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GF = U(3)QL × U(3)UR × U(3)DR



INTRODUCTION

... AND ITS BREAKING

VCKM =

� �
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GF → U(1)B × U(1)Y

LY = −Q̄LYdDRH − Q̄LYuURH
c
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FLAVOUR MODELS

Why three generations?

Why such a large hierarchy?
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MOTIVATIONS FOR FLAVOUR MODELS - I
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THE “EIGHTFOLD WAY” BARYON OCTET

Regularities often hide an undelying structure.
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MOTIVATIONS FOR FLAVOUR MODELS - II
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The Standard Model needs an UV completion.

Where is the Higgs boson?

Not enough CP violation

Dark matter

Gravity

Experiments

Quadratic divergence of 
the Higgs mass

Landau pole / vacuum 
instability: possible internal 
inconsistency

Structure of the Yukawa 
coupling

Theory
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MOTIVATIONS FOR FLAVOUR MODELS - III
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Interesting phenomenology to compare
with the hints of New Physics from experiments.

“... too early to despair, enough for depressing...” (G. Altarelli, a few days ago)
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D   , 2.8 - 6.1 fb-1 ?



BUILDING A MODEL WITH

GAUGED FLAVOUR SYMMETRIES



BUILDING A MODEL WITH GAUGED FLAVOUR SYMMETRIES

AN ANALOGY WITH SOMETHING WE (SHOULD) KNOW WELL
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L =
�

fermions

Ψ̄i /DΨ −
�

gauge bosons

Tr [AµνA
µν ] −

�

fermions

mΨΨ̄Ψ −
�

gauge bosons

m2
AAµA

µ

Breaks gauge SU(2)LxU(1)Y

Invariant under gauge SU(2)LxU(1)Y

Invariant under gauge SU(2)LxU(1)Y

Assume that SU(2)LxU(1)Y is an exact symmetry of Nature

Introduce a new scalar field H that gets a vev which breaks SU(2)LxU(1)Y

L =
�

fermions

Ψ̄i /DΨ −
�

gauge bosons

Tr [AµνA
µν ] − (DµH)2 + V (H) −

�

fermions

Ψ̄L yΨR H

∝ �H� Ψ̄Ψ∝ �H�2 AµA
µ
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PROMOTING FLAVOUR SYMMETRY
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L =
�

fermions

Ψ̄i /DΨ −
�

gauge bosons

Tr [AµνA
µν ] − (DµH)2 + V (H)

−
�

3 generations

Q̄L yU UR H
c −

�

3 generations

Q̄L yD DR H

Assume that GF is an exact symmetry of Nature

Introduce two new scalar fields YU, YD that get vevs which break GF

Invariant under global GF

Breaks global GF

Invariant
under global GF

L =
�

fermions

Ψ̄i /DΨ −
�

gauge bosons

Tr [AµνA
µν ] − (DµH)2

− (DµYU )
2 − (DµYD)2 − V (H,YU , YD) + f (QL, UR, DR;H,YU , YD)

∝ Q̄L �YU �UR H
c ∝ Q̄L �YD�DR H
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GAUGING FLAVOUR SYMMETRY
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Spontaneous breaking of global flavour symmetry

(Aa
Q)µ (Aa

D)µ(Aa
U )µ

SU(3)QL × SU(3)UR × SU(3)DR

∂µ ∂µ − igQNQ

8�

a=1

(Aa
Q)µ

λa

2
− igUNU

8�

a=1

(Aa
U )µ

λa

2
− igDND

8�

a=1

(Aa
D)µ

λa

2

Goldstone bosons which mediate Flavour Changing Neutral Currents

We must assume that GF is a gauge symmetry.
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PROBLEM I: TREE-LEVEL FCNCS
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∝ 1

y2d y2s(Aa
F )µ

s d

d̄ s̄

�H� �YD� Q̄LDRFermion mass terms:

�H�2 �YD�2 (AD)µ(AD)µBoson mass terms:

�YF � ∝ SM Yukawas

mAF ∝ SM Yukawas
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PROBLEM II: ANOMALIES
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A gauge anomaly leads to
the inconsistency of the theory!

Using group theory we can say
if a theory is anomaly free:

Aabc = Tr
�
ta

�
tb, tc

��

The theory we have built until now is anomalous.

Anomaly: 
a symmetry of the classical action
is destroyed by loop corrections.



BUILDING A MODEL WITH GAUGED FLAVOUR SYMMETRIES

SOLUTION: NEW FERMIONS
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Ψu =

�
ΨuL

ΨuR

�
Ψd =

�
ΨdL

ΨdR

�

�H�2 �YD�2 (AD)µ(AD)µBoson mass terms:

SM fermion mass terms:
�H�
�YD� Q̄LDR

Inverted
hierarchy

(Aa
F )µ

s d

d̄ s̄

∝ y2d y2s

Grinstein, Redi, Villadoro - JHEP 1011

�YF � ∝ 1

SM Yukawas

mAF ∝ 1

SM Yukawas
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PARTICLE CONTENT

14/18

Grinstein, Redi, Villadoro - JHEP 1011

EW GroupEW Group Flavour GroupFlavour GroupFlavour Group Color

2 1/6 3 1 1 3

1 2/3 1 3 1 3
1 -1/3 1 1 3 3

1 2/3 1 3 1 3

1 -1/3 1 1 3 3

1 2/3 3 1 1 3
1 -1/3 3 1 1 3

2 0 1 1 1 1

1 0 3 3 1 1
1 1/2 3 1 3 1

Gauge
Bosons

SU(2)L U(1)Y SU(3)Q SU(3)U SU(3)D SU(3)c

QL

UR

DR

ΨuL

ΨdL

ΨuR

ΨdR

H

YU

YD

A , W± , Z Aa
Q Aa

U Aa
D ga
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FERMION SPECTRUM AND BOSON SPECTRUM
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Grinstein, Redi, Villadoro - JHEP 1011
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Grinstein, Redi, Villadoro - JHEP 1011

ūL(cuLV cdL)γ
µdL+ūL(cuLV sdL)γ

µd�L+ū�
L(suLV cdL)γ

µdL+ū�
L(suLV sdL)γ

µd�L

VCKM is not unitary:

ūL(T
u
3 c

2
uL

− s2wQu)γ
µuL + ūL(T

u
3 cuLsuL)γ

µu�
L + ū�

L(T
u
3 suLcuL)γ

µuL + ū�
L(T

u
3 s

2
uL

− s2wQu)γ
µu�

L

The coupling of left handed quarks to the Z is modified:

1√
2
λuh[−t̄LcuLsuRtR + t̄LcuLcuRt

�
R − t̄�LsuLsuRtR + t̄�LsuLcuRt

�
R] + (u → d) + h.c.

The couplings of quarks to the Higgs is modified:
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Buras, MVC, Merlo, Stamou - in preparation

∆F = 2

where PL,R = (1∓ γ5)/2. In the SM only the operator QVLL
1 (K) is present. In the case of

B0
q − B̄0

q (q = d, s) mixing the corresponding operators read

QVLL
1 (Bq) = (b̄αγµPLq

α)(b̄βγµPLq
β),

QVRR
1 (Bq) = (b̄αγµPRq

α)(b̄βγµPRq
β),

QLR
1 (Bq) = (b̄αγµPLq

α)(b̄βγµPRq
β),

QLR
2 (Bq) = (b̄αPLq

α)(b̄βPRq
β).

(3.3)

3.1 Wilson Coefficients from Box Diagrams

In what follows we collect the Wilson coefficients of these operators separating the con-
tributions from box diagrams from the tree level heavy gauge boson contributions so that

C(M)
i = ∆(M)

Box Ci +∆(M)
A Ci , (3.4)

where M = K, Bd, Bs . Keeping in mind the discussion around (2.10) and (2.11) we
introduce the mixing parameters:

λi(K) = V ∗
isVid, λi(Bq) = V ∗

ibViq, (3.5)

where q = d, s and V is not the CKM matrix but the unitary matrix of eq. (2.4).
The arguments of the box functions are

xi =

�
mi

MW

�2

, x�
j =

�
m�

j

MW

�2

. (3.6)

While both i and j run over 1, 2, 3 the prime will make it clear whether a SM or a heavy
quark is involved.

Calculating the usual box diagrams but including also contributions from heavy fermions
(see Fig. 1) and corrections toW -quark vertices according to the Feynman rules in App. A.1
we find the following contributions to the Wilson coefficients relevant for the K0− K̄0 sys-
tem at the matching scale µt in the ballpark of the top quark mass1:

∆(K)
BoxC

V LL
1 (µt) = ∆1(µt, K) +∆2(µt, K) +∆3(µt, K) , (3.7)

1We will explain this choice in the context of our discussion of QCD corrections below.

ui, u
′

i

W

W

ui, u
′

i

d

s

s

d
ui, u

′

i

W W

ui, u
′

i
d

s

s

d

Figure 1: The box-diagrams contributing to K0−K̄0 mixing. Similarly for B0
q −B̄0

q mixing.

8

Âm

γµPL, γµPR

γµPL, γµPR
dβ

sα

sβ

dα

Âm

γµPL, γµPR γµPL, γµPR

dα

sα

sβ

dβ

Figure 2: The tree-diagrams contributing to K0−K̄0 mixing. Similarly, for B0
q−B̄0

q mixing.

Âm is a flavour gauge boson mass eigenstate.

where the indices d, s stand for the external quarks d and s. The equivalent expressions
for the Bd (Bs) system are easily derived by the previous ones by substituting d, s with
d, b (s, b) in the indices of the couplings.

The coefficients Ĉ i,j
L,R are given in terms of the couplings C i,j

L,R in the flavour basis as

Ĉ ij
L,R(Â

m) =
�

Aa
f

W(Âm, Aa
f )C

i,j
L,R(A

a
f ), (3.16)

where W(Âm, Aa
f ) are known numerical coefficients defining the transformation to move

from the flavour basis to the mass basis (see App. A.2). The C i,j
L,R couplings involved in

our analysis are

C i,j
R (Aa

Q) = sdRi (λ
a)ij sdRj , Ci,j

L (Aa
Q) = cdLi (λ

a)ij cdLj ,

C i,j
R (Aa

D) = cdRi (λ
a)ij cdRj , Ci,j

L (Aa
D) = sdLi (λ

a)ij sdLj .
(3.17)

3.3 Properties

Let us note a few properties:

1) Focussing on eqs. (3.8)–(3.10) and the corresponding expressions in the Bd,s systems,
for a fixed λiλj we have in the box diagram contribution the combination

Fij ≡ c2uLi
c2uLj

F (xi, xj) + s2uLi
s2uLj

F (x�
i, x

�
j) + c2uLi

s2uLj
F (xi, x

�
j) + s2uLi

c2uLj
F (x�

i, xj).
(3.18)

If all fermion masses were degenerate, this combination would be independent of i, j
and the unitarity of the matrix V would assure the vanishing of FCNC currents.

2) It is possible to arrange the function F in order to match with the usual notation:
for the K system we write

S0(xt) −→ S(K)
t ≡ (cdL1 cdL2)

2 (F33 + F11 − 2F13) ,

S0(xc) −→ S(K)
c ≡ (cdL1 cdL2)

2 (F22 + F11 − 2F12) ,

S0(xc, xt) −→ S(K)
ct ≡ (cdL1 cdL2)

2 (F23 + F11 − F13 − F12) .

(3.19)

For the Bq systems we define similar functions S(Bq)
i that can be simply derived from

the previous ones by substituting cdL1 cdL2 with cdL1 cdL3 (cdL2 cdL3) in the case of q = d

10

FCNCs:

b → sγ

We have kept the contributions of the primed dipole operators Q�
7γ and Q�

8G even though

their Wilson coefficients✘✘are are suppressed by ms/mb with respect to the unprimed Wilson

coefficients. However, the mixing of neutral current-current operators into Q�
7γ and Q�

8G

can affect ∆C �
7γ(µb) as follows in sec. ??.

Similarly to the Hamiltonian for the ∆F = 2 transitions, the Wilson coefficients in the

Hamiltonian can be separated into two parts:

- The SM-like contribution from diagrams with W bosons with modified couplings to

both SM and exotic quarks of charge +2/3, denoted below by u and U , respectively:

u, U

W

u, Ub s

γ, g

W

u, U

W

b s

γ, g

- The contribution of heavy neutral gauge bosons exchanges with virtual SM and exotic

quarks of charge −1/3, denoted below by d and D, respectively:

d,D

Âm

d,Db s

γ, g

The first contribution has already been considered in [72], while the second, the impact

of the heavy neutral gauge bosons to b → sγ, has been recently pointed out in [77]. In

particular it has been found that the QCD renormalisation group effects to the neutral

gauge boson contributions can strongly affect the branching ratio of B → Xsγ and cannot

be neglected a priori. We discuss the QCD RG effects in sec. ??.

4.1 Contributions of W exchanges

For the W exchange the matching is performed at the EW scale, µW . The Wilson coeffi-

cients are the sum of t and t� contribution, since c� and u�
contributions are suppressed by

their small couplings to b and s quarks. Hence, the Wilson coefficients of Q7γ and Q8G are

∆WC7γ(µW ) = cdL2 cdL3

�
c2uL3

CSM
7γ (xt) + s2uL3

CSM
7γ (x�

t)
�
, (4.3)

∆WC8G(µW ) = cdL2 cdL3

�
c2uL3

CSM
8G (xt) + s2uL3

CSM
8G (x�

t)
�
, (4.4)

with

CSM
7γ (x) =

3x3 − 2x2

4(x− 1)4
ln x− 8x3

+ 5x2 − 7x

24(x− 1)3
, (4.5)

CSM
8G (x) =

−3x2

4(x− 1)4
ln x− x3 − 5x2 − 2x

8(x− 1)3
(4.6)
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FCNCs:

Z penguins

where m is understood to run from 1 to 24 and the tensors Z ≡ Z[CL,R, gQ,U,D] can be
read off from the couplings of flavour eigenstates AQ, AU , and AD to the quarks, that are
listed below.

The rotation to the mass eigenstates of the heavy gauge bosons redefines the couplings:

L ⊃+ Ūiγµ(Gu
L + Gu

R)ij,mUj · ϕm

+ D̄iγµ(Gd
L + Gd

R)ij,mDj · ϕm ,

where
Gu,d
L,R ≡ Fu,d

L,RW

AQ coupling

Aa
Q

f

f̄

= i
gQ
2
γµ(PLCL + PRCR)

with the actual values for f̄ , f and C:

Aa
Qūiuj : CR = +suRi(V λaV †)ijsuRj

: CL = +cuLi(V λaV †)ijcuLj
Aa

Qū
�
iu

�
j : CR = +cuRi(V λaV †)ijcuRj

: CL = +suLi(V λaV †)ijsuLj
Aa

Qūiu�
j : CR = −suRi(V λaV †)ijcuRj

: CL = +cuLi(V λaV †)ijsuLj
Aa

Qū
�
iuj : CR = −cuRi(V λaV †)ijsuRj

: CL = +suLi(V λaV †)ijcuLj

Aa
Qd̄idj : CR = +sdRi(λa)ijsdRj

: CL = +cdLi(λa)ijcdLj
Aa

Qd̄
�
id

�
j : CR = +cdRi(λa)ijcdRj

: CL = +sdLi(λa)ijsdLj
Aa

Qd̄id
�
j : CR = −sdRi(λa)ijcdRj

: CL = +cdLi(λa)ijsdLj
Aa

Qd̄
�
idj : CR = −cdRi(λa)ijsdRj

: CL = +sdLi(λa)ijcdLj

AU coupling

Aa
U

f

f̄

= igU
2
γµ(PLCL + PRCR)

with the actual values for f̄ , f and C:

Aa
U ūiuj : CR = +cuRi(λa)ijcuRj

: CL = +suLi(λa)ijsuLj
Aa

U ū
�
iu

�
j : CR = +suRi(λa)ijsuRj

: CL = +cuLi(λa)ijcuLj
Aa

U ūiu�
j : CR = +cuRi(λa)ijsuRj

: CL = −suLi(λa)ijcuLj
Aa

U ū
�
iuj : CR = +suRi(λa)ijcuRj

: CL = −cuLi(λa)ijsuLj

AD coupling

Aa
D

f

f̄

= igD
2
γµ(PLCL + PRCR)

with the actual values for f̄ , f and C:

Aa
Dd̄idj : CR = +cdRi(λa)ijcdRj

: CL = +sdLi(λa)ijsdLj
Aa

Dd̄
�
id

�
j : CR = +sdRi(λa)ijsdRj

: CL = +cdLi(λa)ijcdLj
Aa

Dd̄id
�
j : CR = +cdRi(λa)ijsdRj

: CL = −sdLi(λa)ijcdLj
Aa

Dd̄
�
idj : CR = +sdRi(λa)ijcdRj

: CL = −cdLi(λa)ijsdLj

25
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q (q = d, s) mixing the corresponding operators read
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�2
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quark is involved.

Calculating the usual box diagrams but including also contributions from heavy fermions
(see Fig. 1) and corrections toW -quark vertices according to the Feynman rules in App. A.1
we find the following contributions to the Wilson coefficients relevant for the K0− K̄0 sys-
tem at the matching scale µt in the ballpark of the top quark mass1:

∆(K)
BoxC

V LL
1 (µt) = ∆1(µt, K) +∆2(µt, K) +∆3(µt, K) , (3.7)

1We will explain this choice in the context of our discussion of QCD corrections below.
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Figure 1: The box-diagrams contributing to K0−K̄0 mixing. Similarly for B0
q −B̄0

q mixing.
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Figure 2: The tree-diagrams contributing to K0−K̄0 mixing. Similarly, for B0
q−B̄0

q mixing.

Âm is a flavour gauge boson mass eigenstate.

where the indices d, s stand for the external quarks d and s. The equivalent expressions
for the Bd (Bs) system are easily derived by the previous ones by substituting d, s with
d, b (s, b) in the indices of the couplings.

The coefficients Ĉ i,j
L,R are given in terms of the couplings C i,j

L,R in the flavour basis as

Ĉ ij
L,R(Â

m) =
�

Aa
f

W(Âm, Aa
f )C

i,j
L,R(A

a
f ), (3.16)

where W(Âm, Aa
f ) are known numerical coefficients defining the transformation to move

from the flavour basis to the mass basis (see App. A.2). The C i,j
L,R couplings involved in

our analysis are

C i,j
R (Aa

Q) = sdRi (λ
a)ij sdRj , Ci,j

L (Aa
Q) = cdLi (λ

a)ij cdLj ,

C i,j
R (Aa

D) = cdRi (λ
a)ij cdRj , Ci,j

L (Aa
D) = sdLi (λ

a)ij sdLj .
(3.17)

3.3 Properties

Let us note a few properties:

1) Focussing on eqs. (3.8)–(3.10) and the corresponding expressions in the Bd,s systems,
for a fixed λiλj we have in the box diagram contribution the combination

Fij ≡ c2uLi
c2uLj

F (xi, xj) + s2uLi
s2uLj

F (x�
i, x

�
j) + c2uLi

s2uLj
F (xi, x

�
j) + s2uLi

c2uLj
F (x�

i, xj).
(3.18)

If all fermion masses were degenerate, this combination would be independent of i, j
and the unitarity of the matrix V would assure the vanishing of FCNC currents.

2) It is possible to arrange the function F in order to match with the usual notation:
for the K system we write

S0(xt) −→ S(K)
t ≡ (cdL1 cdL2)

2 (F33 + F11 − 2F13) ,

S0(xc) −→ S(K)
c ≡ (cdL1 cdL2)

2 (F22 + F11 − 2F12) ,

S0(xc, xt) −→ S(K)
ct ≡ (cdL1 cdL2)

2 (F23 + F11 − F13 − F12) .

(3.19)

For the Bq systems we define similar functions S(Bq)
i that can be simply derived from

the previous ones by substituting cdL1 cdL2 with cdL1 cdL3 (cdL2 cdL3) in the case of q = d
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b → sγ

We have kept the contributions of the primed dipole operators Q�
7γ and Q�

8G even though

their Wilson coefficients✘✘are are suppressed by ms/mb with respect to the unprimed Wilson

coefficients. However, the mixing of neutral current-current operators into Q�
7γ and Q�

8G

can affect ∆C �
7γ(µb) as follows in sec. ??.

Similarly to the Hamiltonian for the ∆F = 2 transitions, the Wilson coefficients in the

Hamiltonian can be separated into two parts:

- The SM-like contribution from diagrams with W bosons with modified couplings to

both SM and exotic quarks of charge +2/3, denoted below by u and U , respectively:

u, U

W

u, Ub s

γ, g

W

u, U

W

b s

γ, g

- The contribution of heavy neutral gauge bosons exchanges with virtual SM and exotic

quarks of charge −1/3, denoted below by d and D, respectively:

d,D

Âm

d,Db s

γ, g

The first contribution has already been considered in [72], while the second, the impact

of the heavy neutral gauge bosons to b → sγ, has been recently pointed out in [77]. In

particular it has been found that the QCD renormalisation group effects to the neutral

gauge boson contributions can strongly affect the branching ratio of B → Xsγ and cannot

be neglected a priori. We discuss the QCD RG effects in sec. ??.

4.1 Contributions of W exchanges

For the W exchange the matching is performed at the EW scale, µW . The Wilson coeffi-

cients are the sum of t and t� contribution, since c� and u�
contributions are suppressed by

their small couplings to b and s quarks. Hence, the Wilson coefficients of Q7γ and Q8G are

∆WC7γ(µW ) = cdL2 cdL3

�
c2uL3

CSM
7γ (xt) + s2uL3

CSM
7γ (x�

t)
�
, (4.3)

∆WC8G(µW ) = cdL2 cdL3

�
c2uL3

CSM
8G (xt) + s2uL3

CSM
8G (x�

t)
�
, (4.4)

with

CSM
7γ (x) =

3x3 − 2x2

4(x− 1)4
ln x− 8x3

+ 5x2 − 7x

24(x− 1)3
, (4.5)

CSM
8G (x) =

−3x2

4(x− 1)4
ln x− x3 − 5x2 − 2x

8(x− 1)3
(4.6)
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Âm

d,Db s

γ, g

The first contribution has already been considered in [72], while the second, the impact

of the heavy neutral gauge bosons to b → sγ, has been recently pointed out in [77]. In

particular it has been found that the QCD renormalisation group effects to the neutral

gauge boson contributions can strongly affect the branching ratio of B → Xsγ and cannot

be neglected a priori. We discuss the QCD RG effects in sec. ??.

4.1 Contributions of W exchanges

For the W exchange the matching is performed at the EW scale, µW . The Wilson coeffi-

cients are the sum of t and t� contribution, since c� and u�
contributions are suppressed by

their small couplings to b and s quarks. Hence, the Wilson coefficients of Q7γ and Q8G are

∆WC7γ(µW ) = cdL2 cdL3

�
c2uL3

CSM
7γ (xt) + s2uL3

CSM
7γ (x�

t)
�
, (4.3)

∆WC8G(µW ) = cdL2 cdL3

�
c2uL3

CSM
8G (xt) + s2uL3

CSM
8G (x�

t)
�
, (4.4)

with

CSM
7γ (x) =

3x3 − 2x2

4(x− 1)4
ln x− 8x3

+ 5x2 − 7x

24(x− 1)3
, (4.5)

CSM
8G (x) =

−3x2

4(x− 1)4
ln x− x3 − 5x2 − 2x

8(x− 1)3
(4.6)

16

FCNCs:

where m is understood to run from 1 to 24 and the tensors Z ≡ Z[CL,R, gQ,U,D] can be
read off from the couplings of flavour eigenstates AQ, AU , and AD to the quarks, that are
listed below.

The rotation to the mass eigenstates of the heavy gauge bosons redefines the couplings:

L ⊃+ Ūiγµ(Gu
L + Gu

R)ij,mUj · ϕm

+ D̄iγµ(Gd
L + Gd

R)ij,mDj · ϕm ,

where
Gu,d
L,R ≡ Fu,d

L,RW

AQ coupling

Aa
Q

f

f̄

= i
gQ
2
γµ(PLCL + PRCR)

with the actual values for f̄ , f and C:

Aa
Qūiuj : CR = +suRi(V λaV †)ijsuRj

: CL = +cuLi(V λaV †)ijcuLj
Aa

Qū
�
iu

�
j : CR = +cuRi(V λaV †)ijcuRj

: CL = +suLi(V λaV †)ijsuLj
Aa

Qūiu�
j : CR = −suRi(V λaV †)ijcuRj

: CL = +cuLi(V λaV †)ijsuLj
Aa

Qū
�
iuj : CR = −cuRi(V λaV †)ijsuRj

: CL = +suLi(V λaV †)ijcuLj

Aa
Qd̄idj : CR = +sdRi(λa)ijsdRj

: CL = +cdLi(λa)ijcdLj
Aa

Qd̄
�
id

�
j : CR = +cdRi(λa)ijcdRj

: CL = +sdLi(λa)ijsdLj
Aa

Qd̄id
�
j : CR = −sdRi(λa)ijcdRj

: CL = +cdLi(λa)ijsdLj
Aa

Qd̄
�
idj : CR = −cdRi(λa)ijsdRj

: CL = +sdLi(λa)ijcdLj

AU coupling

Aa
U

f

f̄

= igU
2
γµ(PLCL + PRCR)

with the actual values for f̄ , f and C:

Aa
U ūiuj : CR = +cuRi(λa)ijcuRj

: CL = +suLi(λa)ijsuLj
Aa

U ū
�
iu

�
j : CR = +suRi(λa)ijsuRj

: CL = +cuLi(λa)ijcuLj
Aa

U ūiu�
j : CR = +cuRi(λa)ijsuRj

: CL = −suLi(λa)ijcuLj
Aa

U ū
�
iuj : CR = +suRi(λa)ijcuRj

: CL = −cuLi(λa)ijsuLj

AD coupling

Aa
D

f

f̄

= igD
2
γµ(PLCL + PRCR)

with the actual values for f̄ , f and C:

Aa
Dd̄idj : CR = +cdRi(λa)ijcdRj

: CL = +sdLi(λa)ijsdLj
Aa

Dd̄
�
id

�
j : CR = +sdRi(λa)ijsdRj

: CL = +cdLi(λa)ijcdLj
Aa

Dd̄id
�
j : CR = +cdRi(λa)ijsdRj

: CL = −sdLi(λa)ijcdLj
Aa

Dd̄
�
idj : CR = +sdRi(λa)ijcdRj

: CL = −cdLi(λa)ijsdLj
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The origin of flavour is still a mystery.

Waiting for hints from experiments, people is working with creativity 
to build flavour models.

For example, flavour could be and exact gauge symmetry of Nature 
that is spontaneously broken by vacuum.

We are testing the consequencies of this fascinating idea.
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