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1. Introduction

The leptonic and semileptonicdecaysof K, D and B mesons( � �
ν ��� π

�
ν ,
���

e� µ) in
theStandardModel (SM) proceedthroughW–bosonexchange.Gaugecouplinguniversalityand
three-generationquarkmixing imply thatall of themaregovernedby theeffective couplingGi j

�
Gµ Vi j , whereGµ is themuondecayconstantandVi j aretheelementsof theCabibbo–Kobayashi–
Maskawa (CKM) matrix. In the SM, Gi j doesnot dependon the leptonflavor andthe effective
couplings,asobtainedfrom transitionswith quarksof differentgenerations,areconstrainedby the
unitary relation,∑ j

	
Vi j

	 2 � 1. Physicsbeyond theSM (BSM) could introducenew contributions
andthereforenon-trivial constraintson physicsat theTeV scaleareprovidedby precisiontestsof
the unitarity relations[1]. Kaon physicscurrentlyplaysa prominentrole in testingboth, quark-
leptonuniversality, throughtheVus entry in the CKM unitarity relation

	
Vud

	 2 
 	
Vus

	 2 
 	
Vub

	 2 �
1, andleptonuniversality, throughthe measurementof

	
Vus

	��
f �� 0� andthehelicity–suppressed

ratio Γ � K � eν � γ ����� Γ � K � µν � γ ��� . Large amountof datahasbeencollectedon the K � π
�
ν

semileptonicmodesby severalexperiments,BNL-E865,KLOE, KTeV, ISTRA+, andNA48. The
datastimulateda substantialprogresson the theoreticalinputsandmostof the errorsassociated
to radiative corrections[2, 3, 4, 5] andhadronicform factors[6] have beenreducedbelow 1%.
The unitarity test

	
Vud

	 2 
 	
Vus

	 2 
 	
Vub

	 2 � 1 
 ∆CKM is presentlyprobedto 6
�

10� 4. Vus from
K � π

�
ν contributesabouthalf of theuncertainty, mostlyfrom thehadronicmatrixelement.Both

experimentalandtheoreticalprogressin K� 3 decaysareneededfor furtherimprovementson∆CKM.
Thekaonsemileptonicdecayrateis givenby:

Γ � Kl3 � � C2
KG2

FM5
K

192π3 SEW

	
Vus

	 2 	 f �� 0� 	 2 � IK � l � λ ��� 1 
 2∆SU � 2�
K


 2∆EM
K � l � (1.1)

whereK
�

K0 � K � ; l
�

e� µ andCK arethe Clebsch-Gordancoefficients,equalto 1� 2 and1 for
K � andK0, respectively. Thedecaywidth Γ � Kl3 � is determinedby measuringthekaonlifetimes
andthesemileptonicbranchingfractions(BR) totally inclusive of radiation.Thetheoreticalinputs
are i) the universalshort–distanceelectroweakcorrectionSEW

�
1� 0232, ii) the SU � 2� -breaking

term ∆SU � 2�
K

, iii) the long–distanceelectromagneticcontributions∆EM
K � l which dependon thekaon

charge and lepton flavor, iv) the form factor f �� 0��� f K0π � � 0� describingthe hadronicmatrix
elementof K � π transitions,evaluatedat zeromomentumtransferandfor neutralkaons. The
form factordependenceon themomentumtransfer, neededfor thephasespaceintegral IK � l � λ � , is
presentlyprovidedby combiningmeasurementsanddispersionrelationsanddescribedby oneor
moreparametersobtainedfrom thedecayspectra.

Thekaon(pion) leptonicradiation-inclusive decaysK � π ��� µν̄µ � γ � provide a precisedeter-
minationof

	
Vus

	 � 	Vud

	
,

Γ � K µ2 �
Γ � π µ2

�
� mK 1 � m2

µ
m2

K

2

mπ 1 � m2
µ

m2
π

2

f 2
K

	
Vus

	 2
f 2
π
	
Vud

	
2

1 
 α
π CK

1 
 α
π Cπ

(1.2)

where fK and fπ arethekaonandthepion decayconstants;Cπ andCK parameterizetheradiation-
inclusiveelectroweakcorrectionsaccountingfor bremsstrahlungemissionof realphotonsandpho-
ton loop contributions.

An overview of experimentaldatais presentedin thefollowing sections.
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2. The branching fractions

Themostrecentmeasurementsof thekaonsemileptonicbranchingfractionshaveanaccuracy
of fractionsof percent.Thefirst waspublishedin year2003by theE865experimentatBrookhaven
(BNL), thatwasrealizedto searchfor thelepton-violating(LV) decayK

 � π  µ  e� . Theother
measurementsof theBR(K � π lν) havebeenobtainedby KTeV atFermilab,NA48 atCERN,and
KLOE at Frascati,thatweredesignedto studyCPviolation in kaondecays.TheE865experiment
at theBNL AlternatingGradientSyncrotron(AGS)measuredtheK


e3� γ � branchingratio. Theresult

[7], BR(K

e3� γ � ) = (5.13� 0.02stat � 0.09syst � 0.04norm), was 2.3–σ greaterthan the world average

from previousmeasurementsdatingbackmorethan25 years.In thelimit of isospinconservation,
the semileptonicdecaywidth ratio of chargedandneutralkaonsis 2:1, andthe isospin-breaking
effect givesa 2% correction.Sincetheexperimentalratio of previousmeasurementswasalready
higher than expected,the 5% increasein the BR(K


e3� γ � ) pointed to an SU(2) breakingcorrec-

tion at the 6% level, definitely greaterthanthe theoreticalestimate,∆K
SU � 2� = (∆K  

SU � 2� � ∆K0

SU � 2� ) =
(2.3� 0.2)%[3]. Evidencethat thepuzzlecouldbe solved from theexperimentalsidecamewith
theKTeV measurementof theKL semileptonicdecays,publishedin year2004.Thenew measure-
ment, in fact, showed that also in the neutralsectorthe semileptonicbranchingratio K0

e3� γ � was
understimatedby 5%. TheKTeV experimentat Fermilabprovided for thefirst time themeasure-
mentsof all of themainKL decaychannels[8]. KTeV obtainedtheabsolutebranchingfractions
from therelative ratios,Kµ3/Ke3, K  � 0/Ke3, K000/Ke3, K  � /Ke3, K00/K000, exploiting thecondition
on ∑BRi = 1 - BR(KL � rare) = 99.93%. Few per mil accuracy on the semileptonicbranching
ratios,BR(Ke3� γ � ) = 0.4067� 0.0011andBR(Kµ3� γ � ) = 0.2701� 0.0009,wasachieved. TheKTeV
resultsled to majoradjustementsof all of theKL decaymodesbut K  � 0 andKµ3, andof several
rareKL branchingfractionsfor which themainKL decaymodeswereusedasnormalization.Few
monthslater, the NA48 experimentat CERN confirmedthe KTeV resulton theBR(KL � πeν).
NA48 measured[9] thefractionof Ke3 eventsnormalizedto theKL decayswith two chargedtracks
in the final state,obtaningBR(Ke3� γ � ) = 0.4010� 0.0045,dependenton the world averageof the
BR(K2trk). In year2006KLOE published[10] theresultsof theanalysisof all themainKL decay
modes,includingKe3, Kµ3, K  � 0, andK000. At theφ–factory, wherekaonpairsareproducedfrom
φ decays,the measurementof the absolutebranchingfractionsis possibleby taggingKL beams
from the reconstructionof KS decays. Due to the long lifetime, about46% of KL’s decaysbe-
fore reachingthecalorimeters.The fraction dependson theKL lifetime andto lessextenton the
crosssectionof thehadronicinteractions.Since,analogouslyto theKTeV analysis,themeasured
branchingfractionsrepresent99.64%of all of theKL decays,thedependenceandtheuncertainty
from theknowledgeof theKL lifetime waseliminatedby imposing∑BRi = 0.9964. The results,
BR(Ke3� γ � ) = 0.4007� 0.0015andBR(Kµ3� γ � ) = 0.2698� 0.0015,arewell in agreementwith the
otherprecisionmeasurements.

In year2007,NA48/2 publishedthemeasurementsof thebranchingfractionsof thesemilep-
tonic decaysof charged kaonsnormalizedto the K � π � π0 (K2π ) mode[11]. The experiment
tookdatain year2003–2004and2007–2008mostlyto measuretheCP–violatingasymmetryin the
Dalitz–plotof theK � � π � π  π � decays.Theanalysisof thesemileptonicdecayswasbasedon
theeventsaccumulatedwith adedicatedrun in year2003.TheK


andtheK � samplesweresepa-

ratelyprocessedobtainingconsistentresultson BR(Ke3 � µ3)/BR(K2π), of 4 permil accuracy, about
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2–σ greaterand5 timesmoreprecisethantheworld averageat thetime. Thebranchingfractions,
BR(K �e3� γ � ) = 0.0517� 0.0004andBR(K �µ3� γ � ) = 0.0343� 0.0002,with 0.8%and0.6%relative pre-

cision, confirmedtheBR(K

e3� γ � ) measurementof theBNL-E865 collaboration.The resultsfrom

KLOE on thesemileptonicdecaysof chargedkaons,publishedin year2008[12], werebasedon
theanalysisof four independentsamplescollectedin year2003-2004,giving consistentresultsto
few percentprecisionlevel. The sampleswereselectedby taggingK


(K � ) beamswith the re-

constructionof the two–bodydecays,K �2π andK �µ2. Theaveragedresultsfrom the four samples,
BR(K �e3� γ � ) = (4.965 � 0.053)%andBR(K �µ3� γ � ) = (3.233 � 0.040)%,have anaccuracy of oneper
cent,dominatedby thestatisticsof thecontrolsamplesusedto correctfor data-MCdiscrepancies
affectingefficiency evaluation.

KLOE, exploiting thepossibility to tagtheKS decays,hasalsomeasuredtheBR(KSe3) with
1.3%precision[13]. Theanalysis,especiallyfocusedonthecontrolof thebackgroundfrom domi-
nantKS � π  π � decays,led to BR(KSe3)/BR(KSπ  π � ) = (1.019 � 0.013)

�
10� 3. Thebranching

fractionsfor both charges,π  e� andπ � e


, have beenseparatelydeterminedexploiting the ex-
cellenttime resolutionof thecalorimeter. Theratiosof thebranchingfractionswereusedtogether
with i) theBR(KS � π  π � )/BR(KS � π0π0) measuredby KLOE [14], ii) theassumptionof lepton
universality, andiii) theconstraint∑BRi = 1, to extractBR(KSe3� γ � ) = (7.028 � 0.092)

�
10� 4.

3. The lifetimes

Thebestmeasurementsof theKS lifetime have beenpublishedin year2002by theNA48 [15]
andKTeV [16] experiments.Therelativeprecisionreached,betterthanonepermil, exploitedmost
of theexperimentalsolutionsenvisagedto take undercontrolthesystematicsfor themeasurement
of Reε !"� ε to 10� 4 accuracy. Independentanalyses,on theneutral,KS � π0π0, andthecharged,
KS � π  π � , decaymodeshave beencarriedout giving consistentresultswhoseaveragewas
(89.60 � 0.07)

�
10� 12 s from NA48 dataanalysis[15], and(89.65 � 0.07)

�
10� 12 s from the

KTeV experiment.

KLOE obtainedtheKL lifetime from the analysisof the spatialdistribution of the dominant
neutralKL decay, KL � π0π0π0. The result, to per mil precision,wasτL = (50.92� 0.30) ns, in
agreementwith theindirectdeterminationof thelifetime, τL = (50.72� 0.37)nsobtainedfrom the
measurementsof all of thedominantKL decaysby imposing∑BRi = 0.9964,asreportedin Sec.2.

The chargedkaondecaylifetime hasbeenmeasuredby KLOE with two independentmeth-
odsbasedon the time resolutionof the calorimeterandon the momentumresolutionof the drift
chamber. The first analysis,relying on photontime-of-flight measurements,wasconductedon a
sampleof K � � π � π0 taggedby Kµ2 decays.Theproperkaondecaytime is evaluatedfrom the
arrival time on thecalorimeterof thephotonsfrom π0 decays.Theothermethodis basedon the
measurementof the charged vertex producedby K � decaysin the drift chamber, taggedby the
reconstructionof Kµ2 in theoppositeemisphere.Thechargedkaonlifetime, from theaverageof
thefit resultsof thepropertime distributionsobtainedfor positive andnegative kaonsamples,and
from thetwo independentmethods,is (12.347� 0.030)ns.

Fromthecomparisonof thekaonsemileptonicwidths in theelectronandmuondecaychan-
nels,theleptonuniversalityis probedto 5 permil level, thesameprecisionreachedwith τ decays.
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4. The semileptonic form factors

Thedependenceof thesemileptonicform factorsfrom themomentumtransfer, f̃  (t) and f̃0(t),
is determinedby the analysisof the kinematicaldistributions of the semileptonicdecays. The
KL � πeν modegivesaccessto f̃  (t) only becauseof thesuppressionof thecontribution propor-
tional to f̃0(t) by a factorof � me� mπ � 2. The form factormeasurementsarealsoaffectedby the
parameterizationobtainedfrom i) Taylor coefficientsof thepower expansion,or ii) K*(892) pole
dominanceassumption,or from iii) dispersive relationsasproposedin Ref.[17, 18]. The latter
parameterizationof thevectorform factor[18] gives, f̃  � t � � exp t

m2
π
� Λ  
 H � t ��� , whereH � t �

is obtainedfrom K � π scatteringdataand f̃  � 0� � 1; f̃ !�� 0� � Λ  � m2
π is thefirst–ordercoefficient

of theTaylor expansionof thevectorform factor. Thepole–fit parameterizationleadswithin ex-
perimentalaccuracy first– andsecond–ordercoefficientsof theTaylor expansionconsistentwith
thoseobtainedfrom thedispersive relation. Thedispersive approachis particurarlyinterestingin
thecaseof thescalarform factor f̃0(t),

f̃0 � t � � exp
t

∆Kπ
ln � C � G� t ��� � (4.1)

where∆Kπ
� � m2

K � m2
π � , C

�
f̃0 � ∆Kπ � , f̃0 � t � � 1, andG� t � is derived from K � π scatteringdata

[17]. At tCT � ∆Kπ , theCallan–Treimantheorem[19, 20] implies

f̃0 � tCT � � fK
fπ

1
f  � 0�


 ∆CT � (4.2)

where∆CT #%$ � mu � d � 4πFπ � hasbeenestimatedfrom ChPTatNLO in thelimit of isospinconser-
vation,∆CT

� ��� 3� 5 � 8� � 10� 3 [21]. Thetheoremfixesthevalueof thescalarform factorattCT to
theratioof themesondecayconstantsfK � fπ

�
1� f  � 0� , thusproviding theway to experimentally

testtheprecisionLQCD determinationof sucha combinationof goldenquantities,irrespectively
from CKM unitarity.

The mostrecentmeasurementsof the Ke3 andKµ3 Dalitz–plot distributionshave beenpub-
lishedby ISTRA+ [22], KTeV [23, 24], NA48 [25, 26], andKLOE [27, 28]. Theform factorslope
andcurvaturefrom chargedkaondecays,K �µ3 andK �e3, have beenobtainedin 2004by ISTRA+
[29], at the70–GeVprotosyncrotronof theIHEP, in Protvino. Theexperiment,devotedto high–
statisticsstudiesof semileptonickaondecays,performedtheanalysesof bothK �µ3 [30] andK �e3 [22]
channelson thebasisof abouthalf andonemillion selectedevents,from a dedicatedrun in year
2001. Theresultson theslopesof bothvectorandscalarform factors,areobtainedby a fit to the
Eµ–Eπ distribution,giving λ ! = 0.0215� 0.0060,λ ! ! = 0.0010� 0.0010,andλ !0 = 0.0160� 0.0021.

TheKTeV dataanalysispublishedin year2004wasbasedon samedatasampleasfor theKL

dominantbranchingfractions,with 1.9 and1.5 million selectedeventsfrom K0
e3 andK0

µ3 decays,
respectively. The results,averagedon the two modestaking into accountthe error matrix, are:
λ ! � � 20� 6 � 1� 8� � 10� 3 � λ ! ! � � 3� 2 � 0� 7� � 10� 3 � andλ0

� � 13� 7 � 1� 3� � 10� 3, wherethe
comparablestatististicalandsystematicuncertaintieshave beenaddedin quadrature.The KTeV
analysishasbeenrevisedin year2009[23] to determinetheparametersof thedispersive approach
[17, 18] obtainingΛ  = 0.02509� 0.00055andlnC = 0.1915� 0.0122.
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NA48 publishedtheresultsof theanalysisof thephase–spacedistributionsof theKL � πeν
[26] andtheKL � πµν [25] in year2004and2007.Theaccuracy of theresults,λ ! = (28.0� 1.9)

�
10� 3 andλ ! ! = (0.2� 0.4)

�
10� 3, is dominatedby theknowledgeof theneutralkaonspectrum.

TheNA48 fit resultsof theK0
µ3 events,λ ! � � 20� 5 � 2� 2� � 10� 3 � λ ! ! � � 2� 6 � 0� 9� � 10� 3 � λ0

�
� 9� 5 � 1� 1� � 10� 3 � show a 2–σ disagreementwith the other measurementsof the scalarform
factor. Thetensionis evenworst in thecaseof themorepreciseresulton lnC from thedispersive
parameterizationthat gives Λ  = 0.0233� 0.0005and lnC = 0.1438� 0.0080. KLOE measured
the vectorandscalarform factorparametersin year2006and2007usingboth semileptonicKL

channels[28, 27]. Theresultsfrom Ke3 andKµ3 analyseshave beenaveraged[27] obtainingλ ! �
� 25� 6 � 1� 7� � 10� 3, λ ! ! � � 1� 5 � 0� 8� � 10� 3, λ0

� � 15� 4 � 2� 2� � 10� 3 from Taylor expansion,
andΛ  � � 25� 7 � 0� 6� � 10� 3, lnC = 0.204� 0.024from dispersive parameterizationof both f̃  (t)
and f̃0(t).

5. Vus from semileptonic and Kµ2 decays

KLOE publishedin year2006theabsolutemeasurementof theKµ2 branchingfraction [31],
BR(Kµ2� γ � ) = 0.6366� 0.0017,fully inclusive of radiative decays.

The measurementis usedtogetherwith the π � � µ � ν � γ � decayrate [32] and the lattice
calculationfK � fπ

�
1� 189� 7� [33] to extract

	
Vus

	 � 	Vud

	 �
0� 2323� 15� from Eq.1.2.

FromKl3 data,theFlaviaNetWorking Groupon KaonDecayshasobtained
	
Vus

	 �
0� 2246�

0� 0012[6]. The valuewasusedby the authorsin a fit with the measurementsof
	
Vus

	 � 	Vud

	
and	

Vud

	 �
0� 97418� 26� [34] giving

	
Vud

	 �
0� 97417� 26� and

	
Vus

	 �
0� 2253� 9� , from which GCKM

�
GF �

	
Vud

	 2 
 	
Vus

	 2 
 	
Vub

	 2 � 1& 2 � � 1� 1662� 0� 0004� � 10� 5 GeV� 2 is derived, in agreementwith
theresultsfrom themuonlifetime measurements[35]. Thesensitivity of thequark–leptonuniver-
sality testis competitive andevenbetterthanthemeasurementsfrom τ decaysandtheelectroweak
precisiontests[1, 36].

TheKLOE-2 experimentthat is plannedto take dataat DA˘NE in year2011-14,canimprove
theaccuracy on themeasurementof KL, K � lifetimesandon theKSe3 branchingratio leadingto a
fractionaluncertaintyon

	
Vus

	'�
f �� 0� of 0.14%[37].

The presenceof scalarcurrentsfrom charged Higgs (H


) exchange[38] is expectedto af-
fect K �(� µ � ν decaysuchthatthecomparisonof helicity-suppressedwith helicity-allowedkaon
modescould reveal BSM extensionsof theHiggs sector. The ratio, R� 23

�*)Vus) � K+ 2 �)Vus) � K+ 3 �
� Vud � 0 -, 0 .�

Vud � πµ2 �
wasusedto boundthemH  – tanβ plane,accordingto

R� 23

�
1 � m2

K  
m2

H  
1 � m2

π  
m2

K  
tan2 β

1 
 0� 01tanβ
/
380 (5.1)

Experimentaldataon Kµ2 andK� 3 rulesout chargedHiggslighter than260GeV athigh tanβ
(tanβ > 70),asdiscussedin Ref.[6]. Theimplicationsof flavour physicsconstraintson
two–Higgs–doubletmodelsareanalyzedfor instancein Ref.[39] wheretheinterplaywith direct
searchesat theLHC is pointedout.

References

[1] V. Cirigliano,J.Jenkins,M. Gonzalez-Alonso,Nucl. Phys.B830, 95 (2010),0908.1754

6



P
o
S
(
H
Q
L
 
2
0
1
0
)
0
1
6

HQL 2010 CaterinaBloise

[2] V. Cirigliano,H. Neufeld,H. Pichl,Eur. Phys.J.C35, 53 (2004),hep-ph/0401173

[3] V. Cirigliano,M. Knecht,H. Neufeld,H. Rupertsberger, P. Talavera,Eur. Phys.J.C23, 121(2002)

[4] T.C.Andre,AnnalsPhys.322, 2518(2007),hep-ph/0406006

[5] V. Cirigliano,M. Giannotti,H. Neufeld,JHEP11, 006(2008),0807.4507

[6] M. Antonelli etal. (FlaviaNetWorking Groupon KaonDecays)(2008),0801.1817

[7] A. Sheret al. (KTeV), Phys.Rev. Lett. 91, 261802(2003),hep-ex/0305042

[8] T. Alexopouloset al. (KTeV), Phys.Rev. D70, 092006(2004),hep-ex/0406002

[9] A. Lai et al. (NA48), Phys.Lett. B602, 41 (2004),hep-ex/0410059

[10] F. Ambrosinoet al. (KLOE), Phys.Lett. B632, 43 (2006),hep-ex/0508027

[11] J.R.Batley et al. (NA48/2),Eur. Phys.J.C50, 329(2007),hep-ex/0702015

[12] F. Ambrosinoet al. (KLOE), JHEP02, 098(2008),0712.3841

[13] F. Ambrosinoet al. (KLOE), Phys.Lett. B636, 173(2006),hep-ex/0601026

[14] F. Ambrosinoet al. (KLOE), Eur. Phys.J.C48, 767(2006),hep-ex/0601025

[15] A. Lai et al. (NA48), Phys.Lett. B537, 28 (2002),hep-ex/0205008

[16] A. Alavi-Harati et al. (KTeV), Phys.Rev. D67, 012005(2003),hep-ex/0208007

[17] V. Bernard,M. Oertel,E. Passemar, J.Stern,Phys.Rev. D80, 034034(2009),0903.1654

[18] V. Bernard,M. Oertel,E. Passemar, J.Stern,JHEP01, 015(2008),0707.4194

[19] C.G.Callan,S.B.Treiman,Phys.Rev. Lett. 16, 153(1966)

[20] R.F. Dashen,M. Weinstein,Phys.Rev. Lett. 22, 1337(1969)

[21] J.Gasser, H. Leutwyler, Nucl. Phys.B250, 517(1985)

[22] O.P. Yushchenko et al.,Phys.Lett. B589, 111(2004),hep-ex/0404030

[23] E. Abouzaidetal. (KTeV), Phys.Rev. D81, 052001(2010),0912.1291

[24] T. Alexopouloset al. (KTeV), Phys.Rev. D70, 092007(2004),hep-ex/0406003

[25] A. Lai et al. (NA48), Phys.Lett. B647, 341(2007),hep-ex/0703002

[26] A. Lai et al. (NA48), Phys.Lett. B604, 1 (2004),hep-ex/0410065

[27] F. Ambrosinoet al. (KLOE), JHEP12, 105(2007),0710.4470

[28] F. Ambrosinoet al. (KLOE), Phys.Lett. B636, 166(2006),hep-ex/0601038

[29] I.V. Ajinenko et al.,Phys.Atom. Nucl. 65, 2064(2002),hep-ex/0112023

[30] O.P. Yushchenko et al.,Phys.Lett. B581, 31 (2004),hep-ex/0312004

[31] F. Ambrosinoet al. (KLOE), Phys.Lett. B632, 76 (2006),hep-ex/0509045

[32] K. Nakamuraet al. (ParticleDataGroup),J.Phys.GG37, 075021(2010)

[33] E. Follana,C.T.H. Davies,G.P. Lepage,J.Shigemitsu,Phys.Rev. Lett. 100, 062002(2008)

[34] I.S.Towner, J.C.Hardy, Phys.Rev. C77, 025501(2008),0710.3181

[35] W.J.Marciano,PoSKAON, 003(2008)

7



P
o
S
(
H
Q
L
 
2
0
1
0
)
0
1
6

HQL 2010 CaterinaBloise

[36] W.J.Marciano,Phys.Rev. D60, 093006(1999),hep-ph/9903451

[37] G. Amelino-Camelia,F. Archilli, D. Babusci,D. Badoni,G. Bencivenniet al.,EPJC68, 619(2010)

[38] G. Isidori, P. Paradisi,Phys.Lett. B639, 499(2006),hep-ph/0605012

[39] F. Mahmoudi,O. Stal,Phys.Rev. D81, 035016(2010),0907.1791

8


