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Question:
Which penguin is fatter?

1. Ordinary penguin

2. Chiral enhanced penguin

3. Annihilation penguin

+.  Charming penguin

5. Electroweak penguin

6. Color suppressed
Penguin

CD Lu 2



Penguin over tree

s B2 K*z" and B2 77 7~ are dominated by
penguin (P) and tree (T) operators,
respectively

= In leading power,
n |P/T|~ |t /M| * |V J/Vy,| * |ad/al]

=1358/132 * 41.61/3.96 * 0.045/1.05 = 0.54
Exp: B(B° 2 K*7")/B(B° 2 7t 7")=18.2/4.6 = 4
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Power Corrections

(V-A)(V+A) operator O, can be chirally enhanced
when doing Fierz transformation in QCDF and

pQCD.

a, only slightly larger than a,, QCDF needs very
large chiral factor m; =m?/m_ =) small m_.

pQCD has additional chiral enhanced annihilation
penguin contribution O, does not need small m,

SCET/BPRS without a., needs very large charming
penguin
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The dominant contribution

The biggest contribution for B> n K In
various approaches:

s Chiral en

s Chiral en
pPQCD

nanced penguin -- QC

nanced + annihilation

= Charming penguin -- SCET
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B—> VP decays

= Difficult for QCDF to get large enough BRs
= No chiral enhanced penguin for B2 7 K*

= Ordinary penguin canceled by chiral
enhanced penguin (minus sign) for 82 p K

b % K* (K)

d

7 (p)
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Importance of power corrections

m Most of the branching ratios agree well
with experiments — leading power

= Difficult to distinguish between
approaches

m but CP / polarization, suppressed
channels require strong phase, sensitive
to weak phase, power corrections will be
different
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o
% ZulIR

— 77, 7K Have Two Kinds of
Diagrams with different weak phase

4

7 (K) 01,02
b w u Tree o< V V. 1%

B T

03,04,05,06

/d()/ 7 (K)
W

T

Penguin<V, V * )

CD Lu 8



QCD corrections are at a, order,
strong phase too small
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QCD corrections are at a, order,
strong phase too small

SN/
Rfer

ARV
L 1L

o \4

g 3

Wrong sign for direct CP in B’ 2> K" pi -
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5% annihilation penguin can provide a
large strong phase
spin (this configuration is not allowed)

= ,@— fermion flow
— —
P p, Mmomenwum Like B2¢ v,

pseudo-scalar B requires spins in opposite
directions, namely, helicity conservation

Annihilation suppression ~ 1/mg ~ 10%
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No suppression for O,

= Space-like penguin (annihilation)

= Become (s-p)(s+p) operator after Fiertz
transformation Chirally enhanced

= No suppression, contribution “big” (20-30%)

— d S) + o+
b T (K ) Calculable

' u<<j in pQCD
- approach

7T
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No suppression for O,

= Space-like penguin (annihilation)

= Become (s-p)(s+p) operator after Fiertz
transformation Chirally enhanced

= No suppression, contribution “big” (20-30%)

_ d(s) +, +
b T (K ) Calculable
in pQCD
d ‘\? - approach
T
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“®>Large transverse component
iIn B>¢K™ decays
Annihilation can enhance transverse
contribution: R, =59% (exp:50%)

and also right ratio of R_ R, and right strong
phase¢_ ¢,

- s
b @ |
H-n LI, Phys. Lett.
J S< B622, 68, 2005
K
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Charming penguins in
SCET

= has the same topology as chiral
enhanced penguin

= Charming penguin appear always
together with chiral enhanced

pengUin d_(S_) o
b 7z (K)
¢ u
NJ _
7T
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Charming penguins in
SCET

= Play the similar role as annihilation
penguin, but not calculable

= Charming penguin appear always
together with space like penguin
(annihilation) d (s)

b 7 (K')
u

\ T
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Charming penguins in
SCET

= Play the similar role as annihilation
penguin, but not calculable

= Charming penguin appear always
together with space like penguin
(annihilation) d (s)

b 7 (K')

\< T
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SCET

= 2 Fit from experiments requires a large
charming penguin, it even become the
most important contribution in B2 K«
decays

= It is essential to provide a right strong
phase for direct CP asymmetry, and large
transverse polarization in B> VV
Williamson, Zupan, Phys.Rev.D74:014003,2006,
Wang?,Yang,Lu, arXiv:0801.3123
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Comparison

>

Charmming Chiral Annihilation
enouin enhanced eneuin
v R pens v penguin | pens
BBNS/| Perturbative, . nonperturbative
QCDF | small Big | model parameters,
v Y 3y o large phases
pQCD Perturbative, Big Big, perturbative
3 | small | | large phases
BPRs/ | Big, non- |
ET perturbative | Not known perturbative
vSC 4 fit parameter | !
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Comparison

\ 4

>

Charmming Chiral Annihilation
enguin enhanced enguin
pens ! penguin ! pens
Vcb Ves Vtb Vts Vtb Vts

’V

’V

CKM phase slightly different
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B> Kr puzzle

= K*t- and K*xr® differ by subleading
amplitudes P_, and C. Their CP are
expected to be similar.

= Their data differ by 5c! A puzzle!
Ap(KT77)=(-9.7 £1.2)%
Acp(K*?) = (5.0 £2.5)%
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Amplltude

parametrization
- A(BT — K°xt) = P,

Y T
ABY— K*tn™) = —P IHEl—|—FE¢’) ,

_ P (T O
RABY — Kt7%) = —P' |1+ - — +— | &2 |,
\ ( L) +PI+(PI+_PF)E “

_ ; P C
V2A(B; — K'n°) = P (l_ P P’E¢3) |

T P C"
— }. 1 ew /1‘; .. I }LE
P.I' I : P.I' : P."
(CLICHNV sV VisVip)~ (LIA2)(A2IA2)~ A
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Direct CP violation

It 6;=0 If §,#0
T exp(id,) T exp(id;)
%
T oxo(.i _

Direct CP A, oc Sin & Sin ¢
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1 of Explanations

= Large K*n- CP implies large ST

= Large P, to cancel its effect (Buras et
al.; Yoshikawa) in K*n® new physics?

Br = Br Pew

SM electroweak penguin does not help, need new physics
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Mixing Induced CP

s B2 77, K, 7K, KKK ...

= Dominant by the B-B bar mixing

= Most of the approaches give similar results
= Even with final state interactions

s Because characterized by weak phase
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B Jp A
- £ R

'MiX|ng induced CP violation

[(B(t)— f) =

APeT L4 [AP) 4+ (1 = |AP) cos Amit — 2ImA sin Ami }

[(Bt) = f) == f’!f g1t {Ll o+ |XF) = (1 = |X|*) cos Amt + 2ImA sin .-'l*.tnf}

I(B':’{f}—*f}—l B = f) -

Acrll) = I{B@{f}dﬁ—ltﬁ'g( )= f) ) = Eé A28 210
AF 2Amd 0 pAT T € ¢
|}‘|2_1LDE-AFFT wg_lamﬁmt
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# Tendency of exp.data against theory

sin(2pB" )_sm(Z( %

PRELIMINARY

b—ccs

W-::irld Average

theory :
AS(SM) is
Positive

EXp:
negative
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S

fTendency of exp.data against theory

b—ccs  World Ayerage H : 0.67 + 0.02
< BaBar = +———— I 1 026+025+004
= Belle : —@——  0.67 05 +0.07
2 BaBar | : —_— . 0.57 + 0.08 + 0.02
theory . ‘= , Belle : : 0.64+0.10 + 0.04
>~ BaBar : —f——: 0.71 +0.24 + 0.04
AS(SM) IS < Belle - . 0.30 + 0.32 + 0.08
% ° BaBar : § —f+ ¢ 0.55+0.20 +0.03
Positive “e Belle : § — < 0.67+0.31 +0.08
2. BaBar : : h— it —0.81 533 + 0.09 + 0.08
“a. Belle : - +— ! 0.64 +0.23+0.12
2 BaBar S —=— ' 0.55'035 +0.02
Exp: 3 o Belle - — [ : 0.11 +0.46 + 0.07
= BaBar : | ~~0.94 Yoes Toos = 0.02
2. & Belle R . 04305 +0.14
> — BaBar P [ . 0.30 £ 0.25 + 0.06
(|CHEP08 L  Belle § d——> 0.83 +0.19 + 0.05
~ X BeaBar— i :-0.72 + 0.71 + 0.08
Paoti o, Belle . - :-0.43 + 0.49 + 0.09
K'KK, BaBar : |—~— 0.86 +0.13 + 0.03
Chang) ¢ K*2(K° xBaBar g — 0.97 *052
b—qgs Maive average H o : 0.67 + 0.04
-2 -1 0 1 2
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=% AS calculated from QCDF,pQCD,SCET

> > > > >
v AS ¥ QCDF v pQCD v SCET v exp ¥
| OK® | 002 | 0.2 |0.003,0.003 | -0.29+0.17 |
T o Ks ! 0.13 ! 0.15 | -0.19, 0.11 ! -0.20 £0.24 J
| pKs | -0.08 | -0.19 | 0.16,-0.13 | -0.07 £0.26 |
v M Ks ! 0.10 | | -0.03, 0.07 | - J
3 n K9 ! 0.01 | | -0.02, -0.02 ! -0.07 £0.07 J
T Ks 0.07 0.05 0.08, 0.08 -0.30 £0.19
Y pY pY pY pY »

QCDF: Beneke [results consistent with Cheng-CKC-Soni]
pQCD: Mishima-Li
SCET: Williamson-Zupan and Wang?,Yang,Lu, arXiv:0801.3123
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=% AS calculated from QCDF,pQCD,SCET

> > > > >
+ AS | QCDF | pQCD | SCET | Babar Belle}
+ oK : 0.02 : 0.02 : 0.003, 0.003 : -0.41 0.00:,
J ©Ks : 0.13 : 0.15 : -0.19, 0.11 :-0.12 -0.56:'
J pKs : -0.08 : -0.19 : 0.16,-0.13 :-0.06 -0.03:'
{ NKs : 0.10 : : -0.03, 0.07 : - :
I ‘K" ; 0.01 ; ; -0.02, -0.02 ; -0.10 —0.03;
4 TKs 3 0.07 3 0.05 3 0.08, 0.08 Rt -0.12 0.00>v

QCDF: Beneke [results consistent with Cheng-CKC-Soni]

pQCD: Mishima-Li

SCET: Williamson-Zupan and Wang?,Yang,Lu, arXiv:0801.3123
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Color suppressed penguin

= Color suppressed tree = Color suppressed
penguin/ EW penguin

= Negligible? =

6 J/‘I’c ) icJ/\P
6 < W< ; b‘ W Q@é@ < ;
| TN

n Vi Vi
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= nrQCD predict large color octet
contribution for J/¥ production.

= The color suppressed penguin is a Kind of
color octet contribution.

= If it were “big”, we would have sin 23 ;, for B
2> J/¥ K,

n As will change sign
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Summary / Comment

The direct CP measurements need a large
contribution from annihilation penguin (or

C

P
T

narming penguin), with large strong
nase

ne large BRs of B> VP modes also need

such annihilation penguin

S

iImilar in the polarization of B> VV modes

Only pQCD approach can predict its size by
calculation
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Summary / Comment

= Factorization approaches are systematic
tools, sometimes have to be used for data
fitting (Scenario 1,2,3.4 in QCDF, charming
penguin in SCET)

s SCET is encouraging, with consistent
counting rules, but need more parameters

= The 1/mg power corrections are much more
important than the NLO o, corrections
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