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Current Experimental Situation

4 The establishment of CP violation in K'n" and the observed
discrepancy with respect to K'n" called for a "puzzle” in
Kn decays. For us, this is just the indication that
charming and GIM penguins are not the end of the story

< the enhancement with time of BR(K°n°) introduced some tension
in the commonly accepted models, interpreted as a possible hint
of SU(2) breaking

4 The large set of measurements (including S and C) from
BaBar and Belle allows to study not only Kr but also
PV modes
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The OPE and decay amplitudes

Since my~46GeV and my ~80GeV, weak interaction can be replaced by an
effective local theory, contracting the W propagator to a point
(similar approach with 1 quark)

2 fermions 1 () <p2
2 bosons 2 2 - |1+ ( 2)
. p +tm m
in the loop w w

2 fermions
1 boson in

the loop
This operation breaks the ultraviolet behavior of the theory.
d"p dp d*p dp
[Lrafy o [T2ogd
P P P P

To remove the ~ after integrating out the heavy degrees of freedom we need to

renormalize the theory. New operators couplings are generated
-
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The effective Hamiltonian

After the renormalization of the effective theory we get

He = V,—Z}‘- (GLQ1+G_3QP+ Z GQ1+GLLQ13+GHQ13)+IIF

P=1,C 1=3,...,10

Tree level
= (pb)v-a(sp)v-a, Q% = (pibj)v_a(sipi)v_a, | operators

Qs = (8b)v_a ) 4 (Gq)v-a, Qa = (8:bj)v-a D 4 (4ai)v-a, Penguin
(s = {EE")V—A Zq (QQ)HA . Qe = (Ea:'f‘j)v-,q zq (%Qaﬁ)lr’+.4: | operators
Qr = (sb)v_a D _, 3e,(qq)via, Qs = (8ibj)v-a ) 4 5e0(Gigi)vea,

EW Penguin

Qo = (sb)v_a Eq %Eq(qqﬁ’—ﬂ 1 Q1o = (Sibj)v-a Zq %Eq{qﬂaﬁ)v—ﬂa operators

—E

Qry = gz ™ 50, (1 4+ ~5) F'"7h, sy = T my 5 (1 4 v5)G*D,

(cromo)magnetic operators

.
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Contractions of the H./

Contracting (Wick theorem) Hes on initial and final states

All the perturbative physics (scale > 1) in the Wilson coeff. Ci(1). All the
non-perturbative physics (scale < 1) in the matrix elements. The unphysical
dependence on p has to cancel out. One operator can produce several
diagram topologies. Example: tree level operators generate

<«Q>pe(1) and <« Q>ce(1)
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The RGI combinations

One can rearrange contractions into Renormalization Group Invariant
combinations, corresponding to physical quantities (Buras & Silvestrini,
hep-ph/9812392). Example: T and T¢ (trees) correspond to the RGI's
E: and E;

E,=C1<0Q:>pe+C2<0,>cE E;=C;1<0;>c+C2<0,>pg

Penguins are more complicated

Every RGI correponds to
a contraction of the J,J*

Py = Ci{@)%p +CalQa)pp + Z(Gﬁ-l(Qﬁ-l}ﬂE + Gﬂli(Q!i}ﬂE)

+ Y (GlQIor+ CiQIpr) + X(Co @u-en +Cal@u)n) | interaction term of the
- = Standard Model (i.e. RGIs

P = Ci{{@)r - (@) +Ca( (Qlbp - @alb) are the physical quantities)
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The Decay Amplitude

The final formula is simplified and the dependence on
w is formally canceled out

AB’ - K* 17)

. A(B+ — KO ﬂ) 'Vts th*x PI
V2-AB* ~ K )4 Vi, Vi x P,
V2- A(B® _ KO 1)

- Vus ‘/ub>Z< X {EI-PIGIM}
Vus ‘/ub>I< X {AI-PIGIM}

- | Vs Vie' X {E +E,+A -P 6im}
1V, V, % { E2+PIGIM}

% We know C(u) from perturbative calculations
4% We still miss a technique to calculate matrix elements
to obtain the values of the RGI

S
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Perturbative Approaches

Perturbative calculations are possible in my—co limit
<% pQCD by Keum, Li & Sanda hep-ph/0004004
<% QCD Factorization by BBNS hep-ph/0006124
<% SCET by BPRS hep-ph/0401188

(B°1], JMK 7t)=(B°!J lrt) (O1J*IK ) (14 O(«,)) +O

% A clear demonstration that penguins do factorize is still missing
(Bauer et al. hep-ph/0401188 vs Beneke et al. hep-ph/0411171)

% As previously pointed out (Ciuchini et al. hep-ph/9703353) Aqeo/ My

contributions may play a relevant role in phenomenology (m,$)
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RGI“AQCD/ m, in bos deCGYS

Charming and
GIM penguins(c-u)

Disconnected Annihilation

07/09/07 M. Pierini — EPS2007 Manchester 9



A Few Comments

One can move from the exact calculation fo some model dependent approach, but
all Aqen/ms terms have to be considered

% P, is doubly Cabibbo enhanced, so it plays the major role

% Nevertheless, the others are important

In principle: we have enough observables to determine all the parameters

(4 complex RGI) and keep some predictive power

In practice: we are not precisely sensitive to the doubly Cabibbo suppressed
Aqen/my terms (which are ~% corrections to BR's)

What we can do:

=% Describe E; in factorization

% Fit for the leading term P,

= Vary the other in some a-priori fixed range

% Use BR and direct CP asymmetries to obtain information on S(K°x°)

We can still obtain a prediction on S within the Standard Model, but the error
on it will depend on the chosen range. So, we scan the upper bound on the range

B .
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Result on B—Kn (I)

B 1o exprange With all Aqe/ms corrections
26 exp range no BR K puzzlelll
2 BR(K*x")[10°] BR(K°z")[10°°]
=
tﬁi 21
% 20
bettep agreement if upper value on n
7t O(Aqen/ms)>0.4 |E, | 20%:
‘ o o o0 Up?j:r Value 01(AQCD/m;)'2 ° o2 o o8 Up,?{sr Value O1(AQCD/m;)2

2 b BR(K*x°)[10°°] " BR(K°1°)[10°¢]
t:; C
g 13

12—

11—

Loy L) re N T S B

M IR A IR BT
0 0.2 04 0.6 08 1 1.2 0 0.2 0.4 0.6 08 1 1.2
Upper Value O(Aycp/m,) Upper Value O(Aycp/m,)

0=, , 1 v v v 1 4 4 4 1
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Result on B—>Krn (IT)

B 1cexprange With all Aqe/ms corrections
26 exp range no Ac Kn puzzlelll
-;.\-002 Cl.15E
@an'm Acp(K+TC_)[1O-6] 01f- ACP(KOR_)[]-O-G]
e :
o o o e Upg'gr Value c;(AQCD/mbB'z ‘ o o o Upg'gr Value (;(AQCD/r;:,y
€ oo Ace(K'7°)[10°] 3 C(K°n°)[10°]
‘CU 01: 0:4:—
3 o F C predicted better
wz_\}Q\lo CKM suppressed Aqco/ms than measured
£ terms gives the ACP puzzle
’ o o e Up}’;‘?r Value (;(Agm/m;'z 0 o o e Up}’;?r Value (;(Agm/m;'z
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Result on B—»Kn (III)

%: 0.2:— S: 300;_
st |P /E | = 0.060 + 0.024 | * = Arg(P/E)) = (130 30)°
wi b EEEE R AT REEEERERE
L

% The prediction on S(K°1°) is stable
< The error depends on the upper value of the range

: =¥ In a very conservative situation (O (Aqeo/m )/ E:
3 S ai tost of the SM €[0,1]) we can still test the SM

*'F'S gives a test o e | i — .

" (not used as input) Limiting factor is still the exp. precision

'10:' B 7 B T S T R S

0.8 1
Upper Value O(Aycy/m,)

...
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B—KK and the magnitude of O(Aqcn/ms)
~

3 RGI (i.e. 5 real parameters to fit)
2BR, 2 direct CP asymmetry and S(K+K-)

AB* — K*KO)
AB* — K°K9

Large values of the parameters are suppressed.
Even with SU(3) broken @100% we do not expect large enhancements

e
(=]
=]
@

x10°
0.6

|A1/E1| < 0.55

P/E | < 0.28
@ 95% Prob

95% Prob

Probability density
Probability density

0.001

Op 01 02 03 04 05 0o
L

A
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Test of SM: Sk, vs Ci:

Since C is better determined by the fit than by the experiment, we have
information on it from the other variables + SU(2) relations
(all possible sum rules you can imagine are implemented). We can remove also
C from the set of inputs and look at the agreement in the S vs C plane

O(Aqco/my)/E1€[0,1] O(Aqcp/my)/E1€[0,0.5]
— 1 — 1
;E’ 0_8_.68% prob. j:’ 0_8_-68% prob. @
X 160]95% prob. X 16k []95% prob. .
“ 0_45_ experimen‘l‘ql “ 0_45_ exper'lmenfal
- _ measurement . _ measurement
0: 4 of
mz? 3 0.21-
ﬂA? ﬂA?
05§ 05§
-0.8F -0.8F
1:..|...|...|...|......|...|...|...|... T PP T T T T T

"1 -0.8-06-04-0.2 -0 0.2 0.4 06 0.8 1 "1 -08-06-04-0.2 -0 0.2 0.4 06 0.8 1

C(K'n0) C(K’n)
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What SUSY can do

S(K°n°)
S(K°x°)

Typical values of 0.3-0.4 are allowed DR R
SuperB statistics needed to- R
disentangle SM from NP

0.0
0.03

o o000 ocoopDOOdoO = -« -

- coQO0o0ood 0o - - -
- oO00d0O0ocooooos - - -

S(K°z°)
S(K°z°)

0.01 —0.008 -0.006 -0.004 -0.002 \;’ 0.002 0.004 0.006 Q.008 001 1 0.8 Q. 0.4 0.7 ;‘ 0.2 0.4 0.8 1
Im(823d)RL Im(823d)RR
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BR(K*p)[10°°]

BR(K*p%)[10™°]

Result on B—>Kp (I)

B 10 exprange

20 exp range

BR(K*p~)[10°°]

N
04 0.6 08 1 1.2
Upper Value O(Agcp/m,)

BR(K*p°)[10°]

07/09/07

0 0.2

N
0.4 0.6 08 1 1.2
Upper Value O(Agep/m,)

10

14

12

SEEREREEREE

BR(K°)[10°¢]

N I
04 06 0.8 1 1.2
Upper Value O(Aycp/m,)

BR(K°°)[10°°]

N B
04 0.6 0.8 1 1.2
Upper Value O(A 5cp/m,)
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Ap(K'p)

A (K'p%)

08

0.4

Result on B—Kp (IT)

B 1o exprange
20 exp range

0.6

Acr(Kp7)[10°]

0-2_
0

-0.2

-04

0

08

06

04

02

-0.2

07/09/07

0.2

04 0.6 0.8 1 1.2
Upper Value O(A gy y/m,)

Acr(K*p°)[10°]

0.2

04 0.6 0.8 1 1.2
Upper Value Of AQCD/mb)

Acr(K°p7)[10°]

ll]l.2I I l0.4. . ID.BI ’ IIII.BI — 1 — I1.2
Upper Value O(A gy y/m,)

C predicted better than
measured

| s
0.2 0.4 0.6 0.8 1 1.2
Upper Value O(Aycp/m,)
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Result on B—Kp (III)

g _ 014 ~ 100f
E —~ u
0.12F- %O__* oF-
0.1F- |P1/E1| = 0.040 = 0.017
0.08 0:—
0.065— } _505_
0.0af -
0.02F- + + + + + + + + ll 100~
o -1503—
0.02F "
A= -200—
-O.CB:—- 1 PR | 1 1 L 1 1 1 1 1 1
0 0.2 04 0.6 1.2

08 1
Upper Value O(A5cp/m,)

S(Kp?)

-0.4

«E S gives a test of the SM
«sf  (not used as input)

B s e e s s
o 0.2 0.4 0.6 0.8 1

1.2

Upper Value O(Aycy/m,)

...
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o50k=r 4
0

Arg(P_/E ) = (-75 £ 30)°

0.2II.0.4..I0.6I.I0.8 1 I1.2
Upper Value O(Aycp/m,)

% The prediction on S(K°%°) is stable

<# The error depends on the upper value of the range

< In a very conservative situation (O (Aqco/ms)/E:
€[0,1] ) we can still test the SM

< Limiting factor is still the exp. precision



Test of SM: S, vs Cy,

Since C is better determined by the fit than by the experiment, we have
information on it from the other variables + SU(2) relations (all possible
sum rules you can imagine are implemented). We can remove also C from the
set of inputs and look at the agreement in the S vs C plane

1 O(Aqco/my)/E1€[0,1] 1 O(Aqcn/my)/E1€[0,0.5]
S S
EF 0.8F EF 0.8F
2 osf & ol
W2 [ 95 -
0.4:— 0.4:—
0.21- 0.21-
of ﬁﬁﬁﬁﬁﬁﬁ;i ffffffffffffffffffffff n;
02 I68% prob. - — o2 I68% prob.
04t 195% prob. 04f[195% prob.
060 experimental osf experimental
0.8F measurement 08E measurement
I T PO PR P P TR T T I U P P Y I P PO
1 -08-06-04-02 0 0.2 0.4 0.6 0.8 1 1 08-06-04-02 0 0.2 0.4 0.6 0.8 1
C(p°K’) C(p°K”)

S
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BR(K 'm)[10°%]

Result on B—>K*r (I)

B
B 16 exp range

16— 20 exp range
BR(K**1-)[10°°] : BR(K*°1-)[10°°] O eXp rang
o i S A S S o e
10 BR(K**n°)[10°] BR(K*°°)[10°]

BR(K 1)[10°°]

Exp average
of ~3 from BaBar
and ~O from Belle

0.8 1 1.2 Olll0.2III0.4IIID.6III0.8 1 I1.2
Upper Value O(Aycpfm,) Upper Value O(A 5cp/m,)

B .
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Result on B—>K*n (IT)

Acr(K*°17)[107°]

0.4 0.6 I 0.8 1 1.2
Upper Value O(A y¢/m,)

—_— [ -
£ osf * 02

x F Acr(K*n)[10°] -
g 99 0.1

< t -

0.2 =
£ o

-0
-01

0.2 £

: -02f

04— -
0| -03 ;—

_0_3:—. RN NS TN TR T SN TR TN (N TR SR S NN TR SN T N S S -0.4:—. L
0 0.2 0.4 0.6 038 1 12 0
Upper Value O(A y¢,ym,)

cg 0.6 E
C + 0 -6 8F
’L oabe Acp(K*'1t°)[10°] Z:_

S B E
< 04

C(K*°n°)[10°]

. st C predicted better than
B 06

- osb measured
-06— 8E

0 BT Y B Y ST S — 3] 02 7 R T R E—

07/09/07

0.8 1 1.2
Upper Value O(A g p/m,)

0.8 1 1.2
Upper Value O(A ycp/m,)

o
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Result on B»K*r (III)

.%: :-Z:E :: 300
ot |P,/E| = 0.034+0.008 | % '} Arg(P/E) = (175t 27)°
D- — .02I I I0.4. . Il:l!:iI . IDBI . .,L = I12 0- — .0!2. I .0I4. . IDIBI .Ulp?;:rlva.lu;(;:(f\lgc;ﬁ;b‘l)z
E Z:: < The prediction on S(K*°n°) is stable
o4F 4 The error depends on the upper value of the range
E % In a very conservative situation (O(Aqco/ms)/E:
02— €[0,1]) we can still test the SM
*F + { ‘ 4 Limiting factor is still the exp. precision
-o.sé— ¢ o} ' + l‘ }

038 1 1.2
Upper Value O(Aycp/m,)

-
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Determination of v with UL@1.0

Remove the input z
. . — — 2 L
informationonp andn § | KT
. U f—
and fit for them z o =
using all BR and direct A, & | 08 Combined constrained
S - — =
o ! ; 06__ L
190 & 0.0005 - on p n plcme
> ol : 04}
g i i 0.2:_ Q
3 - :
2 0 100 0 100 OF
3 | Y1 -02F @
2 .
o L "? 0.4
(= i ] C
_ c -0.6F
. © C
I £ -0.8
o_ % _1:IIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIII
100 0 100 3 1 0.8-06-04-02 0 0.2 0.4 06 08 1
1 £ —
Y
e E—T—
Y[
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Determination of vy with UL@0.5

Probability density

S, 0.003
= :
s | Kn
2 1
2 0002} = :
K 0.8 Combined constrained
e C - -
~ 0.6F on p - m plane
a0° 0.001- 0.45
0. 0.2 3
| : L of
0.6 0 C
I vI'] -0.2- 9
oaf -0.4F
i 0.001 -0_6:—
0.2 L
I -0.8
o- -1:|||||||||||III|I|II|||I|I|II||I|I|I|||
-100 0 100 i -1 08-06-04-02 0 02 04 06 08 1
YI[°] 0.0005 _
T ——
v[]
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v as a function of the UL

D
l‘""‘d
= 150

100~ UTfit determination y= (64.1+4.6)°

20
0

-50

S I I

Determination of y
from Kn, K*t and Kp

-100

150 . : o

Even in the most £ (nGUdng Aa/m. coptributions)

conservative case ° 0.2 04 0.6 0.8 1 1.2
Upper Value O(A,qp/m,)

we have a 10°
determination of y
from charmless
B decays

v= (-65+12) U (63+9)° for UL@1.0
v= (-61+3)° U (60+10) for UL@O.5

-
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Conclusions

-
4% The zoology of b—s transitions looks more rich that a land full

of trees and charming penguins
% The perturbative calculations can describe the main features of the decays but
additional effort is needed to match the experimental precision
4 We are not sensitive yet to Aqco/m» CKM suppressed corrections,
which have impact on the prediction of S in NP sensitive modes
<% We can still obtain some information from data, but the
upper value of the allowed range is needed as external input
¥ too low values produce deviation from data (Ac(K'n®))
¥+ UV~1 (ignoring Aqco/ms hierarchy) reduces predictive power
% Still, experimental measurements of S are the limiting factor of a

meaningful SM test See backup slides
% With Ageo/ms in [0.0,0.5]E; (or ask)for

¥ Good agreement with data oK, nK, oK

¥ Confirmed by B—KK data (no CKM suppression) and B,—KK

In this picture, S(K°n°) emerges as the most predictive test of the SM
B
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BR(K'0)[10°°]

BR(K 0)[10°°]

11

10

Result on B—¢K (I)

B 1o exprange
20 exp range

BR(0K*)[10°]

o

—y
)

0.2

04 0.6 I 08 I 1 1.2
Upper Value O(Aycp/m,)

BR(0K°)[10°¢]

=]

07/09/07

0.4 0.6 08 1 2
Upper Value O(Aycp/m,)

03

02

0.1

-0.1

-0.2

Acr(¢K")

o

08

06

04

0.2

-0.2

-0.4

-0.6

-0.8

0.2

04 0.6 08 1 1.2

Upper Value O(Aycp/m,)

C(oK°)

dl.

0.2

0.4 0.6 08 1 H2
Upper Value O(Aycp/m,)
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Result on B—¢K (IT)

~ t|P/E.| = 0.050 £ 0.023 “Rrg(P,/E,) = (100 + 59)] £ . LI I O O I
0.1§— zoo:— ( 83 + 55)0 i 0-:_
AN RRNNEE Test of the SM
3 o “E (S not used as input)
o Upper Value O(Agerfmy) Upper Value O{Agcofn,) T e R T L}pg!:r - c;lmlgc;,/n;j 2
O(AQCD/mb)/E1€ [0,1] O(AQCD/mb)/E1€ [0,0.5]
—~ 1 S I
E 0.8F E 0.8F
~ 0.6 ~ 0.6
%) n %o n
0.4 - 0.4F )
- experimental - experimental
02 measurement " measurement
-0 e '0:
. 2.68% prob. = o2 I68% prob.
-04H_195% prob. 04EL195% prob.
-0.6[ 0.6
-0.8F -0.8F
SENEEERE NN NN EEEE FENE AN AN NN AN SERE RN RN RN AT AN AN AN NN
11 08-06-04-02 0 0.2 04 06 0.8 1 R 11 08-06-04-02 -0 0.2 04 06 0.8 1
- EPS20(

C(oK")

C(oK")



Result on B—n 'K and B—oK (T)

T
B 1o exprange
20 exp range

o 85 = 0.15F
E : I+ 6 Jirﬁd : 1+
= sof BR(T] K )[10 ] = C ACP(TI K )
= - 01—
+ - < -
X 75 =
R 5 L
Q 0.05
70
650 o~
605— N
L -0.05_—
55— C
SN B BN BN R R - A RPN R B RPN R
0 0.2 0.4 0.6 08 1 1.2 0 0.2 0.4 06 08 1 1.2
Upper Value O(A,p/m, ) Upper Value O(A,p/m, )
~ 85 o 1c
\QQ » - C
C - 08—
S BR(n'K’)[10°°] SO C(n'K")
£ sE E
E C 04—
Eé 70 0.2
65 0
- 0.2
60— -
- 04
555_ _0-5:_
50 08
P T TN R SN R [P N T T T B R
0 0.2 0.4 0.6 08 1 1.2 0 0.2 0.4 06 08 1 1.2
Upper Value O(A,p/m, ) Upper Value O(A,p/m, )

07/09/07 M. Pierini — EPS2007 Manchester



Result on B—n 'K and B—oK (IT)

BR(K 0)[10°°]

BR(K0)[10°°]

07/09/07

B 10 exprange

20 exp range

of BR(0K*)[10°¢]
BR(0K°)[10°°]

L4
IIIIIIIIIIIIIlIIII

[=]

0.2

04 0.6 I 08 I 1 1.2
Upper Value O(Aycp/m,)

Acp(K )

C(K’w)

04

0.3

0.2

Acp(0K™)

0.1

01

0.2

) | SrE——

0.2

0.4 0.6 08 1 1.2
Upper Value O(A,cp/m,)

0.8
0.6
04

0.2

C(nK?°)

0.2

04

0.6

0.8

0.2

0.4 06 08 1 12
Upper Value O(A,p/m, )
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Result on B—n 'K and B—»wK (III)

B—n'K

“Arg(P/E) = (172 £ 74)7 £ E
0.2;— R R R m;_ } l | (15 11) 04
0'1;_ } + + + { } * ]l l 1 mi— 0:
+IP,/E,| = 0.099£0.035 = £ Test of the SM
o 0.194 + 0.010| bbb s .E(S not used as input)
Ry T S S PO e B R Rt N
Bow'K
%: 0.125— ng_ ;@ 0;:—
o_:;lPl/Ell = 0.035 + 0.012 zoo;— Arg(PllEl) — (_6 + 37)0 §- o.s-
nIRRREEREEE SEEEEEEEEE NI
o ¥ «t  Test of the SM
“F : o (S not used as input)
° o o4 oe Up;?éi Value 01(AQCD/m:)'2 ° o o oe Up;fr Value 01(1\90,/»“,,1)'2 e T e o lU;;g;i Value 0:(/\;0;/»;,,1)'2

B .
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