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Why Study B — Vector-Vector Decays 4

* Interest in "penguin” dominated modes, e.g. B — ¢K~

Standard Model (V-A): expected [|A | ~1 > |A,| ~ v s |A | ~ v

(A.Ali; M.Suzuki; A.Kagan,..) A=0 A=+1 mp A=-1 mpB
b—s S y A = Vector meson helicity
S
S
g
d —y "

BaBAR at Frontier Science {Oct.2002)

Sur'prise: for ([)K*+ and (PK*O, |AO|2 ~ 50% hep-ex /0303020, PRL 91, 171802 (2003)
|A0|~|Ai|, but |A+|>>|A_| or IA_|>>|A+| (7) Belle, PRL 91, 201801 (2003)

04, 221804 (2005)
* Possible New Physics in loop amplitude:
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if separate B and B:

12 measurements
s 6 |Ajl, 5 arg(A/A;), 1 phase




V-V ANGULAR DISTRIBUTIONS .

Bhasspin0= Ax+ = A\,

no orbital angular momentum projection

6, and 6, are the helicity angles; @ is the angle between the decay plane normals

* Measure amplitudes from the full angular dependence;
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Define Transversity Amplitudes

A=A+ 4)/V2
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00.75

Events / 15 MeV

B - ¢K™ and ¢K™*

Estimate parameters using Maximum Likelihood Fit

<=
f‘&‘?ih" 'Tj — {Tn'ES! AE! ‘-7:1- my, m‘ff?ﬁ “917 HE! (I)! QB}

(polarization, strong phase, weak phase difference, ..)

Full angular analysis in B — @K™ (possible since high luminosity
— enough data)

1 102 1.04 %55 57 529 o1 0.1

my, (GeV) m, . (GeV) 1115;?'{}6\?)

0
AE (GeV)
Significant (Kn),©: Kn S-wave (includes K"(1430)° & non-resonant)
- interference = resolve (¢;;, ¢,) mathematical ambiguity
cf. B — J/yKn (BABAR) PRD 71, 032005 (2005)
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Polarization and CP Results in B —» ¢K™ and oK™ |,

- 12 measurements
- 6 CP-asymmetries

consistent with O

new approach to CP
(weak phase of A*

arg(Ay)

fh}| ~ |-:L|_‘ =

A
arg(+A,)

r

£

)

Ay =(A £ A)/V2

parameter definition wl(*(892)° R (802) T
B ['/Tsotal (02 +0.7+0.6) x 107° | (11.2+1.0+09) x 107°
fL |[40|?/Z|Ax|? 0.506 £ 0.040 £ 0.015 0.49 £0.05 £ 0.03 — ‘fhl‘z = ‘4‘1+|2 + |4‘1_|2
fL |ALI?/Z|Ax[? 0.227 £ 0.038 £ 0.013 0.21 £0.05 +0.02
¢y — 7 arg(Ay/Ag) — —0.82 +0.14 £ 0.08 (rad) | —0.67 £ 0.20 £ 0.07 (rad)
b1 —m arg(A fAo) — 7 | —0.00 £ 0.15+0.00 (rad) | —0.45 £ 0.20 £ 0.03 (rad) g w % /, ]
fo —m arg(Apass/Ap) — 7 —0.36 £0.17+£0.00 (rad) | —0.07 £ 0.18 £ 0.06 (rad) I 40 :.:'1 ._-" :);“J;)
3 $
Aecp (I =IH)/Hr + 1) —0.03 + 0.07 +0.03 0.00 +0.09 + 0.04 ? H%A ﬂﬁaﬁ
0 AN
Abe | (f0 = D)/ + D) 0,03 + 0.08 & 0.02 1017 £0.11 £ 0.02 U ;i” (rai’n
Aép (FL— DL+ D) ~0.02 4 0.16 £ 0.05 +0.22 +0.24 + 0.08 5‘60_ ]
A (6] —&1)/2 +0.24+0.14 £ 0,08 +0.07 £ 0.20 £ 0.05 CjL ~ (-";)H | 40:'/-"‘"3..- :,r""""’“-?
Ay (67 — ot —m)/2 40,104 0.15 £ 0.08 +0.19 + 0,20 + 0.07 Al ~ A 20 fo*;' fm\
Adg (65 —65)/2 +0.21 4+ 0.17 + 0.08 +0.20 + 0.18 + 0.03 A+P > A ‘2 00""‘“"’"&1 3 %'f";g USRI
PRL 98, 051801(2007), PRL 99, 201802(2007) @ (rad)

@ = @1 correct solution

reject ambiguous solution
using the Krn mass dependence
of the S-A, relative phase
(Wigner Causality)



Vector-Tensor and Spectroscopy in B— ¢(Kr)°

100

Events / 20 MeV

1 1 1 | C:l:' 1 1 1 | 1 1 1

Vector-Tensor puzzle:

fl(eK™,) ~ 1
Vector-Vector:

Vector-Tensor:
[Ag[y/JAL[2 + AP

PRL 98, 051801 (2007) g,
PRD 76, 051103 (2007)

1.45 2.15
m, (GeV)
J¥ | 'mode B — | Branching Fraction (10°°) f1
O :;KS(MB[})_O 4.6 +0.7+0.6
17| pK*(892)" 924+0.7+0.6 0.51 +£0.04 £0.02
17| oK™ (t’s’)')]_ 11.2+1.0+09 0.49 £+ 0.05£0.03
1= | oK (1680) <35 (0.7749+£1.1) -
2+ ﬂ/\d,( 30)0 78+1.1+06 0.8515:96 4 0.04
37 ;(1780) <2.7(-09+14+£1.1) —
4+ \,,A;g(zohb) <153 (6.0748 £ 4.1) -




Observation of B® - K*°K* and )
Search for B® —» K™K

* Charmless penguin decay B% — K™K _ provide insight into the

uet b — d polarization puzzle
v ™, W W

s ouct 2

- test factorization models
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- could be used to help
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- Previous experimental results (BF): < 22 x 10-¢
(CLEO2, PRL 88, 021802 )

- BF theoretical predictions (0.16 - 0.96)x10~°

- Longitudinal polarization predictions

1 = 0.607032 (Beneke ¢t al.) NPB 774,64 (2007)

* B9 » K'9K™: SM suppressed decay
BF < 37 x 10-¢ (CLEO2, PRL 88, 021802)
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Channel KK KOk BABAR PRL 100, 081801 (2008)
Mg 33.57%] 2.7+33 1F .
ns 19 + 12 68 + 29 : T ]
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B —» VK*: Experiment-Theory Comparison

l’f]:"lr)-}:)'F + O:T'T" + CEC-C”

“Penguin” 3 - ; w b a Tree"
W . Y
5
u,d g wd u,d g u,d
ap ar oo Branching fraction L = |Au\2 / E|_\—L\|2 B (Theory)* | fr (Theory)*
(SU,) (107°) B\Bar BABAR (1079
oK3° NG 0 0 7T8+1.1+06 0.85370 06t +0.036
KO /3 0 0 0.2+0.7+0.6 0.506 + 0.040 £ 0.015 93714 0.4475-52
AK*T NG 0 0 1124+ 1.0+06 0.49 + 0.05 £ 0.03 10.1753%2 0.4570 5%
p K*° V2 0 0 0.6+1.7+1.5 0.52 4+0.10 +0.04 59757 0.5670 38
pTKT V2 V20 | <120 (54750 £1.6) | n/a (—018703%) 55755 0.6177 35
p KO 1 0 -1 5.6+09+1.3 0.57 £ 0.09 + 0.08 24735 0.22707%
PUK*T -1 1 -1 | <6.1(3.671F£0.8) n/a (0.9 +£0.2) 45731 0.8470-18
wK*? 1 0 1 | <42(24£1.1£0.7) n/a (0.717527) 2.0731 0407077
Wit ! 11| <34(06filLy n/a 24730 0.537038
KK | 2v2 0 0 1287030 £0.11 0.807015 + 0.06 0.670°3 0.697552

* Beneke, Rohrer, and Yang, NPB 774, 64 (2007)




* Polarization Puzzle:
flg| =~ |fl*‘ > |fl_‘

Al /AL 2+ AP
Ao \JIAL 2+ AP

SUMMARY

strong or weak interaction effect ?
in B - ¢K", oK™
in B — pK™0 (|A,[>>]|A_| or |A_|>>]|A,] (?))

in B > ¢K,"(1430)°, K*0K*
(not consistent with above)

(puzzle)

* Possible Solutions to Explain A,

B F b Ay Ao
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Annihilation mechanism

gluon to other quark
suppressed ~ 1/mp

cancel A, from usual penguin

Rescattering mechanism (FSI)

spin-flip heavy > 2GeV states

violates both |42 > |AL|?
and | AL ]? > |A_)?

no generally accepted solution
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Possible New Physics in Polarization

Scalar interaction violate | Ag|* > |A | > |A
Al
B é.o-.- "L =7")q
et i
p > AP AL AP
a(1+7")q
Supersymmetry
A_A,
B ¢ S| | = [Ag|? > [A[Z>|ALP
SR <l - e 10 1 ,..\r_Jl A
B (}Jt ( + ! )q
SL - —p
dR, e -
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