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I., In t roduc t ion

TUies Eernrilan) experiment Hvff7 used; the Wide; Band Photon Beam with the;
endpoiriti photon: energy off about? 4SQ3 GeV to; study/ produciian and decay of' charmed
particles an the; Highest; energy/ off aa phmon beam made: available at present by

Among: the; different trigger; setups; to: select charm: candidates, a multimuon
trigger enabled^ us: to sd ect; aa sample; off J/]f< panicles decaying? into muon psirs and: to
measure; the; cross section: for dastic: Yjiif pnoioproduction aa a Be target at: previously
uirattained: photon: energies), as; higiti ass about: 400J GeW:

Pnotoprnductibni off IZty has beem observed u Fernrilab, Slac and; Canndl,
inrmediatdy/ kitsr the; discovery off the; livf ihi 19974*; dastic phoioproduction off J/y has
been: measured; from: some; 130C Ge>V; to: a&ouit Z5DD (Sssn by/ several authors/^, both an
nuclei: and; am hydrogen;. Pnmapraductibn; at that time;, was; interpreted in terms: of
the; Vector Meson: Qbnriiiamre; (iVMIJ)) Model; proposed: by/ XX Sakurai^s/ to describe:
the; photoproriuctibm: off low/ mass vector? mesons: ac due; to the; vector meson:
component? off the; nadronic: structure; off the; photon;. T5ie; Hfmteli was; fmunt to be very
saaiisfaacaaiy/3^;; itc particular;, canrbinedJ wiilfc the? Additive Quark Modd (AQM). it
shows; impressive agreement with: the; dec/di; differential: crosi sectiorr for p
photoproducticni] auui good! ĵ̂ -fn '̂M11 too the; w> sxnH <̂ ; dsivP^..

TBBS more; recemt Eamam Qucnr Fusion (PGB5) Nfadedl ihspiredl by/ GfCUffl seems to:
pravide aa better; descri{jtirjnj off the; J% datac due; tec the; relativdy large mass; of the
charmed; quark: that: makes; itt possible; toe perfornr perturimivc QCD: calculations
thuss too make; definite; predictiianss am ttie; energy/ dependence off the;
pnotopTodiictibni cross; seolibm.

Tfie; iVfai basic: processes are; sketched; audi compared: in; fTg.. 11. The.: VMD Modd
assumes; thatt the; direct? cnuplihg: off the; phatoa to the; vector meson dominates the;
process}, the; remaining! interaction1 being: justs the; scattering; of; the; vector meson: off
the; targett nudenm (fig. Hae)). THe; EGF Model;, am the; aaher hand;, is; based am the cross
section: calculation] from the; elementary process; off ffg; lit Such: procrav is cioseiy
rdatedi IOD the; Bethe; Heitler! QH3) process/5?' generatingj ac uJ*uT" pair ihi the; nuclear fTddi
off the; target:

HE 1H82S, Halmesi, Eee; and! Wisss puolishedi am extensive; compilation at:
experiinemalJ daiaa Z2*̂  too whicm the; datai fronu the; (Eerm NM41 exBeriinem/211^ has; to:

In the: present! paper we; give the; experimental; measurement of the: cross
section: per: nucleon for the; dastic: J/if photaproductibn in: six energy,' intervals from:
100) <5ic$f! too 450C GeV;; the; overall! doVdii differential' cross seainn;, ass well as an estimate
off the; ariieremt diffractive pliotorjnniiiraian] afff the; Be; nucleais, We wiil finalJy
compare; the; energy/ dependence off our measured cross: sections with: the: predictions
off the; HGF Model:.

2:., ffeam setup: and apparatus

The; beam setup: andl the: apparatus: used; to detect: the elastic:
photaproduciion! ass well as the: final! states; containing:: heavy flavours: such: as
and;i possihlyy bottonn, are; described dsewheTe/6^.. Here: we very briefly recall the
points relevami ta the; presentt measurement: iiK. some: features; of the beam and of the
muam deiector/triggeT;
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2.1! Beam

Ilres Wide Bandi Ehoton Weaaxd^1 is; *: "bremssirahlung beam-". H5e; 85fl GcV
protons; strike r. 45S77 cm1 Bte upstream targe.'.;; charged panicles; are, swept: away to
produce a- neuirail beami (̂ SBft neutron;, 48% pnmans;, 1%; k° plus others); The neutral
beam impinges am as GQ33 radiationi lengths P& convener;, tec produce dectran-pasitran
pairs: From tins cnnveneis, the electron; campancnt (of energy/ E,̂ ), is; magnetically
separated! andJ transported! to; a second! radiating 1% fail; ((£3 radialion lengths) which
finally produces; via; brenrsstrahiung a piratan beam whose; raamentuni bite is
essentially deffaed; by tnee acceptance; of: the; eleariun transprai line (±..15%: of! tha
central seitingi off the; electrani beam).. A\ set; off cmimere iimaediatedy, after the;
radiator;, measures; tfce; energyy ^ , off ttic; scatteirai eJectran; after brenrearaliJung to
give; an esaimate oil tlie ptiattmi energy Ef^xJZr?

TKCE feremsstraiiruiigj beam n«s3 the advamagc; a£ ctraitaiiaiiig; a acgligibJc
neutral; Hadrnn: baclcgrtiurat. Since; the; imexadiim lengths^ a£ bmh; canvertexr and
radiator are smlli, the resulting neuimni eomaminatiira: turns coin to be «lfl>s per
pjimtnn from; Nftmtecaribr! samulstibm.

Eroain am iiritiail teann of tyjpicaily/ YQP21 prcaons; upesr 2DD sec spill;, the; elearnir
beam; line? transpooitss abooit 2xJiQ77 dfearons: givshgi rise; to; liQ7 phoians: ami
approximately Iff* pinnans pradiicingj Kadraas? in: our 110% imeraciibn length; He

The; appxratus/611'' (fTgi 2)) iss made off a; & target;, a hiĝ i; resoiutiom 1H planes;
microstrip; silicon dcttctor's; specttmnexer;, a; proper set; of iri^sr and vexoc counter's
hadoseopesi, two; large; aperture; magnets*, a; fTvc, muiii.wire; proportional chamber's
tracking :̂ system;, thrcK Gherenkav gas; cnumers; twa h&dramc: and twa dedrnmagr-
netic calbrimetersi, two; muon; detectorE. The; destro>magneiiii: caiarmreaexs; and nxmnr;
detectors are: spiiit into) an inner part (&3SD mrad)) and; am outer pan (±30 toe ± 10D mrad)
to; provide; proper angular coverage: The; hadhm calbrimeier hxE a; small central pan
(dftG)} to) caver; the beam hole thai: exists; all; along; tlie spectrometer. Ait the end off the
detector;, iiri front? off the CHE andl the inner muoni dctetnor, a- Beam Gamma: Momtar
(BJGM)) iss located;; very/ little materiaii exists between1 this; location and the target. It
covers ±4J mrad: and it; iss made oof/ 453 Pb; layerŝ , 0032- cm thick,, interieaved with 1 an
ihick: liicite..

Relevant toe this; paper are the HGM,, used! to directly/ measure the total number
orfl pjimonss transparrcd: to? the targwt and! the muon system,, used in the second

Fair the purpose off the present, paper only the: inner muon detector has been;
used too trigger and! voo select/detect! the muons from the decay of the; Jftp. The; inner
muoni system] is; made off three planes off stimulators and four planes of proportional
tubes, organized; in; bmhi horizontal! and vertical setups^ covering ±30 mrad..

A Master." (Sate (HE)) rejects; the copious electromagnetic: gamma conversion
ihtOD eiectrompasitran pairs by/ detecting; at least a: large angle particle;, some 20 m
downstream; off the target;; ii also; vetoes on the muon halo escaping; the charged
particles; beami dump; absorbers iin the beam line; The; second: level; trigger requires at
leasit JO GcW iin the: hadroni calblimeterr or at least' two; muons.



3. Data analysis and differential &a:/&(H) distribution

la: ttiiss section; we present! the selection) ail oairr inelastic and elastic J/y sample;
and the flit af the -<• differential; distribution! let exponential curves, ta extract: both the
mucibar elastic: and the; coherent- component..

3.1 Selection of the J/S* sample

Approximately 6xi(I7: events: were; written: am tape during; the period December;
anii 19881 "lie: eventfc fair the: presemi analysis were: Gist selected: according to

tire following; criteria:.
II- second level} trigger equal; two mucus;;
1',~ only; twa> tracks a£ apposite; s i^t venicizing; in the targa;;
33- att least: one; track: identified; ass nnunq;
4 - invariant: mass off the: dimunni larg»r thani HOD GeV:

These- criieriai produced; Z33HK candidates; whose; invariant: mass; distribution is
stiowraa ihi fig 31. A\ clear siĵ rall afff the: llkf cam be; seen alt the: right: mass; location: with
very little; tJack^nund? att this; stage;. Due; to; the narrow widihj off the T/vf parricie, the:
peak: iss vexyy dose; too a gaussian;; a: fit! to? the; invarianti mass; distributiim for m> Z.S GcV
gave; a. nrass; value: MK® 05*^0(165 and] ai width <p=(11i(I6iflC05) in: gjnHti agreement
Ore: values; reported! in1 the Particle Uatar Hook/'7'':

The eiastic: events; have; bear scieaeaii am the; basis: of a cut: 4'M7<i<3; and on 'he
basis o f energy. Figi. 4k shows the; dirTerence; between the: measured: energy off the:
pitman] amti the measunsd: energy/ aft the; dimuons: from the J7V decay:; ffg; 4b shows
the; invarianti mast off the; seiectttfc samplk off elastic; Tjy's:

Due too the; vector nature; <n7 the; JK<ff „ cohcrem: difJractive phmoproduaiow oil
the; Be; nucleus: iss passible; whichi should appear in the four?nnnnemuni transfex
squared, -t distrihutian as aa steep; cxp(i-gt)) ccrmpxinent: at; very smali t.. Vaiues araumt
g=4Ql have; been: obtained itn scveraii photaproduciian experirnenis: an heavy
aucllei/21*423*'^' Tm antes KB measure die phoiapraduciibn crass section per nuciean,
the; coherent, pan ttass to be suihraciedi.

1.2 Four-nramentiint transfer squared! distribution

TBes dN/d(ftj)) distrrbutibni off the clastic: sample forr all! energies:: iss shown: iir; ffg; 5; T3ie:
backgmundi franc the Beihe-Heitler process (outside the region': af the J/y mass^ is

wclll fedbw.' O1OH22 GeV/^ andi iti might contaminate slightly/ only the first: bin.
TUie distributioni has beem fittedi sequentially tte two: exponential farmsi

production dbBesn'tt survive vaiues off -tcKEJ'iS Gfe'W ;̂; thexefbre, the
distribution! Km H»>.1'&> GJfcV'̂ - hat beeni fitted to the; form::

The values A=6313;: a*=4";; b l̂LS) were; obtained with) a x?" value aver degrees ai
ffeedami aff 0)97: T3ie fitted; curve; ijfc showm as a fulll line: in; fig. Si



Fixings iht above values, a: fit ta the; whale distribution; was perfoimed with the

Tltics values; B&22HQD} and;! gpJG) WOE obtained wiifc a j?' value; over degrees; if-
frccdom! off CK5365. TUie fitted curve: iss shown ass dashed line iiu fig; 5.

The; goodness; af the; fftt indicates: thatt the; BcJhc-Hcitler background is indeed
very law/ (̂ excluding; the' first! paint: would ami change; the; values afl the: fined
parameters)). The; coherenti tenm iin formula: (©) accounts fair ((Z0&275) everas,, where:
the errarr iss estinratedi fromi the cavaaiant matrix <rfT the; fit. WE estimatfe for the
caherent; crass section will! be; diane; iic the next? section.

4)., Elaslic crost section measurement

TKcrc are' two) basic nretbods; tOD measure; the Ifif elastic ghmaproduaibn crass:
/fflL One cam vdyj direcilj; am the; measurements off the; integrated flux of

iireident: clbcimns> (measured iic x sncciali runt with the; final Eb radiator out: af the
beam andi the; sweeping; magneiE oil' so; that; the; dccimns; were transpjoned directly to
the; BXSMl caibTTineicx);; the; HX3M1 counts; where; the; signal! is; disennrinated at: the; level:
wJiens the; energK' dBjpritBB corresponds; to) X3& GeW orr nraiE,, the; eflexaive; length! of
tlie; taa^tt accnuntiiigi fonr the actual] targeuhgj eflTciencx' (^p= S*i2^«3;, the; estimated
cuueciidnj for the; availahility/ aJF the; second level! trigger: after MG; and the; known
branching; ratio) H R ^ ^ uu>.

In suc& a; case; the; cross section per nucleus cam be; written: as::

Nj.:^. is: the; number: of dctecied; Itvf ;;
Aj^ is; tlie; acceptance; -including master gate; trigger;, reconstruction, track

linking^ vertex: finding;, invariant mass; cuts; etc;.- calculated by proper
Mbnttcarib: simulaiions;;

p is the; target?, density/,;
d the; targeti length;;
eic the; targeting; efficiency/ determined! by the; beam profile and: the; target:

gsamsxty/,;
L the; corrective factor deienm'nedJ by ibe fraction af gated! MET- triggers; to the:

ungatedi MG triggers;;
N'A, the: total number off nuclei! per unit area;;
Wy,, the; totall number off incoming photons; obtained by the; HXJST coums; cornsaed

far the; shape; off the; photon spectrum.
Bit. the; tiranchingj ratio fox Ĵ jrr-gjiru,'..

AHematiyelJF' one; cam rel^ upon the; normalization: to: the Bethe Heitier dimuon
produciion; a, well! known and calculable QED process: which: appears: as background
afl the; JJw signal: fin this: way.;, all! target" factors ass well] as; the: factor L, caned out
since; bothi t^pes; of" events;; are; recorded; in: the: same: experimental conditions; many
other systematic: errors also cancel out;

In such: a case: the: cross: section per nucJeon is simply:
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where;:
is; the eras; section: fan the dihnuHL ffethe-Heitler production per nuciean;
is the number aff Bcthc-Scitlcr dimuans;
is; die acceptance f&ir the J/ty; panicles;
the acceptance off the Hethe-Hefilerr diinuans*;

BR the branching: ratia.far J/î -̂ M-ii-.
The values af ABH andi agn: us: obtained by, a, proper Montecario simulation af

the; BeihcrHeiiler process and the incoming number off photons: can. be calculated
from; the number off Bcihe-Hcitler dimuans.

TSBS available; energy range above, HUE GeV;: has; beeni subdivided into; six
energy intervals; fair the; purpose on measuring; the elastic J/y phatcproduciion cross:
section*..

Fig.6a shows; the comparison between the photon spectrum: from the BGM
count rates and the; spectrum calculated; fimn Bethe-Hcitlcr dimunns. The agn
between; the twa meihods is very good]. The; region beiow Ifflt GeV -noi used, see fig. 7
below- i s alsos shown; Hgi. 6H> shows the campiete speanun obtained by Mantecaria
simuJaxiira from the known; electron beam spectrum..

OE this paper we will' follow the second method] which is more; bias free and
verify the results using the first; method; cm a; sample independently selected frnm
among "goad" besom spills kegr: well; under contrail.

Accreptance and recxjnstructian efficiencies; were calculated using a
spectrameterr siinuliatibni ihi the framework; a£ Geant^^ which is a general' detector*
simulatibn; progranr.. Elastic vecior meson were generated^ with an: expxtnentiiai^|
d!<r/dt—Aex|r;(jti](Jt-t'aria?)]2 wJt& b*»4;Q) ( t o significant changess ihi acceptance; are deteaed.
varying b franc -110) to; -4(10); and a (l-Haasfi2)) decay/ distribution for the J/y. Betbe-
Hcitlerr diinuans were simulated/'9*/'' am the; basis afT the matrix dbnentss off net. 51.
Faked data7: tapes; were processed: through the program chain; used; for reaL data;. For
I/y analysis; the reconstruction and vertexing efficiencies were; typically above 9&%,
with} most! a£ the correctiions earning? from; acceptance.. The acceptances, correcied for
the efficiency af the deteciors; and! the various algorithms are compared, fair the: twa
processes; ire fig. 71. The sharp; drop; a£F of the acceptance at low energies is due: to the
outer* muoni detectors not' being used!

For Ey,' larger than 10fl] GeW,, both] the elastic; sample used in the; previous section
and the Bcihe-ffeuler events; have been split into; energy bins; af 50 GeV. the energy
air the two: rations being assumed] to be the; photon^ energy: Beihe-Hcatler events with
-t>0i05 GeV2 were cut to; eliminate inelastic production ant simulated by the
Mamecarilai.

The number af events thus; selected are; showa: in calunrax; 3: and! 4 of Table L In
column 2; the value: af! the photon; energy/,, averaged over the; photon spectrum is also
giiv.em.

Tlie; calculated crass sections per nucleon are given: in col;. 5 of Table I where
both statistical and! systematic errors are given; (the systematic: errors; mainly come
from the; subtraction of the: coherent contribution).

The; crass; sectibnjs; values are; reported: ihi fig;. 8k.
By/ integrating averr the photon: energy range;, the crass; section far coherent

phmopraductibni ail J/,̂  affl Be nucieii turns; am: ta be; fftohw: ~ (23&U1)) nhi.
The; above measureTnents have; been checked by directly measuring; <r

using formula (3) on a sample: of events selected' in a somewhat tame stringeni
as to guarantee the: proper calculation af the normalization parameters-

The; new selection; criteria were::
11- second! level] trigger eqyil; two; muons:;
2V events; coming; from; only a; pan; of the Be target/6°i9bA:



3- events coming from "good spillf
4- both muons linked in the micrastrip spectrometer;:
5- dimuan invariant mass wiihia 3 standard deviation from the Uy mass
leading to 1124: events: iin the peak having -oGiQZ GeV2 to cut: the. Bethe-Heitier
b ack gra un d..

Application: af formula (3) to these events split into the; same six photon
energy bins: gave: the: values; af die cross section: repaired in column: 4 af Table; It In
Table: I call. 61 the corresponding cross sections: per nucieon; corrected by s factor
/•S/^QAS* are; repeated! fair ar direct comparison. Conversely the cross; section] per
nucleus] of? the Bcthc-Heitlcr method are reported: in coll. 3: af Table IL The values: of
the crass7 sections measured by the two method are; well: within: the errors and
indicate; thati they cannot be distorted by/ very, large systematic effects. The cross
sections directly1 measured are: also reported' in fig. 8k.

5 . Comparison wiih previous results and! with tire PGF Model

In fig;. 8b our measured cross sections: per/ nucleon are; compared to similar
measurements found! iin the; literature/®''.- The; cross: section seems: tea steadily increase
and: stabilize araund 2fl nb above: 2GSD G$c&!.. QUIT data; are important: to establish thai! the
crass; section does not increase; rapidly/ with:! increasing; photon energy:. The solid: line
drawn in fig; 8b is- the predictions af the; energy/ variation a£ the: elastic
phaiapraductian crass section: a f die: 1%/ particle given by the: Photon Gluon Fusion:

.̂ The; cross; section is- giveni by,::

where a is: the: electromagnetic: and: <% is the: strong; coupling: consiant (assumed to be
as^KJ)) ate the; chamr mass: scale;. Mi the: total! energy ihi the; photon-giuon CMS: and m^
the; mass: off the c quark. The. elementary crass section: of formula (5) must be
convoluted with: the gluon momentum distribution G(qc» which has been: assumed: to

<•)/•• ( a )

The: cross section fair the: charraanium production is: simply the integration of
the; convolution] off the; PGF cross section from: the mass of the two: c quarks ta the
mass' of 2: D1 mcsonsr "'̂ : iie..

(7)

The factor: fi in: frant af the integral! is: simply the branching fraction for the
production: af J/̂ r rather than: any other channonium state, usually taken to be ]/7
under; the; assumption than the final states are equally divided among: the accessible
chaimairiumi states/111'/ [such assumption is; comraddicted by the experimentaJ data
onj the; piraiaproducrioni af y1 which accounts: only for 20% of the JAy /•2a,2h/< ^m this

iti affect; the energy behaviour of the cross section]. It may be pointed out that



G(x) enter into (5): without: being multiplied by aa extra distribution function as it ts_
the case for. badropraductian. m

Fonnula (S» depends upon the value; of the mass assumed far the c quark. The^
PGF Model prediction using (6) and mc=1.5 GeV is shown in ffg. 3b as a solid line. The
doited line,, also) shown in fig. 8b is the prediction based on the: gluon disiribution
function parametrized from measurements; by s. neutrino experiment and evolved to
the. momentum transfer; a£ 10) GfeV2 using tne Altarelli-Parisi cquaiibns^2*^tth^s: is
toe so called] "EHEQl function]; such g)uon distribution function is in reasonable
agreement with experimental measurements at four momentum transfer
s p i a r e d ™ ' o £ mi GeV*.

The scale at the crass section calculated with the PGF Model is not stable for
small' changes; in the mass a£ the c quark:. In order to check: the stability of the
predictions against! variations off the; quark: mass: and! of the shape of the giuon
momentum distribution function, in fig. 8c tne same: data:: of fig. 8h are compared to
curves; recalculaiedi assuming different parameter values. The; twa: curves: a€ fag. 8b
would be. hardy distinguishable: in Ibgarithmic scale; therefore only the full line is
repeated iin fig. %a. The dashed': line is obtained by using a: giuon distribution
function:

instead! of fuuetion (6) and using mc=l-5 GcYl Tie dashed: dinted line, insiead, is the
prarficuani usin^ (8)) and! m^—Efi; CTeW.

Qeariy the predictions are very sensitive to the c quark mass: NaneifieiiEss the
trend! af the data: am elastic: phaiaprottuction crass seaions with increasing energy is
well! reproduced also quantitativcLy when the somewhat! arbitrary seniiacai
factoir WT1 mentioned atravc/yl!1';/''' iss introduced and nrt—llft GeW.

6.

In the present paper we have performed a: series; of measurements of J/y
photapraduction an Berillum « the highest photon energies- made available by
existing; accelerators.

lie the range; HJQf40tt" GeV incident photon energy;, we estimated the coherent
production cross section of Ihf off Be nuclei: to be: d=<28i:l l)nb and the slope of the
four momentum transfer squared distribution dN/d(-t) far elastic; I/V praduciion to
be cxponemiai af the type (1) with parameteis a=4.Q and b=1.5;

The; elastic: cross section! has: been: measured: in six: pnaian energy iiuervais in
the range Yfflr45&> GeV,, aormaiizing the: event rate to; the Bethe-HSatler dimuon
production crass; section, thus; extending; by 20B] GeV the energy in. which
pharopraducjion a£ the; I/̂ r- panicle; has; been: experimentally investigated. The
measurements: Save been aisa performed by normalizing the event rate to a direct
beam: counting; The measured cross; sections display little variation with increasing
energy and the trend! is: in agreementi with the; predictions af the Phcion-G3uon
Fusion Madeli

By/ the time of tne Conference a further refinement af me analysis might be
avaiilabJe.
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Figure: CaptiSons;

I SJcetcnes; o f V©hC ( % la)) andJ PGF (fig. Lb̂ i Model?*: diagrams:
2' Sketch of the E687 experimental setup and apparatus: (lor more detailed

explanations: see FfiJftlL Report FN-553);
fig. 35 Diinuon: mass distnoutiom fir tae selected1 events; having; M^,u> l.Q GeV;

i 4a Distribution! a£ the difference A£= Ey - E j ^ f o r die candidate evenis;; a cat ±3<r
have: been applied! to select: elastic events;

4b) Mass dimuan distributions far the selected elastic events.
Fig;. 5: dNZdft-t;)) distributianj for ail energies.
Figi. 6a Campariisaii af tfte photon energy spectrumi generated by using Betiie-

HcitJer narmalizatian (dot points) and BGM normalization (full histograni).
The; low energy region -not used- is shown for sake af completeness.

trig; 6b; Montecarla1 generatedi specirum: of the Wide Band Photon Beam.



Fig; 7 Comparison of the acceptances fait Betne HeiiJer events [dashed histogram]
and J/̂ f dimuon events (( full! histogram);.

Figi 8a Comparison; a£ the crass; sections; measured* wtiii the two methods (only for
sake; atf presentation, tlie: data paints: me; shifted ia energy by ± 5 GeV),

Bs 85 Compilation! of tlie woridi existing; data am J#»r phatopraductian. The curves
icgxcsent: die pjtsdictibni af: twa; PGF modelk assuming; mc=l-5 GeV; die solid
carve; is; formulae (®) t© (i7);; tne dotted curve is the PGF Model: using the
gjuon diistriliuubni af nef 12a.

Fiz; 8fc Same; as fig; 8B) ihi lb.g scale; The curves; are PGF predictions. Solidi line: same
as % . 8b;; dashed; line:: formula (®) instead: of (jS)i andi mc=L5 GeV; dasftedi-
dattedi line:: formulk ($)) instead; of {6)) and! mc=4L6 GeV;
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