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Talk Overview

# Introductionto B — V'V decays
s Decay dynamics, CP violation & polarisation

# EXxperimental techniques used
s (Mainly BaBar)

#® Results
s B — V'V tree dominated decays
s B — VV penguin dominated decays
» Polarisation
s (C'P asymmetries

® Conclusions

Thanks to: A. Gritsan (LBL) and J. Zhang (KEK)
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B meson decays to two vector mesons

# Can reveal underlying spin structure (e.g. B — ¢K™):
B @; ¢
A AL A_
woo _ KCHECDED

d

# Helicity amplitudes: Ap A, A_
# 11 observables (B and B): 6 |4;|, 5 arg(4;/A;)

® Compare to: pK* 2 observables: |A|, |A] )
oK? 3 observables: |A|, |A], arg(A/A)




Angular Distributions

# Basic Quantum Mechanics

_____________

43T

Z Am X Yl,m<917 (I)l) X Yl,—m(927 (I)Q) ’ ?

d cos 61d cos 0,dP m=—1,0,1

1
X { 1 sin® 0 sin® 0y (JA4|* +|A_|?) |+ | cos® 0 cos® O] Apl?
transverse longitudinal

1
+§ sin? 6, sin” 65 [COS 20 Re(AL AT ) —sin2® Im(AJrA*_)]
1
+Z sin 260 sin 265 [cos ® Re (AL Ay + A_Aj) —sin® Im (AL A — A—AS)]}
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CP V|olat|on iNnNB —VV

B (matter) B (anti-matter) 7
//// \q)///// /I/’/
A 91;<’Kf e
) B
ST
K
2 2
® Direct asymmetries (rate): | Ao 7& | Ao At A
- - AP A AP Ay = ==
o sin Adgw sin Adstrong ) ) Af A
AP # AP A = H
V2
® “Triple-product” asymm. G. Valencia, Phys. Rev. D 39, 3339 (1989)
<€1 X €9 - p) A. Datta, D. London, Int. J. Mod. Phys. A 19, 2505 (2004)
o sin Adgw €08 Alstrong I (AL AY) —Im (A, A*
Im AJ_A —Im AJ_A S

Adpw #0 <= —Qﬁf ‘éﬁ

Philip J. Clark, University of Edinburgh — p. 5/27



Polarisation puzzle

® SM:gWH —5=X =45 g—s5 =\ =25, A\ =TF3
A. Ali (1979), M. Suzuki (2002) Ag ~1, > A ~ % > A~ Z;i

S

S

S

d—  d

® Surprise ¢ K*t and ¢ K*0: Ay ~0.5 Phys. Rev. Lett. o1, 171802 (2003)

#® New Physics? new SM amplitude? Re-scattering?
Y. Grossman, hep-ph/0310229  A. Kagan, hep-ph/0405134
W.-S. Hou et al.,hep-ph/0408007 P. Colangelo et al., hep-ph/0406162

#® Broad B — V'V programme required
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B-decay Analysis at T (4S5)

® B reconstruction

s Mass - BaBAR | BABaR Sontrol
< [ Control Sample |} ol | g0 Bn i
s Ener _ S | h |
-gy E BO_)D.’-[+ ézoo s § B—>X1T+_
s Particle ID 7=t | . -

. s [ 4 100
s \ertexing “| background | | )

2 ////’//,/////mv',.,-m-

o COﬂStraIn T(4S) — BB 520 m(/2 530 0.15 AE_ (GeV) T 015

B —plp
s Beam momenta
o Beam spot
# Using other B

s Event shape - e
s Thrust

s Multivariate £ (Fisher/NN)
s B flavour tagging, vertex (At)
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Maximum Likelthood Method

o Estimate parameters (e.g. ng,) With B — V1 V4
fj — (mES1 AE, 51 mV11 mV21 911 921 (1)1 QB;{AtiQtag)}'

Neomb
= exp ( Z"M) H eXp (wj In (Z ik Pik (T 07)>>
ik

g=1

P@,k(fj) = Pi1 (mES) °7D’i2(AE) 'Pz'B(g) 'Pi4(mV1)'7Di5(mV2) '5kQ
and angular part with acceptance ¢
X Phel(@b (927 {(I)}a kaa {fJ_k7 ¢J_k7 ¢Hk}) X g(ela 927 (I))

. A + 2 + A + 2
® Measure: i+ = % fi* = ﬁ

A + +
of =arg(5x) 0. =arg(5x)
construct asymmetries Al p

Philip J. Clark, University of Edinburgh — p. 8/27



a1(fr) X

ag(fr)x

a3(fr, f1)x
aq(fr, J1, 01, 9))X
as(fr, f1,9))X

o6 fr, [1,01)X

A
A

A
A
Y

A

;

\
4

T
:
:
: :
XA I

i
\

\

\

\k
X

cos 04

cos 0o

:

Angular Observables

= |Apl?

AP A L2
JAp[2—]AL?
= Tm(AL A7)

=Tm(A| A7)

xacceptance




Some angular distributions

# Example of ideal PDF:
s Integrated over ¢

® Almost uniform acceptance .- |
with particle momenta > ] ‘
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B — V'V “Tree” Decays

arp -1 —|— ac-C  + Ozp P

“Tree” j [ Pengum
—i ’ W
w, d w,d wu,d = u,d wu,d u, d
<
B decay ar oo ap B (1079) fr Npgg(10) S
9\
p~pt(BaBar) | V2 0 V2 30+4 +5 0.99 4+ 0.0310 03 89 =
p’pt(BaBar) | 1 1 0 | 225727 £58 | 0.977503 4+0.04 89 £
p’p T (Belle) 1 1 0 | 3174711533 | 0.95+0.11 4 0.02 85 3
0%0MaBar) | 0 1 -1 < 1.1 (90%) - 227 (new) |
3.7 10.12 =
wpt(BaBar) | -1 -1 2 | 126755 £1.8 | 0.88T)12+0.03 | 89(new) | E
wp?(BaBar) 0 0 -2 < 3.3 (90%) - 89 (new) | £
»¢p(BaBar) 0 0 0 < 1.5 (90%) — 89 (new) | !
=
()
c

® /o, p%T, wpt: large decay rate with “tree” (compared to 7)
® Confirm f;, ~ 1 = CP-even eigenstate p—p+

O %Y wp®: small “penguin” = good news for sin 2(a/po)
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New Results for B® — pp° and wp’

#® BaBar B — pp phys.Rev.Lett 91,171802(2003), Phys.Rev.D69,031102(2004)

o New improved p%" technique, sensitivity, statistics

Preliminary
nsig (p°0") 331@%
UL (90% CL) <1.1x10°°
B(x107%)  0.547055 +0.19
Eff 27%
Npg 227 x 106
Preliminary
Nsig (wp”) 4.3755°
UL (90% CL) < 3.3x10°°
B(x107%)  0.6713+04
Eff 9.3%
Ngp 89 x 10°

® Both p’p" and wp' set tight constraint
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BaBar observation of BT — wp™

® B — wp' complements p’%™ and pp T, large B and [,

18.5 S T B -
Nsig (wp ™) 57.77 165 g7 | | g
+0.12 o | ‘ ‘
f_L | 0.887 ;= +0.03 A \
signif. 470 : “ H‘ “ | H :
B(x10-°)  12.6%37+18  Soo e oyt | Y
Acp 0.05 & 0.26 + 0.02 RIS "".I;.'T"‘m"l ]
Eff 4.8% ! [
_ 6 L ‘ i
Npp 89 x 10 %2 5.;2 5.;4 5.;6 5.I28
m . (Gevic?)
TNES
i N | o9
EE 10—1_ + ] ’ 0.8 [
071 L\ 1o 2030
08 Mp‘1 (Gevic) (Gtsf ) 0.5
; F 3 0-4_ ......
;ZE E T o3
EEZE:HP :E % 0.2—
Zz? :E 600 E 0.1
= background 1+ = background £ [ AP N I Y B P B D B
2001 = 2001~ = -5 0 5 10 15 20 25 30 35 40

o,
i

@

©

B

Branching Fraction (10 )
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B — VV “Penguin” Decays

Ckp P/

T/

-+ ac - C’

“Penguin” {Z; f ﬁ “Tree”

u,d w,d wu,d u,d wu,d u,d
B decay ap ar  oC B(1079) fL Npgg(10)
¢»K*BaBar | /2 0 0 9.2+0.9+0.5 0.52 4+ 0.05 +0.02 | 227 (new)
»K*OBelle V2.0 0 10.0 118 107 0.52 4+ 0.07 £0.05 | 152 (new)
¢K*tBaBar | /2 0 0 | 12.7 jg_g +1.1 | 046+0.12+0.03 | 89
pK*TBelle | V2 0 0 6.7 T3 £0.3 0.49+£0.13+£0.05 | 152 (new)
p? K*OBelle 1 0 -1 < 2.6 x 1076 — -
pP’K*tBaBar | -1 -1 -1 | 106739 +24 0967092 +£0.04 | 89
p~K*°BaBar | V2 0 0 |17.042.942.079:9 | 0.7940.0840.04+0.02 | 89 (new)
p~K*Belle | V2 0 0 6.6+2.20.8 0.5040.19 1902 152 (new)
p”K*tBaBar | -vV2 -v2 0 < 24 (90%) — 123 (new)
wK*OBaBar 1 0 1 < 6.1 (90%) — 89 (new)
wK*TBaBar 1 1 1 < 7.4 (90%) — 89 (new)

(new) = Preliminary Summer 2004
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BaBar Observation of BT — pT K*9

® B — pTK*is a“pure” penguin like gbK*

o RS AR RN RN AR ~ L ™ = = B B BB R
+23.4 N ] 3 18A :
nsig(p+K*O) 141.0755°3 ¢ - mES 1% E BBR -
q) : : r PRELIMINARY 82 fby b
fr 0.79 = 0.08 = 0.04 = 0.029 = 12w E
. . o o uf =
signif. >50 § 20?] ] 13 E
()] C
B(x1079) 17.0£29+201g 394 M MM J 1
' c - LIL T — 6 .
Acp ~0.14£0.17£0.04 & *THITTETA i O AR
m [ g — A8 BT e LT
£y I ] e
gff 9.4% 6 G:“‘lH“l““l“ﬂﬂlkkkklx“‘]“Axl;";’“:‘u i“uluumAuxHHxT‘JmHH‘H‘
N BB K89 x 10 521 52 52 52 5% 5% 527 528 52 05 01 006 0 006 01 05
M. (GeVic) AE (GeV)
T o T Nﬁ ; l_l T T T T T T T T T T T T T T T l_
L = c B ' ]
?3 S - ]
8 s < 0.9 —
o F N C ]
il S - §
g : oL | e e e s L ey A CRR SRR =
i oor i
] £ < - -

ot4o‘5 mo‘.em‘oi7‘m0‘.a‘mo‘§ T 1‘1 o oﬂa ‘ o.‘as ‘ olg ‘ ogs 1 = 0'7- .

p* Mass (GeVic?) K™ Mass (GeV/c) _g B ]
TTTE uf 3 2 o6 =

:" PRELI ARY 82 fb™* 50} F’RELIM RY 82 fb™* C : :
30k F o B -

A 40p COS 9 -1 05+ PRELIMINARY 82 b —|
20f r i
10f 0-4:I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I:

o? 0 5 10 15 20 25 30 35

L e Branching Fraction(X10'6)

-0.8-0.6-0.4-0.2 0 0.2 0.402.2(06.8'('0)1 -0.8 -0.6 -04 -0.2 -0 0.2 04 CO(.)SS(Oe.?;)
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35F-
140 fb—! 3 o
S 25
Unbinned ML fit 2 1
> 10/
dE and mB only E i I e i s MU 1
E__ 1 I | L 4 O:\_\__\_J--\“T N PSR T N I
52 5225 525 5275 5.3 -04 -0.2 (0] 0.2 04
B — Ktnr gatxY M, (GeVv/cd)
® ngig 565+ 11.6 Tl :
D g = b E
Significance= 6.30 & : P
. % g_ + + 4 + ______ + ................... E‘
p & K* mass window & */+ = 7
p+K*O Nsig 26.6 £ 8.7 oo &8€K+ ;[0(; (Gl.;_s/cz)uo

S =320
fr =050 £0.19 F 2

B(BT — ptK*)
6.6 +22+0.8x 107
Efficiency needs to be understood.
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BaBar Search for B — p~ K*t & wK*

B decay pT K*T gy 0 WK* " et 0 g KO+ wK*0
+6.0 +8.7 +12.1
Nsig 58 + 19 5475 & 11.6755 26.17 155
UL (90% CL) < 24 x 1076 < 7.4%x106 < 6.1 x 106
B(x10~%) 16.3+5.4+2.3709 3.5750 £0.7 34717404
Eff 2.9% 4.7% 7.8%
UL with f7, = 0.7 0.9 0.9
Ngp 123 x 109 89 x 106 89 x 10°
p_ K" WK WK
|} BB | o | B
z [ = S 0-
u : L
S ! TA
i if @ 10 A\
IR INAY
| | T :
&éi”“”‘5‘.‘2‘3‘“““5.‘25”“”‘5.‘2‘7”‘ 79 %2 sz 5.24 5.26 (5.25312) 52 15.122 5.;4 | 5.l261 (5.;?12)
mﬁ%(GEV/Cz) mES m . (Gevic mES m_ (GeVic

# Upper limits and hints of a signal
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BELLE search for BY — p°K*9

- 10¢

140 fb—1 6 9
D 5 T s

Unbinned ML fit = = 7
N - | — il

dE and mB only g 3 | @ Z
. 1 c -

B— Kt ata— 2 2j i ]WJ o 3
1 ~t1 I = 2f

+4.9 il { I Yo

9 Nsig 14.5 _4:2 0 A J R OE
52 5225 525 5275 53 0.

Significance= 50 M, (GeVic?)

10— T 10F |
M(rm)and M(Km) 9 o
8 8|
pOK*O Ngig 0 £ 5.2 3 7 7F
2 o
<2.6x107° o 2 g
7 | F
foK*0 Ngig 10.2 fi:i £ 4 af
i o
Ass. fr, =1.0 2 2
1 1f
O -

adagertty | - 1] | O 1 !
0.6 0.8 1 1.20.6 0.8 1 ) 1.2
M (T'T7) (GeV/c?) M (K *T7) (GeV/c?)
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HFAG
(ICHEP 2004)

—— CLEO —— PDG2002
—— Belle —— New Avg.

—— BABAR

i 00
_

HFAG
AUGUST 25th 2004

e

-—

KKt

I WwK*t

' wp

E K*-i-pO

ptp’

!
50.0

100.0

Branching Ratio x 106
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BaBar - B — ¢ K*Y
10 measurements (BaBar Winter 2004):
s n;—;g = Ngig * (14+ Acp)/2
s fi=fo-(1+A%p)
s fT=f-(1+A5)
s ¢ =) £Ag
s g1 =0, tAp +5+7
With 227 million BB (Summer 2004):
o Ny, =201420+6

Float S-wave K K (f;) and K«

Derived Triple-Product Asymmetries:

+ A+ — A
. AH’O 1 Im(AJ_A“’O) n Im(AJ_A”,O)
2 sAR2 S| Am|?

Philip J. Clark, University of Edinburgh — p. 20/27



events/ 2 MeV

BaBar B — ¢ K*° Projections

® Projections with Pge/Prke > C (K — KTn—, ¢ — KTK™)

60

@

(=]

T T
3]
=]

| BaBAR

' BABAR
0 ' /

o
=}
T

IS
o

>
0 %
S Q N L
L - OF ~
@ 2 |
GC) 20 O
20} S q>) 2ok
)] L
10~
0 : 0 ol——-
5.2 . . -0. . 0.75 0.85 0.95 1.05 0.99
m,. (GeV)

20

©
T

- 12 —

events

A~
T
|

N(evlerllts) T
NH1H2>0 - NH1H2<O
T
7 _
vy :
o
!
S
S

S
T T
|

0 0 O U R R

1 0 1 1 0 1 -180 0 180  -180 0
cosf, cos6, Q - ® (degrees) () - O (degrees)
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Polarisation in B — ¢ K*Y
=~ BABAR

Summer 2004

B — ¢K*

T B — pp
- & N\ T4\

0.00 - 0.25 - I0.50I - I0.75I I
fr = Aol*/E| AN

» Observation: |Ag|, [AL], |4)| >50 each

s [; =0.52=+0.05+0.02
o f| =0.2240.05+ 0.02

fr=1ALP/E|AL

® Observation of phases >3¢0 BABAR R0, g jc+0
s ¢ =2.34 T3 £0.05 (rad) '
s &, =2.4740.2540.05 (rad)

arg(A/Ao)

¢L =

® |Ag| > |A+| strongly violated /
s |AL| > |A=| consistent A
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BaBar CP Asymmetries in BY — ¢ K*°

# Direct-CP measurements MBABAR ----------
o Acp = —0.01 £0.09 £ 0.02
s Alp=-0.0640.10 £ 0.01
s ALp =—-0.10+£0.2440.05 =

-4

No=o — NQ<0
(@)
l
=
(@)
NQH1H2>0 - NQHlH <0

#® \Weak-phase difference g i t0 155
Q- ® (degrees)
s Ay = 02792 £ 0.05 (rad) BABAR 0 . g0

Summer 2004

s Ad, = 0.36 % 0.25 4 0.05 (rad)

# Derived triple-product asymmetries
o Al =-0.0220.04+0.01
s A% =+0.1140.05 £ 0.01 |

® New Physics if A; # 0 ™ L {arg(Ay/ Ag)-are(4)/A0)}
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BELLE B° — ¢ K*° Results

Analysis method uses “transversity”

> 10 F o g0 k@ e 70 F z0, K*
5602_(a)B oK 2605- . KAk tr
o 50 F 0 50 f . M
» 40 b % 40
Yook @ 20
10 £
2 1o OF
= >k
10 = 30F 30
o w0 25 F
2 S 20F 20
o S 15 F ;
- @ 10 10 -
0:.I....I....I....I....I-- 2 .|.|.|s |-+-|-+-||
-0.2-0.1 0 0.1 0.2 5.2 5.2255.255.275 5.3 0-1 0 1-1 0 1-2.5 0 25
AE (GeV) M, (GeVic?) cos0,. cos, @,
dK*0 dK*T Combined
|Ao|2 0.52 = 0.07 & 0.05 0.49 +0.13 £ 0.05 0.51 = 0.06 £ 0.04
1A |? 0.30 + 0.07 £ 0.03 0.12 7905 £0.03  0.24 4+ 0.06 + 0.03
arg(A)  —2.30+0.28+0.04 —2.07+0.34+0.07 —2.21+0.22+0.05
arg(A1)  0.6440.26 +0.05 0.93 7955  0.7240.21 +0.06

Philip J. Clark, University of Edinburgh — p. 24/27



BELLE CP Asymmetries - B’ — ¢ K*Y

D. London, N. Sinha, R. Sigha -
AJ_Z' = —Im(AJ_A;k — AJ_A;k)
S = 3(|Ax* — ’{U\_Q)
ZHO = RG(AHAS — A”AS)

#® (P measurements
® Y90 = —0.09+£0.06£0.02
s Yy = —0.10 4 0.06 £ 0.012
o >, =—0.01%£0.0640.02
s Yjp=—0.1140.13+0.04

#® Derived triple-product asymmetries
o Aip=A =—-007+0.1140.04
s A=A} =+40.0240.1040.03
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BaBar Observation of B — ¢ K*(1430)

® Observed 181 + 17 B — ¢K*(1430) events (>100)

® Tensor (J=2) or Scalar (/=0) B e
s Observation: |8 K

oK :"(1430)  (>100) Em | |
s angular distribution evidence for §
0K 39(1430)  (>30) :
# Polarization longitudinal (¢ helicity) °>)
» Obvious for B — VS % 10 1D L0 LR
. B — VT could reject some B — V'V, modele™
- BABAR ]

B K °(1430)

events
events

events/ 2 MeV

05.2 5.25 ‘5.3
Meg (GeV)
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Conclusions

# Broad physics with B — V'V decays
s large B and f; with “tree” pp, wp
s small “penguin pollution” from p%", wp
s f7 in between for pt K*0, pVK*+
s approach other “penguins” pK*, wK*

S
VY

# Many results with B — ¢ K™*:
s fr ~ 0.5 (puzzle since 2002); A | | >50

s ¢and ¢, : 3o possible FSI
s Acp, AYp, Ap: search direct-CP .

u,c,t

» A'} and AY.: measure triple-products
» Analyse B —Vector-7Tensor, polarisation

# Nature is showing something interesting
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