Charmless Two-body B — AP decays in the
factorization approach
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1. Introduction

2. B — AP In the naive factorization

e B% — afn¥ and B® — binT: decay constants and B — a1 (b1) form factors
e B~ —a;m%and B~ — ain: large |C/T| is required!
e B% — af K~ and B° — by K too large theoretical predictions on branching fractions

e B~ — a7 K%and B~ — YK ratios of branching fractions.

3. PQCD and SCET Predictions

4. Charming penguins, annihilations and final state in-
teractions
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channel QCDF PQCD SCET Exp.
B® — af - 9.1F 2 2T n! 12.6 10.7 12.2+4.5
BY — ajnt 23.4123102419 | 158 17.0 21.0+5.4
B°/B° — afn- — 28.1 28.2
B%/B° — ajnt — 28.7 27.1
B® — afnT 32.5127184430 1 284 27.7 31.7+3.7
B° — afn° 0.9 9193407 0.1 5.5
B~ — afn 7.6 03I 6.7 17.2 20.4+4.7+3.4
B~ — a;n° 144 335420 8.3 19.0 26.4+5.4+4.1
BY —al K- | 183707 52 | 202 15.8 16.3+29+2.3
B — a9K? 6.910 310 195 7.9 6.3
B~ —a;K° | 2161701236 | 254 15.5 349+50+4.4
— — +0.949.54+12.9
B~ — %K 13.9700 2> 13.2 10.5
BY — bir- 11277772572 | 191 7.7
n — +0.14+0.140.3
B° — byt 0.3750 01 o 1.4 0.6
B°/B° — by n - 15.0 5.0
B%/B° — bt - 25.9 11.6
B — binT 11.410342042° | 205 8.3 10.9+1.24+0.9
n +0.240.14-0.2
B - bgﬁ(; 1.11—%%10012_49024 i~ +1c5§+0 2
B™ —bym 0.47,0 0102 1.0 2.0056 05
B~ — b7~ 9.6+ 3110425 5.2 5.0 6.7+1.7+1.0
BY — b K- 1217 97002 | 43.0 8.5 74+£10+1.0
n 74 +0.5+5.44-6.7
BO — bcl’lio 7.3 s 24.0 4.0
B~ — by K | 14017 3H151139 | 548 8.6
B~ — WK~ 6.2 021> 0H0% 24.8 4.6 9.14+1.74+ 1.0
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a1 % T F HAB — ay HRA T4t

For tree-dominated processes B®/B° — a7, the factorization formulae can be written as:

GF

AB® = afn) = Noik m =V { Vi Vilar + aa + a10 + rx(as + ag)]
—|—Vcde[a4 + a10 + 7'7r(a'6 + a8)]}
_ G
A(B® — nta]) = \/5 2L f2TT Vi Vilar + aa + aio] + Vi Vilaa + a1ol},

CKM matrix elements: [V, V| ~ 4 x 1073; |V V] ~ 8 x 1073,

Wilson coefficients: as_10 < a1

GFr

A(B° — a1|'7r_) = \/5 BwaB_)al {Vw Va1t
=0 + — _ GF B— *
AB® = wta) = S gt VaVien).
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a1 % T F HAB — ay HRA F 4T

_ G a
A(B® = afr™) = é mp Ve " {VinVigar }
A(B” = nTay) = \/Emealf+ {ViwVyaa1}
_ G
.A(Bo — 7T+pi_) = \/gmB,f?Tff—)F {Vubv dal}

FIF E¥ B3 agsE R
BR(B® — ntn~) = (5.16 £ 0.22) x 107°,
BR(B® — afn7) = (1224 4.5) x 107°,
BR(B®? — a;nt) = (21.0+£5.4) x 10°°, (1)
KAV vAIFE)

= 10)]f7r, Ve o = (1. 55i028j:003—|—(9(a3 10)) B, 2)

= [2.02 £ 0.26 + 0.04 + O(

As a rough estimation, we take f, = 131 MeV and fB—”T = 0.25 which corresponds to f,, = (264 &34 £+ 6)
MeV and V¥ ~* = 0.39 + 0.07 £ 0.01.
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B — b1 AR E T

b9 B FHHIPC = 17, CFABRLREEHHO.
£, FUAB — binFRB — rra #4 L e, FATOME B — b e R EF 4

|V()B_>bl(q2 = 0)| ~ 0.35.
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| Large |C/T|in B~ — a;n° and B~ — a97~ decays I

The factorization formulae of B~ — {7~ and B~ — a; n° are given by:

V2A(B™ -7 add) =

V2A(B™ — lay) =

G
\/g m%f- VT (Vi Vilar + aa + a10 + r=(as + as)]
+VaVilas + a0 + rx(as + as)l},

G 1 1
\/i my fa f77 { Vi Voylao — as + 2alo] + VooV [—aa + 2a10]}

%meﬂVOB_)al { ViVyglaz — aa + Cllo + rr(—ae + a8)]
+VaViyl—as + alo + r7(—ae + as)]}
Gr

'|‘\/577”LBJ"}L1ff_>7T {ViwVyylar + aa + a1o] + VaViglas + aiol} .

Since the small values of a3_10, the penguin contributions can be safely neglected:

GFr

V2A(B~ — 1 ad) = EmBVubVJd[a,l VT 4 anfa £777,
G
\/§A(B_ — woaI) = \/gmBVu *d[agj‘}rVOB_“’1 -+ alfalff_m].
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Large |C/T|in B — a7 decays

If a» < a1, branching ratios are required to satisfy the following relation:
BR(B® — afﬂ'_) = 2BR(B~ — 7~ af), BR(B°— 7T+CLI) = 2BR(B™ — aIWO).
But the experimental data shows:

BR(B™ — nal) =20.44+47+3.4>BR(B° - afn") =12.2+4.5,
BR(B™ — 7%7]) =26.44+54+41>BR(B° - a;ntT) =21.0+5.4,

If the Wilson coefficient ax> can be enhanced to 0.5 (corresponding to large color-suppressed tree
amplitude), the branching ratios of BR(B~ — 7%ay) and BR(B~ — ma?) are predicted as
20.0 x 107 and 16.7 x 10~°. These two predictions are well consistent with the experimental
data.
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| Branching ratios of B° — o] K~ and B® — b] K~

Flavor structures of B® — b K~ and B® — af K~ are the same with each other, thus they have the same
factorization formulae:

_ G —(a «
.A(BO — (ail_, bii_)K_) = TngBfKVOB (a1,b1) {VwViila1 + aa + a10 + rix(as + asg)]
+VaVilas + a0 + rx(as + ag)l}. (7)
The branching ratio of 3% — n+ K~ has been measured as:
BR(B® - 7T K~) =(19.4+0.6) x 1079, (8)
which implies:
o 12.2 6 6
BR(B® - afK™) = 19.4x x 107® = 45.9 x 1076,
5.1
_ 10.9
BR(B® - b K™) = 19.4x x 107°=41.0 x 10°°. (9)
5.16
But experimentalists have given rather small decay rates:
BR(B® —afK™) = (163+£29+23)x10°° 28
BR(B® - bfK™) = (7.44+1.04+1.0)x10°° 55 (10)
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| Isospin symmetry breaking in B — a1(b1)K I

Besides B° — (a7 ,b7)K~, B~ — a7 K° and B~ — b9K~ decays have already been mea-
sured with the factorization formulae:

_ G 1 1
A(B™ — aIKO) = \/—ngBfKVOB_’al {Vub\/ig[aar — Ealo + ri(as — Eag)]
1 1
+ Vo Vilas — 5010 ~+ ri(as — §a8)]} , (11)
G
V2A(B~ - WK™) = \/—ngBfKVOB*bl {VwVila1 + as + a10 + rx(as + ag)]
+VaVilaa + a1o0 + rx(as + as)]} . (12)

In order to characterize the magnitude from tree operators and symmetry breaking effects be-
tween B~ and B° mesons, it is useful to define the two ratios:

_ BR(B~ — a7 K°) T g 2BR(B~ — bYK™) o 7B
BR(BY — afK-) 715 BR(B® - b K-) 73
Neglecting tree operators and electro-weak penguins, the ratios obey the limit:

1 (13)

R1 = ]_, R> = ]_, (14)
with large deviations from the experimental results:
RY® =12.00+0.59, RY® =2.30+0.67. (15)
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‘Puzzles in B — AP decays?l

e Large |C/T)| is required in B~ — a7 and B~ — a7~ de-
cays.

e Theoretical predictions on branching fractions of B — a,il_K -

and B9 — bj'K — decays are larger than the data by a factor of
2.8 and 5.5, respectively.

e Ratios Ry and R defined in B~ — a7 K9, B~ — b{K~ and
BO — (ail_, bf’)K‘ also have large deviations from the data.
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\Characteristics of B — AP decays in PQCD approachl

e B — a1 KEAFME L TP ARSFES (Mh—2), IrAB? — aj—ﬁ_ﬁﬂéo —
o Kt b S A

o & /RAKAGKR BB (B 2 Wilson & #kax k) , REEfEEAB- — a?ﬂ_ﬁﬂB_ — aIﬂ'Oo

o B — biWIKE T = 1k X ,14FPQCDx BR(B® — bf‘ﬂ_)ﬁﬂBR(Bo — birK_) I E
2R K

o X K& FMLae st ARMEBIRR, THAE R A Rt TR & g ikt
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| Factorization in SCET I

FESCET#ER T, BHFIaXA:

A(B — M1M>)

V2
+fM1/du¢Ml(u)T1g(u)Cg+fM1/dU¢M1(U)/dZT1Jg(U, 2)C1g(2)

+AD A 41 21, (16)

ﬁm%{fMl/duqﬁMl(u)Tl(u)CBMz—|—fMl/duqul(u)/dlej(u,z)Csz(z)
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| Phenomenological studies I

EREERT, BFAEXTT AR

G
Ap_mm, = \/—ngB{fMl fMQ/dUCle(U)TlJ(U) + far, ¢PMT,

+(1 — 2) + AP AMMy (17)
¢, ¢; and A, are treated as nonperturbative parameters which can be fit from experiment.
Wit B — PP, VPR E AN LER, RMNIF3EE%:
o ( ~(y—|C/T|EWT;/(C+y) ~ 0.5, TEK.
e Charming penguins provide the dominant contributions in decays induced by the b — s tran-
sition. — i@ i 48 % charming penguins, &A1 T ARIFEITAE BC — af K~ #2B° — b K84
a4 X .

o k3 EMMAERA T SURB)HH itk — RELIRIFEI TR E LB it e i R A= Ry.
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channel QCDF PQCD SCET Exp.
B® — af - 9.1F 2 2T n! 12.6 10.7 12.2+4.5
BY — ajnt 23.4123102419 | 158 17.0 21.0+5.4
B°/B° — afn- — 28.1 28.2
B%/B° — ajnt — 28.7 27.1
B® — afnT 32.5127184430 1 284 27.7 31.7+3.7
B° — afn° 0.9 9193407 0.1 5.5
B~ — afn 7.6 03I 6.7 17.2 20.4+4.7+3.4
B~ — a;n° 144 335420 8.3 19.0 26.4+5.4+4.1
BY —al K- | 183707 52 | 202 15.8 16.3+29+2.3
B — a9K? 6.910 310 195 7.9 6.3
B~ —a;K° | 2161701236 | 254 15.5 349+50+4.4
— — +0.949.54+12.9
B~ — %K 13.9700 2> 13.2 10.5
BY — bir- 11277772572 | 191 7.7
n — +0.14+0.140.3
B° — byt 0.3750 01 o 1.4 0.6
B°/B° — by n - 15.0 5.0
B%/B° — bt - 25.9 11.6
B — binT 11.410342042° | 205 8.3 10.9+1.24+0.9
n +0.240.14-0.2
B - bgﬁ(; 1.11—%%10012_49024 i~ +1c5§+0 2
B™ —bym 0.47,0 0102 1.0 2.0056 05
B~ — b7~ 9.6+ 3110425 5.2 5.0 6.7+1.7+1.0
BY — b K- 1217 97002 | 43.0 8.5 74+£10+1.0
n 74 +0.5+5.44-6.7
BO — bcl’lio 7.3 s 24.0 4.0
B~ — by K | 14017 3H151139 | 548 8.6
B~ — WK~ 6.2 021> 0H0% 24.8 4.6 9.14+1.74+ 1.0
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‘Charming penguins, annihilations and FSII

CKM matrix elements: The space-like annihilation ((S—P)(S+P))
is proportional to V;, V.5, while charming penguins and final state

interactions are proportional to V., V. Here D denotes a d or s
quark.

Mixing-induced CP asymmetries Sy and H of B? — ¢Kg are defined by:

q A(Bi—f)
g . 2Im[)\] . _2|m[5A(BS—>f)]
o= 2 2
1+ [A| 1+ [A|
2Re()] Re[L 45 —F]
Hy = ny = =2 — (18)
14 A2 1+ |
PQCD:
Vi Vi ~ e — Sy = —sin(26 + 2¢), Sy = —cos(28 + 2¢), (19)
SCET:
VaViy~1— Sy = —sin(+2¢) ~ 0, Sy= —cos(+2¢) ~ —1, (20)
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‘Charming penguins, annihilations and FSII

Magnitudes: In b — s transitions, the annihilation can be enhanced
to be of the same order with penguins in emission diagrams in
PQCD. And so is the contributions from final state interactions. But
in SCET, charming penguins are larger than penguin operators.

Strong phase: In PQCD approach, the annihilation is dynamically
enhanced and the dominant part is from the imaginary part. The
contributions from the elastic final state interactions are also imag-
inary. But strong phase in charming penguin in SCET is not too
large and the main contribution is from the real part.
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‘Charming penguins, annihilations and FSII

Factorization properties: annihilations are factorizable in the PQCD
approach; while final state interactions and charming penguins are
non-perturbative in nature and can not factorized.

Power counting: annihilations are power suppressed by 1/my; in
the presence of form factors, final state interactions are also power
suppressed; the charming penguins belong to the leading power
term.
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Thank you for your attention.
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| Backup slides: Non-perturbative inputs in SCET I

CB—>7T
CB—m,l
CB—>b1

AP

CcC

3
AL
PP
AL
AL

cc

0.12, ¢F~"=o0.12,

0.17, (¥~ =0.17,

~-0.16, (¥ =-0.16,

40 x 1074, arg[AF] = 160°,
40 x 107*, arg[AD1] = 145°,
40 x 107*, arg[AF] = 155°,
35 x 1074, arg[Al ] = 100°.

cc
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| Backup slides I

channel QCDF PQCD [ SCET Exp.

BY — a7 —3. 6+§f+0053g%028 125 | 21.5 | 74+21+15
BY —ajrt | =1.9+£0.04+0.0172 | 11.7 10.4 15+15+7
B® — a97° 60.114616.5437 8 23.6 | —29.5

B~ — afl)w —4. 3T A At -0.7 5.7

B~ — a;n® 0. 5+§ S+064120 1.6 | —5.4
B —al K~ 2.67) +00 SO -9.0 | —17.7 | —164+12+1
B° — a9K° ~7.77% +7 A ~-1.8 | 17.9

B~ —a; K° 08+°° RAAS ~1.0 0.3 12+1142
B~ — aK~ 8. 4+§ §’+1164+112°O3 —-5.8 | —25.6

BY — b —4.0T oAt 0 —249 | —42.3

B® — byt 66. 1f11 24744503 49.5 0

B — p97° 53.4125109452 15.1 | 52.7

B~ — bdm~ 0.9130+234180 —64.2 | —17.7

B~ — b0 | —36.5T,;51 84822 1 124 | 341 541642
BY — b K- 5.5 s 166 | 463 | —7+12+2
B — bIK® ~8.61 051334583 —45 | -0.8

B~ — b K° 1,410 1491150 -0.2 0.3

B~ — WK~ 18. 7+11 AT ARy 196 | 46.3 | —46+20+2
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