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The OPE and decay amplitudes

Since m,~4GeV and my~-80GeV, weak interaction can
be replaced by an effective local theory,
contracting the W propagator to a point (similar
thing to be done with t quark)
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the loop

This operation breaks the ultraviolet behavior of the theory.
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To remove the « after integrating out the heavy degrees of freedom
we need to renormalize the theory, which introduces new operators
and effective couplings, as a function of an unphysical

regularization scale (M)
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» How decay amplitudes are calculated
4 Operator Product Expansion

4+ Effective Hamiltonian

% Contraction on initial and final state

4% Renormalization Group Invariant combinations

The problem of non-perturbative effects

4 ... in the most favorable case (B’—J/yK°)
4 ... in the most confusing case (b—s)

But Dalitz can help sometimes.
A practical example (B-KTT)

% cancellation of hadronic effects

% a new bound on CKM matrix
B 00 0
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The effective Hamiltonian

-
After the renormalization of the effective theory

Her = \/—Z}‘ (CLQP‘I‘C.ZQP Z CQ1+GLLQ12+CLzQLz)+hF
i=3,...,

P=u.,cC

10

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

- {SE")V'A zq{QQ}F—Aa Qs = {Sif‘j)v—ﬁl ZQ{%qaﬁ)V—Aa Penguin
= (8b)v_4 zg (Gq)vya, Qs = (8:b;)v_a zq (Gq:)vya | operators
= (8b)v-a ) g 5€4(qq)v4a, Qs = (8ibj)v-a D_q 3€(4igi)v+a s

EW Penguin

(5b)v-a Eq %Eq(qqﬁ’—ﬂ 1 Q1o = (8ibj)v-a Zq %Eq{qﬂi)‘h’—ﬂ il operators

= S—Emh 50, (1 4+ ~5) F'"7h, sy = T my 5 (1 4 v5)G*D,

il

(cromo)magnetic operators
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Contractions of the H.s,

Contracting (by Wick theorem) the effective
Hamiltonian on certain initial and final states

All the perturbative physics (scale > HM) in the Wilson coeff.
Ci(M). All the non-perturbative physics (scale < M) 1in the

matrix elements. The unphysical dependence on J has to cancel
out.

Every operator can produce several diagram topologies when
contracted on the initial and final states. For example, the
tree level operators can be contracted into tree level

contractions: <Q>pz(H) and <Q>cz (M




The RGI combinations

-
W qOne can rearrange the contractions of various operators into
" Renormalization Group Invariant combinations, that represent
the physical quantities defining the decay amplitude (Buras
& Silvestrini, hep-ph/9812392). For example the tree level
contributions T and C correspond to the RGI's E; and E,

E1=C1<Q:1>p+C<0Q2>cg E,=C1<Q:1>c+C<Q2>pg

Every RGI corresponds
to a contraction of

P = (QI}?}'P+G‘E(Q‘E}%F’+Z(G‘ﬁ—l(Q‘Ei—l}ﬂE+G‘21(Q‘Ei~}ﬂﬂ) the J, " interaction
=1

10 term of the Standard
+ Z( (i) op + Ci(Qy) mr-) +Z(Fei_ ((ai-1) ea +C£i(QE$}Dd) Model (i .. RGIs are

- = the physical
P = Ci{(Q)ep — (Q)p) +Ca((Qa)p — (Qa)ie) quantities)

Penguins are more complicated
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The Decay Amplitude

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

CKM enhanced (~ A?%) CKM suppressed(~A%)
— — *
A(B° - K*17) = |Vis Vi X P,
| Penguin Tree level
(1.e. suppressed) RGI (i.e. dominant) RGI

% We know C(M) from perturbative calculations

% We still miss a technique that calculates
matrix elements without any dynamical
assumption
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The Most favorable case

C——
~ \° ~ A

A(BO —»J/‘.U KO) = -V Vcb* X (E -P ) Vis Vub* X (PZGIM-PZ)

4 B°—>J/PK’ is considered the cleanest mode to measure sin2f3
% Hadronic corrections coming from CKM suppressed terms
are expected to be small

% Trying to fit them from data implies effects O(l) on S
(no sensitivity from the BR)

% One can use B’°—>J/Ym to obtain the bound on the hadronic

parameters of B’—J/PK’ ~ )3 ~ )3
0 — * *
A(B —>J/¢/ 770) = 1-Vu Voo X (EZ-PZ +{ Vg Vi X (P2G||V|-P2)
informations (BR, S and C)
as 1lnput
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Range of Corrections from J/yn

B 000 e
BR™ % 105 2.2+ 0.4 BR®¥ x 1(° 2.2+ 0.4 Ch, 0.09 + 0.19
Cop 0.12 4+ 0.24 S, —0.47+0.30 | Scp —0.40 £ 0.33

(—24 + 41)°
(—146 + 50)°

0.43 = 0.43

2.87 +0.43

1.2240.15
P

B, — P
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Solution related to

J/ff/ﬁby SU(3))
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Probability density

P,

L I 1 0

|PGIM |
We can use SU(3) to determine the range of CKM
suppressed contributions in J/P K. This assumption is
weaker than fixing the value of the parameter

with SU(3)

6

GIM

|J/1|17c°
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Consequences on J/YK
-

One can then obtain model independent (i.e. no
factorization assumption) determination on the

theoretical error on sin2f As= 0.000 +0.017
.-i-"o.oo4l
%7]
BR™ x10°  85+05 |BR™x10° 85+05 |C& 0.00£002| §
Ccr —0.01 % 0.04 ot 0.73£0.05 | Si%  0.73+0.04 | 2 0%
|, — P)| 144 +0.05 a -
8 0.002 —
2 L
(a8 .
The Lesson: so01l
4% CKM suppressed contributions are :
relevant for CP asymmetries Oy - o
4% They are not crucial for a fit to BR only AS(JIIYK')
4% They cannot be bound without additional assumptions
4% Flavor symmetries can be used to bound the order of

magnitude (going further requires to control
symmetry breaking effects)
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The Most confusing case

B
Charming \
Penguin~ A Vs Vb ~ A

Vis Vo X { E,-P.Giv}
ViV X { E2+ PlGI |v|}

Vs Vup X { E+E+A -Po M}
Vus Vub* X {Al- P1GI M}

% Charming Penguin 1s doubly Cabibbo enhanced
% Amplitudes less sensitive to the other A,,/m, terms

4 B’ - KT’ is penguin dominated: S coefficient
sensitive to New Physics

% We can use B—TUl to guess the order of
magnitude of suppressed terms

B 2 20200
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Charming
Penguin~ A°

Vi Vo' X { E,+A -P cim}

Vi Vi X { EZ-A2+P1GIM}

4% We can use 3 BR and 2 A, measurements,
together with Sm

% We take El and E2 and the perturbative part of the

penguins from QCD factorization
4% We have to fit for 2 complex parameters

( Pl and Az_ PlGl M)

B 0 00 e
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Channel | BR™ x 10° | BR®P x 10° AZ, AZE Sth Sexp
e 5.5+ 0.4 54+04 [0.33+0.11|0.37+0.10| —0.54+0.12 | —0.50 + 0.12
a0 5.7+ 0.6 5.8+0.6 0 0.01 + 0.06 - -
707 | 1424029 | 1.45+029 | 0.07+0.24 | 0.28 4+ 0.39 2 i
2 | > |
g 7 GIM
8 P,=0.066 * 0.035 £ |P.*™-A,;|=0.45 £ 0.15
. T L
g > ([0.08,0.90] at 95%)
) =
S 8 Too |large to be Aywp/m;.
(o] B .
Q. 0.0005 E 0.001 Problems with
I factorization?
t'l:é ot o= 5= o os °o- R —__
|P(mm)| IPSM-A.|(nn)
4% Values are given in units of E;
% We will use [0.0,0.90] for the Km fit
(to be conservative)
B
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BR™ x 10° | BR™P x 10° i o3
201406 | 19.7+0.7 0.107 4 0.018 | —0.115 + 0.018
129+05 | 1224038 0.00 + 0.04 0.04 + 0.04
249410 | 253+ 14 0.00 + 0.04 —0.02 4 0.02
11.54+1.0 |} —0.09=+ 0.06 0.02 +0.13

P,=0.071 * 0.016 AS(K'M’)=0.08 £ 0.06 .
Including the radiative
corrections, the
discrepancy in the BR
1s gone. No more

0.002

0.004—

KTt puzzle!!!!

Probability densit)

Probability density

0.002 —

[ 1 P T T I TR
0.2 0.3 0.4 0.5

|Py(Km)|

S(K°n0)
Prediction in the
. Standard Model [

Maurizio Pierini (exp error on sin2f3
Three-Body Charmless E not included)
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Dalitz can
help sometimes:
an example of how
measuring
directly amplitudes
avoids problems

CPS, hep-ph/0601233

B 2 20200
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B—K*7T Decay Amplitudes

S
Charming Penguin ~ 2> V< V., ~ A*

Vis Vin X { E -P Gim}
Vis Vo X { E_+P cim}
Vis Vip X { E +E_+A -P cim}

Vus Vub* X {Al- PlGI M}

4% Formally equivalent to B—KT
decays

% The values of RGI parameters are
in principle different respect to
Kt, but equal among K*m (SU(2))

% But we can access abs and arg of
the amplitudes through the
interference in Dalitz Plots
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=’ A new bound on CKM Matrix

\\\\

 ¢%#’@ B

It 1s possible to experimentally
access AI=3/2 amplitude

A'=A(K* ' ) +V2A(K %)== V.V (E,+E,)

from K'Tn’° Dalitz plot

AT=AK" ) +V2A(K )=

0=t 0

from KTt Dalitz plot

Assuming (for the moment) no EW Penguins, the ratio of
these quantities and their CP conjugated

measure Y

Same argument
applies to higher
K* resonances

Maurizio Pierini
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between B and B Dalitz plots is not measurable (i.e. there

are two arbitrary phases).
* For K@’
% Fix the two arbitrary phases such that A(K™m)

and A(K'n") have the same phase
% Measure the relative phase in the CP eigenstate

Dalitz plot B—K’nm'm”, where the two process
indirectly interfere

In this way we get
R —Z Yy i g( ( 1 )) g( ( 1 ))

and the error on CKM has two sources but it is
% the error on R (!!!
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AK 1 )+V2AKn ) =A"=A(K" ") +V2 A(K* ')

in this way the sensitivity to CKM terms is lost to
indirectly determine the strong phase. But we still

have the other K* resonances.

* 0+t

% Model dependent method: since K 'T 1is penguin

dominated, one can write

where A,=(A,-P,°™)/P, is O(1l) correction, the ratio of
CKM terms is O(A’), B. is the B, mixing phase and the

dependence on'E and.ﬁ is known



Inclusion of EW Penguins
- S
EW penguins are suppressed -0, respect to strong

A}
et

““““

penguins but they are enhanced by A respect to AI=3/2
amplitude They provide an O(l) correction. We use

3 suu scc scc 1 S 3 suu ScC sccC 1 S
Q9:5<Q1 - Q1 >+3Q1 - 5Q3 , Q10:E<Q2 - Q2 >+3Q2 - EQ4

to write
* 3 * suu scc
Q, and Q, Heﬁoc Ve Vis €= thmeC9 (Ql - 0, )
neglected
% 3 *
|C7'8|<<IC9’10| + Vub VusC2_ _thvtsclo

2

R becomes




““““

% Bound on CKM from Arg(R’)

- —————
BaBar, hep-ex/0408073

A measurement of B’—SK'mn’ Dalitz exists, which
determines both K* and K*(1430) and provides Arg(RO)
with an error of 18°. We do not have K°tm Dalitz plot
yet, so the relative phase of B and B cannot be fixed

We can assume a perfect _
agreement to SM and ... i

«..20°
of error

0.5-

crossing point

3 Cy+Cy, (1- A*/2) of
2 C,+C,+C,+C,,  A? :

p_O:

-0.5-

The precision is already .
comparable to Yy from DK

0.5-

Possible improvements ...40%
4% fitting directly for R of |

(cancellation of systematics) 1
4% using all BaBar & Belle current data Af
4% adding charged modes 405 o o5 1




What New Physics can do

B
(assuming that NP does not enters at tree-level)

NP can affect the Coefficients of EW penguins

The analysis of R’ is unchanged, but NP will modify the
value of the phase

NP can modify the hierarchy between EW and strong
penguins (respecting C, ,<<C, ,,) & )

The phase of kx;;, will change,
breaking the relation
between Arg(R) and B} ﬁ

NP can modify the hierarchy
among EW penguins (C, ;~C, ,,)
the new AI=3/2 operators will
break the relation between R

ot

(=

<

N
I

0.001—

Probability dens

and.E,'n. In particular,

0\||||§1 |£| L1
0 0.5 1 1.5 2 2.5

|IR|#1 is expected
B |IR|=0.96 £ 0.17 IR
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