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Introduction: Flavour Changing Higgs Couplings
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Mass and Yukawa not aligned
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i
Rqj + h.c.

Mass and Yukawa are aligned

Type-II 2HDM at one-loop

Soft breaking:
Aq̃∗iLH

∗
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Flavour Changing Higgs Couplings and ∆Ms/d

A priori leading contribution
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= 0

α is the H0, h0 mixing angle

FC Higgs Couplings

tanβ � 1 → vu � vd

Large corrections to the
down-type quark masses

Rediagonalisation

κbb̄RsL

(
cos βh0∗

u − sin βh0∗
d

)
∝ Yb

κs b̄LsR
(
cos βh0

u − sin βh0
d

)
∝ Ys

Similar structure for b → d

Is there a contribution to ∆Ms/d?

∆Mq = −〈Bq|L∆B=2
eff |Bq〉/mBq
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Claims of large effects in the literature [Freitas et. al. ’07]
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Peccei-Quinn-Type Symmetry of the Higgs Sector

Higgs-Potential of the MSSM

Quartic interactions are
quite restricted
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†
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uHu
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+
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(
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dHd − H†
uHu

)2

+
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8

(
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uHd)(H†
dHu

)
Study the Higgs potential in
the broken phase for vd = 0

Higgs sector for tanβ →∞
The quadratic interactions
give the Higgs masses
(Hd = (h0∗

d ,−h−d )):

V
(2)
ltb = m2

Ah†dhd +
g ′2

8
v2h−∗

d h−d

+
g2 + g ′2

8
v2hr

u
2

FCNC Higgs couplings:

κbb̄RsLh
0∗
d ∝ Yb

κs b̄LsRh0
d ∝ Ys
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PQ conserving contributions

1, (b̄LsR)(b̄RsL) : ms/mb

(b̄LsR) is ms/mb suppressed
to (b̄RsL). [Buras, Chankowski, Rosiek,

Slawianowska ’02]

Hd

bRsL

bL sR

Always decreases ∆Ms

Negligible (md/mb) for
∆Md

2, (b̄LγµsL)(b̄LγµsL) : Y 2
b /16π2

Weak scale loop corrections

bL

bL

bR

bR

sL

Hd

sL

Hd

Increases ∆Ms/d but
numerically small
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PQ violating contributions

3, Higher dimensional operators:

Non tanβ suppressed
operators, which give a
flavour violating contribution
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vu vu

Redefine FC Higgs couplings
with v2/MSUSY suppression

Needs PQ breaking: Tiny
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Needs a ∆Q = 2 interaction
in the Higgs potential
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bR sL

Suppressed by SUSY loop in
the Higgs potential

Increases ∆Ms/d
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Effective Theory for the Higgs Sector: Quartic Sector

We need the Higgs potential for small momenta.

Use effective theory framework for MSUSY > M2HDM

The effective Higgs potential is a type-III 2HDM

Match the 4 point functions:

λ1

2
(H†

dHd)2 +
λ2

2
(H†

uHu)
2+

λ3(H
†
uHu)(H

†
dHd) + λ4(H

†
uHd)(H†

dHu)+{
λ5

2
(Hu · Hd)2 − λ6(H

†
dHd) (Hu · Hd)−

λ7(H
†
uHu) (Hu · Hd) + h.c.

}

λ5(HuεHd)2/2 breaks PQ (Q(H2
d) = 2)

[Haber et al., Carena et al. . . . ]
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Effective Theory for the Higgs Sector: Quadratic Sector

Specify the scheme of the full theory

Zero tadpoles for sparticles: Fix m11 and m22

DR for tan β

Decouple α

Effective theory: Kinetic term

Redefine the kinetic term, i.e.
∂µHu∂

µHd → Zud∂µHu∂
µHd(

v eff
u

v eff
d

)
=

(
1 + δZuu/2 δZud/2

0 1 + δZdd/2

) (
vu

vd

)
tanβfull ' tanβeff

Compute ∆M in the broken theory:
λ5 gives the leading contribution
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u

v eff
d

)
=

(
1 + δZuu/2 δZud/2

0 1 + δZdd/2

) (
vu

vd

)
tanβfull ' tanβeff

Compute ∆M in the broken theory:
λ5 gives the leading contribution
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Results for ∆Ms/d

Approximate formula for ∆M

(∆M −∆MSM)s/d =

{
−14ps−1

∼ 0ps−1

}
X

[ ms

0.06GeV

] [ mb

3GeV

] [
PLR

2

2.56

]

+

{
4.4ps−1

.13ps−1

}
X

M2
W

(
−λ5 +

λ2
7

λ2

)
16π2

M2
A

[ mb

3GeV

]2
[

PSLL
1

−1.06

]

X =
m4

t

M2
W M2

A

(
εY 16π2

)2

(1 + ε̃3 tanβ)2 (1 + ε0 tanβ)2

[
tanβ

50

]4
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Constraints from Bs/d → µ+µ− and B+ → τ+ν

Bs/d → µ+µ− and ∆Ms/d

sL

µ

A0H0, h0

µ

bR

BR(Bs/d → µ+µ−):

∝
{

3.9 · 10−5

1.2 · 10−6

}
X

M2
W

M2
A

[
tanβ

50

]2

Is correlated to ∆Ms/d

Severely restricts parameter space

B+ → τ+ν

bu

τν

H
+ Is sensitive to MH+

Cuts into the light MA parameter
space
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Numerics

Rs/d = log BR(B →
µµ)/∆M constrains possibly
large effects for ∆Ms/d

B → τν constraints in the
MA tanβ plane
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Conclusions

Systematic investigation of all leading contributions to ∆Mq

in the MFV-MSSM with large tan β and heavy sparticles

Correlation of ∆M and BR(B → µ+µ−)

sL

µ

A0H0, h0

µ

bR s b

b s

With all contributions under control: Present experimental
bounds on BR(B → µ+µ−) do not allow for a significant
decrease (increase) of ∆Ms(∆Md)

No large effects are found. Still, corrections to Higgs
masses/mixings can be relevant for small MA (< 200GeV).
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Wavefunction renormalisation drops out

λ̄ wavefunction
renormalisation
included

M2
hHA mass matrix in the large tan β limit

 λ̄r
5v

2 + M2
A v2λ̄r

7
1
2v2λ̄i

5

v2λ̄r
7

1
4g2v2 + λ̄2v

2 v2λ̄i
7

1
2v2λ̄i

5 v2λ̄i
7 M2

A

 .

changes:
sin2

α−β

M2
H

+
cos2α−β

M2
h

− 1
M2

A

canceled by wavefunction renormalisation in FC Higgs
interactions

only effect from DRλ
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