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How can we describe B — PP
decays?



1. Topological parametrization

Each coefficient represents a
different topology
Used in e.g. Gronau, Hernandez, London and Rosner 9504326

Huber and Tetlalmatzi-Xolocotzi 2111.06418 Equivalent to SU(3) irreducible rep..
Berthiaume et al 2311.18011 He, Wang 1803.0422/v1

Bhattacharya et al 2505.11492
Any two-body B decay can be expressed as: A(B — PP) — ,lb(ﬁ) Au + 1 C(CI) Ac+ /It(t) At

Parametrize all B — PP decays in terms
of topological coefficients
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Each coefficient represents a
different topology
Used in e.g. Gronau, Hernandez, London and Rosner 9504326

Huber and Tetlalmatzi-Xolocotzi 2111.06418 Equivalent to SU(3) irreducible rep..
Berthiaume et al 2311.18011 He, Wang 1803.0422/v1

Bhattacharya et al 2505.11492
Any two-body B decay can be expressed as: A(B — PP) = ,lb(ﬁ) Au + 1 C(CI) Ac+ /It(t) At

CKM unitarity!
A0 + 24P 4 3@ =0 4= ViV,

For every tree topology contributing to a decay we have its penguin counterpart:

Parametrize all B — PP decays in terms
of topological coefficients

A(B = PP) = 295 499
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1. Topological parametrization

Parametrize all B — PP decays in terms Each coefficient represents a
different topology

of topological coefficients

Used in e.g. Gronau, Hernandez, London and Rosner 9504326

Huber and Tetlalmatzi-Xolocotzi 2111.06418 Equivalent to SU(3) irreducible rep.:
Berthiaume et al 2311.18011 He, Wang 1803.0422 /v1
Bhattacharya et al 2505.11492 A(B N PP) _ /ILEQ)QG/V-F/%(Q)@
Tree amplitude Penguin amplitude
T =T BM)H,M); + C B(M)HI(M); + A BH!(MY (M) P =Py B(M)H! (M)} + Pe BM)AYM); + Py BH (M) (M)
+E BAIM) (M) + TpB(M) (M) A + Ty, B,HIM Y (M)! +Pyy BH/(M);(M); + P B(M) (M), H* + Py, BH! (MY (M)

Pseudo-scalar meson octet + singlet
\ Flavor tensor

_ _ (1
B-meson vector i v T K N
M=| ot —Z=+2 g0 |il0 == o0 7,k
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1. Topological parametrization

Tree
amplltude

T ~VEV °

ub Uq
Amplitude interference
necessary for CP Violation

@

Penguin b
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ub Uus
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2.5U3); Symmetry 7%=
%/ aCD- w
We can relate same coefficients in different decays: %H Eiy %
m 7
.- 05
Same C B+ —> ﬂOK_l'
Under SU(3)

W

ABY - 2B’%KH =VEV (C+...)

ub Uus

ABY - zH =V T+C+...)
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3. Extract the Coefficients from Experimental Data

Express observables in terms of the _ Fit the values for the
amplitudes under topological —I— Experimental results = topological coefficients
parameterization from 16 decay modes in SU(3) . symmetry

Recent SU(3) analysis: Huber and Tetlalmatzi-Xolocotzi 2111.06418, Berthiaume et al 2311.18011, Bhattacharya et al 2505.11492
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3. Extract the Coefficients from Experimental Data

Fit the values for the
topological coefficients

in SU(3), symmetry

Express observables in terms of the
amplitudes under topological
parameterization

Experimental results

from 16 decay modes

4 $

Direct CP asymmetry: of -,

\

Mixing-induced CP asymmetry: &/'"5

Branching ratios

‘ ) : L (
N2 A

Recent SU(3) analysis: Huber and Tetlalmatzi-Xolocotzi 2111.06418, Berthiaume et al 2311.18011, Bhattacharya et al 2505.11492
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3. Extract the Coefficients from Experimental Data

Fit the values for the
topological coefficients

in SU(3), symmetry

No distinction between AS = (

and AS = 1 amplitudes No constraint on the coefficients’
magnitudes

Experimental results

Express observables in terms of the
| from 16 decay modes

amplitudes under topological
parameterization

&

Recent SU(3) analysis: Huber and Tetlalmatzi-Xolocotzi 2111.06418, Berthiaume et al 2311.18011, Bhattacharya et al 2505.11492
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The fit gives a y* ~ 32.3 for 15 degrees of freedom, and a p-value of 0.58%. The fit is not
satisfactory and we conclude that SU(3); cannot describe the experimental data

# Certain modes highlight the limitations of exact SU(3); symmetry in global analysis

Is it possible to do a fit with no assumption on SU(3), symmetry? No, too many parameters

Is it possible to include some SU(3), symmetry breaking without increasing dramatically the
number of parameters? Yes!
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Factorizable SU(3) breaking



Factorizable SU(3), breaking

Factorizable SU(3) breaking allows us to account for the different masses of the mesons without
adding (almost) any new coefficients

T 7 A ogr & d
N W

SU(3) symmetry: T Factorizable SU(3)p, breaking: A, ), @,

3 “ 3 -
y “ 3 B
n U
n U

Beneke, Neubert 0308039,

Beneke, Buchalla, Neubert, Sachrajda _ 2 BTl 2
0006124 Ajor = Mg, Fy ~" (mz2y) fr
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Factorizable SU(3), breaking

Factorizable SU(3) breaking allows us to account for the different masses of the mesons without
adding (almost) any new coefficients

40’ Z A‘\T“‘\T" 0(,4 31\“ A

SU3), symmetry: T Factorizable SU(3)p, breaking: A, ), @,

‘E‘ U
b “
U
U

Beneke, Neubert 0308039,
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Factorizable SU(3), breaking

Factorizable SU(3) breaking allows us to account for the different masses of the mesons without
adding (almost) any new coefficients

SU3), symmetry: T Factorizable SU(3)p, breaking: A, ), @,

A . SU(3) breaking, but known!
MM, * (Fixed, no new coefficients)

X 1 S U(3_) symmetric, fitted from
experimental data

Beneke, Neubert 0308039,
Beneke, Buchalla, Neubert, Sachrajda
0006124
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Factorizable SU(3), breaking

Factorizable SU(3) breaking allows us to account for the different masses of the mesons without
adding (almost) any new coefficients

SU(3); symmetry: T Factorizable SU(3) breaking: A, ,, @,

I A M, MZ(")? i
r I AM IMZ&Z,E |14
C AMlMﬂz
Pr AMIMQ&; EW

+ ... + ...
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Factorizable SU(3), breaking

Factorizable SU(3) breaking allows us to account for the different masses of the mesons without
adding (almost) any new coefficients

SU(3); symmetry: T Factorizable SU(3) breaking: A, ,, @,

I AMlMZ& 1
PT AM 1M 2&Z,E |14
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Results: Factorizable SU(3), breaking

Factorizable SU(3) breaking describes data almost

MBM, Reboud, Vos 2504.05209

perfectly, with a p-value of 31%

Fact. SU(3) improves predictions
compared to full SU(3)

Experimental data from L

Cb, Belle Il and BaBar

HH Measurement

Buw(BY = K*K7) ] |

Bexp(BY — K+7~)

Bexp(Bg — K77 .
Bexp(B? — K+7n™)

Bewp(BY — 777 .
Bexp(BY — K+7n™)

Bexp(BY — KTK™) |
Bexp(B? — K+7~)

Bewp(BY — 777 .
Bexp(B? — K+n™)

Bexp(BT — KTK?) .
Bowy (BT — K0n7)

i SU(3)r

o Fact.-SH(3)r

0.8

15
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normalized ratios
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BT N K07T+'
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BY — 7070 -
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perfectly, with a p-value of 31%
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compared to full SU(3)

Certain predictions saturate
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HH Measurement
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Results: Factorizable SU(3), breaking

MBM, Reboud, Vos 2504.05209
Bt — rtql ||—_.0—_f
. . . Bt = KtKO- . —e
Factorizable SU(3) breaking describes data almost =
perfectly, with a p-value of 31% CTT nall
HH  Measurement re4 SU3)r Fact.-SU{3)r v —
BY - KtK~ . O
Bog(BY > KK )| et . BY — KOO —e— |
Fact. SU(3) improves predictions P B2 K77 |

compared to full SU(3) Bug(BY — K-r+) e
Bexp(BY — K+7) | ‘
Bewp(BY — 777 . ; °
Bep(BY — K+77) | ‘

Certain predictions saturate
experimental uncertainty Bup(B” = KTK™) | | o

Bep(BY — K+77) | +

: - Bexp(BY = mr77) —o—

Obtain predictions for decays that Buw(B® = K*7) ———
have not been measured yet BY — 7070 ——e
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MBM, Reboud, Vos 2504.05209

Factorizable SU(3) breaking describes data almost
perfectly, with a p-value of 31%

Fact. SU(3) improves predictions
compared to full SU(3)

Experimental data from L

Cb, Belle Il and BaBar
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Results: Factorizable SU(3), breaking

MBM, Reboud, Vos 2504.05209

Factorizable SU(3) breaking describes data almost

perfectly, with a p-value of 31%

Fact. SU(3) improves predictions
compared to full SU(3)

Certain predictions saturate
experimental uncertainty

Obtain predictions for decays that
have not been measured yet

Experimental data from LHCDb, Belle || and BaBar

HH  Measurement r4 SU3)p o Fact.-SH3)r
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Results: Factorizable SU(3), breaking .

MBM, Reboud, Vos 2504.05209

Factorizable SU(3) breaking provides an excellent description of the data. Small tensions in
A p(BY — KTK), Qf‘é‘f,x(KgﬂO) and Qf&hf)(BO — n77) that do not exceed 1.5¢

Updates / new measurements would further test the validity of this approach:
Bg) — KKV BY -5 KtK—, ...

7 What about the coefficients? Can we improve our understanding of QCD?
O
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What do we learn about QCD?



Factorizable SU(3),. breaking vs QCDF

Beneke, Neubert 0308039,

. L. o , . Beneke, Buchalla, Neubert, Sachrajda
Fact. SU(3) breaking parametrisation is inspired by QCD Factorization: 0006124

Method to calculate theoretically amplitudes for hadronic processes Purely data-driven

at higher orders

# Expand in orders of &, and A,cp/my,

Use the large mass of the b-quark to factorize the final
state. Then correct for gluon interactions

End-point divergences arise in hard-spectator corrections
and annihilation topologies: require model-dependent
treatment

18
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Factorizable SU(3),. breaking vs QCDF

Beneke, Neubert 0308039,
Beneke, Buchalla, Neubert, Sachrajda

Fact. SU(3) breaking parametrisation is inspired by QCD Factorization: 0006124
QCDF | Fact. SUB) 7
Theoretical determination | Purely data-driven

SU(3), symmetry in coefficients

of

Coefficients depend on the initial and final states mesons:

al-(Bq, M\M,)

B°, B°,
‘051( ) | 1 | 052( i) | ~ 078

| (B, KK)| | a,(BY, KK)|
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Factorizable SU(3),. breaking vs QCDF

Beneke, Neubert 0308039,
Beneke, Buchalla, Neubert, Sachrajda

Fact. SU(3) breaking parametrisation is inspired by QCD Factorization: 0006124
QCDF | Fact. SUG);
Theoretical determination | Purely data-driven
- ;3;)_e1:fi_ci_e_n:csj c_zléée_n_d_c;r; ’;h_e_i;wi:ci;l_e:r;d_ f_in_a_l states mesons | SU(3), symmetry in coefficients

3
(B - MMy) =4/, > {/15,”)97" +/1§p)@i} =) Trees and penguins: a’'s
=1

+BM611M22{/151’)9’+/1§1’)@’}, # Annihilation: b’s i

Py Wﬁz
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Coefficient results: Fact. SU(3), breaking .

However, individual QCDF coefficients are mostly unconstrained in the fit

Intrinsic blind directions: certain coefficient combinations always enter together at
amplitude level, making them individually unobservable

3

N U
X = A T~ py

21
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Coefficient results: Fact. SU(3), breaking .

However, individual QCDF coefficients are mostly unconstrained in the fit

Intrinsic blind directions: certain coefficient combinations always enter together at
amplitude level, making them individually unobservable

3 3
vy = U v = U
a; = oy + S FaEw 2 =0 T 5 %3, EW

Redundancy in the parameterisation,

- 3 - 3
Pr=0+ Eﬂél,EW’ Pr= b+ E'BB,EW’ no assumptions

) _ 1
&= o = (o Biow ) o= Bl =SB
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Coefficient results: Fact. SU(3), breaking .

However, individual QCDF coefficients are mostly unconstrained in the fit

Intrinsic blind directions: certain coefficient combinations always enter together at
amplitude level, making them individually unobservable

Approximate blind directions: data limitations lead to poor individual constraints

(1: never alone

B’ - ntn™

B - K rt Y

BY & K+ 1T % (,: could be extracted from Bg) — K°K°, but...
B) - KTK~

We are saturating exp.

i BY — KOKO- |
uncertainty! - —

BY — KOK°- / <

23 0.6 0.8 1.0 1.2 1.4
normalized Bexp
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Coefficient results: Fact. SU(3), breaking .

@ We can still extract plenty of information from coefficient relations .
More results in backup!

Only certain coefficients have been calculated up | mm Fact SUGH
to NNLO in QCDF 0.1 B(B* - nr)
().0-5 X Best fit point
| B QCDF
—0.1 1
_ +0.029 +0.023; _
ay(nrr) = 1.0007 505 + 0.0117 5520 ) ) 3 »
= a+a, T
e ]
ay(nm) = 024070171 — 0.077H) 133 oG
—0.4-
Beneke, Huber, Xin-Qiang Li 0911.3655
—0.95
—0.6
Calculations of a;' and a; by Bell, Beneke, Huber, Xin-Qiang Li 2002.03262 T o o8 10 12 14
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Coefficient results: Fact. SU(3), breaking .

@ We can still extract plenty of information from coefficient relations " .
ore results in backup!

Only certain coefficients have been calculated up
to NNLO in QCDF

=) Use well constrained relations and QCDF assumptions to
extract individual coeffs.

Prelimina
O(1072) Y
N N .. QCDF .
)+ = Sy — = ¥ =P o =(072%002)+(-0.041 +0.002)
5p = AP, + APy +r,(APg+ APy) with AP, = P!— Pf QCDF: a,(nn) = 1,()()()J_r8:823 +0.01 1J_r8:8§(3)i
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Coefficient results: Fact. SU(3), breaking .

@ We can still extract plenty of information from coefficient relations " .
ore results in backup!

Only certain coefficients have been calculated up
to NNLO in QCDF

=) Use well constrained relations and QCDF assumptions to
extract individual coeffs.

aC aC &C
=) Hierarchies between coefficients: R~ 2] ~ 10741072
24 2%) ay
Data is consistent with small EW Surprisingly a; < @y

corrections!

— | ~ 1 £ O0(5%)ocpENLO
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Coefficient results: Fact. SU(3), breaking .

@ We can still extract plenty of information from coefficient relations .
More results in backup!

Only certain coefficients have been calculated up
to NNLO in QCDF

=) Use well constrained relations and QCDF assumptions to
extract individual coeffs.

. . . ay gw a3 pw a
=) Hierarchies between coefficients: S | R~ 2] ~ 11074107

~/

a, 2%) ay

# In progress: QCDF predictions for annihilation modes (b coefficients) are
model dependent: Can we improve the modelling?
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Conclusions

SU(3) flavor symmetry is a useful approximation that allows us to make predictions on hadronic
decays, for which we do not have a strict theoretical framework

However, full SU(3); cannot describe experimental data successfully

Factorizable SU(3) breaking can be included with (almost) no extra coefficients

In this approach, data can be explained almost perfectly, with a p-value of 31%.

&C
Certain relations (a4, = ) in tension with QCDF predictions

~vlU
2%

@ Experimental updates in modes like B - KK or B - 797" could improve significantly our
predictions and solve the strong correlations between coefficients

@ Detailed comparison with QCDF and inclusion of #, 7" mesons in progress
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n — n": Flavor vs. Mass basis

In addition to pions and kaons, the pseudo scalar meson spectrum also includes #¢ and 7,

i 06
\3

However, the mesons observed in experiments, # and 7', are a mixture between these two

| 77) __[coséd —sin@) ( 778))
| ") ~ \sinf cosé N)




SU(3) limit in the 7 — 1’ system

In full SU(3) flavor symmetry, & = 0 (therefore n = ng and " = 1, ) and 173 meson is massless (like
the pions and kaons.

This is not the case for 77;, which remains massive even if the masses of the u, d and s are zero.

In experiments, it is observed non-negligible mixing, 6 ~ — 19°: 5 receives contributions form 7,

SU(3) breaking is needed to describe the n — 1’ system with a certain level of accuracy

@ Fact. SU(3) breaking in B — nh would require inclusion of singlet coefficients and
decoupling of form factors and decay constant into singlet and octet contributions



SU(3) postdictions for the 77 system

M+ Measurement 4 SU(3)g
BT — nmt - |_1
BY — nrY 4 | l':'l
BY — nKY- o
BY — - s B
B ookl H_ ; __________________________________________
BY — nK°- !
BY — nrV - —e—
BY = - o 0
—25 00 25 75 100

normalized Bexp

BT — - gt
BY — nr01 I O I
Bg — 77[_(0 . |
BY — i ¢ |
Bt — nK+- A - —
BY — nk?- *
Bg — 777TO . ¢ |
BY = 1 o
—0.75 —050 —025 000 025 050  0.75

dir
ACp



See 2311.18011

qg=u,d,s

D=d,s
02 Transformation of each element in (PP | O | B)

SU(3) Flavor Symmetry

A. Fundamental representation of SU(3), ¢:

=) Lightmeson P=¢q5:3Q@3 =18

=» B meson bg:3
=» Hamiltonian operators O; : b — Duiiand b — D :

3.6 and 15
How do we construct a matrix element
——————— (PP|O.|B) using SU3)z? 4— — = — =— .
6. Representation of final state: | 6.1 B » Independent parameters
l ‘ > 5 components for “tree”-like, 5 for
= “penguin” like:
<PP| | = 3x3=168,

10 independent coefficients Iin
I any parameterisation
=» 603=8,0

(8®8)S=1@8€B27 I4»1_5®3=83@y®27


https://arxiv.org/pdf/2311.18011

SU(3), vs. Topological Parameterization

A 3E 3l'pg — 1
Az = | F1pa, Bl = Tgg + =22 55
8 8 8
1 1
Cg=§(3A—C—E+3T)+Tp, Dg:TS | 8(3C—TAS—|—3TE5—T),
1 1
AT — Z(A — E), Bcﬁr — Z(TES — TAS)7
1 A+ E
Cs = (-C+T), Afs = i

_ T
BlS — ’ 015 —



Comparison with Berthiaume et al. 2311.18011

A AL = (1]]3%]|3) , As = (8]|3%]|3) ,
Seven Reduced Matrix Elements (RMEs) A9 B =(1]13%](3) 38 — (8]3%]|3) ,
A9 & N? Ry = (8]16]|3) , Ps = (8]|157(|3) .

Pyy = <27H15*H3> .

In topological parameterisation: 9 topologies + 2 Decay A A
EW Penguin - Tree relations Mode F & B PAL PPAPaw PE
3 [y A _ Bt-KKt{ o o0 11 0|1 0 o0 -1
C 9 A 9 ~ A 0 1 1 1 1
PL(?V[)/:_Z E_(T+C A)( ) A (T_C_A) Bt a7t |-2=—=2-00 0|0 0 -% -2
|1 1 - B KKl o 0 10 1|1 1 o -1
where the 9 topologies come from the redefinition i e e
of coefficients BY = n'n® | 0 —553750 5|V v Vi o
— — B KKl 0 0 00 —-1/0 -1 0 0
T T"—E C=0C- E A_A_I_E B/ —»rfK~| -1 0 -10 0 |-1 0 0 -2
Pfu,c—Pfu,c_E PAfu,c —PAu,c—I_E BQ—mOFO 0 —%%O 0 % 0 —\}5—3\1/5
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Fact. SUQ3), Coefficients

Beneke, Neubert 0308039,

Z An s {BMl (a1 U, + oy + o g Q) M A,

p=u,cC

+ BMA, - Tr {(aQ U, + o2 + o Q) Mz]
+ B (U, + 0 + B oy Q) MM A,
+ BA, - Tr [(ﬂl U, + 8 + % Q) Mle]

+B (532 U, + 0% + 55 ow Q) MiA, - TtM,

+ BA, - Tr [(551 U, + 8% + by mw Q) Ml] - Ter}
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End-point divergences in QCDF

Beneke, Neubert 0308039,

End-point divergencies show up in hard spectator corrections:

By, mg (1 (' [ Pu,0®y, () @y, (1) @, () ' d
H(M\M;) = ——= == J de dy | ————+ i - - Xjj = J Ty(bljy
Aum, 48 Jo o 7 | AY o Yo 0 Y

And annihilation topologies:

| 1 1 1 2
Al = waS/ dxdy {¢M2(£E) O (y) [ — + _—] —I—chwlrib D, (x) Dy, (y) _—}
0

y(l—zy) =% Ty
Al =0,
1 1 1 2
A = was/o dxdy {CIJM2(:E) Dy (v) L‘c(l pes + :B—y2] + Y @y (2) Py (y) @}
Al =0, (5
Ay = Tag /Oldxdy <\r£41 Qs () Dy, () :Zy(lQﬁ ) — 7“)]242 O, (y) Py () iy(lzf :cg)}
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End-point divergences in QCDF

Beneke, Neubert 0308039,

1
dy
End-point divergences are defined as: X}/ = J 3 CP,]y with y the momentum of the antiquark
0

Perturbative computations of these interactions are expected to hold up to y ~ AQCD/ my, and
therefore:

Current modelling of these divergences assigns 100% uncertainty + complex phase to this
estimation

X, ~ (1 + pyeP)In(m,/ Nocp)  withpy <1
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Redefinitions Iin Fact. SU(3) .

The parametrisation formula show redundancy in the number of coefficients:

3 3

vy = U ~— —yl
0‘1—051+20‘4,va0‘2—0‘2+20‘3,EW

- 3 - 3
pL=p+ Eﬁf,gwa pr =P, + E'Bg,EW’

) 1 _ 1
= o+ = (@ + Bl ) B = B = 5 B

Certain coefficients have been calculated up to NNLO in QCDF (See 0911.3655, 1507.03700)

— 0.029 0.023 U _ 0.49 0.32; —2
a; = 1.0007 ) 0cg + 0.011+)0% aj = — (2.46705, + 1.941055) x 10

— 0.217 0.115; C 0.43 0.45; —2
a, = 0.24010-07 — 0.07715 152 ai = — (3.347050 + 1.05707i) x 10
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SUQ3) Coefficients

~

~

b—>ddecay & & a% by by by b—sdecay & &9 &% by by by
+ 0 + 1 1 L + 5 g0+ L =
BT - 707 % 0 5 5 0 0 B Kt 5 0 5 5 0 0
+ +,0 1 1 _ 1 + 5 Ktq0 L
BT > 7n1"r 0 7 75 75 0O O B K™ 0 7 0 0 0O O
BT - K°Kt 0 0 0 0 0 0 BT > K%+t 0 0 0 0 0 O
Bt - K+*K® 0 0 1 1 0 0 BT > xtK0 0 0 1 1 0 0
BY - gt~ 0 0 0 0 1 1 B,-KtK—- 0 0 0 0 1 1
BY - =gt 1 0 1 0 0 1 B,-K Kt 1 0 1 0 0 1
B? — 7970 0 -1 1 0 1 2 B, — 7070 0 0 0 0 1 2
BOS KtK— 0 0 0 0 1 1 B, - ntn~ 0 O 0 0 1 1
B> KKt 0 0 0 0 0 1 B, - nt 0 0 0 0 0 1
BY - K°K® 0 0 1 0 0 1 B, —» K°K° 0 0 1 0 0 1
B - K°K% 0 0 0 0 0 1 B,—- KK 0 0 0 0 0 1
B,-ntK— 0 0 0 0 0 0 BY S Ktge= 0 0 0 0 0 O
B,—-> Kzt 1 0 1 0 0 0 BY 7K+ 1 0 1 0 0 O
B, - 79K?0 0 0 0 0 0 0 BY — 70K0 0 0 —% 0 0 O
0,0 1 1 0 _, 0.0 1
B, —» K« 0 5 s 0 0 O B K 7 0 7 0 0O O O
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Results for Fact. SU(3), coefficients

06 0 Fact.-SU)F
| - ¥ Best fit point

G, + a = 0.584 +0.24
3

g 8 = - (0.102 +0.001) + (0.044 = 0.002) i

@, — a4 = (0.414700°3) — (0.34 £0.11)

% ¢ w— @ = (0.14179%31) _ (0,059 +0.010) ;

by +2b = — (3.7155) + (13.7107,) i

3 - .
Sy + 205 = = (1.5775) + (11.0%53) 4




Theoretical vs. Experimental Branching Ratio

Experimental Branching ratio is given by:

(C(B((1) > f)) = TBXH) — )+ T(BXAt) > f) = Rle ™"+ R,

Theoretical Branching ratio is given by:

(TBLD = Y o= TBY = f)+ (B - f)

Relation between Theoretical and Experimental BR (effects up to O(7%)):

1 —y?
BR (B, —>f)theo — [ ] BR (B, — f)

exp



Role of interference in CP violation

Consider the amplitude of a certain process B — f. CP violation arises if for a certain observable ©

we have O(B — f) # O(B — f)

Observables depend only on the modulus of the amplitude

Only weak phases are shifted when they are CP conjugated

We can define de amplitude of the processas A = A, + A,

CP violation only appears if A; and A, have a relative weak
phase, ¢,, and strong phase, 5, A =[A]



