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ATLAS

123 < mH(GeV) < 130

Not excluded
123 < mH(GeV) < 130 @
95% C.L.

Excess ∼ 126.5 GeV @ 5σ



CMS

122.5 < mH(GeV) < 127

Excluded
110< mH(GeV) <122.5
and 127< mH(GeV) <600
with 95% C.L.

Excess ∼ 125 GeV @ 4.1σ
4.9σ from
γγ + WW + ZZ+bb+ττ



STRONG HIGGS REGIME

If m2
H = λv 2 and λ� 1 ⇒ mH ≥ TeV...

Φ =

(
φ†

φ0

)
→ U = e iπ̂/v (no mass dimension!) π̂ =

(
π0

√
2π+

√
2π− −π0

)

Global

SU(2)L × SU(2)R → U ∼ (2, 2)

Local

SU(2)L × U(1)Y → L(x)U(x)R†(x),

L(x) = e i~εL(x)·~τ/2, R(x) = e iεY (x)τ3/2

Covariant derivative

DµU ≡ ∂µU + i g
2 τi W

i
µU −

i g ′

2 U τ3 Bµ .
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What changes if the Higgs has strong interacting
dynamics?

As in strongly interacting QCD αs ∼ 1 ⇒ unsuppressed
multiple gluon emission

Strongly interacting Higgs λ ∼ 1 ⇒ unsuppressed longitudinal
W − Z components emission

Low cost of π-fields emission!
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What changes if the Higgs has strong interacting
dynamics?

Model independent: effective lagrangian approach

Φ =

(
φ†

φ0

)
→ U = e i π̂/v (no mass dimension!)

Building blocks: U, DµU, T = Uτ3U†, Vµ = (DµU)U†

Tower of operators contain, e.g.,

v 2

4
Tr[VµVµ]...
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What if this light Higgs comes from a STRONG REGIME??...

h THERE, NOTHING ELSE UP TO TeV...

⇒ STILL STRONG DYNAMICS
Giudice, Grojean, Pomarol & Rattazzi ’07

⇒ aiOi

[
ρ + a

h

f
+ b

h2

f 2
+ ...

]
, ρ =

v

f

We focus on the 1st term for v ≈ f .
Now go to FLAVOR ⇒
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MINIMAL FLAVOR VIOLATION (MFV)

Ansatz: Yukawa couplings are the unique sources for flavor
effects at low energy in SM and beyond. Chivukula & Georgi ’87.

SM-flavor symmetry Gf for mquarks = 0

GF = SU(3)QL
× SU(3)UR

× SU(3)DR

QL ∼ (3, 1, 1), UR ∼ (1, 3, 1), DR ∼ (1, 1, 3)

LY = QLYDDRΦ + QLYUURΦ̃ + h.c.

recovering Gf
=⇒ YU ∼ (3, 3, 1) & YD ∼ (3, 1, 3)
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L = LSM + ai
Od=6

i

Λ2
f

+ ...

Od=6 ∼ cαβ ψ̄αγ
µψβ

(
Φ†DµΦ

)
, cαβ cγδ ψ̄αψβψ̄γψδ

c ∼ YY †, D’Ambrosio, Giudice, Isidori & Strumia ’02

⇒ Λf ∼ TeV
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STRONG HIGGS DYNAMICS + MINIMAL FLAVOR VIOLATION

Non-linear expansion @ dχ = 4

O1 ∼ ψ̄αγµ
{
Uτ3U

†, (DµU)U†
}
ψβ , O2 ∼ ψ̄αγµ(DµU)U†ψβ

O3 ∼ ψ̄αγµUτ3U
†(DµU)τ3U

†ψβ , O4 ∼ ψ̄αγµ
[
Uτ3U

†, (DµU)U†
]
ψβ

Linear expansion

OH1 ∼ i
(
ψ̄αγ

µψβ
) (

Φ†(DµΦ)− (DµΦ)†Φ
)
,

OH2 ∼ i
(
ψ̄αγ

µτ iψβ
) (

Φ†τi (DµΦ)− (DµΦ)† τiΦ
)
,

OH3 ∼ i
(
ψ̄αγ

µτ iψβ
) (

Φ†τiΦ
) (

Φ†(DµΦ)− (DµΦ)†Φ
)
,

OH4 ∼ iεijk
(
ψ̄αγ

µτiψβ
) (

Φ†τjΦ
) (

Φ†τk(DµΦ)− (DµΦ)† τkΦ
)
.



STRONG HIGGS DYNAMICS + MINIMAL FLAVOR VIOLATION

Non-linear expansion @ dχ = 4

O1 ∼ ψ̄αγµ
{
Uτ3U

†, (DµU)U†
}
ψβ , O2 ∼ ψ̄αγµ(DµU)U†ψβ

O3 ∼ ψ̄αγµUτ3U
†(DµU)τ3U

†ψβ , O4 ∼ ψ̄αγµ
[
Uτ3U

†, (DµU)U†
]
ψβ

Linear expansion

OH1 ∼ i
(
ψ̄αγ

µψβ
) (

Φ†(DµΦ)− (DµΦ)†Φ
)
,

OH2 ∼ i
(
ψ̄αγ

µτ iψβ
) (

Φ†τi (DµΦ)− (DµΦ)† τiΦ
)
,

OH3 ∼ i
(
ψ̄αγ

µτ iψβ
) (

Φ†τiΦ
) (

Φ†(DµΦ)− (DµΦ)†Φ
)
,

OH4 ∼ iεijk
(
ψ̄αγ

µτiψβ
) (

Φ†τjΦ
) (

Φ†τk(DµΦ)− (DµΦ)† τkΦ
)
.



STRONG HIGGS DYNAMICS + MINIMAL FLAVOR VIOLATION

Non-linear expansion @ dχ = 4

O1 ∼ ψ̄αγµ
{
Uτ3U

†, (DµU)U†
}
ψβ , O2 ∼ ψ̄αγµ(DµU)U†ψβ

O3 ∼ ψ̄αγµUτ3U
†(DµU)τ3U

†ψβ , O4 ∼ ψ̄αγµ
[
Uτ3U

†, (DµU)U†
]
ψβ

Linear expansion

OH1 ∼ i
(
ψ̄αγ

µψβ
) (

Φ†(DµΦ)− (DµΦ)†Φ
)
,

OH2 ∼ i
(
ψ̄αγ

µτ iψβ
) (

Φ†τi (DµΦ)− (DµΦ)† τiΦ
)
,

OH3 ∼ i
(
ψ̄αγ

µτ iψβ
) (

Φ†τiΦ
) (

Φ†(DµΦ)− (DµΦ)†Φ
)
,

OH4 ∼ iεijk
(
ψ̄αγ

µτiψβ
) (

Φ†τjΦ
) (

Φ†τk(DµΦ)− (DµΦ)† τkΦ
)
.



Correspondences

O1 ↔ −
1

v2
OH1 ,

O2 ↔
1

v2
OH2 ,

O3 ↔
4

v4
OH3 −

1

v2
OH2 ,

O4 ↔ −
2

v4
OH4 .

MFV with linear EWSB had also 4 ops. Od=6 @ LO

Only 2 are siblings of those (O1,2)

Now O3,4 new!
and...

O4 is a CP-ODD op.! → Natural ��CP @ LO!!
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STRONG HIGGS DYNAMICS + MINIMAL FLAVOR VIOLATION

δLdχ=4 =− g√
2

[
W µ+ŪLγµ(aW + iaCP)

(
y2
UV + V y2

D

)
DL + h.c .

]
+

− g

2cW
Zµ
[
auZ ŪLγµ

(
y2
U + V y2

DV
†)UL + adZ D̄Lγµ

(
y2
D + V †y2

UV
)
DL

]
auZ ≡ a1 + a2 + a3 , adZ ≡ a1 − a2 − a3 ,
aW ≡ a2 − a3 , aCP ≡ −a4 .

Ṽij = Vij

[
1 + (aW + iaCP)(y2

ui + y2
dj

)
]
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⇒ Impacts on ∆F = 1 & ∆F = 2 observables...



∆F = 1

Wilson coefficient modification ⇒ Qν̄ν ,Q9V ,Q7...

∆F = 2

Modifications on ⇒ MK
12, εK , Md ,s

12 , Ab
sl



∆F = 1 observables

GFα

2
√

2πs2
W

V ∗tiVtj

∑
n CnQn + h.c. ,,

Cn = CSM
n + CNP

n

FCNC operators basis

Qν̄ν = d̄iγµ(1− γ5)dj ν̄γ
µ(1− γ5)ν , Q7 = eq d̄iγµ(1− γ5)dj q̄γ

µ(1 + γ5)q ,
Q9V = d̄iγµ(1− γ5)dj ¯̀γµ` , Q9 = eq d̄iγµ(1− γ5)dj q̄γ

µ(1− γ5)q ,
Q10A = d̄iγµ(1− γ5)dj ¯̀γµγ5` , Q7γ = mi

g2 d̄i (1− γ5)σµνdj (e Fµν) ,

Q8G = mi

g2 d̄i (1− γ5)σµνT
adj (gs G

µν
a ) .

Wilson coefficient modifications

CNP
n


∼ y 2

t a
d
Z , n = ν̄ν, 9V , ..., 9

0, n = 7γ, 8G
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∆F = 1 observables

Operator Observable Bound (@ 95% C.L.)
O9V B → Xs l

+l− −0.811 < adZ < 0.232
O10A B → Xs l

+l− ,B → µ+µ− −0.050 < adZ < 0.009
Oν̄ν K+ → π+ν̄ν −0.044 < adZ < 0.133



∆F = 2 observables

∆F = 2-effective hamiltonian

H∆F=2
eff =

G 2
F M2

W

4π2
C (µ)Q, Q = (d̄αi γµ PL d

α
j )(d̄βi γ

µ PL d
β
j )

Mixing amplitudes:

MK
12 =

〈K̄ 0|H∆S=2
eff |K 0〉∗

2mK
, Mq

12 =
〈B̄0

q |H∆B=2
eff |B0

q 〉∗

2mBq

q = d , s,

Either K or B-system,

M12 = (M12)SM + (M12)NP
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∆F = 2 observables

∆F = 2-effective hamiltonian

H∆F=2
eff =

G 2
F M2

W

4π2
C (µ)Q, Q = (d̄αi γµ PL d

α
j )(d̄βi γ

µ PL d
β
j )

Mixing amplitudes:

MK
12 =

〈K̄ 0|H∆S=2
eff |K 0〉∗

2mK
, Mq

12 =
〈B̄0

q |H∆B=2
eff |B0

q 〉∗

2mBq

q = d , s,

Either K or B-system,

M12 = (M12)SM + (M12)NP



∆F = 2 observables

Neutral kaon oscillation

∆MK = 2
[
Re(MK

12)SM + Re(MK
12)NP

]
,

εK =
κε e

i ϕε
√

2 (∆MK )exp

[
Im
(
MK

12

)
SM

+ Im
(
MK

12

)
NP

]

Neglecting all contributions proportional to yu,d ,s and ync with
n > 2:

(MK
12)NP ∼ η2 λ

2
t O

(
y2
t aW , y

4
t a

2
CP , y

4
t (adZ )2

)
+ η1 λ

2
c O

(
y2
c aW

)
+ 2 η3 λt λc O

(
y2
t aW , y

4
t a

2
CP

)



∆F = 2 observables

Neutral kaon oscillation

∆MK = 2
[
Re(MK

12)SM + Re(MK
12)NP

]
,

εK =
κε e

i ϕε
√

2 (∆MK )exp

[
Im
(
MK

12

)
SM

+ Im
(
MK

12

)
NP

]

Neglecting all contributions proportional to yu,d ,s and ync with
n > 2:

(MK
12)NP ∼ η2 λ

2
t O

(
y2
t aW , y

4
t a

2
CP , y

4
t (adZ )2

)
+ η1 λ

2
c O

(
y2
c aW

)
+ 2 η3 λt λc O

(
y2
t aW , y

4
t a

2
CP

)



∆F = 2 observables

Neutral meson oscillation

Mixing amplitude

Mq
12 = (Mq

12)SM CBq e
2 i ϕBq

Bd ,s -mass differences

∆Mq = 2 |Mq
12| ≡ (∆Mq)SM CBq

CBd
= CBs =

∣∣∣∣∣1 +O
(
y2
t aW , y

4
t (adZ )2

)
+ i O

(
y2
t y

2
b aW aCP

)∣∣∣∣∣
ϕBd

= ϕBs ∼ O
(
y2
t y

2
b aW , aCP

)



∆F = 2 observables

Neutral meson oscillation

Mixing-induced CP asymmetries SψKS
& Sψφ for

B0
d → ψKS & B0

s → ψ φ

SψKS
= sin(2β + 2ϕBd

) , Sψφ = sin(2βs − 2ϕBs ) ,

UT-angles β & βs

β ≡ arg

(
−V ∗cb Vcd

V ∗tb Vtd

)
, βs ≡ arg

(
−V ∗tb Vts

V ∗cb Vcs

)
,

RBR/∆M

RBR/∆M ∼
∣∣1 + (aW + i aCP) y2

b

∣∣2
CBd



∆F = 2 observables

B-semileptonic CP-Asymmetry

Ab
sl = (0.594± 0.022) adsl + (0.406± 0.022) assl ,

NP contributions

Γq
12 = (Γq

12)SM C̃Bq with C̃Bq = 1 + 2 aW y2
b ,

aqsl =

∣∣∣∣∣
(
Γq

12

)
SM(

Mq
12

)
SM

∣∣∣∣∣ C̃Bq

CBq

sin
(
φq + 2ϕBq

)
,

=⇒



εK vs. RBR/∆M

a′s from aiOi RBR/∆M =
BR(B+ → τ+ν)

∆MBd

aCP = ±0.1 → δεK ≈ 1.1% , δR ≈ −1.4% ,

aW = 0.1(−0.1) → δεK ≈ +26%(−19%) , δR ≈ −25%(+30%) ,

adZ = ±0.1 → δεK ≈ 124% , δR ≈ −62% .

εK↑(≈ εexp
K & SψKS

≈ S exp
ψKS

) & RBR/∆M↓

⇒ SHD + MFV able to soften εK − SψKS
anomaly,

but not the SM tension for BR(B+ → τ+ν)
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εK vs. RBR/∆M from O4 •: correlation
εK − RBR/∆M

∗∗∗: SM values

Green & Orange:
1, 2, 3σ exp. values

aCP ∈ [− 1, 1]



Sψφ vs. Ab
sl from O4 •: correlation Sψφ − Ab

sl

∗∗∗: SM values

Large values for aCP



STRONG HIGGS DYNAMICS

+

MINIMAL FLAVOR VIOLATION

⇓

I Different MFV phenomenology for the perturbative Higgs
and the strong interacting regime, e.g., O4

I Natural ��CP (O4) @ LO!!

I εK − SψKS
anomaly softened, still SM tension for

BR(B+ → τ+ν)

I Small δSψφ & δAb
sl experimentally allowed



dχ = 4 ops. have effects also on b → sγ...

Going to dχ = 5...



Q̄LOiUQR

O1 = VµV
µ, O4 = VµTVµT

O2 = VµV
µT, O5 = TVµTVµ

O3 = VµTVµ, O6 = TVµTVµT

Q̄Lσ
µνOiUQR

O7 = [Vµ,Vν ], O9 = [VµT,Vν T]

O8 = [Vµ,Vν ]T, O10 = [VµT,Vν T]T

Dipole-type

O11 = Bµν , O13 = Wµν , O15 = TWµν

O12 = Bµν T, O14 = Wµν T, O16 = TWµν T



⇒ Impact on ∆F = 1 observable...dipole-type
operator

a′

Λ2
NP

H†D̄RYdλFCσµνQL Fµν ,

b → sγ From dχ = 5

a7γ

f
=

v

2
√

2

a′

Λ2
NP

≤ 10−4 − 10−3

TeV

ΛNP ∼ 10TeV

α7γ = cW aBµν + sW aW 3
µν



⇒ Impact on ∆F = 1 observable...dipole-type
operator

b → sγ From dχ = 4

aw , aCP , a
d
Z ∼ O(1)



Thanks!



Tools

DµU ≡ ∂µU +
i g

2
τi W

i
µU −

i g ′

2
U τ3 Bµ

T = Uτ3U
† , T → LTL† ,

Vµ = (DµU)U† , Vµ → LVµL
† .

Lagrangian for interaction between the gauge fields and the scalar
sector:

L = −1

4
W i
µνW

µν
i −

1

4
BµνB

µν +
v2

4
Tr[VµV

µ] + δL ,

δLdχ=2 = aWZ
v2

4
Tr[TVµ] Tr[TVµ] ,

Non-linear Yukawa interactions:

LY =
v√
2
QL Y UQR + h.c. , QR = (uR , dR)



Tools

Y ≡
(
YU 0
0 YD

)
=

(
V†yU 0

0 yD

)
Spurion field ∼ (8, 1, 1) for new FCNC effects

λF ≡ YUY
†
U

+ YDY
†
D

= V†y2
UV + y2

D

dχ = 4 ops.

O1 =
i

2
Q̄LλFγ

µ {T,Vµ}QL , O2 = i Q̄LλFγ
µVµQL ,

O3 = i Q̄LλFγ
µTVµTQL , O4 =

1

2
Q̄LλFγ

µ [T,Vµ]QL .

Effective Low-Energy Lagrangian

δLdχ=4 = −
g
√

2

[
Wµ+ŪLγµ(aW + iaCP )

(
y2
UV + V y2

D

)
DL + h.c.

]
+

−
g

2cW
Zµ
[
auZ ŪLγµ

(
y2
U + V y2

DV†
)
UL + adZ D̄Lγµ

(
y2
D + V†y2

UV
)
DL

]

auZ ≡ a1 + a2 + a3 , adZ ≡ a1 − a2 − a3 ,
aW ≡ a2 − a3 , aCP ≡ −a4 .



Non Unitarity and CP Violation

Ṽij = Vij

[
1 + (aW + iaCP )(y2

ui
+ y2

dj
)

]

∑
k

Ṽ∗ik Ṽjk ' δij +
[

2 aW y2
t + (a2

W + a2
CP ) y4

t

]
δitδjt

∑
k

Ṽ∗ki Ṽkj ' δij +
[

2 aW y2
t + (a2

W + a2
CP ) y4

t

]
V∗ti Vtj

arg

− Ṽ∗ik Ṽil

Ṽ∗
jk
Ṽjl

 = arg

−V∗ik Vil

V∗
jk
Vjl

 + aCP
[
2 aW

(
y2
uj
− y2

ui

)(
y2
dl
− y2

dk

)
+

−
(

3 a2
W − a2

CP

)(
y2
uj
− y2

ui

)(
y2
dl
− y2

dk

)(
y2
ui

+ y2
uj

+ y2
dk

+ y2
dl

) ]
+ O(a4) ,

arg

(
−

Ṽ∗tb Ṽtd

Ṽ∗
ub

Ṽud

)
' α + 2 y2

b y2
t aW aCP ,

arg

(
−

Ṽ∗cb Ṽcd

Ṽ∗
tb
Ṽtd

)
' β − 2 y2

b y2
t aW aCP ,

arg

(
−

Ṽ∗ub Ṽud

Ṽ∗
cb
Ṽcd

)
' γ − 2 y2

c y2
b aW aCP ' γ .



∆F = 1 observables
FCNC-effective lagrangian

GFα

2
√

2πs2
W

V∗ti Vtj

∑
n

Cn Qn + h.c. ,

Wilson coefficient Cn :

Cn = CSM
n + CNP

n

FCNC operators basis

Qν̄ν = d̄iγµ(1− γ5)dj ν̄γ
µ(1− γ5)ν , Q7 = eq d̄iγµ(1− γ5)dj q̄γ

µ(1 + γ5)q ,
Q9V = d̄iγµ(1− γ5)dj ¯̀γµ` , Q9 = eq d̄iγµ(1− γ5)dj q̄γ

µ(1− γ5)q ,

Q10A = d̄iγµ(1− γ5)dj ¯̀γµγ5` , Q7γ =
mi
g2 d̄i (1− γ5)σµνdj (e Fµν ) ,

Q8G =
mi
g2 d̄i (1− γ5)σµνT

adj (gs G
µν
a ) .

Leading NP contributions non-linear MFV operators:

CNP
νν̄ = −κ y2

t adZ , CNP
7 = +2κ s2

W y2
t adZ ,

CNP
9V = κ (1− 4s2

W ) y2
t adZ , CNP

9 = −2κ c2
W y2

t adZ ,

CNP
10A = −κ y2

t adZ , CNP
7γ = CNP

8G = 0 .

B+ → τ+ν
B+ → τ+ν-tree-level charged current process.

BR(B+ → τ
+
ν) =

G2
F mB+ m2

τ

8π

1−
m2
τ

m2
B+

2

F 2
B+ |Vub|

2
∣∣∣1 + (aW + i aCP ) y2

b

∣∣∣2 τB+ ,

FB+ is B decay constant.



∆F = 2 observables
∆F = 2-effective hamiltonian

H∆F=2
eff =

G2
F M2

W

4π2
C(µ) Q

Q neutral meson mixing operator:

Q = (d̄αi γµ PL dαj )(d̄
β
i γ

µ PL d
β
j )

Mixing amplitudes M i
12 (i = K , d, s):

MK
12 =

〈K̄0|H∆S=2
eff |K0〉∗

2 mK

, M
q
12 =

〈B̄0
q |H

∆B=2
eff |B0

q〉
∗

2 mBq

,

with q = d, s. For the K system, MK
12 = (MK

12)SM + (MK
12)NP . Neglecting all contributions proportional to

yu,d,s and ync with n > 2:

(MK
12)SM = RK

[
η2 λ

2
t S0(xt ) + η1 λ

2
c S0(xc ) + 2 η3 λt λc S0(xc , xt )

]∗
,

(MK
12)NP = RK

[
η2 λ

2
t

(
y2
t (2 aW + y2

t a2
CP ) G(xt ) +

(4π y2
t adZ )2

g2

)
+ 2η1 λ

2
c aW y2

c G(xc ) +

+2 η3 λt λc

(
y2
t (2 aW + a2

CP y2
t ) H(xt , xc ) + 2 aW y2

c H(xc , xt )
) ]∗

RK ≡
G2
F M2

W

12π2
F 2
K mK B̂K



∆F = 2 observables

Neutral kaon oscillation

∆MK = 2
[

Re(MK
12)SM + Re(MK

12)NP

]
,

εK =
κε e

i ϕε

√
2 (∆MK )exp

[
Im
(
MK

12

)
SM

+ Im
(
MK

12

)
NP

]

Neutral meson oscillation

M
q
12 = (M

q
12)SM CBq e

2 i ϕBq ,

NP effects from CBd,s and ϕBd,s

M
q
12 = RBq

[
λ

2
t S0(xt )

]∗
, with RBq ≡

G2
F M2

W

12π2
F 2
Bq

mBq B̂Bq ηB ,

Bd,s -mass differences

∆Mq = 2 |Mq
12| ≡ (∆Mq)SM CBq ,

CBd = CBs =

∣∣∣∣∣1 + 2 aW

(
y2
t

G(xt )

S0(xt )
+ y2

b

)
+

(4π y2
t adZ )2

g2 S0(xt )
+ 2 i aW aCP y2

t y2
b

G(xt )

S0(xt )

∣∣∣∣∣ .



∆F = 2 observables

Neutral meson oscillation
Mixing-induced CP asymmetries SψKS

& Sψφ for B0
d → ψ KS & B0

s → ψ φ

SψKS
= sin(2 β + 2ϕBd

) , Sψφ = sin(2 βs − 2ϕBs ) ,

UT-angles β & βs

β ≡ arg

(
−

V∗cb Vcd

V∗
tb

Vtd

)
, βs ≡ arg

(
−

V∗tb Vts

V∗
cb

Vcs

)
,

New phases

ϕBd
= ϕBs = 2 aW aCP y2

t y2
b

G(xt )

S0(xt )
.

RBR/∆M

RBR/∆M =
3π τB+

4 ηB B̂Bd
S0(xt )

m2
τ

M2
W

|Vub|2∣∣∣V∗tb Vtd

∣∣∣2
1−

m2
τ

m2
Bd

2
∣∣∣1 + (aW + i aCP ) y2

b

∣∣∣2
CBd



∆F = 2 observables

B-semileptonic CP-Asymmetry

Ab
sl ≡

N++
b
− N−−

b

N++
b

+ N−−
b

,

N++
b

& N−−
b

number of events containing two µ+ or µ−. In pp̄ colliders, such events can only arise through

B0
d − B̄0

d or B0
s − B̄0

s mixings.

Ab
sl = (0.594± 0.022) adsl + (0.406± 0.022) assl ,

adsl ≡

∣∣∣∣∣∣∣
(

Γd12

)
SM(

Md
12

)
SM

∣∣∣∣∣∣∣ sinφd = (5.4± 1.0)× 10−3 sinφd ,

assl ≡

∣∣∣∣∣
(

Γs12

)
SM(

Ms
12

)
SM

∣∣∣∣∣ sinφs = (5.0± 1.1)× 10−3 sinφs ,

φd ≡ arg
(
−
(
Md

12

)
SM
/
(

Γd12

)
SM

)
= −4.3◦ ± 1.4◦ ,

φs ≡ arg
(
−
(
Ms

12

)
SM
/
(

Γs12

)
SM

)
= 0.22◦ ± 0.06◦ .

NP contributions
Γ
q
12 = (Γ

q
12)SM C̃Bq with C̃Bq = 1 + 2 aW y2

b ,

a
q
sl

=

∣∣∣∣∣
(

Γ
q
12

)
SM(

M
q
12

)
SM

∣∣∣∣∣ C̃BqCBq sin
(
φq + 2ϕBq

)
,



Impact on the observables of specific parameter values

Parameter δεK δRBR/∆M δAb
sl

aCP = 0.1(−0.1) ≈ 1.1% ≈ −1.4% ≈ 1.1%(−1.6%)
aW = 0.1(−0.1) ≈ +26%(−19%) ≈ −25%(+30%) ≈ +33%(−23%)

adZ = ±0.1 ≈ 124% ≈ −62% ≈ 160%



εK vs. RBR/∆M from O1,2,3 •: correlation
εK − RBR/∆M

∗∗∗: SM values

Green & Orange:
1, 2, 3σ exp. values

aW ∈ [− 1, 1],
adZ ∈ [− 0.1, 0.1]

and aCP = 0



Phenomenological Analysis

Input parameters and the SM analysis



Phenomenological Analysis

|Vub| − γ parameter space



Phenomenological Analysis

εK



Phenomenological Analysis

∆MBd



Phenomenological Analysis

∆MBs



Phenomenological Analysis

RBR/∆M



Phenomenological Analysis

In order to illustrate the features of the MFV scenario with a strong
interacting Higgs sector, the numerical analysis of the following sections
will be presented choosing as reference point,
(|Vub|, γ) = (3.5× 10−3, 66◦), corresponding to SψKS

' 0.692 and
R∆MB

' 2.83× 10−2. For this point

εK = 1.8× 10−3 , RBR/∆M = 1.6× 10−4 ps .

Sψφ = 0.036 .

Ab
sl = −2.3×10−4

(
adsl = −4.0× 10−4 , assl = 1.9× 10−5

)
,

aCP = 0.1(−0.1) −→ δAb
sl ≈ 1.1%(1.6%)

aW = 0.1(−0.1) −→ δAb
sl ≈ 33%(−23%)

adZ = ±0.1 −→ δAb
sl ≈ 160% .



εK vs. RBR/∆M from all Oi •: correlation
εK − RBR/∆M

∗∗∗: SM values

Green & Orange: 1, 2, 3σ
exp. values

aW , aCP ∈ [− 1, 1],
adZ ∈ [− 0.1, 0.1]



From O4 aCP from O4

R inside its 3σ exp. value



From O1,2,3 aW -adZ from O1,2,3

Obs inside its 3σ exp.
value



From all Oi aW − aCP and
adZ ∈ [− 0.044, 0.009]

from Oi

Obs inside its 3σ exp.
value



Sψφ vs. Ab
sl from O1,2,3 •: correlation Sψφ − Ab

sl

∗∗∗: SM values

aW ∈ [− 1, 1], aCP = 0,
adZ ∈ [− 0.044, 0.009]



Sψφ vs. Ab
sl from all Oi •: correlation Sψφ − Ab

sl

∗∗∗: SM values

aW , aCP ∈ [− 1, 1],
adZ ∈ [− 0.044, 0.009]


