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�� Constraints from FCNC processesConstraints from FCNC processes
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IntroductionIntroduction
FlavorFlavor--violation in 2HDMsviolation in 2HDMs
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2HDM of type II2HDM of type II
(MSSM at tree(MSSM at tree--level)level)

�� One Higgs doublet couples One Higgs doublet couples 

only to downonly to down--quarks quarks 

(and charged leptons), (and charged leptons), 

the other Higgs doubletthe other Higgs doublet

couples only to upcouples only to up--quarks.quarks.

�� 2 additional free parameters:2 additional free parameters:

tan(tan(ββ)=v)=vuu//vvdd and the and the 

heavy Higgs mass heavy Higgs mass 

� All flavor-violations is due to the CKM matrix: neutral eutral 

HiggsHiggs--quark couplings are flavorquark couplings are flavor--conserving.conserving.
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2HDM of type III2HDM of type III
�� Both Higgs doublets couple simultaneously to up and Both Higgs doublets couple simultaneously to up and 

down quarks.down quarks.

�� The parameters          describe flavorThe parameters          describe flavor--changing neutral changing neutral 

Higgs interactionsHiggs interactions

�� In the MSSM,         are induced via loopsIn the MSSM,         are induced via loops
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Matching of the Matching of the 

MSSM on the MSSM on the 

2HDM2HDM



7

SquarkSquark--Higgs couplingsHiggs couplings
q LR

ij∆

d LR

fii− ∆

� The off-diagonal elements of the squark mass 

matrices originate from squark-Higgs couplings 
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Loop corrections toLoop corrections to

Higgs quark couplingsHiggs quark couplings
� Before electroweak symmetry breaking 
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� After electroweak symmetry breaking

Loop corrections toLoop corrections to

Higgs quark couplingsHiggs quark couplings

One-to-one correspondence between Higgs-quark couplings 

and chirality changing self-energies. (In the decoupling limit)
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� tan(β) is automatically resummed to all orders

Determination of the MSSM Determination of the MSSM 

Yukawa couplingYukawa coupling

� All corrections are finite and are non-decoupling 
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Matching condition:Matching condition:

CarenaCarenaCarenaCarenaCarenaCarenaCarenaCarena et al, hepet al, hepet al, hepet al, hepet al, hepet al, hepet al, hepet al, hep--------ph/9912516ph/9912516ph/9912516ph/9912516ph/9912516ph/9912516ph/9912516ph/9912516
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Complete Complete resummationresummation of all of all 

chirallychirally enhanced correctionsenhanced corrections

Including:Including:

�� Most general MSSM flavor structureMost general MSSM flavor structure

�� SQCD and electroweak contributionsSQCD and electroweak contributions

�� Threshold corrections to the CKM matrixThreshold corrections to the CKM matrix

�� Effective HiggsEffective Higgs--quarkquark--quark verticesquark vertices

�� Effective quarkEffective quark--squarksquark--gauginogaugino verticesvertices

Using these vertices, all Using these vertices, all chirallychirally enhanced corrections canenhanced corrections can

be automatically included.be automatically included.

Implemented in SUSY_FLAVOR 2.0Implemented in SUSY_FLAVOR 2.0

A.C., L. Hofer and J. A.C., L. Hofer and J. A.C., L. Hofer and J. A.C., L. Hofer and J. A.C., L. Hofer and J. A.C., L. Hofer and J. A.C., L. Hofer and J. A.C., L. Hofer and J. RosiekRosiekRosiekRosiekRosiekRosiekRosiekRosiek, 1103.4272, 1103.4272, 1103.4272, 1103.4272, 1103.4272, 1103.4272, 1103.4272, 1103.4272
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NLO calculation of the quark NLO calculation of the quark 

selfself--energiesenergies

NLO calculation is important for:NLO calculation is important for:

�� Computation of effective HiggsComputation of effective Higgs--quark vertices.quark vertices.

�� Determination of the Yukawa couplings of the Determination of the Yukawa couplings of the 

MSSM MSSM superpotentialsuperpotential (needed for the study of (needed for the study of 

Yukawa unification in Yukawa unification in GUTsGUTs).).

�� NLO calculation of FCNC processes in the MSSM at NLO calculation of FCNC processes in the MSSM at 

large tan(large tan(ββ).).

Reduction of the matching scale dependenceReduction of the matching scale dependence
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NLO calculationNLO calculation

�� NLO calculation includes analytic results and NLO calculation includes analytic results and 

tan(tan(ββ) ) resummationresummation in the generic MSSM.               in the generic MSSM.               

at order at order 
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Examples of 2-loop diagrams
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NLO resultsNLO results

Relative importance of the 2-loop corrections 
approximately 9%

NLO

LO
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FlavorFlavor--

phenomenology of phenomenology of 

twotwo--HiggsHiggs--doubletdoublet

modelsmodels
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TypeType--II 2HDMII 2HDM

Tension from

�� Allowed regions from:Allowed regions from:

b s→ γ

B → τν

K /→ µν π → µν

B D→ τν

sB + −→ µ µ
*B D→ τν

*B D→ τν
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TypeType--III: constraints III: constraints 

from Mfrom M→→→→→→→→µµ++µµ--

d

13,31ε

0H

d

23,32ε

s

23

dε

b

d

12,21ε
u

12,21ε

�� B B →→ µµ++µµ-- constrainsconstrains

�� BBss →→ µµ++µµ-- constrainsconstrains

�� KKLL →→ µµ++µµ-- constrainsconstrains

�� D D →→ µµ++µµ-- constrainsconstrains

and         unconstrained 

from tree-level FCNCs
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TypeType--III: Constraints III: Constraints 
from bfrom b→→→→→→→→s(ds(d))γγγγγγγγ

u

23ε

( )tan 50β =

u

13ε

�� bb→→ssγγ constrains constrains 

�� bb→→ddγγ constrainsconstrains

�� still still 

unconstrainedunconstrained

( )s d b

Hm 700 GeV=

Hm 500 GeV=

Hm 300 GeV=

u

31,32ε



19

TauonicTauonic B decaysB decays

32

uε

�� Constructive contribution to BConstructive contribution to B→→τντν using      is possible.using      is possible.

�� BB→→DD((**))τντν and and BB→→DDτντν can be explained simultaneously can be explained simultaneously 

using      .using      . Check model viaCheck model via

Allowed Allowed 

regions from:regions from:

*B D→ τν

B → τν

B D→ τν

31
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Direct CP asymmetry inDirect CP asymmetry in

D KK,→ ππ

D KK,→ ππ

�� Cannot be explained Cannot be explained 
in the 2HDM IIIin the 2HDM III

Allowed Allowed 

regions from:regions from:

K K mixing−

( )s
D → µν

Neutron EDM

( ) Htan 50, m 500 GeVβ = =
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Lepton Flavor violationLepton Flavor violation

τ → µµµ�� Correlations between                andCorrelations between                and

23 320, 0ε ≠ ε ≠ℓ ℓ

32 230, 0ε = ε ≠ℓ ℓ

32 230, 0ε ≠ ε =ℓ ℓ

τ → µγ
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Upper limits on Upper limits on 

lepton lepton flavourflavour

violating B decaysviolating B decays

( )tan 30β =

( )tan 40β =

( )tan 50β =

Excluded by exp eriment
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ConclusionsConclusions

�� The decoupling limit of the MSSM is the 2HDM of type IIIThe decoupling limit of the MSSM is the 2HDM of type III

�� Sizable nonSizable non--holomorphicholomorphic Higgs couplings are generated via Higgs couplings are generated via 

loops, 2loops, 2--loop calculation of Higgsloop calculation of Higgs--quark couplings significantly quark couplings significantly 

reduces the matching scale dependence.reduces the matching scale dependence.

�� In the 2HDM III all offIn the 2HDM III all off--diagonal elements       except          diagonal elements       except          

must be small.must be small.

�� A 2HDM of type III with A 2HDM of type III with flavourflavour violation in the upviolation in the up--sector can sector can 

explain explain BB→τν→τν, , BB→→DDτντν and Band B→→D*D*τντν simultaneously.simultaneously.

�� The direct CP asymmetry in D The direct CP asymmetry in D →→ KK,KK,ππππ cannot be explainedcannot be explained

�� Interesting correlations between among lepton flavor violating Interesting correlations between among lepton flavor violating 

observables.observables.
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SUSY_FLAVOR SUSY_FLAVOR 

2.02.0
A.C., J. A.C., J. RosiekRosiek et al, arXiv:1203.5023et al, arXiv:1203.5023

Calculates a large set of Calculates a large set of 

flavour observables flavour observables 

including the complete including the complete 

resummationresummation of of 

all all chirallychirally enhanced enhanced 

corrections and the corrections and the 

effective Higgs vertices.effective Higgs vertices.


