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@ Soft breaking:
AG; H;; Yiitjg + h.c.
@ H;, couples to down-quarks
o ALY = eydrYIYUIYUHY: - Q

QL Hu H li[d DR
(u-Term mixes H, and f:/d)




Introduction
[ 1}

Introduction: Flavour Changing Higgs Couplings

Type-ll 2HDM at tree level

& Hd — d,tz and Hu < UR: ,Ceﬂ:
—Y,j-’Hdd,’?qJ — YjH.ig¢ +hec.
@ Mass and Yukawa are aligned

v

Type-Il 2HDM at one-loop

@ Soft breaking:
Ag; H; Yiitig + h.c.
@ H} couples to down-quarks
o ALL =eydrYIYUTYUH: . Q
@ Redefinition of my and Vekwu:

QL [j[u H f{d DR
(u-Term mixes H, and I:Id)




Introduction
[ 1}

Introduction: Flavour Changing Higgs Couplings

Type-ll 2HDM at tree level

& Hd — d,tz and Hu < UR: ,Ceﬂ:
—Y,j-’Hdd,’?qJ — YjH.ig¢ +hec.
@ Mass and Yukawa are aligned

v

Type-Il 2HDM at one-loop

@ Soft breaking:
AG; H;; Yiitjig + h.c.

H}; couples to down-quarks
ALY = eydg YIYUTYYHE . Q

°
°
@ Redefinition of my and Vekwu:
°

QL [j[u H f{d DR
(u-Term mixes H, and I:Id)

Mass and Yukawa not aligned
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A priori leading contribution FC Higgs Couplings
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Flavour Changing Higgs Couplings and AM; 4

A priori leading contribution FC Higgs Couplings

sI \ br etanf>1— v, > vy
I hO‘AO @ Large corrections to the
T down-type quark masses
\ @ Rediagonalisation
bR Sy,
5 ) Kpbrst (cosﬁhg* —sin ﬂhg*) x Yp
sin?,_ cos;, g 1 B 0 o
x M2, + M2 - I\/Tf‘ =0 ksbisg (cos Bhy — sin Bhy) o< Ys
o is the Hp, hg mixing angle @ Similar structure for b — d

Is there a contribution to AM 47
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 Higgs sector for tan 3 — oo

@ Quartic interactions are
quite restricted

V = m2, HliHy + m3,HiH,,
+ {m3,H, - Hy + h.c.}
g2+g”
8
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= (Hde)(Hj,Hu)

f iy )2
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e Study the Higgs potential in
the broken phase for vy =0

@ The quadratic interactions
give the Higgs masses
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Vil = mahiha + Ev2hg hy
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Higgs sector for tan 8 — oo

Symmetry for vy =0

o Higgs sector has a
Peccei-Quinn-type
symmetry:

® Q(Hy)=1and Q(d;) =1

° (éL'YuSL)(BL’Y‘uSL) : AQ=0
(brsr)(brsL) : AQ=0
{brstbrst) AQ =2

@ Would be leading operator
forbidden

@ Systematic study of all
“subleading” effects

@ The quadratic interactions
give the Higgs masses
(Ha = (g, —h3)):
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o FCNC Higgs couplings:
HbBRSth* X Yb

IQSBLSRhg X Ys
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PQ conserving contributions

1, (BLSR)(BRSL) : ms/mb

o (bysr) is ms/my suppressed
to (bRSL) [Buras, Chankowski, Rosiek,

Slawianowska '02]

@ Always decreases AM;

o Negligible (my/my) for
AMy

2, (BL'Y;LSL)(EL’V;LSL) . Yb2/167T2

@ Weak scale loop corrections

br ST,
br
+ Hd H{l
br \
ST, bL

@ Increases AM; 4 but
numerically small
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PQ violating contributions

3, Higher dimensional operators: 4, (brs.)(brs.)

@ Non tan 8 suppressed
operators, which give a
flavour violating contribution

ST, br

W

HY hO‘AO
T
|

br L

/N s
J'L Uy, ;F Uy,
@ Redefine FC Higgs couplings
with v2/Msysy suppression

@ Needs PQ breaking: Tiny

@ Needs a AQ = 2 interaction
in the Higgs potential

SI br
Hy

+
X
o

Hy
bR ST,
s

@ Suppressed by SUSY loop in
the Higgs potential

@ Increases AM; 4
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Effective Theory for the Higgs Sector: Quartic Sector
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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 Msysy > Moppm
@ The effective Higgs potential is a type-IlIl 2HDM

@ Match the 4 point functions:

Mgt 4 2
HH, HiH,)?
Hd Hd 2 ( ) 2 ( u U) +
Na(HHu)(HIHa) + Ma(H]Ha) (HH.)+
) . A
Q Q { > (H, - Ha)? — Me(H}Ha) (Hu - Ha) —
A A7(H3Hu)(Hu.Hd)+h.c.}
o \s(HueHq)?/2 breaks PQ (Q(H3) = 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 my; and my)

e DR for tan 3 M2 onshell fixes m?, or By
@ Decouple o Mw and Mz: v, g +0vyq = vﬁ?fd
Effective theory: Kinetic term
SI br @ Redefine the kinetic term, i.e.
* Hy OuHOMHy — Z,,q0,H,0" Hy

S + Y vir\ (1408242 6Z,4/2 Vy
Yu Yu Vsﬁ - 0 1+ 0244 / 2 V4

) @ tan 6full ~ tan /Beﬁ
e b o Compute AM in the broken theory:
A5 gives the leading contribution
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Results for AM; 4

Approximate formula for AM

- 5 ] 51

~ Ops~! 0.06GeV . L3GeV ] [ 2.56 |

)\2
L AT Miy (_)‘5+T;) Hoa- {mb r PP ]
13ps! M3 3GeV] |[-1.06]

X_

m (ey167r2)2 [tan ﬁr
M2, M2 (1 + & tan 8)? (1 + o tan 3)?

50
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Ty

Constraints from B;/y — p"p~ and BT — 7

Bsjg — ptp~ and AM, 4

o BR(By/q — u/i7):
ST, ‘ br 3.90. 10_5 M2 tanﬂ
| o< X—=
HO B A° 1.2-10°° M2 50
\

o Is correlated to AM,4

@ Severely restricts parameter space
v

@ |s sensitive to My+

o Cuts into the light My parameter
space

<
3
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Numerics

6 1.3
S\ 12 ® Ry/y = logBR(B —

11 . .
< 10 U3 pi)/AM constrains possibly
—" | s large effects for AM; 4

12y T _
4 08 @ B — Tv constraints in the
14 07
100 200 300 400 My tan 3 plane
My
6 1.3
) \ 1.2
\ 11 S
=
& 10f— o= 1 4
=
09 =
12 | )
0.8 10
14 0.7 100 200 300 400 500
100 200 300 400
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@ With all contributions under control: Present experimental
bounds on BR(B — pt ™) do not allow for a significant
decrease (increase) of AMs(AMy)



Conclusions

Conclusions

@ Systematic investigation of all leading contributions to AM,
in the MFV-MSSM with large tan 3 and heavy sparticles

e Correlation of AM and BR(B — u™pu™)

SL br S

\ \
\ \
H“, h()‘ A() |
\ \

Iz H b 5

@ With all contributions under control: Present experimental
bounds on BR(B — pt ™) do not allow for a significant
decrease (increase) of AMs(AMy)

@ No large effects are found. Still, corrections to Higgs
masses/mixings can be relevant for small M, (< 200GeV).



Conclusions

Wavefunction renormalisation drops out

MﬁHA mass matrix in the large tan G limit

@ )\ wavefunction

o - \ 1
renormalisation ALv? + M3 v2)\§_ §v2_)\g
included V2N 182+ v 2N

VAL v M3
o)) 2
sin COSs’
@ changes: /\;,2;6 = ’\;ﬁ_ﬁ — Mif\

@ canceled by wavefunction renormalisation in FC Higgs
interactions
e only effect from DR
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