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Standard Model and CKM mechanism

Down-type to up-type quark transitions are
parameterized by the CKM matrix V;
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Why looking at

B mesons decaying hadronically?
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Heavy bound states
(~5 GeV)

Produced at high rates at
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Heavy bound states Large phase space allows
(~5 GeV) for many decay modes
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weak interaction
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Why looking at

B mesons decaying ?
Heavy bound states Large phase space allows Purely perturbative
(~5 GeV) for many decay modes | techniques no longer valid
Produced at high rates at
LHC or dedicated more than 500 for the B! Current predictions
experlrlgeréts like Belle, governed by uncertainties
aBar, ...

Decays happen through the
weak interaction

powerful for studying
CP Violation



What is so complicated?

Semileptonic VS. Hadronic




What is so complicated?

Semileptonic VS. Hadronic

Leptonic and hadronic parts factorize Non-perturbative interactions between the final
state hadrons

Strong interaction confined to the B — P transition
There is currently no strict theoretical approach

possible



How can we describe B — PP
decays?



1. SU(3) Flavor Symmetry
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Assume quarks up, down and strange are degenerate K K*
and massless under the strong interaction

$

Under SU(3) symmetry, all B — PP are related, with

P = =, K because all interact the same way (under
QCD)




1. SU(3) Flavor Symmetry

% &1

Assume quarks up, down and strange are degenerate
and massless under the strong interaction

$

Under SU(3) symmetry, all B — PP are related, with

P = =, K because all interact the same way (under
QCD)

Note! This symmetry is broken in nature m, # m, # m;
but it Is a useful approximation
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2. Topological parameterization

Parameterize all B — PP decays in Each topological coefficient
terms of topological coefficients # represents a different Feynman

diagram

Any two body B decay can be expressed as: ATDA( B — PP) = /IL(tCI) A + /lc(q) A+ ﬂt(t) A,
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2. Topological parameterization

Parameterize all B — PP decays in Each topological coefficient
terms of topological coefficients # represents a different Feynman

diagram

Any two body B decay can be expressed as: A/PA(B - PP) = ,15;1) A + ,16(@ A+ ﬂt(t) A,

CKM unitarity!
AP+ 2D+ 29 =0 4" = VioVug

qg=4d,s

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

A™PAB — PP) = 297" 43 @pTPA
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Tree
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2. Topological parameterization

Tree
amplitude

I'DA _ /% @)
T Vuquq

With same CKM structure
No CP Violation
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Penguin
amplitude
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2. Topological parameterization

We can relate same coefficients in different decays:

Bt — 2%t

AB* = 2zt = ViV, (T+C+...)
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2. Topological parameterization

We can relate same coefficients in different decays:

Same C
Under SU(3)

ABY - zH =VEV (C+...)

ub Uus

AB* = 2zt = ViV, (T+C+...)



3. Extract the Coefficients from Experimental Data

amplitudes under topological for Branching ratios  —  topological coefficients

Express observables in terms of the | Experimental results Fit the values for the
parameterization and CP asymmetries in SU(3) symmetry



3. Extract the Coefficients from Experimental Data

Express observables in terms of the Experimental results Fit the values for the
amplitudes under topological —I— for Branching ratios —  topological coefficients
parameterization and CP asymmetries in SU(3) symmetry
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CP asymmetries </ ,(B - P,P,) =

Observables

Direct: @

@ Mixing-induced: @z

With 1B — P,P,) = f(T,C.,E,...)



3. Extract the Coefficients from Experimental Data

Express observables in terms of the Experimental results Fit the values for the
amplitudes under topological —I— for Branching ratios —  topological coefficients
parameterization and CP asymmetries in SU(3) symmetry

I'(B— P\P,)+T'(B — PP,

CP asymmetries </ ,(B - P,P,) =

Observables
['(B - P,P,)

Branching Ratios %(B — P,P,) x
['(B — all)

With 1B — P,P,) = f(T,C.,E,...)
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4. Predictions for the observables

Preliminary! MH  measurement 4 TDA
- B(B" — KK r_ﬁ—i
By constructing the observable ikl
predictions from the fitted B(BY — K+K~)1 of ——4+—
coefficients we can: : e A ]
B( B.? — 7‘.()7‘.()) 4 T I 1
B(B" — K'7°) ot
) See if any decay deviates from the B(B" = K+ )1 “
experimental result under the SU(3) e o .
assumption (BT = K)
B(Bt — K*7%) g
Point out which measurements BB" — KK e
should be updated B(BY s 7070 - ——
B(B" - nt7) 1 ¥
Obtain predictions for decays that ) o
have not been measured yet B(B™ — KTK7) e
B(Bt — wtaY) - %
0.0 0.5 1.0 L5 2.0
Experimental data from LHCb, Belle and BaBar B/Bicasured
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4. Predictions for the observables

Preliminary!
By cong,tr_uctlng the obsgrvable HH  Mcasurcment 1 TDA
predictions from the fitted
coefficients we can: _
B 5 KtK~ | | o | ¢ |
BY - K*tm~
- . . B - K7t | ? + :
72\ See if any decay deviates from the ey e —o—
experimental result under the SU(3) | - ,
- B! 5 ntx . +— |
assumpthn 2 7 I ® |
B - K+m~
B" - KtK~ | —+ - {
Point out which measurements BY — K*r~
should be updated BY st | —,
B 5 K+x—
. - + C+ 0 | —4 :
Obtain predictions for decays that b R K. | ¢ '
Bt —» KWxt e ' ' ' '
have not been measured yet 0.8 0.9 1.0 1.1 1.2
B/ana.\:urod

Experimental data from LHCDb, Belle and BaBar
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4. Predictions for the observables

Preliminary!

By constructing the observable M measurement o4 TDA

predictions from the fitted ——
. . Acp(B! — KTK™) -
coefficients we can: e -
‘4(7P(B(1 N K’()W(])- 44—
HH measurement o TDA ACP(BO — K7m7)] ¢
See if any decay deviates fromthe . ., .. f*# Aep(B* — Kon+)- -
experimental result under the SU(3) s .
. AC — I\ T )T
assumption Sop(B° — K°%){ -
Acp(BY - K—71) 1 o
S : B(] I—--’(l A-’() 4
| | (P( — I\ ) ‘4(?(3()_) ];'()]\u’ﬂ)- ; “ ! i
Point out which measurements
should be updated Acp(B® — n0n0) | =45 ’

Acp(B" — 7rm7) 1 s

Obtain predictions for decays that Acp(B* — K+K)- ——

have not been measured yet
y Acp(BT — whaY) 1 =
04 0.2 0.0 0.2 0.4
Acp

Experimental data from LHCb, Belle and BaBar
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4. Predictions for the observables

However, predictions from this fit have to be taken carefully. With a )(2 ~ 47 for 14 degrees of
freedom, our fit is far from ideal

Are discrepancies between experimental data and predictions coming from assuming SU(3)
symmetry?
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4. Predictions for the observables

However, predictions from this fit have to be taken carefully. With a )(2 ~ 47 for 14 degrees of
freedom, our fit is far from ideal

Are discrepancies between experimental data and predictions coming from assuming SU(3)
symmetry? Maybe

s 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




Beneke and Neubert 0308039

Factorizable SU(3) breaking

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

T 4 Aoy X L
'\" Voud ’\4‘ Vol

SU(3) symmetry: T Factorizable S5U(3) breaking: A, ),

3 « b -
2 ¥ 7S 2 * 73
9" é Vib “ 9* é Ve “
78 78
U U

0 +_ .0
AJZ'O]Z"" — MB+ F(])B " (m7%+) fyr+
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Factorizable SU(3) breaking

Factorizable SU(3) breaking allows us to account for the different masses of the mesons without
Factorizable S5U(3) breaking: A, ),

adding (almost) any new coefficient

T ) £
'\'( Vud N‘ Vil

SU(3) symmetry: 1

I W
L “ b\
PR + ° A * Y Z
'y ? % % \/;& )
9 é Vub -. U g 7 (s ?
w \
u Form factor: parameterizes ‘
B decays into mesons U
U depending on the transferred
momentum — A2
A]Z'O]Z"" — MB+ fﬂ""
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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 coefficient

T Z Ao X4y 2
N‘ Vud

SU(3) symmetry: T Factorizable S5U(3) breaking: A, ),

I W
b
r U * 73
g é Vub -. ('{’
U
Decay constant:
U amplitude for a meson to

form/decay
+ 0
Aj[OJZ'-I' — M§+FOB —n (m7%_|_) fﬂ:-l-
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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 coefficient

SU(3) symmetry: T Factorizable S5U(3) breaking: A, ),

A . SU(3) breaking, but known from
M ) M2 * experiments! (No new coefficients)

X 1 ’ S U(3) symmetric, needs to be
fitted
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Results: Factorizable SU(3) breaking

Preliminary!

15 - _ ‘PD‘G ‘2054
@ Factorizable SU(3) breaking describes data almost | W—-—TDA

. 2 W Fact. SU3
perfectly, with y~ ~ 10 for 10 degrees of freedom 1.0 -

0.0 1

A(fp (BO — R’U [,-\-'0)

1.0 -

-t 0 1 2
Scp(BY — K'KY)
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Results: Factorizable SU(3) breaking

Preliminary!
| PDG 2024
Factorizable SU(3) breaking describes data almost 095 | [ Fact 5L
perfectly, with ;(2 ~ 10 for 10 degrees of freedom
020
9
v 015
T
™ 0.10
Certain experimental measurements could ks
be updated to test the validity of this .
approach 10
—0.30 =025 =020 -=-0.15 =010 =0.05

0.00
Scp(BY = KTK™)
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Conclusions



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

These predictions can be done by relating similar topological structure from different decays

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

Factorizable SU(3) breaking allows to account for factorizable dependence on the masses
without including (almost) any new coefficients

Under this approach, data can be explained almost perfectly, although certain observables could
be updated to further test its validity
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n — n": Flavor vs. Mass basis

Under SU(3) flavor symmetry, in addition to pions and kaons, the pseudo scalar meson spectrum
also includes 74 and 74

%

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

| 77) __ [ cosd —sin@) ( 778))
| ") ~ \sinf cosé M)




SU(3) limit in the 7 — 1’ system

In full SU(3) flavor symmetry, 6 = O (therefore 7 = g and ° = 1, ) and 73 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, € ~ — 19°:  receives contributions form 7,

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



Topological parameterization formula

Parameterize all B — PP decays in Each topological coefficient
terms of topological coefficients represents a different Feynman
diagram
TDA . GF (1A TDA
A™AB - PP) = i— [7TPA 4 pTPA]
V2
Tree amplitude Penguin amplitude
T = T BM)HM) + C BMYAIM): + A BANMY (M)} + E BH MY (M)} PN = P BM)(MY, H* + Py BM;H (M) + S BM)H](M); +Pc BM);H(M);
+Tgs BH/(M)(M); + T g B (M)(M) + TsB(M).H!(M); + TppB.H} (MY, (M)} +Pyy BH!MY (M)} + Py BH] (M) (M)} + Py BH(M)(M); + Pyg BH (M) (M)
+TpB(M); (M), H}* + Tgg BH(MY(M); +Pgg BHJ(M)(M)f + Pgg BHIM) (M)
(UL T k) (= o o
Vi Ve V3
| ~ -—=4+B kO 0 L 0 J.k
B, = (B*, B°, B) . ARG V3 Hz
+ 0 _ns 0o 0 o
\ K K \/6) \ \/5)




U-Spin partners

Preliminary!
0 |degrees]
120 130 140 150 160 170
10 | | | | | |
0.9 -
0.8 -
20
0.7 - "4
C.J
0.5 -
Acp(B — ntr™)

0.4 - Scp(BY — wtn™)
0.3 - ACP(BS — K—I_K_)

) SCP(BS — KTK™)
0. — SU@3)p fit
0.1 | . .

2.0 2.2 2.4 2.6 2.8 3.0

SU(3) symmetry is not preserved in the
experimental results, therefore the fit will
not be able to accommodate all four
observables simultaneously

Experimental results from B — 77~
are more precise, therefore the fit will
adjust to better align with the
observables from this decay



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]



