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B Decays to Two Mesons with Spin

e Three configurations of spin projectionsin B — V'V

Ano -~V __ 0_’

A @),

e 12 measurements (!)

complex amplitude A = (ViVs|H|B) = Agg + A+ + A__
Separate B and B: 6 |A;|, 5 arg(A;/A;), 1 phase
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Penguin B — V'V Decays

e Interest in “penguin” dominated modes: B — ¢, w,p + K*

K ap

Ago Ait A

b

e New Physics in loop amplitude: 12 measurements (!)

s A

Compare: B — m,1,¢,p,..+ K= 2 observables: |Ag]|, | 4| < Acp
B—1n,0, 7, w,..+ K" 3obs.: |Ag|, |Ao|, arg(Ag/Ay) < sin2Beg
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Spin Flip Suppression and Polarization Puzzle

e Standard Model (V — A): left-handed quarks (!)

C_?W'*‘—)g:})\g:—f—% g—)sg :}Aszi%,)\gzq:l

2
(A.Ali; M.Suzuki; A.Kagan,..) A() N]. > A_|_ ~ z—g > A_ ~ %;z
— e —
\l—l — l/ \l—l
—\ —\ =
d d o I == T

e Originally pointed for “tree” B — V'V decays, but:
— extends to “penguins” (above)
— we can apply to Jo > J; = 1 (not discussed before)

o ¢K*+ & gbK*OZ Ay ~ 50% BABAR at Frontier Science Conf. (Oct.2002)
BABAR, hep-ex/0303020, PRL 91, 171802 (2003)
Belle, hep-ex/0307014, PRL 91, 201801 (2003)
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Angular Measurements

e Angular distribution

from Quantum Mechanics

Ay = (A £ AL)/V2

0FOFJ1:J2:12

2

d3T ) ]
Ao+ A A__|° = Ay x Y (01,0) x Y M7 — 0y, —D
d cos 61d cos O5,dP o Ao+ Ay + | )\z::l A 5 (61, 0) 5" (m =0 )
, transverse longitudinal
X { 1 sin® 61 sin® 0y (|A41]? + [A—1)?) |+ | cos® 61 cos? O] Ag)?

1
—|—§ sin® 6 sin® 05 [cos 2@ Re(A11A* ) —sin2® Im(A41A*,)]

-I-i sin 201 sin 202 [COS P Re (A_|_1A3 + A—1A3> —sin ® Im (A_|_1A(>; — A—lAS)]}
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a1 (fr) X

as(fr)X

as(fr, f1)x
as(fr, f1, 01, 0))x

as ([, f1, )%

\

\

\

= [Ao|?

= | AP+ AL
= |Ay*—|AL?
= Im(ALA})

— RG(AHAS)

ag(fr, fr,d1)x ARV = Im(ALAY)
cosf; cos b, ® Xxacceptance
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Kinematic Observables in Analysis

e Fully reconstruct B — ¢(K"K)K*(Km)
B — p(r 7'F) K*(Km)
B — w(rtn a")K*(K)

MES AFE Fisher m1(o) m g ()

P N EAVE RN SRR
-%.1 -0.05 0 0. 01

3 529
M (GeV/K)

Backgryou'nda
e Discrete observables e.g. QQp = +/—: B flavor (charge)
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Statistical Methods

e Estimate parameters with NV events:

— {mEs, AE, F, mq, M K, (91: 021 i QB}

likelihood L = exp (— ank) H (Z Nik Pik(fj;§)> = maximum
ik

i=1 \ ik

Pii(Z;) = Pir(mgs) - Pio(AE) - Pig(F) - Pia(ma) - dxg X

X Phel(mKﬂa (917 027 {(I)}a kaa {fJ_ka ¢Lk7 ¢Hk7 50k}) X g(ela 927 (I))

acceptance
. . . |A0|2 — |AL|2
o Measure:  polarization f, = 37’5 J1 = smap
A
phases ¢ = al“g(A—) o1 = arg(h) 0o oc arg(FLps)

CP asymmetries
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B — V'V "Penguin” Decays

Oép'P/ -+ OéT°T’ + OZC“C,

“Penguin™ ; AN 5 a Tree’
S TR
g _
q
u,d g u,d u,d u,d u,d u,d
BABAR
ap ar «ac¢ | Branching fraction fr =1A0?/Z]Ax? | Ngg Ref.
(1079) (10%) | (BABAR)
K | /2 0 0 9.240.7+0.6 0.506 £ 0.040 & 0.015 | 384 | nep-ex/0610073
PK*T | V2 0 0 12.7 7532 £ 1.1 0.46 +0.12 +0.03 89 | PR o1, 171802
pK* | V2 0 0 9.6+1.7+1.5 0.524+0.10+£0.04 | 232 | nhep-ex/os07057
pmK*t | V2 V2 0 | <120 (54735 +£1.6) | n/a (—0.187039) 232 | hep-ex/0607057
POK* | 1 0 -1 5640.9+1.3 0.57 4 0.0940.08 | 232 | hep-ex/0607057
Kt -1 -1 -1 | <6.1(3.611%4+0.8) n/a (0.9 4+0.2) 232 | hep-ex/0607057
wK* | 1 0 1 |<42(24+11+£0.7) n/a (0.717037) 232 | PrD 74, 051102
CUK*+ 1 1 1 <34 (06i}3t(1)é) n/a 232 PRD 74, 051102
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Challenges in B — pK*Y

1°°:*B N p—I-K*O 1 s By IOOK*O

e Non-resonant

and other resonances:
B — (7)) _wave K *
B — f,(980)K*!
B — fo(1370)K*°

B — p(Kﬂ-)S—Wave

B = rmrKm e _

100}
plots with sPlots technique 3
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Challenges in B — p" K**

e Non-resonant
and other resonances:

B — fy(980) K** (observed)
B — fo(1370)K**
B — (m7)s_wave KT

B — p(KW)S—Wave

e Previous (PRL 91, 171802)
> 40 was model-dependent
(included pK7 and mm K*T)
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Clean Environment: B" — ¢(K )"

100 |
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., g oot
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m, . (GeV) M (GeV)

529

Q . . . . | . . . .

Mode M Fr

ngg (events) B (107°)

SEC*(892)0  BW
5K:(1430)° BW
o(Km)i"  LASS

406 =29 £ 15 9.24+0.7%£0.6
133£19+£7 78+1.1%£0.6
147237 50x08=%=0.3

—0.03 £ 0.07 £ 0.03
—0.12 £ 0.14 £ 0.04
+0.17 £0.15 £ 0.03

e Significant (K'7)§": J* = 0% K7 component

— inludes K (1430)° and non-resonant

— interference = resolve (2 — ¢, ™ — ¢, ) ambiguity (like B? — J/u(Kn))
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Interference in B" — ¢(K)

: 2 S —
- N
70E ’ A (m K 7'(') ’ (‘%”160: <
N it <140
60 i £140f : /
: i 0 120 A
S K*0(892) - arg{A(mxk,))
: 3 100~
40 ' : .
= 80
30 P i
& +0 a0l
SRR K39(1430) :
oE | (K 200 7
0" 01.'8I T '1. v v Sy — R TS R e m J
mKr[

P (01,02, @, mpe) = f - [Aw [+ (1= f) - [Avs> + /£ (1 = f) - 2Re(Avy Ag)
Ay = \/SEW[AO cos 01 cos by + L sin by sin Oy (A" + A_1e™®) | Apw (m i)
AVS = \/%A COS QQALASS (mKﬁ> X ei‘SO

e Approach validated in B° — J/u/(Km):° .
PP [O(Km)g 5 o e et — _1
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Resolve Phase Ambiguity in B’ — ¢ K*(892)"

e Strong phases: %’ 60|_
¢y = arg(A|/Ag) =2.31 £0.14£0.08 # 7,0 " ~
¢, =arg(A/A)) =2.24+0.15+£0.09 # 7,0 : . :

20 Dl oo g
without interf.: {q/)H, qﬁ_} — {27T — ¢||7 ™ — ¢J_} o (?’MO O%%Wooo
preserve sin(¢, — @), cos(¢y), sin(é,) 0 2 o (rad) 4

I

e With interference new terms: %' eoli', S ‘2

cos(p 1 + 6(myr) — o) " 0 \_‘ o

sin(¢; 4+ d(mxx) — do),...... 20230 . :

—> reject wrong solution e é;OO
S A
0 =2.78 £0.17+0.09 ~ 7 o 2| 4
o, (rach

illustration plots with stat. only
and small CP-v. |A¢) 1| < 0.5 ¢|‘ ~ Qﬁj_ correct solution
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Angular Projections in BO > ¢K*(892)

(1) Hia=cosbis 40'..,\
(JALP+ |4)]) (1 —cos?0;) = large
fr, = 0.506 £ 0.040 £ 0.015

(2) @, small terms:

(|A|||2 — |AL|2) cos2® & Im(A_]_A”*) sin 2®
F1=0.227+0.038 £ 0.013 ~ (1 — f1)/2

(3) @ (cosBicosfy > 0) — D (cosbicosfy < 0)

Re(A)Ap*) cos® & Im(A;Ay*) sin® = large
gb”:gm#ﬂorO = FSI

40

Q @ (degrees)
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Polarization and CP Results in B — ¢K*(892)"

fr
f1
¢ (rad)
¢1 (rad)

do (rad)

0.506 £ 0.040 £ 0.015

0.227 £ 0.038 = 0.013

2.31 £0.14 £0.08

2.24 £ 0.15 £ 0.09

2.78 £0.17 £ 0.09

Acp

—0.03 £ 0.07 £ 0.03

—0.03 £0.08 £ 0.02

—0.03 £ 0.16 4+ 0.05

+0.24 £ 0.14 £ 0.08

+0.19 £ 0.15 £ 0.08

+0.21 £ 0.17 £ 0.08

fr and f| confirmed and improved (puzzle)
¢ and ¢, away from m >50 (FSI)

0o close to 7 (similar to B — J/¢Y K™)

CP asymmetries consistent with 0O

watch for A¢J_ ( fﬁ_Odd — gﬁ‘_even)

Ady = 1(6; — &y ) is a new approach to CP

In short: |Ag| ~ |Ai1| > |A_4]

arg(Ag) # arg(A, 1)
because: Ay = (4 £ A /2

Andrei Gritsan, JHU
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Polarization and CP in BY — ¢K§(1430)0/(K7T)80

fr 0.853% 5 00s & 0.036

fi 0.045709%2 £0.013

¢ (rad) 2.90 £ 0.39 £ 0.06

¢ (rad) 5724032 £0.11

6o (rad) 3.5410 12 £0.06

fr(0K3) ~1 = o cos? s (like K )
Acp(¢K3) | —0.12 £ 0.14 £ 0.04 , ,
Acp(KZE) | 40.17 +0.15 + 0.03 = o (3cos”th —1)7 (Mlat” oK)
no other CP-violation terms 2736(14114;) — X (1 -3 C082 91)

again 0g ~ T

o Weak constraints on ¢ (2.90) and ¢, (1.60)
e In short |Ag| > |AL|, whyin B— VT not VV (7)
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B — V'V and VT “Penguin” Summary

Oép'P/ + OéT'T’ + CMC"C,
W+

“Penguin” 3 5 u b a  lree”
; q - % 5 w .\E u Y
Y 7 5
w,d g wd ud g wd ud g w,d
BABAR
B decay | ap ar ac B(107°) fL Npgg(10%)
OK3° | V2 0 0 7.84+1.1+0.6 0.8531 ;086 = 0.036 384
PK* | V2 0 0 9.2+0.7+0.6 0.506 & 0.040 & 0.015 384
oK*t | V2 0 0 12.7 722 + 1.1 0.46 £+ 0.12 + 0.03 89
p"K° V2 0 0 9.6 £1.7+£1.5 0.52 4 0.10 + 0.04 232
p"K*T | V2 /2 0 | <120 (54138 4+1.6) | n/a (—0.187757) 232
K |10 -1 56+0.941.3 0.57 +0.09 + 0.08 232
PPK*T | -1 -1 -1 | <6.1(3.6577+0.8) n/a (0.9 +0.2) 232
wK* | 1 0 1 |<42(24+1.140.7) n/a (0.7175:27) 232
wK**t |1 1 1 < 3.4 (0.67131L9) n/a 232
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Summary

e Polarization puzzle: strong or weak interaction effect (7)

Ag| ~|AL|>|A_|in B— ¢K*(892)" (puzzle)
Ag| ~ |AL| in B — pK*(892)Y, ¢K*(892)" (consistent with above)
Ag| > |A4]in B — ¢K;(1430)" (not consistent with above)

e Effects of strong interactions:
arg(Ag) # arg(Ay) in B — ¢K*(892)"
arg(Ag) ~min B — VT and V'V relative to V' S

e CP-parameters include clean weak interaction observables:
Ao, A(bH, Ady equivalent to sin 20.g

also three direct-CP parameters A%,
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BACKUP SLIDES



New Physics in Penguins?

e Loops could reveal Right-Handed couplings g QQQG 9.Y
(

— popular model of “sin(205.¢)"

— B — V'V ideal test br (L) > —==X-—- ] SL (R)
( Kagan/Grossman/Alvarez/Yang/Giri/Das/et al.) 0 ng SL (8 m%ggL)
model current Ag Ay A_
SM Y1 = )bsyu(l£9s)s | ~1 | ~2% | ~(72)?

STu(lE9s)s | ~1 | ~(2)2 |~

(

RH vector SY*(1 4+ v5)b
(
(

)
Tensor/scalar | 56*¥(1 4 v5)b50,, (1 + 75)s | ~ 2% ~1 ~ ()2
)

Tensor/scalar | 56M%(1 — v5)b50,, (1 — y5)s | ~ L | ~(BL)2 ~1

SR l_'\
e Our observation: |Ag| ~ |A,| > |A_| 2=
AU =
— tune SM + RH interference by ————— sp —E—>
— SM + Tensor “exotic” p - PN
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Polarization Anomaly: Some Ad hoc Models in SM

: o Annihilation diagram (hep-ph/0405134)

o

(@ b)s.p (8 d)s.p

formally suppressed 1/my,
3 not conclusive (vary free parameters)

e Transverse gluon from b — sg (hep-ph/0408007)

analogy with v from B — K*~
seems to be suppressed, not conclusive

Vs

. “ o EM penguin (hep-ph/0512258)

similar polarization to B — K*v
& S D appears only for neutral vector mesons

e Charming penguins (hep-ph/0401188)

rely on free parameters, not conclusive

e Long-distance rescattering (hep-ph/0409317)

model-dependent, constrained by other data
expect fr, ~ fi > fi (7)
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