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Polarizationin B > VV

* Three amplitudes.
* Helicity basis:

— A, (longitudinal: A,;=\,,=0) <O __ O -

— A, (transverse: A;=A,= +1) <_<*® —@— @»_»
— A, (transverse: A;=A,=-1) 4—@ _9_ ]
— —

* Transversity basis:

A A _ A+1+A_1 A — A+1_A_1
0 /T 1
A2 A/ 2
CP-even longitudinal CP-even transverse CP-odd transverse
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Polarization puzzle

* Naive expectation:
Ay~ 1 >> A, ~my/mg >> A~ my%/mg?
orAy~1 >> A, ~ AL~ my/mg
* The naive expectation is not (always) verified
experimentally (in penguin dominated decays).
* Several possible explanations (cf. A. Kagan’s talk):

— Within standard model:

* Penguin annihilation
* Rescattering

— Outside standard model.
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Angular distribution

d3l / dcos6, dcosB, d® ~

‘ = AP
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* to measure: au(fr, fon,o)x [ N L A\ = Im(AAn
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Angular analysis

e Partial angular analysis:
— Integrate over @, use only 6, and ©,.
— Measure f,.

* Full angular analysis:
— Use the three observables: 6, 6,, and @.
— Measure f, f1, ¢, ..

— Other parameters may be measured:
* overall phase o, .
e direct CP asymmetries:

ﬂL)ﬂJ_) Ad)//; Ach_) A6() .
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B->pp

* Tree diagram dominated decays.

— higher penguin fraction in color suppressed mode
B% > p% p".
» f, ~ 1 as expected for B® - p* p-and B* - p* p°.

B(p'p)=(22.8+3.823)x10° B(p*p ) =(255+2.12%)x10°°
f (p"p)=0.94102 +0.030 f (p"p)=0.992+0.024:3%%
B(p'p°)=(31.7£7.1"°467)x10"°| | B(p"p°) = (23.7£1.4+1.4)x10°°

535M BB 383M BB

85M BB 465M BB
f (p"p°)=0.95+0.11+0.02 f (p"p°)=0.950+0.015+0.006
ss7v1 salB(0°p°) <1.0x107°(90%CL) B(p°p")=(0.9+£0.3+0.1)x10°° 465M BB
S »Y PRI 96, 171801 (2006) f(p°p’)=0.757;,£0.05
QBHELED PRL 91, 221801 (2003) PRD 76, 052007 (2007)
PRD 78, 111102 (2008) PRL 102, 141802 (2009) |

2 © Notvana, All Rights
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B> wp

* Also tree diagram dominated decay.
* f, ~1also.

S —
§10Q "‘z
2 sof 5
E = . S -
5 Gﬂl.;fli 'D.TT"ﬁ CI.IT"B {].1;30 {;ISTZ
s
S _ B(wp*) = (15.9+1.6+1.4)x107
:fj*zu; M— ignal  [f(@p")=0.90+0.05+0.03
ot I™ background | B(wp?) <1.6x10°°(90%CL)

b->c background
PRD 79, 052005 (2009)
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B® > ¢ K*©
* Penguin diagram dominated decay.
* f,~0.5andf, ~fL.

B(#K™) = (10.0"18:37Yx10°° B(#K™®)=(9.7£0.5+0.6)x10°®
P ») |t (#K™)=0.45+0.05+0.02 f (#K™) =0.49+0.03+0.01

<O

BELLE

275M BB 465M BB
5,(#K™)=2.82+0.15+0.09
A (#K™)=0.13+0.12+0.04 A (JK™®)=0.01+0.07£0.02 | ]
A (#K™)=-0.20+£0.18+0.04 | |A (JK™)=-0.04+0.15+0.06
Ag,(#K™)=-0.32£0.27£0.07| |Ag,(sK®)=0.2240.12+£0.08 | - CP
Ag, (#K™)=-0.30£0.25+0.06[ |Ag, (#K™)=0.21+0.13+0.08 eymmenes
PRL 94, 221804 (2005) AS,(#K™)=0.27+0.14+0.08
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B+ 9 ¢ K*+

* Penguin diagram dominated decay.

« f,~0.5andf, ~fLasfor B > ¢ K*.

B(¢gK™) =(6.7"%27)x10°° B(¢gK™)=(11.2+£1.0+0.9)x10°®
g »y |f (K™)=052+0.08+0.03| |f (#K™)=0.49+0.05+0.03

<O

BELLE

275M BB 384M BB

PRL 94, 221804 (2005) So(#K™)=3.07+£0.18+0.06
A (fK™)=0.174£0.11£0.02
A (K™)=0.22+0.24+0.08
- |Ag,(#K™)=0.07£0.20£0.05 | CP

§ N asymmetries
| 1 |Ag, (gK 7)=0.19£0.20+0.07
b background 5 % AS,(#K™")=0.20£0.18+0.03 | |
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B->K*p
Penguin diagram dominated decays.
* f, ~ 0.5 like ¢ K*.

B(K®p")=(8.9+1.7+1.2)x10°%| | B(K®p*)=(9.6+1.7£1.5)x10™
FOMBE e (K70 p*) = 0.43+0.1170% £ (Kp")=052+0.10+0.04
N 232M BB
657M BB |B(K™p°) <3.4x107°(90%CL) | | B(K™®p")=(5.6+0.9+1.3)x10°
D f (K®p")=0.57+0.09+0.08
e PRL 95, 141801 (2005) ( P 0) B
BELLE PRD 80, 051103 (2009) B(K "p") <6x107(90%CL)
B background B* > K*? p* B(K™ ™) <12x10°(90%CL)
2 z . PRL 97, 201801 (2006)
ﬁ g 40 i S Iy —
) E'/ N & & //
=z 2 R Mo0STTTTTTTT
‘E 5 20 DT OT ||II :\_ |
i SIRL VAP S el m | Ja =
‘Ez : 5225 25 ; <l 7-=‘ 83 9 0 0.2 '*':] O 5 10 15 20 ‘-o—'_] 0 ﬁ 10
T M, GV background / AE (Gev) signal BR(B'— K'p") (10°) BR(B'™> K"p") (10°)
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B-> wK*

Penguin diagram dominated decays.

* f, ~ 0.5 like ¢ K* and p K*.

657M BB

D

<O

B(wK™)=(1.8+0.7"05)x10°| | B(wK™)=(2.2+0.6+0.2)x10°°
f (wK™)=0.56+0.29" f (0K®)=0.72£0.14+0.02 | 4654 BB

o v
PRL 101, 231801 (2008) B(wK™)=(2.4+1.0£0.2)x10
f (0K™)=0.41+£0.18+0.05

S 207 S (o PRD 79, 052005 (2009) = L.
'““‘-E = 201 =
= 10 —t =
O - )
> L1 - L |
0 = — = I e e e S "~ transverse
Bl 0 S I i P
10 | | | | | | | | \ longitudinal
0 02 04 06 028 1 -0.8 -0.44 -0.08 0.28 0.64 1
lcos 0, cos B«
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B - K*K*
* b to d penguin. I

seenbyBasARbutnot )

by Belle. 0.6 k
. £ larger than in b to's e
. 0 0.5 1 1.5 2 2.5
p en g uin mo d es. e Branching Fraction (x 10°)
B(K™K ') <0.8x10°(90%CL)| |B(K™°K )= (1.3+0.3+0.1)x10°®
T 383M BB
f (K™K )=0.80"%+0.06
D 657M BB =0 L
B prpsi, 071101 2010  |B(K K )=(1.2£05£0.1)x10
BELLE «p 7,0 +0.16
fL(K"K )=0.75", £0.03 467M BB

PRL 100, 081801 (2008)
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B > d K*,(1430), $ K,(1270)

k -

* B>V Tdecays (¢ K*,(1430)): Z | - (1430)
—f,~0.9 and f~0.0 unlike p K*. &'

B > V A decays (¢ K,(1270)): 5 5

1.2 :

—,~0.5 like ¢ K*. o
S m.. (GeV)

B(¢K,")=(75+£0.9+0.5)x10°

background
f (#K,°)=0.90"% +0.04 . e
= 2 50} K(1270) +
. Y :
B(#K, )=(8.4+1.8+1.0)x107°| #09MEB g Gt ]
fL (¢ K2*+) _ O.8Oi8§-)g i 0.03 m;* i 5 C L

. s . "2 T4 16 1s 2
B(pK,)=(61+16£11x10" | ppp 78 092008 (2008) ~ Mirr (GeV)
F(FK,") = 0.467012008 PRL 101, 161801 (2008)

-0.13-0.07
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B 2 w K*,(1430)
@] B> V T decays.

200
150 * £~0.5
> [ A ' .
2 PFas s — like ¢ K*, p K*, w K*.
R peid O — but unlike ¢ K*,.
IR S e —
5 B s 0
0 1% B(wK,®) = (10.1£2.0+1.1)x10°®
1004, 3 f (oK,”)=0.45+0.12+0.02
: . . 465M BB
ALK* —sgEA N el B(oK, )= (215+3.6+2.4)x10°
origon) AE N f (0K, )=0.56£0.10+0.04
yaar ‘.U 12 14 \
background (i) TKr (GeV) PRD 79, 052005 (2009)
0
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B->a,a;

Important to study also AV

and A A modes. SE  s65mBB

B - a,"a, isthefirst AA B(a,"a, ) =(47.3£10.5+6.3)x10°°
mode to be measured. f (aa )=031+0.22+0.10

PRD 80, 092007 (2009)
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September 8, 2010 G. Vasseur, CKM 2010 15



Summary

Polarizations of Charmless Decays

HFAG
August 2010

pK3(1430)*
(1430)"

SK 7 (1270)
QI
0
| wE3(1430)°
—_— WK

E—————— WK
———— =

——lL

— New Avg. + 0
—— Belle = Ns”

—e— BABAR

0.2 0.4 0.6 1.0

Longitudinal Polarization Fraction (f.)
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1.2

* f large (~ 1)
—pp, wp (tree VV),
— K* K*
(b—>d penguin VV),
— o K*, (VT).
* f smaller (~ 0.5)
— ¢ K*, p K*, w K*
(b—>s penguin VV),
—wK*, (VT),
— ® Ky (VA),
—a, a, (AA).
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Conclusion

* Many V V channels have been measured.
— Also measured VT, AV, and A A modes.
— Full angular analysis for ¢ K*.

* There are still several polarization puzzles.

* Future:
— B, - V V decay modes (Tevatron, LHCb).

—very rare VV modes likeB>d b, d p, ...
(super flavour factory).

September 8, 2010 G. Vasseur, CKM 2010

17



