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Abstract. Simulationsof shaver developmentusing COR-
SIKA codefor primaryprotonandiron nucleifrom 105 GeV
upto 10! GeV have beenperformed.About 25% negative
chage excessin the electromagneticomponeniof shaver
had beenfound, confirming earlier theoreticalpredictions.
The netnegative chage (occuringmainly asa resultof po-
sitronannihilation)might producecoherentCherenkv radio
emission.

The calculationof the fluorescencemissionat the highest
enegieshasalsobeenperformedby a fastmethodof simu-
lation andthe consequencesf the diquarkbreakingmecha-
nismin first interactionareinvestigated.

1 Intr oduction

The primary enegy estimationfrom a smallnumberof sig-
nals scatteredat large distancesis a crucial and comple
problemfor surface arraysof detectors,dedicatedfor the
electromagnetior penetratingcomponents.We give here
attentionto complementargpproachemorecorrelatedwvith
theentirelongitudinaldevelopmentin theatmosphere,

— theradioemission,
— theCherenlbov light emission,

— thefluorescencemission.

In all circumstancesye investigate amongthe different
changesxpectablein the multiple production,the diquark
breakingmechanisntonsequences the corversionof ob-
senableandtraditionalestimatorgo primaryenegy.

2 Negative excessrom CORSIKA/EGS simulations

In arecentpapembasednradioemissiometectedvith anten-
nasfor abunchof 0.2 upto 1-10'° electronof 28.5GeV pro-
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ducedn SLAC andcascadingn atargetof sand correspond-
ing totheenegy of agiantair shaver(Saltzbeg etal.,2000),
theAskaryareffect(Askaryan1961)hasbheenobsened;this
effect predictedas a strong coherentradio and microwave
Cherenlov emissionfor cascadegropagatingwithin a di-
electric,resultsfrom thenegativechageexcesscloseto 30%,
mainly generatedy the annihilationof positronsin the at-
mosphere. Taking the opportunity of the CORSIKA/EGS
codewith simulationoutputsseparatingeasily positive and
negative particles,we have calculatedthe negative excessin
the atmospherdor primary enegiesunder10® GeV for en-
ergy thresholdsfor both electronsand positronsof 1 MeV
(CorsikaVersion5.624). A regular negative excessof about
30% is obsenedfor thedifferentshavers,nearshaver max-
imum (fig. 1) for primaryenegy of 107 GeV.

At largerenepies(above 108 GeV),thesamecalculations
have beenperformedwith athinningfactor10—* andathresh-
old of 15 MeV for both electronsand positrons. A regular
negative excesshy 20% is ascertaine@roundthe maximum
depthin the longitudinal developmentsaveragedfor groups
of 100showers,shovn hererespectrely for protonandiron
primary of 10° GeV (fig. 2) andfor protonand photonpri-
maryof 10! GeV (fig. 3). Thephotonis supposedo begen-
eratedunder50 gcm2 to avoid magnetidobremsstrahlung.

It is interestingto noteon fig. 3d thatthe electronexcess
remainsn thesameproportionandis notsmeareautby the
LPM effect. We obsene alsothattheradioemissiorwill not
be very differentto distinguishthe differentprimaries. Tak-
ing into accounthe differentthresholdtakenin our calcula-
tionsunderandabove 108 GeV, we canalsoconcludeto the
perfectcontinuity of the radio emissionwith enegy andthe
validity of the calculationunderthinningtechnique The op-
tions usedin CORSIKA (QGSJETfor interactionmodel...)
are similar to thosedescribedin a previous work (Capde-
vielle etal., 2000).
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Fig. 1. Left: Excessof negative chage for primary proton10” GeV versusobsenationlevel. Right: Lateraldistribution of negative chage
excessat 600m a.s.l.for proton(solid lines)andiron (brokenlines)initiated showvers.
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Fig. 2. Enegy = 10° GeV: primaryparticle: a) protonandb) iron. Thescaleontheright sideof eachfigureis for thequotientof the number
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Fig. 3. Enegy = 10!! GeV primaryparticle:c) protonandd) photon.

3 Diquark breaking mechanismand reversedknee

In a previous work (Capdeielle et al., 1997), we had in-
volvedin the simulationthe quarkflow chartdiagramrepre-
sentingthediquarkbreakingmechanisn{fig. 4) asproposed
by Capella(Capella,1998).
Thediquarkbreakingmechanisnisturbsstronglythelead-
ing particleeffect presentn thedifferentmodelsusedin cos-
mic rays. In the classicalform of the dual parton model,
the three valencequarksof the proton projectile are sepa-
ratedin a fastdiquark and an other valencequark slowed
down. Thediquarkis recombinedvith onequarkof the sea
to produce,the mostcommonly an outgoingleaderbaryon
propagatinghe enegy deeperin the cascade Accordingto
the diagramof fig. 4, the threevalencequarkseparateavill
berecombinatedn variousmesonstructuresn pairs|ud >,
|di >,...or neutralmesonsas 1/v/2(dd — u@). The con-
figuration with the simultaneoudinal statefor the valence
quarkof 37%’s could be especiallyinterestingwith a prob-
ability of emepgencethat we can evaluatefrom the quark
contentand the quark additve modelas1/27. Suchcon-
figuration (with intermediatefinal statesof higherprobabil-
ities, one pair of chagedpionsandoneneutral,onepair of
neutralandone chaged...) will transfera large part of en-
emgy to the electromagneticomponengndthis enegy will
be definitelymissingfor bothhadronicandpenetratingcom-
ponents. Rememberinghat for the sameprimary eneny,
the cascadéheoryshaws that one primary photonproduces
at maximum,approximately two times more electronswe
canexpecta large electronexcessfor somecascadesniti-
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atedwith diquarkbreaking. The longitudinal development
calculatedfor protonsof the sameenegy of 3 - 108 GeV is
comparedo a classicaldevelopment herethe modelHDP-
M2 with D—option(Capdeielle, 2001),onfig. 5. Theelec-
tron sizeat maximumis twice in the assumptiorof diquark
breakingandrelatively rarerecombinatiorsimultaneouslyn
3 neutralpions. If we considerthe steepnessf the differ-
ential size spectrum,suchbehaiour is no more rare when
comparingshowversof the samesize at maximum. We give
here somepropertiescalculatedwith our 2 codebasedon
thestructuralstability of the subshaversto fasterthe Monte
CarlocalculationfCapdeielle etal.,1997) firstfor Diquark
breakingand for HDPM. We have respectiely at sealevel
4.44-10' Cherenkv photonscumulatecagainst.16 - 1012
andwereceive at20 km from shaveraxis117photons/cn?
from fluorescencénsteadof 70. In both casesthe depthof
maximumis 730 gcm~2 and 700 gcm2. This electronex-
cessasobservinghatthisaltitudeis closeto thelevel of Tien
Shanexperimentcould explain the reversedkneeobsened
(Nikolsky andRomakhin,2000).

4 Discussion

Thenetnegative chaigeexcessof about25% hadbeenfound
in theelectromagneticomponenbf simulatedshovers.Reg-
istrationof Cherenlov radioemissiomproducecy thischage
(if possible)might helpto estimatethe enegy of the show-

er andto distinguishthe type of primary particle. Result-
s of our simulationsstrongly supportexperimentalattempts
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Fig. 4. Feynmanndiagramof diquarkbreaking.
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Fig. 5. Simulationwith DPM modelwith optionD (100shavers),anddiquarkbreaking(10 shawvers).

to detecthigh enegy cosmicray shaversby coherentradio
Cherenlov emission.

We have alsoshawvn that a large electronexcesscan be ex-

pectedfor somecascadesnitiated with diquark breaking,
giving riseto enhancedherenlov andfluorescenemission.
At 5-10'° eV, suchshoversareatmaximumnear900gcnm 2

andthey couldappeamsshoversexceedingl02° eV with s-

mallerthanexpectedmuoncontent.
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