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Outline

  --         enhanced loop corrections to neutral Higgs-fermion couplings

                  ==> Flavor conserving processes :

           Non-Standard MSSM Higgs production at the Tevatron and LHC

                   ==> Flavor Changing Neutral Currents  (FCNC)

•  Introduction ==> Higgs and Flavor in the Standard Model   

•  The Flavor Issue in Supersymmetry ==> Minimal Flavor Violation (MFV)

! 

tan"

! 

B
S
 Mixing  and the rare decay rate  BS " µ+µ#

••    Other Examples ==> MFV from GUT’s and General Flavor SUSY Models 

-- -- Loop FC effects in the Charged Loop FC effects in the Charged Higgs-fermion Higgs-fermion couplingscouplings

                                ==>

                ==> Probing SUSY parameters through  B and Higgs 

                        Physics  at the Tevatron and LHC

•  Direct SUSY Dark Matter detection <==> Higgs searches at the Tevatron

•  Conclusions
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• Standard Model            works  well !

  Successfully describes processes up to energies     a few hundred GeV

• What is Beyond the SM           is certainly very exciting!

! 

"

Some of the key open questions:

!The origin of Electroweak Symmetry breaking:  The Higgs Mechanism?

     How to stabilize the Higgs quantum corrections:

!The nature of Dark Matter

!The explanation for the observed matter-antimatter asymmetry

!The connection of electroweak and strong interactions with gravity

Collider Experiments                Tevatron,  LHC, ILC

                                                         +

                    Dark Matter Detection Experiments            CDMS

==>   our most promising avenues to discover the new physics

that will answer these questions

?M  Why v Pl<<

Are there New Symmetries in Nature, such as SUPERSYMMETRY,

which can provide the answers?



                    In the Standard Model:  The Higgs Mechanism

a self interacting complex scalar doublet with no trivial quantum numbers under SU(2)L x U(1)Y



The Flavor Structure in the SM

• The fermion part of the SM Lagrangian

    In the mass eigenstate basis, the interactions of the Higgs field are also

    flavor diagonal

Flavor Changing effects arise from charged currents, which mix left-handed up and

down quarks:

                                                                    where

•   The CKM matrix is almost the identity ==> transitions between different flavors

    are suppressed in the SM

•   The Higgs sector and the neutral gauge interactions do not lead to FCNC



FC effects in B observables in the SM
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Mass eigenstates:
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Direct  Measurement and Global CKM Fit
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D)               transition

! 

B
u
"#$

! 

BR(Bu "#$ )SM =
GF

2
mBm#

2

8%
1&

m#
2

mB

2

' 

( 
) 

* 

+ 
, fB

2
Vub

2
#B

! 

= (1.59 ± 0.40) "10
#4

! 

BR(B
u
"#$ )exp

= (1.06 %0.28

+0.34  %0.16

+0.18)  10%4

In agreement with SM 

within errors



Flavor Beyond the Standard Model

• Two Higgs doublet Models:

            Yukawa interactions ==>

The  Higgs doublets acquire different v.e.v.’s and  the mass matrix reads

                               ==>

Diagonalization of the mass matrix will not give diagonal Yukawa couplings
==> will induce large, usually unacceptable FCNC in the Higgs sector

Easiest solution:  One Higgs doublet couples only  to down quarks and the other
couples to up quarks only

 Supersymmetry, at tree level

Since the up and down sectors are diagonalized independently, the Higgs

Interactions remain flavor diagonal at tree level.      
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The flavor problem in SUSY Theories

SUSY breaking mechanisms ==> also can give rise to large FCNC effects

• Novel sfermion-gaugino-fermion interactions, e.g. for the down sector

where         come from the block diagonalization of the squark mass matrix

• The diagonal entries are 3x3 matrices with                  the soft SUSY breaking

mass matrices and the rest proportional to the Yukawa or

• The off-diagonal matrices are proportional to the Yukawa and to the soft SUSY

breaking matrices Ad  coming from the trilinear interactions of the Higgs

doublets with the sfermions
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• At loop level:  FCNC generated by two main effects:

       1) Both Higgs doublets couple to the up and down sectors

                 ==> important effects in the B system at large tan beta

        2) Soft SUSY breaking parameters obey Renormalization Group  equations:

     given their values at the SUSY scale, they change significantly at low energies

        ==> RG evolution adds terms prop. to

 In both cases the effective coupling governing FCNC processes

Minimal Flavor Violation (MFV)

• At tree level: the quarks and squarks

 diagonalized by the same matrices

Hence, in the quark mass eigenbasis the only

FC effects arise from charged currents via VCKM

as in the SM .! 
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           enhanced loop corrections

to neutral Higgs-fermion couplings

The      factors correspond to the diagrams:
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     In terms of the quark  mass eigenstates:

where Mu, Md are the physical quark mass matrices,

     V is the physical CKM matrix and the matrix R:

• Considering the squark masses flavour diagonal ! R diagonal
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Flavor Conserving Higgs-fermion couplings
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Non-Standard Higgs Production at the Tevatron and LHC

••            Enhanced couplings to b quarks  and Enhanced couplings to b quarks  and tau-leptonstau-leptons

••            Considering value of running bottom mass and 3 quark colorsConsidering value of running bottom mass and 3 quark colors
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Searches for Non-Standard Higgs bosons at the Tevatron
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••    Strong dependence Strong dependence on SUSY parameterson SUSY parameters
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B) In the tau tau inclusive mode
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"  based on CDF :  200pb-1

••  Important reach for  large tanb, small mA 

• Weaker dependence on SUSY parameters via radiative corrections

M. C. et al. hep-ph/0511023
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Loop-induced Higgs mediated FCNC in the down-quark sector

• In the MFV scenario, the neutral Higgs flavor changing Lagrangian
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          Correlation between Bs mixing and

      due to         enhanced Higgs mediated flavor violating effects
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•  What can we learn from Bs-mixing?
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CDF limit

Using CKM fitter

Using UT fit

Upper bound on new physics from CDF measurement

How strong is the bound on                            ?
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large " factors  implies heavy squark mass and trilinear terms

•  For natural values of mA< 1000 GeV ==> largest contributions at most a few ps-1
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CKM fit

UT fit
Consistent with CKM fit
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 Flavor Changing in the charged Higgs coupling

• Similar to the neutral Higgs case, we have            enhanced loop

corrections which depend on SUSY  parameters
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Important SUSY contributions to
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B and Higgs Physics at the Tevatron

 explore complementary regions of SUSY parameter space

Large to moderate values of Xt  ==> SM like Higgs heavier than 120 GeV
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Tevatron Non-Standard Higgs searches at small Xt

• Interesting region since light SM-like Higgs lighter than 125 GeV

• No constraints from

• Mild constraints from
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LHC Non-Standard Higgs searches

in the large to moderate Xt region
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••    A relatively large region of SUSY parameter space can be probed at the LHC

 for these “low” luminosities

•  For small stop mixing parameter Xt and sizeable mu, H/A Higgs searches

can make discoveries in a very large region of parameter space
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••  Consider effects of renormalization group evolution of SUSY parameters

  defined at the GUT scale

--  gauge coupling and gaugino mass unification

--  Non-universal squark and  trilinear mass parameters

LunghiLunghi, , VivesVives, , PorodPorod, hep-ph/0605177, hep-ph/0605177

MFV Models with Grand Unification

Large contributions to Bs-mixing strongly constrained by
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General Flavor Violation Models in SUSY (GFVM)

In GFVM ==> flavor violating entries of the squarks

and trilinear mass parameters treated as being arbitrary
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•    Strict new constraints on general models of SUSY flavor violation arise form 

     recent data on 
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Tevatron measurement 
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==> RR insertions are 

 forbidden or,  At and/or

 tanb must be very small 
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• Most suitable candidates beyond the Standard Model:

 ==> Weakly interacting particles (WIMPS) with masses and interaction cross

   sections of order of the electroweak scale

SUSY with R-parity discrete symmetry conservedSUSY with R-parity discrete symmetry conserved

==> naturally provides a neutral stable DM candidate: LSP ==>==> naturally provides a neutral stable DM candidate: LSP ==>
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••  Collider experiments will find evidence of DM through        signature

and knowledge of new physics particle masses and couplings will allow to compute

DM-annihilation cross sections and elastic scattering WIMP -proton cross sections

! 
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        But only Direct Detection  Experiments will confirm

the existence of Dark Matter particles

Dark Matter: one of the fundamental open questions
==> it demands new physics and it may be intimately related to EWSB



 Direct detection has two big uncertainties:

• The local halo density, inferred by fitting to models

of galactic halo: assumed ==>

Direct Detection of WIMPs

• WIMPs elastically scatter off nuclei in

targets, producing nuclear recoils with  

Main Ingredients to calculate signal:

Local density & velocity distribution of WIMPs and

 ==> rate per unit time, per unit detector material mass
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Number of target nuclei in 

the detector prop.to

Detector mass/Atomic mass

local WIMP density

Scattering Cross section off nuclei 
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averaged over relative wimp velocity

• The galactic rotation velocity ! (230 +- 20) km/sec



Current and near future experiments sensitive only to spin-independent scattering

Neutralino  Elastic Scattering Cross Section -- CDMS Reach

==> dominated by  t-channel exchange of

        H and h, coupling to strange quarks

        and to gluons via bottom loops
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Bino-like Neutralino Bino-like Neutralino example:example:

IfIf                      are                      are within  within Tevatron  Tevatron  reach,reach, a a substantial elastic  substantial elastic cross sectioncross section  ,,

atat the reach of CDMS the reach of CDMS  , is expected, is expected  
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==>Evidence for H/A at the Tevatron without a CDMS signal would suggest 
 a large value of 

CDMS  DM searches Vs the Tevatron H/A searches

Current exclusion ComparisonCurrent exclusion Comparison

==> CDMS  current limits disfavor discovery of H/A at the
Tevatron, unless the neutralino has a large higgsino component

2007 Projection2007 Projection
! 

" µ >> M
2

! 

Tevatron reach in pp " A/H "#
+
#
$

M.C, Hooper, Skands, hep-ph/0603180

! 

µ

==> a positive signal at CDMS will be very encouraging for Higgs searches

••If the lightest neutralino makes up the DM of the universeIf the lightest neutralino makes up the DM of the universe



Direct Detection and Collider Searches

Constrained H/A  discovery potential at the Tevatron (4 fb-1)

CurrentCurrent  CDMSCDMS

2007 CDMS2007 CDMS

 projection projection
LEP excludedLEP excluded

M.C, Hooper, Skands, hep-ph/0603180



The LHC will probably find evidence of DM particles through

missing momentum and missing energy analyses

The ILC will determine its properties extremely accurately, allowing to

compute which fraction of the total DM density of the universe it makes

Dark Matter at Colliders

SUSY models which explain DM

and Matter-Antimatter Asymmetry

ILC sensitivity to DM density

WMAP
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stop mass= (neutralino mass + 15) [GeV]

A particle physics understanding of cosmological questions!
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˜ t " ˜ #  +c

(assumming BR =1)

ILC (500 GeV)

M. C. et al. hep-ph/0508152



•   Small stop mixing  (Xt!0) and large Higgsino mass parameter      are promising

  for the Tevatron ==> has sensitivity to discover all 3 MSSM neutral Higgs bosons

• Bs-mixing measurement  ==> consistent with the SM, within errors.

  ==> in MFV SUSY models, with large tanb,  consistent with                       bound.

However, it imposes strict constraints on General Flavor Violation SUSY Models.

Conclusions

• Non-Standard MSSM Higgs searches at the Tevatron are highly constrained ---

-- for large stop mixing ==> from  B physics measurements

      -- for small higgsino mass parameter ==> from Direct DM detection searches

•                                                      “discrepancy” between theory and experiment

can be accomodated in MFV via large tanb effects, and can be probed  by

 improving the reach on
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• Discovery of H/A at the Tevatron together with discovery at CDMS will shed light

to the composition of SUSY DM.

• Discovery of H/A at the Tevatron, without positive results from leptonic rare Bs

decay and from CDMS

==> small Xt an large    or  Deviations from MFV together with

                                           a different Nature of DM than usually assumed

! 

µ


