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Introduction

Sources of flavour violation in the MSSM




Quark masses

m [op quark is very
heavy: m, = v
m Bottom quark rather

light, but Y° can be
big at large tan(3)

m All other quark
Masses are very
small
) secnsitive to
radiative corrections




CKM matrix

s CKM matrix is the
only source of flavor

and CP violation in
the SM.

m No tree-level

FCNCs VCKM —

m Off-diagonal CKM
elements are small

m) Flavor-violation
IS suppressed in the
Standard Model.




MSSM at tree-level:
2HDM of type i

m One Higgs doublet
couples only to down
quarks the other Higgs
doublet only to up-quarks.

m 2 additional free parameters:
tan(B)=v,/v4 and the
heavy Higgs mass M,

m Neutral Higgs-quark couplings are flavour-
conserving.




2HDM of type lli

m Both Higgs doublets couple simultaneously to
up and dovlvn quarks.

m [he parameters E;’d describe flavor-changing
neutral Higgs interactions

m In the MSSM, 85’dare induced via loops




Squark mass matrix

e _/ MEE A@LR\

q \AQLRT M?{f{/

hermitian: E=—=p WQTM?IWQ — V2D

q

MCEE =g involves only bilinear terms (in the decoupling limit)

The chirality—changing elements are proportional to a vev




Squark-Higgs couplings

m The off-diagonal elements ASLR originate from
squark-Higgs couplings

9



Higgs-quark couplings
and

quark self-energies
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Loop corrections to
Higgs quark couplings

m After electroweak symmetry breaking

‘ One-to-one correspondence between Higgs-quark couplings

and chirality changing self-energies. (In the decoupling limit)
12




SQCD self-energy:

2
qLR _ * )
Ly =0 amngSWH&SBO ( g

Finite and proportional to at least one power of Ad™®

fi

qLL A qLR qRR) ( 2 2 2)
g(A ATA fiCO My, My, My

decoupling limit




Decomposition of the self-energy

Decompose the self—energy

dLR _ vdLR d LR
Zii _ZiiA +ZiiY

into a holomorphic part proportional to an A—term

2
dLR __ _ = dLL A q A dRR ( ) 2)
ZfiA — VdOCS 3TC mg (A A A )fi CO mg 7m(~19m(~1

non—holomorphic part proportional to a Yukawa

=~V MO %méu(/\d YA )fi Co (m;’ mé, m‘%l )

. . . . d dLR d
Define dimensionless quantity €. = ZiiY /VuY :

which is independent of a Yukawa coupling




Threshold corrections

and resummation of chirally enhanced
corrections




Determination of the MSSM
Yukawa coupling

m All corrections are finite and are non-decoupling

Matching condition:

_ d, dLR

= v, Y5 + X205 +v, tan(B) Yo,

__yqlR
m, —2X;,

) Y=

v, (1+tan (B)! )

m tan(B) is automatically resummed to all orders




Chiral enhancement

1 AR v, ; Al
= — [tan(B)Yi 8ij + J

50 M, S0

d LR
z"fi

MSUSY

m For the bottom quark only
the term proportional to
tan( 3 ) is important.

m) tan(/ ) enhancement

m Forthe light quarks also xR =0(1)2 A =M, .,

22 A
the part proportional to the |

A-term is relevant. s =0(1)=A] = EMSUSY




Effective Higgs-quark vertices




s vertices in the EFT |




Higgs vertices in the EFT i

Leﬁf(f — Q?L ((Yidsﬁ T E(fii)ebaHg T E;dHi* ) d;g

= Non-holomorphic corrections Ef = £¢1° /v,
Holomorphic corrections Eg = X¢° /v,
The quark mass matrix m§ =v,(Y%8 +E¢)+v,E}
IS no longer diagonal in the same basis as the Yukawa

coupling

‘ Flavor-changing neutral Higgs couplings




Effective Yukawa couplings

. 1 ~
B F|na| reSUIt: Sic; :V_( diaij _ZS;R) with
d

SdLR dL*ydLR 1 7dR

kY kY

Zd LR Zd LR A

22Y wdLR 33Y dLR
Z"12 Z:13

dLR dLR
2 2

33Y vdLR 33Y vdLR
231 232

\ md3 m(l3

Diagrammatic explanation in the full theory:




Higgs vertices In the full theory

m Cancellation incomplete since v, Y' #m,
Part proportional to X5, is left over.
mm) A-terms generate flavor-changing Higgs couplings




SUSY_FLAVOR 2.0

A.C., J. Rosiek et al, arXiv:1203.5023
Calculates a large set of
flavour observables
including the complete
resummation of

all chirally enhanced
corrections and the
effective Higgs vertices.

Observable

Br(r — e¥)
Br(r — py)
Br(Ky — %)
Br(K* — atw)
Br(B; — ee)
Br(Bg — pp)
Br(B; — 77)
Br(B; — ee)
Br(Bs — pp)
Br(Bs — 77)
Br(B; — ue)
Br(Bs; — 1€
Br(Bs — pur)

Br(By — Dri2)/Br(By — Div)

Most stringent constraints on

< LR,RL
€ [0

s LL.RR , {LL,RR
023 X g3

cdLL RR a sdLR
0o for large tan 3, 0443

Experiment

<1.1x10°Y7

< 2.9 x 10726

<T7.0x 1075

< 1.08 x 1078

(1.65 + 0.34) x 10~
(0.407 = 0.12 + 0.049)

(3.52 £0.25) x 10~

i ) 1072 ps!
(0.507 £ 0.005) ps—!
(17.77 £0.12) ps~!




The SQCD quark self-energy

at two-loop




NLO calculation of the quark
self-energies

NLO calculation is important for:
Computation of effective Higgs-quark vertices.

Determination of the Yukawa couplings of the MSSM
superpotential (needed for the study of Yukawa
unification in GUTSs).

NLO calculation of FCNC processes in the MSSM at
large tan(3).

Reduction of the matching scale dependence




NLO calculation

Examples of 2-loop diagrams

m NLO calculation includes analytic results and
tan(B) resummation in the generic MSSM.
A, at order o




NLO resulis

L S — L T i 7 ____f:l!-]-.t-].l::}E-l;l_lr
a0 10010 12010 14010 1600 1800 2000

Relative importance of the 2-loop corrections
approximately 9%




Flavour Phenomenology

of the 2HDM of Type lil




Type-Il 2HDM

m Allowed g

20 regions from:
(superimposed) 80

Bl bosy 60

40
K—=uv/m—-puv
20

B — Dztv

B, —up 0
" 200 400 600 800 1000
B—D~1v My [GeV]

mm) Tension from B — D'tv



tan (B) =50
Type-lll: constraints gg || _700Gev

from Mo+

m,, =300 GeV
- < Bs—u*u” (tanB=50)

d
13 31

s B, — utp constrains 823’32

m B — ptu constrains g

: d
= K — P constrains €, ,,

= D — p*p constrains 812 ’1

&, »;and &5 5, unconstrained

from tree-level FCNCs




EIER

Type-lll: Constraints
Bl m, =700GeV

from b—s(d) v

m,, =300 GeV

s b — syconstrains €,
= b — dyconstrains €,

u "
= 831’32 still

unconstrained -0.04- O..03—0.02—0..01 0.00 0.01
Re[EES]




Tauonic B decays

m Tree-level decays in the SM via W-boson

m Sensitive to a charged Higgs due to the heavy
tau lepton in the final state.

Observable SM Experiment | Significance

Br[B — 7v] (071979052 )x107*| (1.15+0.23)x10™ 1.6 0

Br[B — Dtv]/Br[B— D(v]| 0,297 £0.017| 0.440%0.072 200

Br| B— D'zv|/Br| B> D(v ] 0.252+0.003 | 0.3321+0.030 270

mm) All three observables are above the SM prediction




V , can be

determined from
s Bomlv

m inclusive decay

m Global fit to the CKM
matrix

Different determinations

do not agree

— V,, problem

BR(B — 1v)




B—DX¥ T v

Br[B - D/Z'V] ch + ch ch + ch 2
= Ry, (D)] 14+1.5Re| <10 |1 0|0 T 50
Br[B — D(V] o )[ { Cs Cs,y

SM SM

INDIE

BI’ B%D*’Z’V cb b cb b
B : ]:RSM(D*) 14+0.12Re| <2 —C2 |4 0,052~
Br[B%D fv] ¢

cb
SM SM

R(D")

= Form factors uncertainties
drop out to a large extend in
the rations R(D) and R(D?*).

= R(D*) less sensitive to NP

= Cp cannot explain R(D) and
R(D*) simultaneously but
C, can.




Tauonic B decays in
the 2HDM II
1 m,m

Cgb — m2 qu vz £ tan2 (ﬁ)

Hi

C¥” =0

Contribution to B—1v
necessarily destructive.

tan(5)/m. . needed
for R(D*) too large.

Cannot explain B—D)1v
and B—D1v simultaneously. arxiv:1205.5442

BaBar collaboration 1205.5442 measurement

=) [isfavored by current data

0.6 1

0.8
tan(3)/m,. [1/GeV]




2HDM of type Il with flavour-
violation In the up-sector

= Constructive contribution to B—1v using &, is possible.

= B—D™1v and B—D1v can be explained simultaneously
using &;,. =P Check model via H° A® — 7c

Allowed
regions from:

B B->Dw

-0.02 -0.01 0.00 0.01 0.02

B DM




Lepton Flavor violation

m Correlations between T — UUW and T —> LY

Predicted ratio in the 2HDM of type lII

Blt - uyl

Bt - ppu]
Bl c. #0.¢c, 0 Q&
0.5
0.4

V4 V4 . 0_3
., 70,¢e,,=0
32 23 0.2

0.1

GeV
2400 600 800 100012001400 M LEeV]




Upper Iimits on - Excluded by exp eriment
lepton flavour Bl 0 (B)=30

violating B decays

Allowed regions respecting
the constraints from L —>eyYand B, > U’

tan (f) =50

500 700 MH[GeV]




Conclusions

In the MSSM self-energies generate threshold correction
which can be of order one.

A-terms generate flavor-changing neutral Higgs couplings.

SUSY_FLAVOR 2.0 is a useful tool for calculating flavour
observables in the generic MSSM.

2-loop calculation of Higgs-quark couplings significantly
reduces the matching scale dependence.

A 2HDM of type Il with flavour violation in the up-sector can
explain B—1v, B—»D1v and B—D*1v despite the stringent
constraints from FCNC processes.

Interesting correlations among lepton flavour violating
observabels in the 2HDM with generic flavour structure.




