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FlavorFlavor --Physics Physics vsvs LHCLHC
�� Direct searchesDirect searches

probe the scale of NP probe the scale of NP ��

Limited by available energyLimited by available energy

�� Flavor physicsFlavor physics
probes NP indirectly through loop effectsprobes NP indirectly through loop effects

Limited by the size of flavor violation Limited by the size of flavor violation ��
and the available statistics/precisionand the available statistics/precision
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FlavourFlavour --Physics Physics vsvs LHCLHC
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Challenges for New PhysicsChallenges for New Physics
in the in the FlavourFlavour SectorSector

�� If new physics is natural, why is If new physics is natural, why is flavourflavour--
violation so small?violation so small?
�� Minimal Minimal FlavourFlavour Violation Violation DD’’AmbrosioAmbrosio et al. hepet al. hep--ph/0207036, ph/0207036, 

Buras et al., Buras et al., ……

�� SPILT SUSY SPILT SUSY GiudiceGiudice, , RomaninoRomanino et al. hepet al. hep--ph/0406088ph/0406088

�� MSSM with MSSM with RadiativeRadiative FlavourFlavour ViolationViolation
LahanasLahanas et al.et al. Phys.LettPhys.Lett. B122. Buchm. B122. Buchmüüllerller et al.et al. Phys.LettPhys.Lett. B121, . B121, MasieroMasiero et et 
al.al. Phys.LettPhys.Lett. B126   . B126   BorzumatiBorzumati et al., et al., hephep--ph/9902443 ph/9902443 CrivellinCrivellin 1105281811052818……..

�� ……..

�� Can deviations from the SM be explained Can deviations from the SM be explained 
with a model of physics beyond the SM?with a model of physics beyond the SM?
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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(�� )=v)=vuu//vvdd and the heavy Higgsand the heavy Higgs
mass (MSSM like Higgs potential)mass (MSSM like Higgs potential)

� All flavor-violations is due to the CKM matrix: 
neutral Higgseutral Higgs--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 Both Higgs doublets couple simultaneously to 

up and down quarks.up and down quarks.

�� The parameters          describe flavorThe parameters          describe flavor--changing changing 
neutral Higgs interactions.neutral Higgs interactions.

�� In the MSSM,         are induced via loops.In the MSSM,         are induced via loops.
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�� New SM predictionsNew SM predictions
�� Effect ofEffect of includedincluded

De De BruynBruyn et al. 1204.1737et al. 1204.1737

�� New lattice result for New lattice result for 
HPQCD, FLAGHPQCD, FLAG

�� NLO electroweak correctionsNLO electroweak corrections
BobethBobeth et al. 1311.1348et al. 1311.1348

�� NNLO QCD correctionsNNLO QCD corrections
Hermann et al. 1311.1347Hermann et al. 1311.1347

�� Stringent constraints on scalar Stringent constraints on scalar 
operators (e.g. Higgs induced operators (e.g. Higgs induced 
flavourflavour--violation)violation)

�� Starting to probe vector Starting to probe vector 
operatorsoperators

sB m m+ -®

sBf

sG

( )tan 50b =

Hm 700 GeV=

Hm 500 GeV=

Hm 300 GeV=

[ ] ( )
[ ] ( )

9

9

2.9 0.7 10

3.65 0.23 10

s LHCb CMS

s SM

Br B

Br B

mm

mm

-

+

-

® = ± ´

® = ± ´

More in the talk of Tobias Hurt
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�� NNLO QCD correctionsNNLO QCD corrections

�� Best constraints on the charged Best constraints on the charged 
Higgs massHiggs mass

�� HadronicHadronic uncertainties largely uncertainties largely 
drop out in the CP averaged BRdrop out in the CP averaged BR
BenzkeBenzke et al. 1003.5012, Hurth et al. 1005.1224et al. 1003.5012, Hurth et al. 1005.1224
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Meson mixingMeson mixing
�� KaonKaon mixingmixing

�� Very sensitive to NP with additional phasesVery sensitive to NP with additional phases
generic NP > 10generic NP > 1055 TeVTeV
Most stringent constraints on extra dimensionsMost stringent constraints on extra dimensions

�� BBss, , BBdd mixingmixing
�� Now in good agreement Now in good agreement 

with the SMwith the SM

�� D mixingD mixing
�� Poor SM prediction for the Poor SM prediction for the 

mass difference due to mass difference due to 
nonnon--perturbativeperturbative effectseffects

�� No sign for additional phasesNo sign for additional phases

See for example A. Lenz et al. arXiv:1008.1593 for a review for B mixing
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SquarkSquark mass splitting in the MSSM:mass splitting in the MSSM:
Constraints from Constraints from KaonKaon and D mixingand D mixing

Maximally allowed
mass-splitting

Alignment to (Yd)2
Constraints from D mixing

Alignment to (Yu)2

Constraints from Kaon mixing

Minimally allowed
mass-splitting

�� Cancellations between Cancellations between 
different contributionsdifferent contributions

NonNon--degenerate degenerate 
squarksquark masses masses 
are allowedare allowed

�� Interesting for LHC Interesting for LHC 
benchmark scenarios.benchmark scenarios.

AC, M. Davidkov 1002:2653

Breaking of SU(2)F, see talk by Jernej
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BB�� K*K*µµµµ
�� Several 2Several 2--3 3 �� devideviationsations from the SMfrom the SM

�� Can be explained by Can be explained by 
DescotesDescotes--GenonGenon et al. 1307.5683, et al. 1307.5683, AltmannshoferAltmannshofer and DS 1308.1501, and DS 1308.1501, BeaujeanBeaujean et al. 1310.2478et al. 1310.2478

�� New physics explanation is hard New physics explanation is hard 
(MSSM, 2HDM, extra dimensions (MSSM, 2HDM, extra dimensions 
not possible).not possible).

�� Most natural Most natural 
explenationexplenation: Z: Z’’
GauldGauld et al. 1310.1082, et al. 1310.1082, 
Buras et al. 1311.6729, Buras et al. 1311.6729, ……

�� SubleadingSubleading hadronichadronic
effects might be effects might be langerlanger
than expected.than expected.

9 LO s P bm
mg g= � �

��������	
��
��
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Lepton Lepton FlavourFlavour ViolationViolation

em g®
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�� In the SM with massive neutrinos In the SM with massive neutrinos 
EXTREMELY small O(10EXTREMELY small O(10 --5050))

Observation of LFV would establish Observation of LFV would establish 
physics beyond the SMphysics beyond the SM

�� best constraints on generic NPbest constraints on generic NP

�� conversionconversion talktalk byby KyleKyle KnoepfelKnoepfel

excellent experimental prospectsexcellent experimental prospects
sensitive to Higgs mediated sensitive to Higgs mediated flavourflavour--violationviolation

new predictions for the scalarnew predictions for the scalar--nucleon couplingsnucleon couplings
AC, M. AC, M. ProcuraProcura, M. , M. HoferichterHoferichter arXiv:1404.7134arXiv:1404.7134

��
Sensitive to Sensitive to flavourflavour--changing Z effectschanging Z effects

More in the talk by More in the talk by AsmaaAsmaa AbadaAbada

23 320, 0e ¹ e ¹� �

32 230, 0e = e ¹� �

32 230, 0e ¹ e =� �

Predicted ratio in the 2HDMPredicted ratio in the 2HDM
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Lepton flavour Lepton flavour 
violating B decaysviolating B decays

sB + -® m m

( )tan 30b =
( )tan 40b =
( )tan 50b =

Allowed regions respecting Allowed regions respecting 

the constraints from                 andthe constraints from                 andet ® mm
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All three observables are above the SM prediction

SignificanceSignificance

1.6s

2.7s

2.0s

�� TreeTree--level decays in the SM via Wlevel decays in the SM via W--bosonboson

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

b

,c u

t

W

n

More details in the talk by Ryoutaro Watanabe

see also talk by Jernej
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TypeType --II 2HDMII 2HDM

Tension from

�� Allowed Allowed 
22�� regions from:regions from:
(superimposed)(superimposed)
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BB�� ���� in the 2HDM IIIin the 2HDM III
31
ue�� Constructive contribution to BConstructive contribution to B�� ���� using       is possible using       is possible 

while satisfyingwhile satisfying
the constraints the constraints 
from FCNCfrom FCNC
processes.processes.

Allowed Allowed 
regions from:regions from:

nd

B 2® tn s
B 1® tn s
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BB�� DD((**))���� in the 2HDM IIIin the 2HDM III

32
ue

�� BB�� DD((**))���� and and BB�� DD���� can be explained simultaneously can be explained simultaneously 
using       without violating bounds from FCNC using       without violating bounds from FCNC 
processes.processes.

Allowed Allowed 
regions from:regions from:

Check Check 
model viamodel via

*B D® tn
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Radiative Radiative flavourflavour violation violation 
in the MSSMin the MSSM
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�� Allowed regions Allowed regions 
from from bb�� ss�� ..
ChirallyChirally enhanced corrections enhanced corrections 
must be taken into account.must be taken into account.
A.C., Ulrich Nierste 2009A.C., Ulrich Nierste 2009
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( ) 2
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( ) 2
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CKM CKM generationgeneration in in thethe upup --sectorsector ::
!

u LR *
13 t td

!
u LR *
23 t cb

m V

m V

S =

S =

u LR
31d

�� Constraints from Constraints from KaonKaon
mixing.mixing.

�� unconstrained unconstrained 
from FCNC processes.from FCNC processes.

�� can induce a sizable can induce a sizable 
rightright--handed W coupling.handed W coupling.

u LR u LR
31 32,d d

2M 800GeV=2M 400GeV=
2M 200GeV=

2M 400GeV=
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�� Effects inEffects in
KK�� 	��	��

�� Verifiable Verifiable 
predictions predictions 
for NA62for NA62
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Challenges for New PhysicsChallenges for New Physics
in the in the flavourflavour sectorsector

1.1. Explain why is Explain why is flavourflavour--violation small inviolation small in
��

��

��

��

��

2.2. Explain possible deviations from the SM inExplain possible deviations from the SM in
��

��

��

��

2FD =

qB m m+ -®
b qg®

EDMs
LFV

,B tn® ( )*B D tn®

*B K m m+ -®
am

See what the future brings…
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BackupBackup
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Loop corrections to HiggsLoop corrections to Higgs --quark quark 
couplings in the MSSMcouplings in the MSSM
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Loop corrections to HiggsLoop corrections to Higgs --quark quark 
couplings in the MSSMcouplings in the MSSM
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One-to-one correspondence between Higgs-quark couplings 
and chirality changing self-energies. (In the decoupling limit)
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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 Determination of the Yukawa 
couplings of the MSSM couplings of the MSSM 
superpotentialsuperpotential..

Reduction of the matching scaleReduction of the matching scale

dependencedependence

>ñ?$?
?�?�?�?�
?�?�?
?�?�?
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on shell-

DR


