color-suppressed tree,
EW penguin — SM or NP?

DO(non-interfering)
/

K0(892) 25

* Many resonances interfere —

* Full amplitude analysis accounts for
interference between resonances

K**(892)
K™ S-wave
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BOoK*r % Anal ySIs PRD 83, 112010 (2011)

« Large backgrounds: continuum + 19 BB background categories
« ~10% of signal events misreconstructed — explicitly modeled in fit

« Amplitude model with interfﬁrence:
A(TTLK—I_?T_???IK-l'WD) — Z Ciﬂ(m}{+:rr_!mf{+ﬂn)
i=1
e.g. relativistic Breit-Wigner

Complex coeff. (fit param.)

SRR REREN RRRRE R EEREN RN RN RS
1200 F : .
+ 3670 signal events:
1000 - t i -
e * * =
— o
=4 S
- 2
K m
0
5.275 5.28 , 5.285 2 -15 -1 05 0 05 1 15 2 0.6 0.7 0.8 0.9 1 11 12
my (GeV/c?) AFE NN
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BOoK*ntn® Results PRD 83, 112010 (2011)

L L L B B B Frr T T ML UL I I I I I I

450 C *+ ] - . -

* 300 K™(892 E 500 770 7

o b K 0(+892) < (892) 1 2% p(770) :

N = 250F 1 = - ]
2, 350 > : > 400
E E 200 F E -
S K*O S =} r S 300
3 " Y. 3 200f
§ § 100E § _
m A sl @ 100¢
0t 0

06 08 1 12 14 16 18 06 08 1 12 14 16 18 02 04 06 08 1 12 14 1.6 18

m,.,. (GeV/c?) my., (GeV/c?) m,, (GeV/c?)

.+ BF(B°—K*rn?) = (38.5 + 1.0 + 3.9) x 10®

¢ Acp(K*) =-0.29 £0.11 % 0.02 So

« When combined with BO—>Kgn*n™:
— Ap(K**m) =-0.24 £ 0.07 + 0.02
— 3.1 o evidence of direct CP-violation

I
-0.6 -05 -04 -03 -02 -0.1 -0 0.1

Agp(K (892)")
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B*—>K*roz%: Introduction Preliminary Result

« B*—>K™n% can provide another piece to
K*r set of measurements

° + *+..0) = 0 *tr) ?
IS Acp(B*™>K*1%) = Acp(B*—>K*'m) * N(sig) = 1220 + 85

BABAR

preliminary

« World’s first inclusive B*—K*rox0
measurement:

— BF=(16.2+1.2+1.5)x 10
— Agp =-0.06 + 0.06 % 0.04

200 £

- 14 .
1001 R
R DS -

L . S

Events / (1.3 MeV/c?)

S
mg (GeV/c?)

« Two n¥’s lead to large fraction of
misreconstructed events — full Dalitz
plot amplitude analysis difficult

« Measure resonances in a two-body
fashion

Events / (0.040)

NN

out
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B*—>K*r'n?: Resonances Preliminary Resul

Plots signal-weighted using “sPlots” method

K+
(.q"'\300_ T - T T 1
O - -
S @ BaBar 1
& 200} .
a9
8‘100_
= B
= OF
G.) =
= 100% . : -
) 07 08 09 1 1L
my., (GeV/c?)

r.\/l""'\ : """" "O""I""I""I: IIIII . o N

0 i ] - [ T VCU T ™

= 300 (b) ﬁggg - e | ©) BABAR -

8 E E z 100k , prellr:mnary 7
200 .1 2 -
s k| ) S )
ELO’O_— : —LE = 50% T
§ 0: ES A G T ““'2 lw ..................................

5 FTE T I R i

I ISR S NSNS R Y .|. ...... J:] T T T

0.8 09 1 1.1 1-22 335 34 345 35

m_,, (GeV/c?) m_. (GeV/c?)

« Measure K*n0, f,K*, and yK*

e Contributions from nonresonant K*n%z® and other resonances
extrapolated from m__ and m, . sidebands

BF Acp

Bt — K*tgV
B — fo(—
BT — yoKT

0

ih

) K+

(82£15=+1.1)x 105 —0.06 £ 0.24 £ 0.04
(2.79 = 0.57 = 0.51) x 1076 0.18 = 0.18 = 0.04
(182 £ 78 £32) x 1076 —0.96 & 0.37 % 0.04
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Summary

« Charmless hadronic B decays provide a wealth of measurements
(Acp, polarization, etc.) that are probes of new physics

 We measure:
— Polarization f, in p°K™, p=K™, and p°K™
— Acp =-0.09+0.10£0.02 in n region of ¢pHpK*
— 3.1 o evidence for direct CP-violation in BO—K**r-
— BF’s and A.p’s for resonances in B*—>K*n0r®

» No clear evidence for new physics, but “polarization puzzle” and
“Kn” puzzle need better understanding

« Many measurements remain statistically limited

* The future lies with LHCb, Belle-Il, and SuperB!
— Belle ll/Super B expect ~100x statistics of present B factories
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