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2nd Coming of Direct CPV
= "Song” of Penguins
in B decays[Nature’08]
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Difference in direct charge-parity

violation (CPV) between charged and
neutral B meson decays
[The Belle Collab.] Nature 452 (2008) 332

Ag+0=+0.07+0.03+0.01,

Ars0=40.07+0.064+0.01.

N(BP-»K n")—N(B"—K'n™)
N(BP>K-nt)+N(B"->K*+n—)

Ax s 7 = —0.0944+0.018 +0.008

AA=Axso0—Ags+ = +0.164+0.037
established at the 4.40 level;



1st Direct (amplitude) CPV in
K->ttt (NA48 & KTeV 1999)

Re (¢'/e) = (16.7+1.6) - 10~*
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1999 as a decisive year for direct CPV
(35 years after the measurement of
indirect CPV) - in units 107-3
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"
Predictions in pre-'99 era w.r.t.the
VSA estimate in two renormalization

schemes [S.Bertolini, hep-ph/0206095]
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The Standard OPE approach

Has=1 = %Vud Vs ; [Z’z(ﬂ) + T yi(“)} Qi)

For pu < me. T = —ViaVis/VudVis

Current-Current

Q1 = (§au@)VA(55da)vA}

Q2 = (Su)y_, (Ud)y_4

Q35 = (3d)y_4 Zq (GQ)WA Gluon “penguins”

Q4,6 — (gadﬁ)V_A Zq(aﬁQQ)V:FA

Qro = 35@d)yv_p 2,6 (T0)vin . -
5 o Electroweak “penguins

QS,IO = 3 (Sadﬁ)v_A Zq eq(QﬁQQ)V:I:A



MuniCh - Rome Scale

Fields Eff. Theory
[A P'Ch hep Vors If’fg;(_} Standard
Ph/ 041 02 15] N A Model
G
pas=1 _ _GF oy ZCi(u)Qz‘(ﬂ) lOPE
\/§ =1 . ,
AS=1 < me 195 Hy & Vi [,&D [,AS 1,2
L5377 = Gs Ly + Gor Lor + Gew Low — [ 5%Y
By employing Chiral } N oo
T i y T My € _
Perturbation Theory, pion M| \PT
loops enhance the Ao
amplitude

Updated SM prediction by Munich and Rome

Re(¢'/e) = (19+2

e +6)
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Trieste-Oslo (before '99)

employing the Chiral Quark Model

= ME for adll
OP's within
a single
framework

= Makes Off' m, ~5GeV
shellness
calculable

M ,~80GeV

(Lamb-shift svexsuog|
type eff. | A

For QCD)

QCD + EW

u.d,s,c,b.t, ....

HQET c.b
QCD u,d,s

¥ QM + HL y QM

CPT + HLCPT
Kn.x,B,D,..

Suosaw <— syrenb



" S
Comparison of pre-99 predictions:

Munich vs Trieste - in units 10" -3
£'/e

2.5

5|

1.5

|
0.5

0
-0.51

03 Q4 05 06 07 08 Q9010 All



"
LO/chiral-loop corrected / full O(p”4)
Trieste-Oslo - in units 107 -3
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"
Decisive Q6 and Q8
Penguin Operators

QCD Penguin Operators

Qs = (5:di)v—a Z(@ij)v—A

S. ow @
Q4— VAZQ]Q
u., c,t
7 7 QS —( V AZ QQQQ V+4+A
g .
Qs = (5idj)v—a Y (§ai)v+a

q q ;



Electroweak Penguin

Operators

Q7 =

(S@d V— Azeq QJQJ)V—I—A

q

(5idj)v - Azeq qjqi)v+A

(8sdi)v - Azeq (q;95)v

Jv— Azeq 7 4:)

[\DICJO l\DIOO DO | QO [\DICJO



"
Magnetic Penguin Operators

-from mass insertion on
the external b-quark line

e _
Q“E Q7')/:W mps;o”"(1+ Ys)biF,w,

8 : e
Oz Qgi= <2 mps ot (1+y5) Tjb, Gy,



" =
New Dipole Penguin Operator

Q6 (partner to Q11) corresponding
to off-shell external quarks

L(s = dG) = Be™1G (dy i Dy 7,51)
L(s — dG) = Lo + L,
Lo=CcQa ; Ly=Ch Qu

Qc = 250 [(iv-D =ma)o-GL + 7GRy - D = m,)|s + he
7

Qn = 2 {mSR‘FmdL} c-Gs+ he o-G=o"GY
872 H
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Additional contributions to €’/¢

- refer to more complete
Lw = L4y + Ly + L + L

L, " Chromomagnetic Penguin Q11
contribution considered by Bertolini
et al. 1994

[:R m Off-shell, off-diagonal self energy
sd by Bergan & Eeg 1997

Lo ™ Off-shell Dipole Penguin Q6 by
" Eeg, Kumericki & TT /0803.2106



"
The Wilson cofficients for
selected operators in

Lw = Ci(p) Qilp)

Cili) = =& [z = Ao

m CPC(z) & CPV(y)-parts, Qn (n=6,11,6)

(g (11 e
(u=1GeV) -0.009 -0.033 -0.035

y(up=m.)  -0.083 -0.318 -0.407
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Bosonization in Chiral Quark
Model Locp — Locpy = Locp + £,

= Chiral-symmetry breaking by
adding a nonperturbative term

L,=-m(@X qr+TrEqL)

S — epli N1,
min addition to fermionic QCD term
Li(q)=qliv-D— My)q

Mq — dlag (mU7 Mq, ms)




" S—
Off-shell part transformed
away by EOM/field redefinition

1

d =d+ Bo-GLs — §A(ify DR+ MrR+ MyL)(iv- D —my)s
1

s'=s+4+ B'oc-GLd — §A*(i7 DR+ MgrL + My R)(iv - D —my)d

= - absorbed into fer'll%mionic tgr‘m
Li(q)+La+ Ly, = L4(q)

= - reappears in nonpert. term

L (q) = Lx(q,) + Aﬁx(q,) + O(G%)



" S .

AL for the dipole operator Qe

AL(d)e =m 5 (TuA 0 -GSdy + 7o -GN ;)

A= (A —iM)/2

= Employing the flavour rotation

g — x1 =&q and  qr — xr = &'qr
where £ - £ = X

= the term suitable for bosonization

in terms of quark loops

AL )q :m&YF( o -Gy + h.c.

T o o=E6aL




The aipole operator Qi1

in chiral SU(3) invariant form
Qu — =L [@R Mq)\_ g - GC]L + aL o-G )\_Mz; QR}

S7r2
mafter flavour rotation
Qll — 82:2 Y[F(‘i) -+ F(é) ’}/5} o-G X F(lff - (F(Ii) iF(E)) /2
in terms of F(L_) = M N_ET and F(]i) = f)\_./\/l];{
munderstood in terms of a quark
loop, corresponding to

£(4)(Q11) ~ Tr [F(K)AM A’“}




" JE
aUsing 2iA, = —¢(D'S)ET = ¢(D,XT)E

G e

in

G

mgives the finéxl bosonized form

LY(Qu) = GO (Qu) Tr (BT M-+ A M[3) D'STD,%

(the coeff. alculated by Bertolini et al.'95)



S )
The coeff. calculated in terms
of the 2-gluon condensate
Bertolini et al.'95

GV Qi) ~ (2=G?) Oy, /(872)

mgives the K->mtn amplitude

% (my — ma)m2 G (Qn)

ssuppressed kinematically, by M

AK? - 7t7n7;Q11) =



" JE—
Oper'cn‘or' Q6 in rotated picture

Qs = —8(F(2))as (Xr)alxr)s(Xr)s(xL)s
uLike other octet operators

2 = GP(Qg) Tr ()\_D“ZTDMZ)

Q6 gives unsuppressed amplitude

A(KO — 7r+7r_; QG) — % {m% — mi} Gg)(QG)

Géf)(%) = —16 Cs —|{q9)|?



inserted into loop diagram, gives
the coefficient

CD 1 X g

2
872 24<7TG>

Gs(Qa) =




" —
New Dipole Penguin - in ratio

to Q6 contribution
 AKY = 1tr; Q) B %h
P T AR =T Q) G
f2(eG?)
24 - 87216 Ly |(q9)

= gives CPV and CPC parts,respectively

aswhere 1 =

Ya
PCP-violating = —h =~ 0.05

Ye
PCP-conserving — Z_Gh ~ (.04

<6



"
Conclusions

= Penguins deserve a further study

m Off-shell effects (Lamb-shift like)
deserve a further study
[Brodsky&Shrock'08]

= Off-shell effects normalized to Q6
contribution to €'/g, in total 20%:

5% from New Dipole Penguin Q6 [EKP'08]

15% of Self Penguin (Qsd [Bergan&Eeg'97]

-within uncertainty of Trieste-Oslo
-in favour of NEW KTeV value



