Polarizations of B — V'V In QCD factorization
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\ Motivation |

B — V'V decays share the roles Bf — PP, PV decays In

e the determination of CKM matrix elements, especially thgles(phases):
— sin2@ andcos 2 from B — J/WK™;
— sin2a from B — pp;

e new physics search
— direct search for the unexpected large branching ratioarefadecays in the SM;

— more new physics sensitive observable®in- V'V
polarizations, phases (phase diffences) of helicity atungbéis
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\Plan of talk |

1. Helicity amplitudes o8B — V'V
2. Current experimental status
3. QCD factorization formula foB — V'V

4. Phenomenologies @ — V'V

e Tree-dominated decay®(— pp)

e Penguin-dominated decayB (— ¢ K™ andpK™)
5. Summary

Based on the works collaborated with M.Beneke and J. Rohrer

— "Branching fractions, polarization and asymmetries of B — V'V decays”,
Nucl. Phys. B774, 64-101, 2007,

— "Enhanced electroweak penguin amplitude in B — V'V decays”, Phys. Rev.
Lett. 96, 141801, 2006.
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‘Helicity amplitudes of B — Vvl

General decay amplitude & (pg) — V71 (p1,n*) Vo(po, )

P, o
. PBuPB . pP1p
A(B — V]_VQ) — 7,77*”6*1/ (Slg'uy — SQ 'LL2 Y + ZS3£,UJ/pO' 172 )
mpg P1-P2

With definite helicity,

o) 2
m S
Ao = AB = Vi(prm)Valpa,5) = 5B (8- 2]

mM11Mo 2
Ar = A(B — Vi(p1,n)Va(pa, i) = i(S1F S3) .
Or we can define transversity amplitudes

AL = (Ap+A4)/vV2.
Ao, A are CP-even, and  is CP-odd.

= 6 flavor-tagged helicity amplitudes, total 10 independdrsisovables;
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\Definitions of observables |

e flavor-tagged definitions

2
A A
B _ ‘ O,II,L| B _ I,
o = = 2 2’ Pl = a9,
Aol® + |4 + AL 0
— 2 —
- A . A
B _ ‘ O,H,l‘ B _ I,-L
fL7H7J— o - 2 - 2 _ 2’ ¢H,J_ - arg ,/T 9
Aol? + | 4|+ 1AL 0
e flavor-averaged quantities and asymmetries
L/ .B, B h P — 1P
fn= (W +157), Atp=-L—L
2_ fy, + 1
b = ¢) —A¢y (mod 2r)
= ¢ +A¢, (mod2r), -2 <A<
h=1L,|,L

e In absence o’ P violation, A, = 0 andé¢;, = O.
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‘Definitions of observables (Belle) I

e Time dependent observables:
F(BY(BY)(t) — V1Va) = e ' BE Y (Ayy £ Xy, cOs (Ampt)
<o
FPro SIN (Ampt) )grgo

with
A = 5452+ 14,2, oo = 3(|AN2 = 14,2,
/\J_’L = —Im(ALA* AJ_A*) /\HO = RG(A AO 4 AHAB)
ZJ_Z' = —Im(ALA:‘ —+ AJ_A;k) Z”O = Re(AHAO — AHAB) ,

p1; = Re (%(Ajz‘_li + Afffh)) ,  pLL=1Im (ZA* AJ_) :
plo = —Im (%(Aﬁf_\o + AE’SAH)> , pii = —Im (%Afﬁz') ,
wherei = 0, ||. These 18 observables can have connections with the obgesva

used by BaBar collaborations if one uses relevant norntadizaand neglects the
small CP asymmetries.
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dl'(B — V1Vo — (P1P2)(Q1Q2))
d COS¥1d COS¥ordyp

1 2
x | Ag|? cos? 91 cos? ¥, + Zsinzﬁl sin? 95 (‘A+‘ — IA_|2>

— C0S Y1 Sin 91 COS Yo Sin Y5 [Re (e_ionA”q_) + Re (e+i9"AoAi>}

1 .
_I_E sin? 91 sin® ¥, Re (ezwA+A*_) :
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‘Picture of B non-leptonic two-body decays I

— Basic idea: to separate the con-
tribution from different scales;

— Separation ofmy, and my,
scale by the weak Hamiltonian

Hepr = 2. Cilw)Qi(1)

— Separation ofm; and lower
scales
Weak scale: (M1 M>3|Q;(p)|B) =7

Hard scale: my

Hard-collinear scale: /mpAocp
Soft (or collinear) scale: Agep
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Tree operators:

1= (uaba)v—a(qpug)v—a Qf = (caba)v—a(gpcg)v—a
5 = (tabg)y_alqpua)v—a Q5 = (Cabg)v—_a(gsca)v_a
QCD penguin operators:

Q3 = (@aba)v -4 S@@5a5)v-4 Qa4 = (gba)v-a §<cfaq;3>v_A
Qs = (ﬁaba)V—A%(jﬁq;;)v+A Qe = (qpba)v—a Z/(leaq/ﬁ)V—l—A
EW penguin operators: q q
Q7 = 3(@aba)v-a T ey(Gap)v+a Qs =3(Tpba)v—a > e (@03 V44
Qo = %(aab@v_fz,eq/(cfﬁq’ﬁ)v_A Q10 = 3(@sb0)v-a T ey (@ady)v -4
Dipole operators: q q

Q7 = —#mb%a“”(l + v5)baFur Qgg = —#mb%a“”tgﬁﬁ(l + ’75)56G/C,Lw
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\Polarization in B — VVl

V(EB) ~ ’UTl_Ll + UﬂT? V(Efl_) ~ ’UT’L_LT, V(Ei) ~ Ulal

Polarization:

approximately,

urp(p) ~ur(p), ur(p) ~u;(p), wvr(p)~vi(p), vr(P) ~v(p)
each helicity flip costs the suppressiorn/2 E.

qi (bl = ;ql q42 (]i) = il
q3 == 03,4 - EZ q3 - 05,6 —- q2
_ _ _ A N2
= |Ag|  [A—| A4 ~1: I —5
mp mpy
fr=1-0(m$/m3),  fL~f~O0(mf/m3)
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Tree-dominated processes I
e B — pp,wp;

e 1 — fr = O(A?/m?) about few percent;

Decay Modes P.F. Belle BaBar HFAG
BT — p%t  fr  0.95+0.11+0.02 0.9054+0.0427923 0.912F)9%
B9 — p%°%  f;  0.704+0.1440.05 0.70£0.15
BY — ptp=  fr 094110274 0.030 0.992+0.0241002° 0.978700%
BY — K*OR*0 7, 0.801219 +£0.06 0.80102
Bt —wpt  f1 0.82+0.114+0.02 0.82+0.11

e Obtainsin 2« from the time-dependent measurement&ot- pp;
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‘Penguin-dominated processes I

e Case1l:B — ¢pK*
1 — fr, = O(1) about a hal= (polarization puzzlds

Decay Modes P.F. Belle BaBar HFAG

Bt — ¢K*t fr 0.52+0.08+0.03 0.46 +£0.12+0.03 0.50 + 0.07
fiL  0.1940.08 +0.02 0.19 4+ 0.08
¢ 2.1040.28 +0.04 2.10+0.31
¢, 2.31+0.3040.07 2.31+0.31

BY — ¢K*°  f, 0.45+0.054+0.02 0.506+0.040+0.015 0.4914 0.032
fi 031738 +0.02 0.227+0.0384+0.013 0.252 +0.031
¢ 2407057 £0.07 2.314+0.14£0.08 2.37101
¢, 25140254006 2.24+0.154+0.09 2.36 4+ 0.14
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‘Penguin-dominated processes I

e Case2:B — pK*
*1— fp = (9(/\2/m§) for Bt — pOK*t
* 1 — f; = O(1) for BT — pTK*0andBY — p0K*0
* Even more puzzling thaB — ¢ K ™!

Decay Modes  P.F. Belle BaBar HFAG
Bt — p°K*t g 0.9670% +£0.04 09677
BT — ptK*® f, 043+0.11709 0.524+0.104+0.04 0.48+0.08
BO — K*0p0 £ 0.57 £0.094+0.08 0.57+0.12
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‘ Polarization puzzles I

e B — ¢K*: enhanced penguin amplitude with negative-helicity

* new physics effects (scalar and tensor current-currenploag)
Kagan, 2004;Das and Yang, 2004

* large charming penguin C.W.Bauer et al, 2003
* final state interactions H.Y.Cheng, 2004
* smaller Ap, largerA, andV H.N.Li et al, 2004

* large annihilation effects
Kagan, 2004; Beneke, Rohrer and Yang, 2006

e B— pK™:
* Expected to follow the same pattern Bf — ¢ K*;
*1— f = O(Az/mg) for Bt — pOK*t
* 1 — f; = O(1) for BT — pTK*0andB% — p0 K0
* Large electroweak penguin in negative-helicity ampléuwad new physics?
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QCD factorization formulafor B — VV

Kagan, 2004; M.Beneke, J.Rohrer and DY, 2005

(Vi VanlQil By = FE=VRRTIh gl o + (1« 15)
I1,h
+ T, " s fp® g * fry Py * fl, P + O(1/my) .
whereh = 0, F, and in terms ofx-convention iNBeneke& Neubert, 2003]
Ap(B = V1Vo) ~ AP ol (Vi Vo)
i

(

A0 AB—>V1 N (A)3/2
. o 5/2
DA~ (14 My APV (1 my BT ()
AT~ 2 (L APV (1 o) (A1

e Positive helicity amplitude is highly suppressed and cat@ocalculated in same
way.

= fi=fL.9=9¢L
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‘Penguin weak annihilations I

m : m :
X~ In 2B (14 pae'®), X3, Xp ~ - 2 (14 pret®h);
A AYs

Pt = Apy, o+ 53],

af(nK) + B5(rK) = —0.09 — {0.02[-0.01,0.05]},

aP(pK*) + pL(pK*) = —0.03 — {0.00[-0.00,0.00]},

o (pK*) 4+ p5 (pK*) = —0.05— {0.03[-0.04,0.10]}.
P AS_K* af” +053— _005+[-0.04,010] . AS_K* N

Negative-helicity penguin amplitude can be (but need netgibhanced by the penguin
annihilation!
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‘Enhanced EW penguinin B — Vvl

Gp D
Hefr = NG > >\z(9 ) > C7, Q7+ -
pP=—u,c a::':
emy, — D
QF, = —g5Dow( +y5) PPN = Vv,

introduces the additional EW penguin amplitude for the gile¢a the neutral vector me-
son O w, ¢),

The resulted amplitudes for different helicities
APEWV || APEW | ~ 1t my /A
(Here we neglect the contribution fro@n#‘v.)

wAELL B e E R YRR &I April 2008 17



The representative coefficient in QCDF

20em mme
Acb T (V1Vo) = CE Rx—"5"
3,EW( 1V2) + 3. (v.eff T mV2
with R_ = 1 in the heavy quark limit. Numerically, we have

Ao o\ (K*p) ~ 0.02,
meanwhile the uncorrected EW penguin and leading QCD pangui

_ Cq+ C
b ew(K*p) = C7+Co+ 8 I 10 L~ —0.01,
C
e C3
a, (pK*) = C4+F+ ~ —0.055.
C
Effectively,
1/2
2 2 (B — K*
[Aag gy (KV2) CeMR_ "B 5 =
3T m‘Q/ GFW;;V%M Qem * 2
2 5.3 4 m3T " (0)

with T (0) ~ 0.28, we get
| Aaf gy (K*p)| = 0.023.
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‘Tree-dominated decays I

2
1% > 1ATTP(0)
— 0y __ b 0 +0.4+3.2 —6
BrAv(B — p7p") = |3.53 -u10—3 0.30 X (18'8—0.4—3.9) 10
BrAv / 107 Acp / percent
Theory Experiment Theory Experiment

B~ —pp® 18870 F55 182+3.0 000 ~8+13

B — ptp~ 236710750 231753 o +11 413
B — p%%  0.9755T0 1.07+£0.38 +280158 n/a

B~ —wp~ 128713730 106755 —8tote +4+18

BY — wp? 02701103 < 1.5 no prediction n/a

BY — ww 0.9703100 < 4.0 299+ n/a
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fr, / percent

Ay / percent

Theory Experiment Theory
B~ —p7p" 959703725 91.2%57 —-00*0
B — ptp~ 913755120 96.8+2.3 —oto+s
BY — p%p% 907" 87 + 14 8110
B~ —wp™ 9371117 82411 AR
B —»wp® 49T n/a 35T
BY — ww QSfogQ n/a —|—6—_F%i_%i
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‘Strategies In penguin-dominated decays I

e QCDF loses predictive power in penguin annihilations wiemsverse polarization;
e Use information from experiments as much as we can,;

— Strategy 1: fit only the penguin annihilation fraBh— ¢ K™ measurements;

— Strategy 2: fit the whole penguin amplitude frdsh— ¢ K™;

— Trust the predictions for other topological amplitudes\ g CDF,;

— ConstrainedX 4:

OA — 0.5 + O.2exp, PA — (—43 m 19exp,)o,
- 0y = a, - Bzfromdata:
PE'? = (-0.084 + 0.008(exp) T8 (th))
+4i(0.021 4 0.015(exp) T3 505 (th)),
with o5~ from QCDF
a5~ = (—0.08 £ 0.02) + i (0.03 & 0.02).

wAELL B e E RN YRR &I April 2008 21



Observable Theory Experiment
default constrained X4 &5 from data
—6 *— +0.5+12.2 +0.5+7.2 +0.545.2
BrAv /10 ¢f_<*0 10.110_511.1 . 10'118'§I%§ 10'4‘82%3 9.7 + 1.5
oK 9.3T02 et 9.3t 9.6702" 38 9.50 + 0.90
Acp /% oK~ 0F5t? 0™ 0rots 5+11
g0 1+0+1 1+0+0 1+0+2 0.0+ 7.0
fr/% ¢K*~ 45T 4510430 4419+23 50.0 + 7.0
KO 441043 440+ 431042 49.0 + 4.0
A% /% GE*  —170+2 —150%] —110%3 n/a
pK*0 001 015 +s 0ot 1.0+ 8.0
(f) — fo)/% @T(%E ﬁ?é 06" 12447
oK 05052 05555 05055 —3.0575
(Alp — Abp)/% K™~ 0501 0ot 0t n/a
%0 040 +
$R*0  (F0+0 0F0+0 05T 32¥3%
/° ¢E* —41$§£§§ —41$§t§§ —4070731 —60 + 16
oK —427475, _42—0i30 _424583% _42:1’0
Ay /° oK™ 051 0o 00T, n/a
K0 01370 01070 0197 2410
(¢ —b1)/° ¢f_(*; ;gﬁ o+ 0F0*1 —12124
oK™ 0Tgh 0154 0154 —611;
(Agy—Ag1)/°  ¢K*= 050H) 0™ 00+ n/a
7 x0 +0+0 +0+0
pK*0 030 0o+ 0oto 0t:2
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BrAv /1079 Theory Experiment
default &y~ from data

B~ — K* ¢ 1017021122 104152152 9.7+ 1.5

BY — K*0¢ 9, 3+3 Z+§184 9. 6+3 gﬁg 9.50 =+ 0.90

by oELe gy 2 i

b % kel |

. il . il ar

B — K" p" 5575759  bAIysTs

BY — K*0p0  24%04%58 g 3tatll 5.6 + 1.6

By — ¢¢ 21.871 70 19.50 10755

G S R T
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fr / percent  Theory Experiment
default &y from data

B~ — K*~¢ 45175 447043 50.0 + 7.0

BY — K¢  447)t%  43T0+23 49.0 + 4.0

B~ — K*w 535,130 56171 n/a

B — K*0w  4073%I1 437513 n/a

B~ — K*0p~ 5675758 57 0t 48.0 + 8.0

B~ — K T 84T 8515 96776

B Kpt 6L eigth

BO — K*0p0 2213453 goti+a 57+ 12
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‘More on B — pK™ system I

Ap(p"K*%) = b,
V2A,(0PK*T) = [P+ PPV + 7Ty, + C))]
Ap(pTK*) = P,+e” ’YTh |
—V24A,(0°K*0) = [P, — BV + e [-Cy]

and definer;, = X;,/ P, (h = 0, —1).
T_(p K*0) 1 V2F_(p°K*7): v2r_ (pOK*O)

~ 1: 1+pEY2 1 pEWYE
B~ — K*—pO BO N K*OPO
incl. excl. exp. incl. excl. exp.
BrAv /1075 4.5 5.4 <6.1 2.4 1.4 56+1.6
fr ] % 84 70 9615, 22 37 57412
Acp | % 16 14 201357 ~15 —24  9+19

e QCDF predictsf; (p°K*™) > fr(p~ K*9) > f7(p°K*9). It is against current
measurements.
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‘Conclusions and perspective I

QCD factorization loses predictive power for penguin-doatedB — V'V decays;
Penguin weak annihilation could be an answer to polaringiutzzle ofB — ¢ K™,

Enhanced electroweak penguin with negative-helicity d@xlplain the polarization
puzzles inBT — pTK*0 andBT — pOK*T, but not for polarization oB° —
pOK*O;

Polarization puzzles aB — pK* are challenging for new physics model building;

New measurements on polarizationsBn— AV andT'V will shed more light on
research of chirality structure of interaction, but QCDeeftt are still crucial,
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THANKS!
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