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Abstract. Simulationsof shower developmentusingCOR-
SIKA codefor primaryprotonandiron nucleifrom

�����
GeV

up to
�������

GeV have beenperformed.About ��	�
 negative
charge excessin the electromagneticcomponentof shower
had beenfound, confirming earlier theoreticalpredictions.
The net negative charge(occuringmainly asa resultof po-
sitronannihilation)mightproducecoherentCherenkov radio
emission.
The calculationof the fluorescenceemissionat the highest
energieshasalsobeenperformedby a fastmethodof simu-
lation andtheconsequencesof thediquarkbreakingmecha-
nismin first interactionareinvestigated.

1 Intr oduction

Theprimaryenergy estimationfrom a smallnumberof sig-
nals scatteredat large distancesis a crucial and complex
problem for surfacearraysof detectors,dedicatedfor the
electromagneticor penetratingcomponents.We give here
attentionto complementaryapproachesmorecorrelatedwith
theentirelongitudinaldevelopmentin theatmosphere,

– theradioemission,

– theCherenkov light emission,

– thefluorescenceemission.

In all circumstances,we investigate,amongthe different
changesexpectablein the multiple production,the diquark
breakingmechanismconsequencesin the conversionof ob-
servableandtraditionalestimatorsto primaryenergy.

2 Negativeexcessfr om CORSIKA/EGS simulations

In arecentpaperbasedonradioemissiondetectedwith anten-
nasfor abunchof

��� � upto
����������

electronsof 28.5GeVpro-
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ducedin SLACandcascadingin atargetof sand,correspond-
ing to theenergyof agiantair shower(Saltzbergetal.,2000),
theAskaryaneffect(Askaryan,1961)hasbeenobserved;this
effect predictedas a strongcoherentradio and microwave
Cherenkov emissionfor cascadespropagatingwithin a di-
electric,resultsfromthenegativechargeexcesscloseto � � 
 ,
mainly generatedby the annihilationof positronsin the at-
mosphere. Taking the opportunityof the CORSIKA/EGS
codewith simulationoutputsseparatingeasilypositive and
negativeparticles,we have calculatedthenegativeexcessin
theatmospherefor primaryenergiesunder

�����
GeV for en-

ergy thresholdsfor both electronsandpositronsof 1 MeV
(CorsikaVersion5.624).A regularnegativeexcessof about
� � 
 is observedfor thedifferentshowers,nearshowermax-
imum(fig. 1) for primaryenergy of

�����
GeV.

At largerenergies(above
�����

GeV),thesamecalculations
havebeenperformedwith athinningfactor

�������
andathresh-

old of 15 MeV for both electronsandpositrons. A regular
negativeexcessby � � 
 is ascertainedaroundthemaximum
depthin the longitudinaldevelopmentsaveragedfor groups
of 100showers,shown hererespectively for protonandiron
primary of

�����
GeV (fig. 2) andfor protonandphotonpri-

maryof
�������

GeV(fig. 3). Thephotonis supposedto begen-
eratedunder50 gcm

���
to avoid magneticbremsstrahlung.

It is interestingto noteon fig. 3d that theelectronexcess
remainsin thesameproportionandis notsmearedoutby the
LPM effect. Weobservealsothattheradioemissionwill not
bevery differentto distinguishthedifferentprimaries.Tak-
ing into accountthedifferentthresholdtakenin our calcula-
tionsunderandabove

�����
GeV, we canalsoconcludeto the

perfectcontinuityof theradioemissionwith energy andthe
validity of thecalculationunderthinningtechnique.Theop-
tions usedin CORSIKA (QGSJETfor interactionmodel...)
are similar to thosedescribedin a previous work (Capde-
vielle et al., 2000).
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Fig. 1. Left: Excessof negative chargefor primaryproton � �"! GeV versusobservationlevel. Right: Lateraldistribution of negative charge
excessat 600m a.s.l.for proton(solid lines)andiron (brokenlines)initiatedshowers.
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Fig. 2. Energy = �#��$ GeV; primaryparticle:a)protonandb) iron. Thescaleontheright sideof eachfigureis for thequotientof thenumber
of electrons/ numberof positrons: %'&�(%�&*)

+ ��, - .
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 Longitudinal Profile GAMMA PRIMARY 1.e11 GeV
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Fig. 3. Energy = � �/.0. GeV; primaryparticle:c) protonandd) photon.

3 Diquark breakingmechanismand reversedknee

In a previous work (Capdevielle et al., 1997), we had in-
volvedin thesimulationthequarkflow chartdiagramrepre-
sentingthediquarkbreakingmechanism(fig. 4) asproposed
by Capella(Capella,1998).

Thediquarkbreakingmechanismdisturbsstronglythelead-
ing particleeffectpresentin thedifferentmodelsusedin cos-
mic rays. In the classicalform of the dual partonmodel,
the threevalencequarksof the proton projectile are sepa-
rated in a fast diquark and an other valencequark slowed
down. Thediquarkis recombinedwith onequarkof thesea
to produce,the mostcommonly, an outgoingleaderbaryon
propagatingtheenergy deeperin thecascade.Accordingto
thediagramof fig. 4, the threevalencequarkseparatedwill
berecombinatedin variousmesonstructuresin pairs 1 243576

,
1 5 32 6

,...or neutralmesonsas
�"8�9 ��: 5 35<; 2 32'= . The con-

figuration with the simultaneousfinal statefor the valence
quarkof ��> � ’s could be especiallyinterestingwith a prob-
ability of emergencethat we can evaluatefrom the quark
contentand the quark additive model as

�"8 ��? . Suchcon-
figuration(with intermediatefinal statesof higherprobabil-
ities, onepair of chargedpionsandoneneutral,onepair of
neutralandonecharged...) will transfera large part of en-
ergy to the electromagneticcomponentandthis energy will
bedefinitelymissingfor bothhadronicandpenetratingcom-
ponents. Rememberingthat for the sameprimary energy,
thecascadetheoryshows thatoneprimaryphotonproduces
at maximum,approximately, two timesmoreelectrons,we
can expecta large electronexcessfor somecascadesiniti-

atedwith diquarkbreaking. The longitudinaldevelopment
calculatedfor protonsof the sameenergy of � ������

GeV is
comparedto a classicaldevelopment,herethe modelHDP-
M2 with D–option(Capdevielle, 2001),on fig. 5. Theelec-
tron sizeat maximumis twice in theassumptionof diquark
breakingandrelatively rarerecombinationsimultaneouslyin
� neutralpions. If we considerthe steepnessof the differ-
ential sizespectrum,suchbehaviour is no more rarewhen
comparingshowersof the samesizeat maximum. We give
heresomepropertiescalculatedwith our @ codebasedon
thestructuralstabilityof thesubshowersto fastentheMonte
Carlocalculations(Capdevielleetal.,1997),first for Diquark
breakingandfor HDPM. We have respectively at sealevelA � A�A �������B

Cherenkov photonscumulatedagainst
A �C��DEF�������

andwereceiveat20km from showeraxis117photons/cm
���

from fluorescenceinsteadof 70. In bothcases,thedepthof
maximumis 730gcm

���
and700gcm

�'�
. This electronex-

cessasobservingthatthisaltitudeis closeto thelevel of Tien
Shanexperimentcould explain the reversedkneeobserved
(Nikolsky andRomakhin,2000).

4 Discussion

Thenetnegativechargeexcessof about��	�
 hadbeenfound
in theelectromagneticcomponentof simulatedshowers.Reg-
istrationof Cherenkov radioemissionproducedby thischarge
(if possible)might help to estimatethe energy of the show-
er and to distinguishthe type of primary particle. Result-
s of our simulationsstronglysupportexperimentalattempts
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Fig. 4. Feynmanndiagramof diquarkbreaking.
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Fig. 5. Simulationwith DPM modelwith optionD (100showers),anddiquarkbreaking(10 showers).

to detecthigh energy cosmicray showersby coherentradio
Cherenkov emission.
We have alsoshown that a large electronexcesscanbe ex-
pectedfor somecascadesinitiated with diquark breaking,
giving riseto enhancedCherenkov andfluorescentemission.
At 	 M�����N� eV, suchshowersareatmaximumnear900gcm

���
andthey couldappearasshowersexceeding

�����N�
eV with s-

mallerthanexpectedmuoncontent.
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