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Abstract 

The di<,I(>ct.1'01I yi('Jd ill p+d atl(l p+p ("oJJisiolls at a. ~H:'arn kinetic energy of 4.9 

GeV has bC'ell llH'aslI)'('d IIsing lhe DilC'plOl\ Speclrometer (DLS) at the Bevala-c. The 

measllJ"NI ratio of tll(, yipld in p+d to tlla.! ill p+p collisiolls. I.D2±O.O(j. implies a sma.ll 

contribution from P+1I hn'lllssI:rahlllllg ill ('ollll'<lr)! to n'C(,llt. llIodel calcula.tions, a.nd 

pain t.s t.o a. had rOil-Ii 1\(. origi II of t.1l(' dirol('ctroll SOli I'ce. TII(, C'xjH'cted cOlltri butiolls of 

hadronic decays t.o lil(' diel(·ct.1'01I yield an' sma.1I compared to the p+p da.ta .. 



Dileptons, when produced inside hot. and dellse.' nuclear matter formed in nucleus-nucleus 

collisions, are probes of t.he Illlch-'ar equat .. io1l of s\.at.e and of pioll dynamics in the nuclear 

medium.t.2.3.4 The Dilcptoll Sp(>('tro1l1eter (J) LS) collaboration has measured dielectron pro

duction at the Lawrence Berkeley Laborat.ory J3e\"aJac for p+Be and Ca.+Ca collisions with 

beam kinetic energies (Ed ranging fr011l 1.0 GeV t.o "I.H GeV.S.l~,i.8 The existence of dielectron 

signals iJ1 these mllisiolls has h(,,(>11 firmly est.ablished. However, mechanisms for the dielec

tron production at. t.hese beam energies are st.ilI unclear. In t.his context we have recently 

made a. high st.a.tistics measuJ'(-'lll('nt. of I.hc' dielC'ctroll production in p+d a.nd p+p collisions 

at Ek = 4.9 GeV wit.h the I11ll11ber of 11I('asllre<l pairs Oil t.he order of 104. 

Our liquid-Iryd rogcn / c1cI111.'I'i 11 III progra III \\. as 11101. i nl\.ed by S("\'('ral calcula.tions of di

electroll product.ion within a similar fralllC'\\'ork. In 1.hosc> calcula.t.iol1s,9,10.11 mechanisms 

of p+n bremsstrahl1l1lg a1ld Dalilz clecay of ~ (1['(-' included t.o fit. our previous p+Be and 

Ca+Ca meCl.sUI'C'Il1C'Ilt.s. Fl1I'llwrlllore t.he bremss1.raltlllng of p+p sca.ttering is considered to 

be too small. by all 01'<\<"1' of l1li-lg1lit.ud(,. 10 nmlribu\.e t.o t.he O\'erall dielectron yield. Those 

calculations illdica\.c'd t.hat p+n brelllSslf'{litlullg is a dominant. source for dielectrons, and 

increasingly so wit.h t.he Iwalll ('Iwrgy; tll('r('foJ'(~. a ral.io, as large as 10 a.t. Ek = 4.9 GeV, for 

the dielectrolJ yield ill p+d alld p+p ('ollisiolls lllay be expected. TIllIS, a. measurement of 

dielectron yield in I.llt's(' collisiolls !>l'O\'icl('sa strillgent. const.ra.int Oil the relative strength of 

p+u bremssl.mlrlllllg alld Dalitz decay of ~. 

The DLS consists of I.\\'0 idl'llt inti rn<lgllC't.ic spect.rOlllet.c'r arI11S,. ea.ch with two hodoscope 

counter a.rrays, two Cen'nkov COllllt.er arrays illld titrcc drift. clllllJlbers. Details of the DLS 

have been desnil)('d f'lS(,\\'lll'J"(,.ll For lite rl'("('llt lllC'(lSllrCIl1C'nts. t.he scatt.ering chamber ha.s 

beell replan'd hy a liquid II.nlro,!!;(·Il/<iclI\('rilllll targl:'1. The 1.<1rg('1.-full to t.arget.-empt.y ra.tio 

was measured 10 1)(' a.bollt 10 for p+p collisiolls and about :W for p+d collisions. In a.d

dition, p+p e1ast.ic collisiolls al E/.: = J.O GeV' have' been llwaSllred for calibra.tion of the 

spectrometer. 

Figure 1 shows the yield of opposite-sigll (OS) and background (BK) electron pairs as a. 

function of pair mass for p+d alld p+p ('ollisiolls. Thc-~ background pairs were constructed 

by random Iy selecti llg all ell'ct roll ami .. I ]lOS it 1'1)11 each front t.he sam pIe of combina.torial 

same-sign (SS) pairs for ("<If'll ('itarp;<,-li('ld (·onliglll'i"1tiOll. Alld lit(-' 1l11l11ber of the background 



pairs was normalized 1.0 t.he square root. of t.he product of number of electron-electron and 

positron-posit.ron pairs. Th~' SS spect.rum is I.he same as t.he background in OS pairs only 

if the electrons and posit.rolls in I.he comhillat.orial background have t.he same yield and 

kinematics. \Ve ohs('I'\'('d an <'x cess of ('1e'etTolls up to 80%. most.ly in I.he forwa.rd a.ngle. 

presumably dl\(' to COIlIpt.on scal.tering of phot.ons in the t.arget.. However, the difference 

between t.his new background subt.ract.ion and t.lw simple SS subtraction described in previous 

papers is less than U)cX for low mass region. and negligible for mass greater than 0.3 GeV /c2 • 

Figure 2 shows t.he t.rue (OS-Bl\) dielC'cf,ron yield. wit.hout. accepta.nce correction, in 

Jlb/{GeV /c2 ) as a funct.ioll of pail' llIass. 10 wllich (III overa.1I efficiency correction of 43% 

for p+d and 'J~% 1'01' p+p has b(:,(,11 applic·d. ),I'spect.iw{y. 'I'll<:' dielect.ron yields of p+d 

and p+p collisions a)'t' \"('r,\" silllila)' ill shape 1'0), dil'kcll'oll Illass rallge of 0.:20-1.0 GeV/c2 , 

transverse III Otrl C'll I 11111 )'(llIg(' of ()'()-I.1l C('V/c (\lId rapidity rallg(:' of 0 .. 5-1.9, suggestive of 

common prodllctioll Ilwcimllisl1Is. Both spect.ra. exllihit a c1C'a.r resonance structure over the 

cont.inuum (Ill(' to dickel.roll d('(,(I.ys of th.,) mesolls. and a.1I incJ'ease below 0.15 GeV /c2 due 

to Da.lit.z deca.y of /io\;. 

The rat.io of t.he dic>\('cll'oll yi('ld ill p+d 10 1. II al ill p+p collisiol1s, integrated foJ' rnass 

greater than 0.2 GeVjc'l, was rOllwl t.o 1)(' 1.!>2±O.O() \\'it.h I,he errors being statistical only. No 

significallt. depelldellce or I.his ral io 011 dicl('ct.roll mass. I.rallsvel'se momentum and rapidity 

has been obsern~d. By lil.t.illg III<' sl>('('11'<1 for masses greater t.han 0..1 GeV /c2 with a gaussian 

superimposed 011 ,\II (-,XPOII<'lIlicti flllWlioll. 1.1Ic-' ratio for t.he (1-;""" component. wa.s extra.cted to 

be 1 .. 5±0.5. 

The systernati(, errol' 011 I II<' ralio \\'as ('sl.illlal.(~d 10 Iw less th .... ·n :20% over the ma.ss 

range. Our sySl('lIlilli(' 1IIIcc'rtililll.ics ror IIt(' ret! iu IIlaillly (,Oll)(' from two sources. One is 

from the facl 111.11 111e' p+p .Hld p+d dalil ,,'('\,(' l.ill.;(·11 al dill('n'llt. Iwalll illtellsities. The 

ot.her is from t.11(' va)'iat.ioll ill III<' d<'1('('(.ioll dliciC'llcy dmillg t.lle one-month period of data. 

acquisition. \Ve est imalc·d t.hal. 1.11(-' beam calibration a.nd any ra.t.e dependence of trigger 

efficiency cont.ributed less thall 1 !'j(J(. to the syslematic errors, and the variat.ion in overall 

detection efTiciellc,Y including drirt challllwrs. (~(~r('nkov and hodoscope count.ers was less than 
\ 

15%. The systematic ('rro\' Oil Ill(' absolllt.(' ,vit,ld was (:'st.il1lat.ed t.o be less t.ha.n 40%. 

Our obsen'C:'c1 ral io of thc' die\ecl 1'011 yield in p+d to 1.Ilal. in p+p collisions is much smaller 



than the value of ahollt 10 gi \'<.'11 by 1>1'<':;('11 t \11odel ca.lculatiolls assumi ng the dominance 

of p+n bremsst.rahlung ill these collisiolls. Tb(, soft-phot.oll approxima.tion (SPA) used in 

references9,) 0,1 1 foJ' hremsstTahlllJlg. which has hl.'('11 a»pli(·'d t.o dc-scribe real photon produc

tion in collisions at. sen'ral hlllldred 1\'1('\'.]:1 has ol'tl'lI hC'I'1l called into question. I4 Ra.glin et 

aP5 ha.ve performed a one-bosoll C'xchallge illUde! (013£) ca.lculat.ioll including all Feynma.n 

diagrams, in comparison wit.h SP:\ and ext.ernal-line emission model (i.e., initial and final 

state bremsstrahlung only). They ha.\'(' shoWII that, t.he OBE gave a higher dielectron yield 

than did the SPA. witb t.lw pn~dict,ion of I.hc' extel'llal-line emission model falling in between. 

Thus this type of more det.ailed caklllat.ioll only increases t.he bremsst.rahlung yield, contrary 

to experimental indications. 110\\,1'\'(,1'. tllI'SI' ('(lIndat iOlls are performed for particles on ma.ss 

shell. The off-shell bch"l\'ior of illt.crllll'diatl' pilrl.icks. 1I1 tJIC:' forwa.rd peaking of the P+11 

ela.st.ic cross sectioll. I7 and bn>lllss1rahlllllg frolll Illlllt.ipmticle filia.l st,a.I.es in both p+n and 

p+p collisions IIlay sigllifinllll,ly al\.l'l' till' rl'slIlts obt.ained Wlrc'II ca.lcula.ting the dielectron 

yields from p+d alld p+p collisions. 

The similarit.y of 1.11<' lIlass SP(,("\·I'<I alld tlrl' nlC'(l.sl1l'ed dielectl'OlI ratio of a.bout 2 for 

p+d a.nd p+p collisions point. t.o a hadroll-likl' origin of t.lre' dielc,(,t.ron production for these 

collisions. To c'st.ilmlt.c·~ c1i('lect.rolls from Irrl<lrolli(' decays, WI' ha\'(' included the Da.litz decays 

of 17, w a.nd ~. and 2-body decays of f! "lid ik' ill a GEANT :\10111.<:' Carlo simulation. For 

t.he Da.Jit.z dccays of 1/ "lid IJ,.' wC' Ilavc' followed tlte descript.ions by Da.litzl8 a.nd by Kroll 

and \Vada.1!l For t.he Ihdilz <l1·('rl.,\' of ~ WI' have IIsed til(-' prescript.ion by vVoll' et a.1. 11 

with a BrC'il.- \ViglJ('1' 1'01'111 fa ('\01'. 'fhc' dirk'l'cntial cross sect.ions of mesons were assumed 

t.o be gaussiall ill laborat.ory rapidity (!J) and c·xpolH'nt.ial in trallsverse mass (mtl, dy~tml ex:. 

('/-I/em )2 , •• . I· .), '. -. exp (- . 2'".2 )*('xp (-III,/I y ), Wll.ll/lI/ = Villi + /Ji, III<' siopc' panlllwt.er, 1", wa.s assumed 
!) 

t.o be l'o/co8h(y-y,.",). \\'11<']'(' '1;1 is tht' slop,' paralllC'ter at t.ire 1,(,IIt.er-of-lImss ra.pidity (Ycm).20 

The ~ spectnllll has i-I silllilar trallS\'('rs(' lIIass dist.ribllt.ioll .. IS mesons. but the ra.pidity 

distribut.ion \HIS asslIllll'd to hc 1.11(' sanl<' i1S protons. all exponent.ial decrease from bea.m 

(ta.rget.) rapidit.y with SYllll1wtl'y around (h(' em. rapidity.:n 7~) and a y were a.ssumed t'o 

be 0.12 GeV and 0.7. 1'('sjw('l.iw'ly, \Vithill reasonahle variat.iulls in To (±O.02 GeV) and a y 

(±O.2) t.he dic]('ctHllI yield challgc's by Ic'ss thrln :H)<;;' .. 

Figure :3 shows tlw 1I10St probahl(' lotal llildrollic dC'c'ay ('ont.l'ihllt.ions as t.hey would be 
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detected in t.h~ DLS ill t'OlllpcHison \\'ith lh('ohsen'cd t.rue electron pairs from p+p collisions 

at. Ek = 4.9 GeV. :\Iso sho\\,11 are t.1H' ("OlIlPOIIC'lJt.g from the Dalitz deca.y of '1 and 2-body 

decay of iJ..,' (hatched arC'as). TIlC'domillant IlHdrollie d('cay component is the Da.lit.z decay of 

71 , for which t.he prod1lct.ion <TOSS sect.ioll \\'as l'stimMed 1.0 Iw 0.:3 mb from a calculation by 

A. DePaoli et. al.:12 :\n IIppC'r limit (!)()'X, <".1.) for an 1/ ("ross st,ct.ion of 0.5 mb wa.s measured 

by K . .Jaeger et. al.'l:~ in t.11C' 2-; decay ("hmlll<.'1 fOI" p+p collisions at t.he incident momentum 

of 12.4 GeV Ie. This s('ls all 1lpper limit OIJ t.he Dali!.;;: cont.ributiolJ of '/ a.t. our energy of 

about t.wice tIl(> proha bl<' one sho\\"11 ill ligll)"(':L The' prodllcLioll cross sections, (J Il = 5 

mb and "P.w = 0.]:'") mb, W<'I"<' est.illlatl'c1 from a measurement. by Alexander et a.l.24 Even 

wit.h t.he upper limit. Oil till' '/ noss s(,rtioll 1.11<' ohserved C\ie\<:'ct.rolJ yield in p+p collisions 

ca.nnot. be accoullt('d fOI" hy IlCldrollic dl'I'iIYS alolll', '1'1)(' Dalit.z d<'cays of other hadrons (e.g .. 

p, 1/, cp) or ot.ll<"r J"('SOllcllll'I'S (c.g .. ~.) ("(III ill prillciple ("olltribllt.(' to the' IO\\" ll1Cl.SS region. 

However, eit\wr til<' pro<i11dioll cross sectiolls (llId/or t.he decay bra.J1ching ratios are too small 

("0111par<:'<1 t.o t.hat. or t.he 1/ ...... or ~ t.o alter ollr conclllsions. These results a.re consistent with 

('a.r1y ohseJ"\'CttioJls or 1I1l('X pcel I,d Iy la rg<' lept.oll prod uc\.iOJl at. higller cnergies. 2-5.26,2;,28 

In conclusion. \\'(' h(1\"(-' m<'asllred die\cct.roll ,vic'lds in p+d alld p+p collisions at Ek = 4.9 

GeV. The rat.io of t.11<' dil'k·ct.)"oll yil'ld ill 1111'SI' collisiolls \\'as rOllnd t.o be J.92±O.06 without 

significant. rnass. t.)""IIIS\·I'rS(' 1l101ll1'IJI.1I111 or rapidity d<'IH'II<kllcc. Tlwse results, indicative of 

a. ha.droll-lik<-, origill or dic'l('ct.roll P)"Odllctioll. il)"(' ill st.rollg disagl"C'<'lllcn1. with models of P+11 

bremsst.rahlulIg b<'i'ng 1.h(' domillilllt. diel(·d.1'01J sourn' at I.hal Iwarn energy. Furthermore, 

our estimatc-' of d iel('droll cOlltri hilt. iOIl rrom had I"Ollic dccays of 1), p, i.c,..' a.n d Ll ca.n reproduce 

neit.her the tolal dieledroll yi<'ld Ilor tll(' shape of dielect.ron mass spectra. 

This work \\'as sllp»ort('d hy !.he Din·c·t.or. Office of Energy Research, Office of High En

ergy alld Nuc\ecl)" Pllysics. \lIckar Physics Di\'isioll of t.11<~ L.S. U<'pnrt.rnent of Energy under 

contracts No. I}E-AC():l-7GSF()(JO!)S. :\0. DE- FCrn-SSElt:lOl:2.'I. No. DE-FG02-88ER4041:3 

and No. DE-FCO;)·8SEI{·IO·I·J;"). W(' tllank AI SlIlith of LBt for his work on ion-chamber 

ca.Jibraticm and tIl<' BevCllac C'lIgineerillg and operations st.aff" for t.heir continued support of 

the DLS prognllll. 
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FigllrC' ('apl iOllS 

Fig. 1 The opposit.e-sign (OS) and backgrolllld (BJ\) dielccl.)'on mass dist.ribution from p+d 

a.nd p+p collisions €II I~~. = ·UJ (;I'V. Th(, ('ITO)' hal'S arc st.a.t.istica'! only. 

Fig. 2 The t.ru(-' (OS-BI\) elielc'clroll yield in 111>/((;(,\'/c1.) from p+d and p+p collisions. An 

overall efficiency ofl:~'X, 1'01' p+d Cllld 1~ll for p+p It .. ,",; bef'n a.pplied, respectively. 

Fig. :3 The dielf'clroll yil'leI 1'1'0111 p+p ('ollisiolls ill ('oillparisoll with I.he t.ota.l probable con

t.ribut.ion (solid hislogram) ill 1.111' DLS acc('ptall ("(., frolll decays of 11, p, f.A.,' a.nd ~. 

The prodllCI.ioll cross s('('I.iolls \\'('\"(' ('sl.irnated t.o be (7" = 0.:30 mh. (J"~ = 5 111b and 

(J",J.w = 0.1;") IlIb. '1'111' lral.('III'd <I\'('i18 indil'ate' t.11<' individua.l cont.ributions from t.he 

Dalit.z dc'('ay 01'11 alld di('I('cl'l'OII d,'c·il.,\' of ,.t .. : • rc·S]H'cl.iv('ly. The st.atist.ical errors in the 

simllllltioll arc' ('Olllj>iHilhl(· 10 111()sl' ill 1111' <Ial .. \. 
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