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1. Flavor symmetry:

(a) Check explicitly that the flavor group F = U(3)° is a global symmetry of the
Standard Model with no Yukawa couplings.

(b) Check explicitly that the flavor subgroup
G=U1)pxU(1)exU(1), xU(1); xU(1)y

is a global symmetry of the full Standard Model.

(c) Starting with a completely generic form for the SM Yukawa couplings, use the
Flavor symmetry F to redefine the fermion fields such that the only change in the
full SM Lagrangian is that the Yukawa couplings can be written as:

yéj = diag(ye, Yus Yr)
vy = diag(Yu, Ye, Y1)
v = Vexw - diag(ya, vs, yb)

2. Determination of the CKM Matrix:

Consider the CKM Matrix in the Wolfenstein parametrization:

Via Vas Vi 1— g\ A AN(p—in)
Vekm=| Vg Ves Vo | = —A 1—3A2 AN? +O(\Y) .
Vie Vs Vi ANN(1—p—in) —AN? 1

(a) Determine the Wolfenstein parameters {\, A, p,n} from:

DKt — pty,)™P = 3.3793(79) - 10 %eV

(BT — 71u,)®P = 4.38(96) - 10 %eV
AMGY? = 3.333(13)- 10719 MeV
AME? = 1.1688(14)-107° MeV



using:

fAmpm m2\2
D(P =) = |V E2lt f(1—J) 146
2mququ%V q
AMp, = [ViVil WB1SI(mb)

(with P = {K, B} and ¢ = {d, s,b} depending on the case), and the numerical
parameters given in the table at the end of the exercise sheet.

Advise: Determine first the quantities {|Vis|, |Vusl, |Vis Vidls | Vs Vis| }, and then use
the Wolfesntein parametrization to order O(\*) to determine {\, 4, p,n}. You will

need a computer.

(b) Consider now a BSM contribution in the Low-Energy EFT given by:
Lpsm =c¢ (l_)’y“PRu)(ﬂT’yuT) + h.c.

How is the determination of the CKM matrix modified as a function of the Wilson

coefficient ¢?

3. Consider the following effective Lagrangian relevant for b — s€f processes:

4G
Lot = LQCD+QED + \/f‘és‘/}b (CyoOqg + C19010)

with the Low-Energy EFT effective operators
Og = (E’VMPLI))(Z’}/“E) ; 010 = (§’YMPLb)(Z’y‘u’}/5€) .
Consider the process Bs(p) — ¢F(p )¢~ (p_), to leading order in G and a.

(a) Show that the contribution from the operator Og to A(Bs — ¢T¢~) vanishes.
(b) Calculate the contribution from the operator O19 to A(Bs; — £147). Use the

following expression for the relevant hadronic matrix element:
_ = 1 u
(0157 PLb|Bs(p)) = —5 f.0

(c) Calculate the unpolarized decay rate, using the formula (e.g. see Peskin)

(d) Use the numerical values given in the table below to give a SM prediction to the
branching fraction: B(Bs — ¢F¢7)M = 75 T(Bs — ¢T¢~)M



(e) Compare your SM prediction with
B(Bs — £707)™P = (2.93 4+ 0.35) - 10°

and use this to determine/constrain possible NP contributions to Cg (write C1p =
CR+ CNF).
(f) Calculate CYf in two models:

e 7' model with
Ly = Ny 54'Ppb+ hc) + N 040+ X 14 50 + %Mg,zfuzlg .
e LQ model with
Ly = N@bPLL+ \¢SPLL + h.c.+ M3 ¢

and constrain Mz and My if all A\; = 0.1.



v = 246.21965(6) GeV
a(my) =1/132

m, = 105.6583745(24) MeV
Sk = 0.0107(21)

my+ = 493.677(16) MeV
mp, = 5.27963(15) GeV
fr+ = 155.7(0.3) MeV
f3,Bf = 0.0297(17) GeV?
Sy (my) ~ 1.9848

A = 0.22537(46)

p = 0.194(24)

T, = 1.527(11) - 10125

CM(my) = —4.309

Grp =1.166-107° GeV 2
my = 80.379(12) GeV
m, = 1.77686(12) GeV
op~0

mp+ = 5.27932(14) GeV
mp, = 5.36689(19) GeV
fp+ = 190.0(1.3) MeV
f3.Bi =0.0432(22) GeV?
fB, = 230.3(1.3) MeV

A =0.828(21)

n = 0.391(48)

1s=1.5-10% GeV~!

Table 1: Numerical values for the parameters of interest.



