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The: Fermilath experiment E6B7 used! the: Wide Band' Plioton: Beam: with. the
endpoim: photom energyy off about: 450 GeV o study proddictiom and’ decay: of charmed.
particless at: the highestt emergy off & plimom: bteam: madet: available at: presemi: by
aacel eratars/HY.

Among e different: wigger sotupss (o select: chiarm: candidmes;. 2 multimuom
trigger enshied us wo selextt & sample of! J/g panticles: decaying: imo: muon: pairs amt 100
measure: the crosss sectiom forr dlastic Jiy: pliooprodiiction: om a2 Be: 1argey: a1 previously
unmattaimed! plictom energiess. as highh & about: 4800 GeV!.

Piotoproductiom off J/yw lies beewm obszrved! a: Fermilabs, Slac and Cornedl,.
immediaelyy afierr (e discoveryy off thie: Iy im 19743 clasticc phiooprodiction of J7y: has:
iz measurest! ffom somre: 100 GeV i abour: 2SO0 Gev: by several awhors/Z/, boit om
mucieii amd! am Hydrogem:. Photoproductiom:. at thar time;, was imerpreted’ im terms: of
thie: Viextor: Mésom Domimrance: (VND)) Midel: proposed: by X)X, Sakurai/3® 1o describe
ttie: plimoprodiiction: off low: masss vextor mesons as due 1 the vector meson
component: aff the: hadiomic structure: off the glimom. The: Model! was found 1 be: very
satisfaotory/; i paricular;, combimed! wiith he Additive Quark: Model) (AQM).. it
shhaowss impressive agreement: withh he diw/di: differemtiall crosse sextior for p
plimoproduction amdi good! apresment: (@ tie o ant! ¢ dae/3HY/

The: mure: recentt Plivtom Gluom: Fusiom (PGFH) Modd! inspired! by, QCD/% seems 1@
provide: & betterr descriptiom off thie iy dnz due o tie elaively l"ug, muss: aof the:
chiarmest quark: that: makiess iti possibie v perform penurtmive: ' calculations: amd g
thuss 1w make definite predictionss om e  enmergyy dc:pmrtmcr:: off the J/v.

piiotoprodiictiom cross  sectiom.

The: two basic proeessess are sketctied! aud! compared iie figz. 1. The VMD Model
assumes: thiat the: direstt coupling off the pliomom to the: vectorr mesom domimates: the
process;, thiec remaining imeramiom beimge jast: the soatterimg of! the vector mesom aff’
the: target: nucleom (fig;. 1@). The PGE Moded] om the atier hamd], is based om the cross:
sectiom: calculaiom ffom the demenmtaryy provesss off figg. . Such: process: is closely
related! 1w the: Betlie Heliler QED prixess/S? gemeraing @ wHyu pairs i tie: muclear field:
of! the targett.

Iim 1985, Holiwes;, Cee andl Wisss publishied! aw extcmsive commpiiatiom of
experimemal] dam 2% 1o which: e dnx ffom e Cerm NAI4! experimem/2Y has: 1o
bes aaditid:.

Iip the: presenmu paper we give ihie: experimemall measurement: of’ the cross
sevtiom perr oucleom forr the dastic 7y phinoprodiction: ic sixc energy imervais: from
10D GeV/ wo 4500 GeVi; the overall! da/dh différemiall crosss sectiom;. as: well! as: an. estimme:
afi the: cofierem: difffactives phioioprodictiom offf the Be mucleus:. We willl fimadly
compare: thie: emergy’ dependénce: of! our measured! crosss sextions: with: the predictions:

L. I'mt:roduction

2.. Hezm setup amd] zpparatus:

The: beamm setup and! the apparatus used! we detecy the  elastic J/
phiotoprodisctiom ass welll ass the: finzil states: comtaining: heavy flavours: such: ass cham,
amdi possitily buttom, are described! elsewliere/$7. Here: we very  briefly recail. the
poims: relevamt to the: presentt measurement: ile:. some: féatures: of hie beam: and of the
muom detector/irigger.
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2.I' Beam

The: Wide Band! Plotom Beam/0%/ is s “tremsstratilung: beam™. The: 8500 GeV'
promonss sirike o 457 cm Be upsirteam targps:; charged pamicless s swepn: away 1o
produce: 2 mewrall beam (48%> oeutrom;, 48% pliotons;. 2% K plus: aihiers).. The: meutrat.
team impinges om & NI radiatiom lengitiss P% converter;, to prodie: electron-positron:
pairss. From tlie: converters. ilie clectrom: componem: (off energy Ep)) is magnetically
separatedt! andl tramsported o & secomd! radiating; P faill (03 mdimiom lengtis): which:
fimaily prodhcess viz bremssiratiluog x pholom beamr wlhose: momemtum: bite is
essentiallyy definet! by the acoemance off the clectrom tramsporn: line: (&15% of the
cemrall settimg off the clectrom beam)). A st off coumers immediately afier the
radiztor;, measuress tlie emergy En aff tic scatered! clectrom affer tremsmrabilung e
give: am estimae of! the: phiotom energy’ B=Eq-Er-.

The bYremsstratiibng beam lhass b ahlanm off comuaimimg a noegligibie
meutrall Hadrom bGackgroumd. Sioce the imeration: leogitis off Gmbk converter amd
radizor are smill, the resulting moutrom comaminstion: wos oun W e «<1I0Y per
ploiom ffom Momerarie simulaion.

Fromn am imitiall beamn off typically 1002 pmooons per 200 sexc spill,, the elecirom
team  lime uvsnspores  about 2x007  ddbxtroms giving dse v 107 photons  and
approximatelyy 10 photonss prodicimg Hadions im owr 10% imeractiom lengihc Be
1Lt

2.2 Apparatus

The: apperas/S (fig. 2) is made off 2 Be twrgen. = Ligh resoiwiom 12 planes:
microsiripp silicom dikector's spectrometer;, © proper set! of ingger and vein coumer's
bodoscopes;, twe lorge aperture: magneas;. & five muiliwire proportiomsl. chamber's:
tracking sysiem. thiree Clierenkow gass couniers;, two hudomic and iwe  dlectromags-
metic  calorimeters;, twoe muom detectorss. The dextro-mragnetic calorimeters: and muom
detentorss are: split ime am immer part (330 mrad)) and! ar outerr par (3300 we £1000 mrad)
i providtc properr angular coverage:. The hadiom: calorimeter hax a2 smaill cezmral pmt
(CHD)) 1w coveyr the: beamm tivle: that: existss alll alomg: thie spectrometer:. At thie: end’ of the:
detectox;, im fiom: of the amd! thie imrer muom detector;. a2 Beamr Gamma: Momitor
(BGM)) is locaedi; very little malerall existss Between his locatiom and the targer. It
coverss ¥4 mradi amdi itz iss made off 45 PY layers;, W32 an thick;, imerleaved: with: 1. cm
thick: lucites.

Relevant: v this paper are thiee HGMG, used! 1o directly’ measure: the: total number-
aff pifotonss transported’ to the: (argen and! the muon system, used! i the second leved:
uriigger..
Forr the purpose off the presemt paper: only’ the: inoer muom detector has: hee
usedi tw trigger amdl wp seleot/detent: itie: muons: ffomn the: decay off die: Jy.. The inmer
muom systermn iss made: off thires planes: off scimtiilaors:s and! fourr plames: of ' proportionai’
tubies;, organized! im bothh horizomall and’ vertical! setups:. covering: +30° mrad..

A Masterr Gale (MIG)) rejeciss thie: copious: eleciromagnelicc gamma: conversiom
imo clecirompositrom: prirss by detecting; att leastt o large: angle: pamicle:s. some 200 m
dowastream aoff the targets: iit also vetoess om itie: muom halo escaping: the: charged
particless beamn dumps abyortierss im thie: beamr line The: second’ level wrigger requires: a
least 300 GeV! im the: hadiom calotimeter or at: least: (wo> muons:.



K {3 Data: analysis and differential do/d(-t); distribution

I this sectiom we: presemt: the: selectiom off our inelastic and’ elastic /g sampic
and! e fitt off e -4 differemiall disiributiom te exponmemiial curves;. tov extract: hoih the:
muciear elastic amd! the colierent: component:.

3.1 Selectiom: off ttie Jy sample

Appraximaelyy 6x107 eventss were wriitem: am tape during the period December:
1987-March: 1988, The: evems: forr the presenti anslysiss were first: selected according 1o
tie: following; crhterim:

Ii- secomd! levell thigger equall two muons;;

Z- anly; two tracks: aof’ apposite: sign: vesticizing im the targess;
B~ at least: ome: track: idemtified! ass muom;;

& ifvariam: mass: off the dimuom larger tham 1LO GeV.

Thiese: criieriz produced! 23000 camdidatess whose: invariamt: mzss: disiibution is
stiowm im fig. E. AL diear signal! off the Jy cam be seem at: thie dighit mass: locatiom wiil:
very little: background! an this stage:. Due too the marmow: widilh of the Yy paricle;. thie:
peak: iss veryy close (v & gaussiam; & fitt we the invariant masss distributiom for m» 2.5 GeV'
geve 2 mass valie M@ 0HE0N) and] & widith o=(01 06+0105)) i good! agreemem: wi
te: values reported im the Particle Daniz Bookd77/. m‘

The: eciastic eveniss have: teem selemed] o the tmsiss off @ cut: AM7a<3 and! on e
basiss off energy:. Fig. 4& sliows the difference: betweem e meassured emergy of thie
piioiom and! it mezsured! energy off the dimuonss flom the [ decay:: fig. 46 shows
the: invariamt msss off e selected! sampie of! dastic Fy's:.

Due: to the: vector nature: off thie [y, colicremt: difffaclive plimoprodiciion off
e Be nucleuss is possitile whiclh shouid appear i the foursmomemum:  transfer
squarext], -t distribuiom ax x steep explcgl) component: ati wery’ smal 1. Values: sround
g=41 have bteem alitained im several! pliotoprodiactiom experimems on  heavy
muclei/202087 iy onder 1o messure: thie phictoproduclion cross: sectiom: per nucieom..
the: cotierent: pam Hex too be sulitracted!.

32 Four-momentum transfer sguared distriliutiom

The: dN/d(5t)) distribwion: off the: elastic sampie for alll energies iss stiown: i figz & The
background! from the Bethie-Heitler process: (ouwtside: the region: of the Ly massy is
very weill below: MOD2 GeVZ ami! it: mighit comaminate: slighly: only the: first: Gin..

The: distributiom has beem fitted sequemtially’ to twor exponemiial forms:
Colierent: prodiuctiom doesn!tt survive valuess off ->0115 GeV?Z; ihicrefore, the
distribution: for -1>:18 GeV? lias: been fitted o tie: form::

N A eE-t’,l “ 1&&!’&}
S ) ™ @

a1t

The: valuess A=61S5; a=4;, b=1.§ were abwaimed! with a xgz‘» value: gver degress af
freedbmm off 0:97.. The: fitted! curve: is stiowa: as: a fuill line: im: fig: &
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Fixing; \tie. above: values:. & fitt toy the: whole: distribution: was: performed’ wiith the
form::

gN anr gl (
<t'<<4s)>‘"¢‘((—-u)>*m°' " (2)

The values B=2100 andi g=30) were: attained! with a x2 value: over degrees: of
freedom off 056:. The fiitedi curve: iss sliown: & dashed! line: i fig. 5.

The: goodiesss of! thie fiti indicatess thian the: Beatie-Heitler background is: indeed
very: low (excluding e first pmin wauldi not: clange: the: valuess of the fued
pxranrcx:m)\ The: colierent! termr im formmuiz () accoums: for (70227)) evems, whemns
thiee error is estimated! fromn ilie: covariant matrix: off dthie fit. The: estimate for tlic
colierent: crosss sectiom willl e dome: i tie gext sectiom.

4.. Elastic crossg sectiom: mezsurement’

There are two basic methods toy measure: the Jiy castic phooproduction cross:
section/*. Gme cam mly direcilyy om the measurement of the imegrmied! flux: of
icident: elecironss (measured! im & speciall mm with tie fimall PE radimor out: of the
team and! e swecping magnets off mmm7Mdmmmtmmmmly o
i BGM! calbriineter);; tie: BGMI coums where: thie signali is disciimimated a e leved.
whiere: ttiec emergyy deposited! comrespomds 1o 133 GeV/ or more;, the: effective lengih: of
tlie targey accouming far the actuall targetimg efficiency (= S%35H).. ke estimated
correctiom forr the availability off tie secomd! levell thigger afier M and! the Knowm

I such: a case the crosy sectiom: per oucleus: cam te writen: as::

P il .
R B Ny P LB ()

where::

Niyy, is tie number off detected! I &

Apy is e acceptance: -including master gaie tHgger.. rmeconstrucuion,.  track:
linking;, verrex: fimdimg,, invariant mass cuts etc.- czaiculasted by proper
Momecaric simulations;;

o is the target: densiiy;;

d! the: targett lengghs;

£ tie: 1argeting efficiency; determined! by the: beam: profile amd! the targen
geomelny;; _

L e corrective: factor determimed! by e fracliom off gaied! MG whggers: v the
ungated! MG triggers;;

N, e totail pumberr of’ nucleii per unitt are=:

Ny, the: towall oumber of imroming: piionons: obtained. by the BGM coums: corecied
for thic: shiape: off the: piiotom specirum..

BR. tlie: bBramching; ratio:for J/p—upu..

Alternatively: one: cam rely’ upom the normalization: 1 the Bethie Heider dimuon
productionm:, a weil. ¥nown amd’ calcuiabie: QED' process: which appears: as background
of’ ttie: T/ sigmail. Im thiss way;. alll target faciors: as welll ag: e facior L, cancel owr
simce: boih: typess of evems: are: recorded in the: same: experimemal conditions; many
atfferr systematic: ermorss alsor canceil out:.

Im such: a- case: the: cross: sectiom per nucieom: is: simpiy:
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where::

oy is the cross sectiom for ihe dimuom Bethic-Heiiler prodiuction: per nucleon::

Ny is the number off Bethe:-Heiiler dimuans;:

Ay, IS the acceprance: for the J/y panicies;;

Amyp thie accepiance: off the Bewie-Heltler dimuons;;

BR. the branching mtiocfor JhAp—uu..

The: values off Agy andl agy: are: abitained: by a. properr Momecarlo: simuiation. of
tie: Bethe-Heitler process anmd the incoming number of pliowons canm be: calculzaied
from ttie: numbierr of BewtiesReiiler dimuons:.

The: available: energy; range above: 1000 GeV, hass bYeen subdivided ime: six
encrgy imtervals for e purpose om: measuring; the: elastic J/g phoreproductionr crosx
sectiam..
Fig:6x: stiows: the: comparisom letweem the: phlolon spectrum from: the BGM.
coum: rates and! tiie specirumn calbuiased! ffomn Hiethe-Heitler dimuons:. The: agresment
betweem the: twa methodss is very gomdl. The: region below I GeV' -oor: used;. see: fig. 7
below~ i also siown: Fig. 6 shows: the complete specimme obitzined by Momecaria
simulatiom ffomr the Koowm eclecirom beamn spectrum..

Im iiss paperr we wiill follow the second! mettiod! which is more: biax free and
verify: the resuiis using thie firstt method! o & sampie iodependemly’ selected’ frome
among; "good™ beam: spillss Kepr: welll under commoil.

Acteptance: and! reconstructiom efficiencies were calculmed using a2
spectrometer simulaiom i the ffamework: of Geam/10 which is 2 generall detecior
simulatiom program.. Easiic vecor mesom were generated™ with: am cxgmrcmi'zi.
dic/dt=Aexp{b(l-tmin)]] witlh b=-4'0 (o significamt: cliangess im acceprance: are: detecied
varying: b fiom -0 1w 4000)) and! & (Q+cos8?); decay distnibwion for the: L. Bete-
Heitler dimuons were simulated’®% am the: Gasis of e manx clemems: of ref. S
Faked! datx 1apes were processed through the program chan used’ for neall dma:. For
I7y; analysiss the reconstructiom and! vertexing: efficienciess were: typically: above: 98%..
with: mosi: off the: corrections: coming ffomn acceprance:. The aceprances,, correcied. for
thie: efficiency; of! the detectars: amd! the various algoritims: are: compared.. for e wo
processess im fig. 7. The: sifamqy diow offf off the acceptance: & low: energies i due: o the:
owterr muom detectorss nor: being used!.

Far By, larger tian: 1000 GeV,, bowh: Whe efastic sampie: used’ i the: previous: section:
and! the: Bewie:-Heiller evems;. have beew splitt imoe eergy’ binss of! 3 GeV,. ihe: energy
of the: two: muons: being assumed! (o be ihie: pliotom energy:. Bettie-Hediferr evems: withe
-1>0:05 GeVZwere cutl o climinate inelastic production: mor simulated by the
Momecaric:.

Tlie: oumbier: of events: thus; selecied! are: showa: i columns: 3! and: 4. of Tabie L. I
columm: 2 the: value: of ihie: pliotom: emergy. averaged over thie phiolon: spectrum is aisa
givemnm..
Thie: calculated! crosss sections: per nucleom ane: given i coll. § of Tabie: I where
bttt statistical! amd! systematic: errorss aree givem (ilie: sysiematic errorss mainly come
frome e subtractiom of the: colierent: contritiution)..

Thie: cross: section's: values: are: reported! im fig:. 8a.

By imegrating; aver tlie photom emergy range;. the cross section: for coherent
phataproduction: of’ J/y offf Be: nuclei: wmss out: 1o Be: Ggpiey- = (23211)) nb.

The: above: measurements have: beem checked by directly measuring o
using; formula (3); om a sample: of events; selexted’' in' a sumewhal muore siringemt. wavglia
as; v guaraniee: tlie proper caltulation: of the normalization: parameters:. v.

The: new: selectiom: criieria: were::

Ii- second! levell trigger eguull wo: muons;;
2-  evems: coming: ffom: only a part: of tlie Be targey/61i9%/,




3- evenis: coming from: "good spill™ only/?Y/

4- boit muons: linked in: the microstrip: spectromeier;:

5- dimuon invariant mass: wiilin 3 siandard’ deviation: from: the: J/y masz

leading, 1 124 evemis i the peak having -1>0:02 GeVZ (0 cut the Bethe-Heitier
background:.

Agpplication: of farmuia (3) W these: evemis: spiit into: the same six: photan
energy: bins: gave: the: values: of tie cross seclion reported’ in column: 4 of Tabie .. In
Tabie: [ coll. 6. tie corresponding; cross: sections: per nucleon, comrected by a facior
18740094 are: repemted for a direct comparisom Caonversely the cross sectiom per
mucleus: of ttie Bethie-Heitler method are: reponted’ in: coll. 3 of Table II. The vaiues of
the: cross: seclionss measured. by the: twor method! are well witlin the: errors and
indicate: thau ey camnor be distorted: by very large systemaiic effecis: The: cross

sections: direcily’ measured! are: aiso eponted’ i fig. 8a

§. Comparison: with: previous resuits and with the PGF Maodel

In: fig;. 8B our measured! cross: sections per nucleon: are compared to simiiar
measuremems: found! im the litermure/2/. The cross section: seems: ta steadily increase
and: statilize around! 20 ot above 2D GeV.. OQur data: are: imponant to establist than the:
cross: sectiom does mon increase: rapidly withh increasing: plioton: energy:. The solid lime
drawn im figg. 8B is the prediction: of the energy’ varimiom of the elastic
phictaproduction: cross sectiom: of tie I/ pamicle givem by ihie Pheton: Gluon: Fusiom
Maodel/48/ The coss: section: is given by

where: ais the eleciromzgnetic and ap iss the sirong: coupling: constant (assumed. 10: be
as=0:3)) at thie chamr mass: scale;, M the: wotal! energy: in the plicion-giuon: CMS' and m
the mass: of e o quark:. The clememary cross section of formula (5) mus: be
convolined! wiih the gluon: momemunr distribution: G{x)} wihich: has beenm assumred w0
Bie/A07::
xG(x)=3(1-x)%.. (6)

The: cross: seciiom: for the: chammoniumr productiom is: simpiy the integration: of
the: convalutiom of the: PGF cross: section from: the mass: of the two ¢ quarks w the
mass: of 2. D' mesons?4: iie..

: o (2 Y
, _l ool M| dML
Ty apen=T Iaj.l;_, & ) G{S—J s (7>
4

The: factor f i fromt: of the integrall is; simply the branching: ffaction for the
production. of J/g rather tham any otlier charmomium: state, usuvaily 1aken 1w be 177
unders the: assumption: that the final states: are egually divided among the accessibie
charmomium:  states/1'1V [sucli assumption is conmraddicted by the experimemai data
ow the phooproduction: of ' which accoums oniy for 20% of e Jaw 72328/ mu this
doesnit affect: the: energy behaviour of the cross section], It may be pointed cut that



G(x): emer into; (5) without being muitiplied by an extra distribution function as it is
i case: for badroproduction.. ‘

Formuia: (S): depends upon: the value: of tie mass assumed for the ¢ quark. The
PGF: Model prediction: using: (6)) and! mp=1.5 GeV ix shown: in: fig:. b ax & sciid line. The.
doited! line,. also stiowm im fig. 8 is the prediction based on: the gluon disiribution.
functiom parametrized ffomr measuremems: by: & geutring experiment and evolved 1o
e momentum: transfer of 10 GeVZ using 1he Aitareili-Parisii cquations/12%/{this is
thie sv called "EHLQ) function}j; such: glhomw disiributiom: fanction is in reasonabie
agreement. witl: experimentall measurements at  four momentum: transfer
squared/ 12V of 10! GeVZ.

The: scale: of the cross section: calculated with the PGF Model! is nor stable for
smalll changes im the masx of e ¢ gquarki. In order 1o check: the siability of e
prediciions: against variations: aof’ thie quark mass and of the shape of wthe gluon
momentum:  distribution: fanction;. in: fig. 8¢ the same data: of fig. Sh are: compared 1o
curves: recalculated assuming difféerent: parameter valuess. The: 1we: curves of fig. 8B
wauld be tarely distinguistiabiie in logarifimic scale;; therefore: only the full line is
repeated! it fig;. 8. The dashed line is abtained by using a gluon distribution
funcrion::

T
x: GIix); = 0153 (1+x)) (3)

instead! of fanctiom (6); andi using me=1.5 GeV.. The dastied doned line;. instemd,. is the
prediction: using; (8)) and me=1.6 GeV.

Clearly; thie: predictions: are: veryy sensitive: to the: ¢ gquark: mass.. Nanetheless the
trend! aff thie d;a om elastic photoprodiuctiom: cross sections: wiili: increasing energy is
welll reprodiuced alsay quantivmivelyy whem: e somewhat arbiitrary seniiocail d‘uziii‘
facter: 1/7 menmioned abave/1/ ig imrodiced! and me=1.6 GeV.

6. Canclusiegns

In: ke present: paper we lave perfarmed & seriess of measurements: of iy
plictopraductiowr om Berillum at the highiest photom energies made available by
existimg: acceleratars:.

Iiv the: range: 100-400 GeV' incident: phatonm: enmergy: we estimated the coherem
productiom cross: section: of Iy offf Be mucled i be o=(28+1)nb: and' the slope of the
four momenium: transfer squared disidbutiom dN/d()) for clastic Iy production o
be: exponemtiall of the type: (1)) with: parameters: a=4!(0 and’ b=].5:.

The: elasticc cross: section: Hass Been: measured in six: plintom: energy: intervais in
the: range: 100450 GeV. normailizing thie event rate to: the Beie-Heitler dimuen
produclion: cross: section,. thus: extending by 200 GeV' the emergy im which
ptiatapraduction: of the J/y panticie has been: experimemally iovestigated. The
mezsuremeuts have been also performed by normalizing tlie event rate: ¢ a2 direct
lieam: counting: The measured’ cross: sections: display littde: vadation withh increasing
energy: and the trend is in agrecment. with: the predictions of the Phowon-Glucn
Fusiom Madel..

By the: time: of tlie: Conference a further refinement. of thie analysis might be
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TABLET - ELASTIC Jjy: PHOTOPRODUCTION CROSS: SECTIONS. (ab/mcleon)
EVENTS CROSS'SECTION

Bewhic Heiter  Direct Meas.
AU gror

AE Eav Bettie: -Heitler: Iy
atnh/m)tAx a(nb/)rAa

LOG-1ISW iv4l 27 43 12.45(3.3+L3) 9.4x2. 5
[SO-200 w77 238 65 IE @ I+1.8): I57+3. 4
200-25% 223 156 55 5. 25(3.741.59) 14.5%3.5
250300 272 96; 85 19:42(4.6+1.9)) 164241
300350 324 48 5z 2907 9+29)) 24.3+6.4
3IS-45T 374 it} Lr ZIL62(11 8%2.2) 1[7.9+9.5

TABLE II : FLASTIC Jhy: PHOTCPRODUCTION CROSS SETTION (ab/frucicus):

Bethie-Heitler Directi Meas. «n’ Be:
AT frar
AE Eay: anh) a(nob)

1OR-15E 1 rall 108 5£(26.1+13:3) 73.4x21.7
150200 177 142 1£(32.4414:2): 123.8+%27.2
2002500 223 120:0%(29 2+1:1. 8) 114.4+27 8
250-31%) 272 153 3(36. 3+ 15.0) 129.9%32.1
00350 324 229 0#(62:3+22.9) 191.9+5Q.5
50450 374 ITO66(93.2417.4) 141.4+74.8
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Figure: Captions:
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Fig:. 2

fig. ¥

Sketches: of VDM (fig;. 1a)) and' PGF (fig.. 1) Modei's diagrams:

Sketwch of the E687 experimentall setup: and apparaius (for more detailed
explanations: see: FINAL. Report: FN-553)

Dimuon: mass: distributiom for the: selected events: having My,> 1.0° GeV.

Fig. 42 Distribution: of the difference AE= Eiy - Ejpy for tie candidaie evems: a cut 3¢

liave: beem applied! to select elastic evenis:.

Fig. 46 Mass dimuom distribution: for the selected elastic: events:.

F{g. s

dNJa(-), distribution: for all' emergies.. '

Fi'gz. 6a. Comparisonr of e plioten energy spectrum: generated by using Bethe

Heitler normalization: (dor poims) and! BGM nommalization (fail hisiogram).
The: law' energy megiom -not used- is shown for sake of compleieness.

cig;. 6 Montecarle: generated specirum: of the Wide Band Photon Beam.



Jut

Comparison: of the: acceptances: for Bethe Heitler events. [daslied hisiogram]
and J/y dimuan evems ( fulll lhistogram). ' |
Campafiﬂom af the cross sections measured: wulp the: twa, mcxhads_ {anly for
sake of prescntatiam, the data points: are: slnﬁcd i energy’ hy +® 5 GqV)..
C‘ampil’atiim; of wie: world existing data om Jiy ph.qmpmducxmn.; Thc curves.
n:p.reiicxm: tic: prediction of twa PGF medels: assuming me=1.5 G;Y;;; m.;: snl;d
carve: is. farmuiae (5) ta (7); die dotted curve is the PGF Model using the:
uon distribution of ref. 12a. » o
g]amc, a;; fig. 3 in log scale: The curves: are PGF predictions.. .Sol;d.\ line: same
a5 fig. §b: dastied line: formulz (8) instead’ of (6) and' me=15 GeV; dastied-
dotted: line:: formula (8) insiead of (6)) and me=1.6/ GeV.

DISCLAIMER

This report was prepared as an acconnt of work sponsored by an agency of the United States
Government. Neither the Umited States Government nor any ageacy thereof. nor any of their
employees. makes any warramy. express or implied. or assumes any legai liability or respanss-
ity for the accuracy. compieteness. or usefulness of any information, apparatus, product, or
process disclosed. or represents that s use would nat infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name. trademark,
munuficturer; or otherwise does not necessarily comstilute or mpiv its endorsement. recom-
mendation. or favoring by the United Stzles Governmem or any agency thercof. The wiews
and opinions of authors expressed here:n do not necessartly state or reffect those of the
United Stmes Governmem or any agency thereof.



Fig. ta

Fig. 1



Im

IN28

———INIH
MUY

SOME

 OMX:

fig;. Z




125

10

50

Number of events

25

Fg. 3




Number of events

25

20

1S

1@

S

§
i
:
0;’
1T
e
IE‘ §
; l,|
i
4K
Al
£

1

il

—200 | 0

200




4.5

4.0

©

£
P

9 Q Q
(e < N

SjUsA8 jo Jaquinp

oy

Fig. 4b




EVENTS / GEVs#2

DR B LLL

| | |
L 1 1 ,‘ [T N L 1 S L I i S A | L 1

0.2 Q.4 Q.6 0.8
T [GEVx=2]

Fig. 5



10

N PHOTONS (x10 )

PHOTON FLUX

20

| S |
»—

¢ Bethe—-Heitler Norm.

]
, é
'S | — 8GM Norm.

10

1
;
i
: r : |
TR LS TS T TR S TN CENNN LA U T N - _

ji{0]0; 200 300 -
ENERGY (GEV)

o
B

Fig. éa




NUMBER OF PHOTONS (ARB. SCALE)

PHOTON SPECTRUM

o
;‘“T‘"!"!'!‘l!!r“‘“‘?“‘ LA !‘_!',r“““l“'”!”!‘!'!‘! !!r”"!‘ LEALL S

i i | ‘
Lt 11_’.qu L1 ]:LLL_J'_II I I 1.‘1J1 i 3

100 200 300 400
PHOTON ENERGY (GEV)

n

Fig. &b



ACCEPTANCE

0.6

0.2

0.9

.

i
|
prasnsnmnong

J/Y¥ Dimuons

|
i

~?----—--—-—:; Bethe—Hertler Dimuon

.
-~
.

.
e 2 2 e e B

e
@ - S

v v n ’| TR LN GO ¢ J | M L TR 1 ’ 3 !

200 =aa +00
PHOTON ENERGY (GEV)

Fig. 7




Number of events

100

LA AR R

10

T

O Oirect measurement

[0 Bethe - Heiftler

— I |1 1 B

4

| -

A l_lLllll

i

100

200 300 400
E(phaton)

Fig. 8a




o { nb /nucleon)

VA

o
<

10

- CORNELL
SLAC
ES
BPF
EMC

NA. 16

E 87

De<DDO®X O]

T

PRESENT EXP:

Fig. 8b




@ (nb /nuclean)

100. T T T T

O (ORNELL

= SLAC

.\ @ £S5

= ® BPF

- A B4

! v NA T

M ® E47

1 O PRESENT EXPERIMENT
' I I |

0 ‘ 100 200 300 400

Fig. 8c



