PHYSICAL REVIEW C VOLUME 57, NUMBER 4 APRIL 1998

Inclusive dielectron cross sections irp+p and p+d interactions at beam energies
from 1.04 to 4.88 GeV

W. K. Wilson! S. Beedoé;" R. Bossinghani,M. Bougteb? J. Carrol>' W. G. Gong?* T. Hallman®* L. Heilbronn?
H. Z. Huang® G. Igo? P. Kirk,° G. Krebs® A. Letessier-Selvori,’ L. Madansky® F. Mansd? D. Magestra®** H. S. Matis®
J. Miller,® C. Naudet™ R. J. Porte? M. Prunet* G. Roche®* L. S. Schroedet,P. Seid M. Toy,? Z. F. Wang®
R. C. Welsh>* and A. Yegneswarart®

(The DLS Collaboration
wayne State University, Detroit, Michigan 48201

2University of California at Los Angeles, Los Angeles, California 90024
SLawrence Berkeley National Laboratory, University of California, Berkeley, California 94720
4UniversifeBlaise Pascal/IN2P3, 63177 Aub&eCedex, France
5The Johns Hopkins University, Baltimore, Maryland 21218
8Louisiana State University, Baton Rouge, Louisiana 70803
(Received 1 August 1997

Measurements of dielectron productionpr p andp+d collisions with beam kinetic energies from 1.04 to
4.88 GeV are presented. The differential cross section is presented as a function of invariant pair mass,
transverse momentum, and rapidity. The shapes of the mass spectra and their evolution with beam energy
provide information about the relative importance of the various dielectron production mechanisms in this
energy regime. Thp+d to p+ p ratio of the dielectron yield is also presented as a function of invariant pair
mass, transverse momentum, and rapidity. The shapes of the transverse momentum and rapidity spectra from
the p+d andp+p systems are found to be similar to one another for each of the beam energies studied. The
beam energy dependence of the integrated cross sections is also prdst&6-28138)01704-X

PACS numbegs): 25.75~q, 13.75.Cs, 25.40.Ve

I. INTRODUCTION measurements, 6] of the low mass continuum in heavy-ion
collisions have been hampered by the lack of cross section
Dielectrons €",e) are penetrating probes of the hot andand form factor measurements for many of the processes
compressed nuclear matter produced in heavy-ion collisionhich contribute to dielectron production. To address this
because those produced in the interaction zone are left uproblem, we have completed a systematic study of dielectron
disturbed by the surrounding nuclear medilr-3]. The low  production in nucleon-nucleon interactions using the Dilep-
mass continuumr<1.0 GeVk?) is particularly interesting ton SpectrometefDLS) at the Lawrence Berkeley National
since it provides information about pion anddynamics in ~ Laboratory Bevatron. In this paper we present the first mea-
the excited nuclear medium at beam energies arouAd 1sured cross sections for dielectron productiorpiip(pp)

GeV [1-4]. However, attempts to extract information from and p+d(pd) interactions at beam kinetic energie¥)(
ranging from 1 to 2 GeV. Since several of the fundamental

dielectron production mechanisms are not yet well character-
North Carolina Agricultural andZed, these measurements are interesting in their own right in
addition to their importance in facilitating the interpretation
of the heavy-ion studies. In particular, dielectron production
in this beam energy range contains information about the
electromagnetic form factor of the proton in a kinematical
region which was not previously accessip.
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fore, we will also show new versions of some of the previ-4.88 GeV “inelastic” channelgfinal states involving one or
ously published results in order to facilitate comparisons bemore pions in addition to the nucleons and the dielegtron
tween different data sets within this paper. All of the dominated the bremsstrahlung contribution to the dielectron
differences between the current results and previously pubyield [21]. These studies utilized the soft-photon approxima-
lished data are either within the quoted systematic uncertainion (no radiation from the interaction regipwhich requires
ties or due to a new definition of the acceptance region. Theccurate parameterizations of the elastic scattering cross sec-
change in the acceptance region will be discussed in detajjgng [21,27. Since the soft-photon approximation is not
below. _ _ , _ strictly applicable for dielectrons with masses above a few
This paper is organized as follows. In the first section wey, ,nqred MeV£2, one-boson exchang©BE) studies have

briefly s_ur?r:natr)lze the various categdones_ Ofthd'elecﬁion??ﬂso been employ€ef®3,24. Unlike the soft-photon approxi-
SOurces in this beam energy regime and review the resufts ation, the OBE formalism allows radiation from the inter-
other relevant measurements. The experimental conditions

and data analysis are discussed in the second section. Tﬁgl lines of the interaction diagram. Drawbacks of the OBE

resulting dielectron cross sections are presented in the thir%pproach include the Igrg_e_ number_of (_1|agrams which must
section, followed by the conclusion. The results gfaelas- be evaluated and ambiguities in adjusting the parameters of

tic scattering study which checks some aspects of the daltge theory.

analysis are contained in the Appendix along with additiona| '€ third category of dielectron production mechanisms
information on the acceptance correction. Is pion annihilation. This can occur when oppositely charged

pions annihilate in the hot pionic gas produced in a heavy-
ion collision[1]. Dielectron production due to two pion an-
A. Dielectron production mechanisms nihilation is well described by the vector dominance model
(VDM), producing a continuous mass spectrum with a
rominent enhancement at thenass. AtT=4.88 GeV there

, o f h ¢ diel ¢ l's sufficient energy to produce up to twelve pions, but in
gies ranging from 1 to 5 GeV, the sources of dielectrons fall;, 1o b+ nucleon collisions the magnitude of the pion an-

into three genﬁlral'categorieﬁlz h'?‘ogon decay,'brer;sstraﬁlunlgih”ation source relative to the other dielectron sources is a
and pion annihilation. We will briefly summarize these t rees_ubject of controvers{21,25,26.

categories and then discuss some of the unresolved theoreti-
cal issues about the dielectron mass distributions they pro-
duce. For an alternative explanation of dielectron production
based upon a soft-parton-annihilation model, see R&4. In order to disentangle the contributions of the different
Any hadron which has a decay branch leading to reaHielectron sources it would be useful to know the shapes of
photon production will also have a decay branch which prothe mass spectrum for each individual mechanism. In this
duces a dielectrofiL3], albeit with a lower probability. Had- section we will consider the uncertainties in the mass spectra
ron decays can be divided into two subcategories: two-bodghapes of processes mentioned above.
and Dalitz(multibody). Only four particles are produced in ~ The shape of a dielectron mass spectrum produced by a
our beam energy range which exhibit two-body decay to arvector meson decay is generally assumed to be a Breit-
electron-positron pair: the®, p, w, and¢ mesons. However, Wigner distribution centered on the meson mass. However,
the branching ratio ofrf°—e*e™ is so low that this channel as Winckelmanret al.[26] recently pointed out, under some
can be ignored. There are several hadrons which underggrcumstances the shape of the mass spectrum produced by
three-body Dalitz decays, including th& resonance meson decay may deviate strongly from this assumption due
[3,14,19 and the neutral mesoh$6] #°, 7, andw. Unlike  to phase space limitations. This can occur becausesons
two-body decays which can produce recognizable peaks iproduced through the decay of baryon resonances such as the
the invariant mass spectra, Dalitz decays produce continuoud;s,, and the Nggo have only limited phase space available
mass distributions, making the isolation of their individual for decay and thus the mass distribution peaks at lower val-
contributions a more difficult task. Estimation of the roles of ues. For theoretical comparisons with the 4.88 Ggyvand
specific Dalitz decay sources is somewhat easier inpthe pd dielectron data, this modification of themass distribu-
system since one can compare the shape of the mass speditm may play an important rolg26] in filling in the mass
above and below the absolute energy threshold for the forregion from 0.50 to 0.70 Ge¢f. Some of the previous the-
mation of a source. oretical calculations which did not include this effect could
Dielectron production from bremsstrahlung processesiot fully account for the observed cross section in this mass
forms the second category of sources. Early predictions inregion for these systenj&1].
dicated thatpp bremsstrahlung would be negligibl&] and The shapes of ther® and # dielectron mass spectra cre-
that pn bremsstrahlung would grow to dominate the dielec-ated in hadron-hadron collisions are well explained using the
tron yield as the beam energy increased from 1 to 5 GeWDM form factor (see Ref[16] for a thorough review of
[17]. This view had to be reexamined when thd/pp di-  electromagnetic decays of mespnBor the 7° the Dalitz
electron yield ratio aT =4.88 GeV was found to be onky 2 decay mode dominates and the two-body decay mode can be
[8,9]. The early predictions followed from considering only ignored. Thew Dalitz decay is believed to deviate strongly
the “elastic” channel(two nucleons and a dielectron in the from VDM but to date only one measurement of its form
final state and utilizing a nonrelativistic approximatiga8].  factor has been performed. Although the shape ofuttizal-
Subsequent studid49,20 showed that this approximation itz decay spectra is critical for understanding the hadron con-
was not valid in this energy regime. It was also found that atributions to the low mass continuum at ultrarelativistic bom-

A dielectron is an electron-positron pair which results
from the decay of a massive virtual photon. For beam ene

B. Shapes of dielectron mass spectra
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barding energief27], for the energies considered here the dependent component of this inefficiency which will affect
cross section is small enough that the shape is not importatite shape of the mass spectra. We now know that all of the
(8]. DLS data taken before 1990 show signs of this trigger inef-
There is a high degree of uncertainty in the shapes of théiciency, but we lack sufficient diagnostic information to cor-
bremsstrahlung and Dalitz decay mass spectra. They both rect the publis_hed cross sections. For this reason, we suggest
depend on the coupling of the proton to the virtual photonthat data publlsh.ed from data runs before 1990 no longer be
through the proton electromagnetic form factor. The timelikeused for comparison with theory. We have correctedpthe
form factor has been studied for dileptons with masse@nd pd data sets for this inefficiency and will describe the

greater than twice the proton mass through the reactioRrocedure in the section on the normalization of the data.
— o . Much of the interest in low-mass dilepton production in
p+p—e +e" and its inversg28,29. Lower mass dilep-

. . . hadron-hadron collisions has focused on the possible exis-
tons cannot be studied using these reactions and are theref%q]ce of anomalous, i.e., previously unknown, sources

;aid to reside_in the “unphysical” region since their prOdF’C'Above T=10 GeV, observations of dilepton production in
tion WOUIO.I violate  momentum and_ energy conservationg, coss of that predicted for conventional sources such as
However, in bremsstrahlung and Dghtz decay the proton - dron decay have been reported in the j3&L Recently,
goes off-shell and can therefore emit lower mass dlelectronsthe HELIOS Collaboration at CERN was able to explain the
so the form factor in the unphysical region is a crucial ele’low-mass dilepton yield in 450 Gew/pBe interactions in

ment in'predic.ting the shape of the mass spectrq. One Werms of a hadron decay ‘“cocktail[27], placing an upper
proach is to simply extend the VDM form factor into the limit on any new source of electron pairs at 4096% con-

unphysical region[21,3_0,3]]. Se_veral theoretical studies 000 level The two most important new elements of the
have concluded that this extension of the VDM form faCtorcocktaiI were the use of the proper form factor in the

may produce an enhancement in the d!e_lectron spectrum g, it decay and a large increase in the cross sectiomfor
the p-w mass in nucleon-nucleon collisions at 2.1 GeV ooy, ction. On the other hand, measurements-6A& col-
[31,b33£hThUS7t thi dat? ptres_ented he_re rray aIIO\;v oge t Isions at 20@ GeV appear to show an excess of dielectrons
probe the proton form factor in a previously unexplored ré-gp5yve the predictions of the appropriate cocktail, reigniting

gion. o the interest in the search for anomalous souf8&
The shape of the mass distribution produced by the two In the quest for uncovering new physics in anomalous

plo;tﬁnnlhllatlort\ SOlg.C? _gegendsf fhn bc_)th VIEI)_L\‘A forrlnde‘Ctorsources, the expected sources are generally seen as back-
and the momentum distribution of the piditg. The validity ground. However, from the standpoint of heavy-ion physics,

of VDM form factor for the pion is well established 6] detailed understanding of the conventional sources may pro-
vide unique information about the properties of excited,
C. Other measurements compressed nuclear matter. For example, the dielectron de-

Early studies of electron production detected only singlecay of theA provides information on resonance formation
electrons. Abovél =10 GeV, single-electron measurementsand dynamics within the fireball which is not available from
at low p, exhibited ane/ ratio of ~10~2 [33], while be-  the pionic decay channel since the pions interact strongly
low T=1 GeV no electron signal was found down toelar ~ With the surrounding matter. In-medium modifications of
ratio of ~107° [34]. This suggested a threshold in electron vector mesons would create corresponding modifications in
production between 1 and 10 GeV. However, these singl@ll the decays which obey the VDM. Of course, the ability to
electron experiments could not provide any information onextract information from the dielectron continuum in heavy-
the mass or kinematics of dielectrons. Measurements peton reactions is ultimately dependent upon the ability to iso-
formed with the DLS using+ Be (pBe) interactions from 1 late the .contribgtions of the various sources in nucleon-
to 5 GeV[35] confirmed the existence of a rapid rise in the hucleon interactions.
dielectron cross section as a function of beam energy for pair
masses greater than 200 Me¥/(above ther® mass. How- Il. EXPERIMENTAL DESCRIPTION
ever, three factors made it impossible to reach quantitative
conclusions about the nature of the electron pair sources: the
low statistics of the data, the combination of beth andpn The DLS is a twin arm magnetic dipole spectrometer, and
interactions in the same data sample, and the blurring of this described in Ref.39]. Proton beams were provided by the
particle thresholds due to the Fermi motion of the nucleongevatron withT=1.04, 1.27,1.61, 1.85, 2.09, and 4.88 GeV.
in the Be nucleus. The present data set removes all of thedeor the data presented in this report, the solid target holder
complications, making it easier to disentangle the continuunglescribed in Ref[39] was replaced by a cylindrical cryo-
sources. genic vessel filled with liquid hydrogen, as describedlifl.

The experimental conditions and efficiencies are undefrhe data was acquired in three periods~ef month dura-
much better control for the nepp andpd data sets than for tion each, distributed over a period of three years, as sum-
the olderpBe runs. In particular, we have found that the marized in Table I.

DLS exhibits a count rate dependent trigger inefficiency. Electrons were distinguished from hadrons using two ar-
This effect was not noted in thpBe data until a recent rays of threshold €renkov gas radiators coupled to photo-
reanalysis of thd = 4.9 GeV data was performd@6]. This  tubes[39]. In each arm, one bank of countdfsont Ceren-
reanalysis found ar-80% loss of efficiency due to the high kovs) was placed upstream of the dipole field and a second
count rates in the 4.9 GeWBe system which was not cor- bank (rear Gerenkov$ was placed downstream of the field.
rected for in the published cross sections. There is also anglrrays of plastic scintillator slats were also placed before

A. Apparatus
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TABLE I. Summary of DLS hydrogen target running periods.  The ratios from the remaining systems with sufficient statis-
tics for an estimate of the target in to target out ratio are

Date Beam energieGeV) consistent with these values.

September 1990 4.88

August 1991 1.04,1.61,2.09 B. Background subtraction

June 1992 1.27,1.85,4.88 Data for like-sign(LS) pairs and opposite-sigi®S) pairs

were acquired simultaneously. The “true” pairs, i.e.,

and after the dipole fields in each arm. The trigger waselectron-positron pairs arising from a single electromagnetic
formed from an eightfold coincidence between the twar-C  Vertex, form a subset of the OS sample. The remaining OS
enkovs arrays and the two scintillator arrays in each of théairs make up the opposite-sign backgroy®@$BK) which
two arms. . must be measured or reconstructed and subtracted from the
The hadron rejection power of theeé@nkovs for each OS sample. Background events are presumed to result from a
arm is on the order of a few times 1 As a result, no combination of at least two instances of the following pro-
significant hadron component was found in the dielectrorcesses within the resolving time of the apparatusonver-
triggered data. Any proton contamination would be apparension, 7° Dalitz decay, Compton scattering, and hadron misi-
in the time of flight spectra since they have a lower velocitydentification.
than electrons. In addition, scintillation by hadrons in the Qver the years, the DLS Collaboration has refined its
Cerenkov counters would have resulted in a low amplitudgechniques for estimating the OSBK as increases in dielec-
component in the €enkov ADC spectra. Neither of these tron statistics have allowed more detailed studies. Early on,
diagnostics showed significant evidence of hadron contamife gistribution of the electrons in the combinatoric back-
nation. In any case, hadrons which were not rejected by thg.o,nq was found to be equivalent to that of the positrons
Cerenkov requirements are eliminated during the backyyithin the limits of the available statistics. Under the as-
ground subtraction described below. sumption that the distributions of single electrons and single
The momenta of the electrons were extracted by reconsgiirans are identical, the OSBK should be identical to the
structing their paths through the magnetic field using spacgg sample and the true pairs can be obtained by simply
points from three drift chambers in each arm, one before a”gubtracting the LS sample from the total OS sample. This
two behind the dipole field§39]. The invariant massni),  technique was employed in the analysis of the early, lower
transverse momentunp(), and laboratory rapidity)) of  gtatistics DLS datd5,6,35,40,41 However, for the much
the parent virtual photon were reconstructed from' the MOKigher statistics data samples reported here, a momentum
menta of the two electrons. The RMS mass resolution of thgjependent excess of electrons over positrons was found in
spectrometer is=10% of the mass, independent of mass. e |S sample. One reason for this asymmetry could be

In order to check our overall normalization and our ability compton scattering of photons which generates electrons ex-
to correct for various efficiencies, we have studied pipe clusively.

elastic scattering cross section. Qup elastic measurement | circumstances where the electrons and positrons have
at 1.27 GeV is consistent with previous studies. We wergjjitferent source properties, it is possible to determine the
also able to use the elastic scatterln_g events to verify thaf[ OWhape of the combinatoric OSBK via mixing of electrons and
momentum scale was correctly calibrated. See Appendix Ayositrons from LS pairs across different events. The size of
for details. . the OSBK using this algorithm is compared in Fig. 1 to the
Data were taken with the target empty for some of thegg and true pair samples for thel system at 1.04 and 4.88
beam and target combinations in order to estimate the backsey. an advantage of this approach is that a very large
ground due to electron pairs produced in interactions bepggk sample can be produced. However, systematic errors
tween the beam and the target assembly. Due to a targgiay pe introduced by this method since the OSBK derived
malfunction, the target could not be emptied for three of the&om the event mixing technique may fail to reproduce subtle
systems studied in 1992. In addition, the number of pairgqrrelations in the actual OS background. For example, the
observed was= 10 for six systems during the empty target {rye packground must not violate conservation of energy on
running. These yields are too small to allow direct subtracyp event by event basis, while the event mixed background is
tion of the empty target background. Of the fourteen beamyot similarly constrained. We could not evaluate the accu-
energy and target combinatiohsnly five contained an ad- yacy of the event mixing technique directly since we had no
equate empty target pair sample for subtraction. Thereforqndependem measurement of the OSBK. However, the LS
no subtraction of the empty target data has been performeghmple is also composed of purely random coincidences, and
for the data presented here. This does not adversely affect theyas directly measured. Any systematic bias which affects
quality of the data because the background is quite small. Fge generated OSBK should become apparent if one com-
the data set with the largest empty target sample, 4.88 Ge}ffares the measured LS sample to a LS sample generated by
from 1990, the target full to target empty ratio was found togyent mixing. In order to evaluate such biases, we compare
be approximately 10 for thpp data and 20 for thed data. iy Fig. 2 an event mixed estimation of the LS sample with
the actual measured LS sample for the 1.04 and 4.88 @kV
data. The estimates of the systematic uncertainty in the

2We have six beam energies and two targets, but the 4.88paeV shapes of the differential cross sections shown in the follow-
andpp were each measured twice, so there are a total of fourteeing figures were derived in part from comparisons such as
systems. these.
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107" 1 was minimized by placing a requirement on the minimum
1.04 GeV p+d 4.88 GeV p+d pulse height, equivalent to two tenths the average electron
¢ opposite sign ¢ opposite sign Signa|_
] © . .
w2 Lo * 0S background i*i@@ ¥ 08 bockground | - Since both members of a dielectron generated by a photon

P — true X o — true

conversion will often go into a single fronteBenkov counter
due the pair's small opening angle, it will produce arén-
kov pulse height which is twice the size of that produced by
3 5 16 a single electron. A limit was placed on the maximurarC
enkov pulse height to suppress this background.
The effect of the minimum and maximurmre@nkov pulse
-3 height cuts on the front &enkovs was evaluated by com-
paring the cuts with the shape of the full pulse height spectra.
The efficiency of the rear €enkovs was evaluated using
lead glass calorimeter elements located at the exit of each
3 10 arm. The lead glass and fronefenkovs were used together
* to select samples of good electron tracks and the response of
the rear @renkovs to these tracks was evaluated. Overall,
Jf ‘ L s the total @renkov efficiency for detecting a dielectrsig-
0 025 05 075 1 0 025 05 075 1 nals in all four countepswas found to be 93.8%. Any re-
Mass (GeV/c?) maining hadron contamination is removed in the background
) _ ) subtraction._

FIG.. 1. The magr]ltudes of the combinatoric background are The rear @renkov counter in each arm are divided into
shown in arbitrary units for thed system at 1.04 and 4.88 GeV. oy modules above and ten modules below the spectrometer
gzﬁogctlﬁz ?)Eg?)tseitéhzi;r?pl?;étlf;cl)%afgsgli)sss;gstﬁgag’]et:gr;:::js midplane. The top modules were found to be less efficient

oo L iy o than the bottom modules, leading to a loss of 9.3% to 16.7%

from the like-sign(LS) pairs via event mixing, and the solid histo- . . . .

grams dencte the true pair spectiaie samples o_f pairs, depending on.the data set. The cause of this ineffi-
ciency was not determined.

The Gerenkov counters reduced the hadron contamination

sufficiently so that it was not necessary to use time of flight

Several cuts were used to minimize the OSBK, thereforecuts to further distinguish hadrons from electrons. However,
the overall normalization must be corrected in the final speceuts were placed on the time differences between tracks in
tra. For example, hadrons may be misidentified as electrongie two arms of the spectrometer to minimize random coin-
if they scintillate in the @renkov gas. The scintillation of cidences between unrelated events. These cuts resulted in no
hadrons produces a relatively weak signal compared to thsignificant loss in pair efficiency for true pairs.

Cerenkov radiation of electrons, so hadron misidentification Most events contained only two electrons. Events which
contained more than two were found to yield equal numbers
w0 ; of LS and OS pairs, implying that all of these events were
1.04 GeV p+d (same sign) 4.88 GeV p+d (same sign) due to combinatoric background. Rejecting these events
¢ measured ¢ meosured from the analysis resulted in a further 2.1% loss in pair effi-
Ll s ¥ generated o8, % generated . ciency, indicating that true pair events rarely contain addi-
10 F 3 710 tional electrons.
8 The tracking efficiency for dielectrons due to drift cham-
* 2 ber wire plane and algorithmic efficiencies was evaluated for
-3 i : -2 each data set and varied from 47% to 66%. The low end of
¢ the efficiency range was caused by a hardware problem
% H which affected the drift chambers for some of the data sets.
% @2 In some data sets, we also found that there was a reduction in
0k * 3 ﬁ 1 16’ the tracking efficiency at small angles with respect to the
x beam. We have corrected for this effect by applying a mini-
x mum angle requirement to eliminate the data which was
-5 % * -4 most strongly affected and by applying an angle dependent
* efficiency correction to the remaining pairs. The same mini-
¥ m # mum angle cut was applied to all of the data in order to

do/dM (arb. units)

C. Normalization

X
O

do/dM (arb. units)

simplify comparisons between data sets. This cut has the
16° effect of increasing the minimum pair opening angle which
the DLS can measure, decreasing the DLS acceptance for
low mass pairgbelow 0.2 GeV¢?). Therefore, the definition
FIG. 2. The measured like-sigitS) mass spectrécircles are  Of the DLS acceptance regidgiscussed belowhas been
shown in arbitrary units along with the generated LS SpdGlHIQ. recalculated for the current data set. Due to the Change in the
This comparison tests the event mixing procedure fopttisystem  angular acceptance of the spectrometer which results from
at 1.04 and 4.88 GeV. the minimum angle cut, we are not able to present data for

0 025 05 075 1 0 025 05 075 1
Mass (GeV/c?)
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TABLE II. Normalization correction factors for the 1.04 GeV TABLE llI. Overall systematic normalization uncertainties by

pp system are shown as an example of the corrections for detect@ystem.

inefficiencies and analysis cuts.

= Beam energyGeV) pp pd pdpp
Cerenkov electron identification cuts 1.07

Top Cerenkov inefficiency 1.07 1.04 +23% +23% +32%
One pair per event cut 1.02 1.27 +22% +30% +31%
Tracking efficiency 1.21 161 +23% +23% +32%
Track y2 cut 1.05 1.85 +23% +23% +32%
Right arm inefficiency 1.48 2.09 +23% +23% +32%
Rate dependent inefficiency 1.77 4.88 +15% +12% +19%

5 cross sections presented in this paper. However, they must be
masses below 0.10 Gedi. A cut placed on thee® of the  taken into consideration when comparing with theoretical
reconstructed tracks resulted in a loss of 4.5% of the dieleGpredictions. Overall systematic normalization uncertainties

tron pairs. ) for the pd/pp ratios are also shown in Table Ill.
The time averaged detector count rates were monitored to

insure that they did not exceeded the capacity of the trigger
electronics. For about half of the beam/target combinations .
we also acquired a small subset of the data at lower count The techniques employed by the DLS group to correct for
rates than those in our standard running conditions. Compathe spectrometer's geometrical acceptance have been refined
ing data acquired at low detector count rates to that taken @S the size of our pair sample has increased. The philosophy
normal count rates allowed us to check for any rate deper€hind Fhe acceptance correction is described in detail in
dent trigger efficiency. When we analyzed the results we did\Ppendix B.

find a significant rate dependent trigger inefficiency, espe- The acceptance region is the volumernmp, -y space
cially in the data acquired in 1990 and 1991. |mprovememyvithin which our simulations indicate that it is possible for

in the triggering electronics helped to minimize this problemus to reliably report the cross section. For the current data
in the 1992 data. The inefficiency was believed to be due t&€t, we have enlarged the definition of the acceptance region
high frequency structures in the beam provided by the Bevaslightly in some areas, restricted it in others due to the track-
tron. Although the count rates were below the limit of the ing inefficiency at small angles discussed earlier, and refined
trigger electronics when averaged over long time scales, weur definition of the edges in general. These changes prima-
found that they were exceeding the limit when evaluated orilly affect the mass spectra only in the region below
the shorter time scales relevant to the trigger electronics, of-2 GeVE?>. This change in the definition of the acceptance
the order of hundreds of nanoseconds. This was confirmetggion requires that all those who wish to compare theory
using a delayed coincidence rate monitor during the 199avith this DLS data obtain a copy of version 4 of thep, -y

runs which was sensitive to the high frequency structure irfilter code, available from the authors upon request. In addi-
the Bevatron spill. In order to correct for this inefficiency, we tion to filtering the theory through the acceptance region, the
evaluated its count rate dependence for data sets taken #€ory must also be smeared according to the DLS resolution
both normal and low count rates, and we assumed the sanfgfore projecting oum, p,, ory spectra for comparison
dependency for data sets taken only at the normal rates. THéth the data. This smearing is now included as an option in
1990 data sets suffered efficiency losses of up to 56%, whilghe DLS filter code. The DLS acceptance strongly affects the
some 1992 data sets exhibited no efficiency loss. Note thahapes of the mass spectra below 0.20 ®8\¢hd the entire

the cross sections for the 1990 data presented in previougnge of the transverse momentum spectra and rapidity spec-
DLS publications[8,10] were also corrected for this ineffi- tra. The extreme edges of the DLS acceptance for this data

D. Acceptance correction

ciency. set are 0.£m=1.25 GeVt?, 0.0<p,<1.2 GeVk, and
For illustrative purposes, all of the normalization factors0.5<y<1.7.
for a typical data set1.04 GeVpp) are shown in Table 1. An example of the effect of the acceptance correction is

The uncertainties are less than a few percent for all of théhown in Fig. 3 for the 4.88 Ge\bd mass spectra. The
correction factors except for the rate dependent efficiencyincorrected spectra is multiplied by a factor of 100 in order
correction. This correction has a much larger uncertaintyto facilitate the comparison. Note that the acceptance correc-
since the data sets taken at low count rates in order to evaldion is largest for the lowest masses. This is because the
ate the rate dependent effect contained low statistics. For trgpectrometer’'s acceptance is more restricted for low mass
1.04 GeVpp system, the uncertainty in the rate dependenairs due to their smaller dielectron opening angles.
correction factor is 23%, dominating the other sources of

systematic uncertainty in the normalization. The same situa- Ill. DIELECTRON CROSS SECTIONS

tion holds true for all of the other data sets as well. There-
fore, we have taken the uncertainty in the rate dependent
efficiency correction as an estimate in the overall normaliza- Invariant mass spectra for thed and pp systems are
tion uncertainty. These uncertainties are listed in Table llidenoted by filled and open circles respectively in Fig. 4 for
for each system. Since they do not affect the shape of ththe six beam energies. The kinematical upper limit on the
spectra, they are not displayed in the plots of differentialpair mass produced in thep system is indicated by a dotted

A. Mass spectra
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FIG. 3. The uncorrected true pair mass spe@iales are com-  systems are presented as a function of mass. The dashed lines indi-
pared with the acceptance corrected spe@tiars. The uncorrected — cate the kinematical upper limit on the pair mass in pipesystem.
yield has been multiplied by a factor of 100 to facilitate the com-Note that the vertical scale changes for the bottom row.
parison.

o ) The error bars on each data point indicate only the statistical
line in the lower portion of each panel except for the 4.88,certainties. The brackets above and below the low mass

GeV data setlwheredyhe I|m|td|s olescaI(_al.l Nlcl)te that_ the mbo'data points indicate our estimate of the systematic uncertain-
mentum resolution IScussed earlier will allow pairs 10 DCies in the shape of the spectra in this region added linearly
reconstructed above the kinematical limit in thp system.

with the statistical uncertainties. The overall normalization
uncertainties are not shown in the figure since they do not
s . E=1.04Gev | . B=1.27GeV affect the shape of the distributions. The standard bin width
: is 50 MeV/c?, however, some of the points have been re-
binned to take the sparse statistics into account. The bins
with enlarged widths are indicated by horizontal bars. All of
the differential cross section plots which follow are dis-
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played in the same format.

The shape of these mass spectra changes dramatically as
the beam energy is increased. At 1.04 GeV, ftkcross
section has a different mass dependence and is nearly an
order of magnitude greater than the cross section. As the
beam energy increases, the shape difference disappears and
the pd cross section becomes approximately twice phe
cross section at all masses.

In Fig. 5 we show thgd/pp dielectron yield ratios as a
function of mass for the six beam energies. These ratios were
published previouslyf9]. These and all other yield ratios
presented here are not corrected for the DLS acceptance
since we found that the corrected ratios agreed with the un-
corrected ratios to within the statistical uncertainties. Only
the statistical uncertainties are included in the vertical bars in

FIG. 4. Acceptance-corrected mass spectra for le(filled this figure. The overall normalization uncertainties on the

circles andpp (open circles systems. The error bars are statistical Pd/PP ratio do not affect the shape of the ratio distribution
and do not include the normalization uncertainties shown in Tablénd are not displayed in this figure. Tpel/pp ratio distri-

I1l. The brackets above and below the low mass data points indicatButions as a function of transverse momentum and rapidity
systematic uncertainties in the shape of the spectra. The dash¥¢hich follow are also displayed in this format. Differences
lines indicate the kinematical upper limit on the pair mass inghe  between the ratios presented here and those presented previ-
system. Note that the finite mass resolution of the DLS allows reously for the same data sg] are smaller than the overall
constructed masses to exceed this limit. normalization uncertainties on the ratios.
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The general trends of the mass dependence optiipp
ratio are reproduced by theories which contain mixtures of
bremsstrahlung and hadron de¢&y,42,43. The increase in
thepd/pp ratio as a function of increasing mass at the lower w0 L %ﬁ# | ﬁi?

¢ 1.04 GeV p+p (X110) ¥ 1.04 GeV p+d (X28)
c|: 1.0 A-GeV d+Ca c|: 1.0 A<GeV d+Ca

beam energies can be attributed to at least three mechanism
First, since the largest possible pair mass is higher fopthe
system than for th@p system due to Fermi momentum and
coherence effects, there must be an enhancement in th
pd/pp ratio at thepp kinematical limit[32]. The largest

%))

(GeV/c
e
e
-

—&
e

masses in thep system are indicated by dashed lines in the > fﬁ Jf
figure. A second mechanism which has been proposed t3 ' | 3 .
explain the mass dependence of fié/pp ratio at the lower 3 * i
beam energies is interference between the bremsstrahlun o

and the A Dalitz decay contributions at high dielectron © \%

masse$31]. In the pp system this interference term is larger :
relative to the total dielectron cross section than in pide .
system at low beam energies. This effect becomes less im 10 - o

portant as the beam energy is increased and additional di

electron production channels open up. A third mechanism

which can cause thpd/pp ratio to increase as a function of P I L L .
mass is they Dalitz decay contribution. The cross section for 0 0.2 0.4 0.60 0.2 0.4 0.6
7 production in thepn system is almost an order of magni- Mass (GeV/c?)

tude greater than in thpp system near the; threshold of
ga_slbzesesn G;Xi[tij‘rt]é :“tg ttn‘?s'aérgggfé]p pTLae“‘(’ji?rteie'izeGEX_ the pd (filled squaresand pp (filled circles systems at 1.04 GeV
duction inpo andon CO||iS.iOHS decreases as the are compared to a mass spectrum_frdm Ca (open squa_re)_sat
Egii? Zr?é(r)g; increas%24] sg) the# Dalitz decay contribu- ;'SOA Gev. Thepd andpp cross sections have been multiplied by
o ; d ) and 110, respectively. The fit is described in the text. @he
tion is expected to push thed/pp ratio towards smaller | ca date45] and the fit are taken from Portet al.
values at the higher beam energies.
A comparison of the 1.04 GeV mass spectra with recentlyexplained by subthreshole) production alone in the 1.04
published data fod+ Ca (dCa) at 1.0 A Ge\f45] is shown  GeV data.
in Fig. 6. The shapes of thed anddCa spectra are practi-  Returning to Fig. 4, it is informative to note that the shape
cally identical, but thepp spectrum drops off more quickly of the pp spectra changes abruptly as the beam energy goes
with mass than th@d anddCa spectra. The difference be- over the threshold for, production at 1.27 GeV. This obser-
tween the shapes of thed or dCa spectra and thep spec-  vation is consistent with theoretical calculations which indi-
trum is reflected in the increase of tipel to pp ratio as a cate thaty Dalitz decay should become the dominant source
function of mass discussed earlier. The dashed line in thef low mass dielectronsnf<0.5 GeVk?) in p-nucleus col-
figure is from a fit to thedCa data using a model consisting lisions as the beam energy is increased from 1 to 2 32y,
of 7% and subthresholdy mesons only. The meson momen- The shape change is also apparent inglespectra.
tum distributions are assumed to be isotropic and thermal;, At T=4.88 GeV, well above the 1.86 GeV threshold for
for more details see Ref45]. The normalization of ther®  production of thep and  mesons, a peak appears in the
and » Dalitz decay contributions are independently adjustednass spectra near the mass of these vector mesons. This peak
to fit the dCa data. The calculation provides a satisfactoryis more prominent than in early presentations of the same
match to both the thdCa andpd mass spectra shapes. data[8,10] since refinements of the DLS analysis procedures
These comparisons suggest that the lggdépp ratio at  have improved the spectrometer’'s mass resolution. However,
T=1.04 GeV might be due to subthreshejdn the pd sys-  the mass resolution of the DLS spectrometer is still not suf-
tem. In order to further investigate this possibility, we com-ficient to distinguish between the contributions of the two
pared the difference between thd andpp dielectron cross vector mesons. There are at least three possible vector meson
sections with a theoretical calculation of thecontribution.  production mechanisms operating at this beam energy: pro-
The mass dependence of the resulting spectrum was found tluction of p and w mesons,m— = annihilation[21,25, and
be very similar to that expected fromdecay, but the inclu- VDM in bremsstrahlung and the decays of baryon reso-
sive n production cross section that was required to accountanceq31].
for the difference between thed andpp dielectron data was The widely assumed extension of VDM to the off-shell
240+ 60 ub. This is a large value relative to the measured proton-virtual photon vertex has been predicted to produce
production cross sections near threshdlfll. Furthermore, a enhancement in the mass spectra at themass for T
calculation of they decay contribution at 1.0 GeV in thed =2.09 GeV[31,32. The lack of a prominent vector meson
system including Fermi momentum of the deuteron and geak in the 2.09 GeV mass spectra may provide information
short range nucleon-nucleon correlation concluded that thebout the validity of extending VDM to the proton in this
total cross section for; production would be about b  kinematic region. However, the degree to which the proton is
[43]. Thus it is unlikely that the entire enhancement of theoff shell is predicted to affect the strength of the VDM form
pd cross section over that of thep cross section can be factor, weakening the magnitude of the enhancement ai the

FIG. 6. The shapes of the acceptance-corrected mass spectra for
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FIG. 7. Acceptance-corrected transverse momentum spectra for FIG. 8. Acceptance-corrected transverse momentum spectra
the pd (filled circles and pp (open circley systems. Only pairs from the 1.04 Ge\pd system with(starg and without(circles the
with masses greater than 0.15 Ge¥hre included. The error bars contribution from pairs with masses less than 0.15 G8V/
do not include the normalization uncertainties shown in Table III.
The brackets above and below the low transverse momentum data The laboratory rapidity dependence of the cross section
points indicate systematic uncertainties in the shape of the spectrfgr masses greater than 0.15 Ge¥/is shown in Fig. 10.
The position of the arrows indicates midrapidity for eqqh
) ) ) 0 . ! . .
mass. The impact of this effect must be determined from th&ystem. The low mass™ Dalitz decay pairs would primarily
calculations of the strong-interactioh matrix [43,47,48.  contribute to the highest rapidities, again due to the spec-
Unfortunately, elastic nucleon-nucleon scattering does nof©Meter acceptance. Th'ﬁf 'E Qemonls,trated fc;: the 10?; Gev
provide enough guidance to determine the strong-interactiofd data set in Fig. 11 which is displayed with and without

T matrix uniquely. It has therefore been suggested that e low mass gontrlbgtl_o_n. Th's conce_ntratlon of the low
“cleaner” process for probing the form factor of the off- mass pairs at high rapidities is present in all of the data sets

shell proton would bey+p—p+e*e which is purely since it is primarily an acceptance effect.
electromagneti¢49].

E,=1.04 GeV E=1.27 GeV
15 F F
B. Transverse momentum and rapidity spectra +

greater than 0.15 Ge¥? are shown in Fig. 7, with the open 5
and filled symbols denoting thep andpd systems, respec-
tively. The standard bin width is 50 Me¥/ however some
of the bins have been enlarged and these are plotted witl
horizontal bars. Excluding masses less than 0.15 Gepti-
marily removes the contribution fromr® Dalitz decay.

Transverse momentum spectra for pairs with masses 1° '_ " - +
A +

E,=1.85 GeV

io pd/pp

o

o

ﬂ\

!

(9]

@

o

o
T
T

Yield Rat
w
n
L ]
-

.

-

—.—

—
>
D
(%]
D
]
e
=
(%]
=
o
=
o
(@]
o
>S5
—
=
o
c
—
(0]
—
o
—
>
D
(@]
=
(@]
)]
(%]
(%]
D
Q
=
o
o}
=]
—
>
(0]
o}
s

p, region for all of the beam energies studied. This is dem- §
onstrated in Fig. 8 which shows the 1.04 Gp4 data with
and without the low mass contribution. This effect is prima-
rily due to the DLS acceptance which restricts the contribu-
tion of 7% Dalitz and other low mass pairs to lgwy because 4 b i
of their small dielectron opening angles. See R&@)] for a ., + + ;
detailed study of the relationship between the mass anc ] ]
transverse momenta spectra for the high statistics 4.88 Ge\
pp and pd data.

The shapes of thpd andpp spectra in Fig. 7 are gener-
ally featureless and quite similar to one another. This is also  F|G. 9. The ratios of the dielectron yields in tipel and pp
apparent in thepd/pp yield ratios which are shown in Fig. 9 systems are presented as a function of transverse momentum. Only
as a function ofp, . Again, pairs with masses less than pairs with masses greater than 0.15 Ge?dre included. Note that
0.15 GeVE? have been excluded from the plot. the vertical scale changes for each row.
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FIG. 10. Acceptance-corrected laboratory rapidity spectra for
the pd (filled circles and pp (open circleg systems. Only pairs FIG. 12. The ratios of the dielectron yields in tpel and pp
with masses greater than 0.15 Ge¥/are included. Arrows are systems are presented as a function of laboratory rapidity. Only
used to indicate the position of midrapidity for each system. Thepairs with masses greater than 0.15 GeAdre included. Note that
error bars do not include the normalization uncertainties shown irthe vertical scale changes for each row.
Table 1. Note that the vertical scale changes for each panel.

be symmetric around midrapidity. We have exploited this

As was the case for thp, spectra, the shapes of the @ssumption in Fig. 13 and reflected the measyedapidity
rapidity spectra for thepd and pp spectra are similar. The CTOSS section arzound _mld-rapldlty for pairs with mass greater
pd/pp vield ratios are shown in Fig. 12 as a function of than 0.25 GeVe*. A higher value was chosen for the mass
rapidity. As in Fig. 10, pairs with masses less thanCut than in the previous plots in order to reduce the rapidity
0.15 GeVt? have been excluded from the ratio plot. dependence of the DLS acceptance region. Although thg ac-

The mass equivalence of the target and projectile in th&eptance still has a strong effect on the shape of the rapidity

pp system allows one to assume that the cross section must
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0 0.6 08 1 1.2 1.4 16 FIG. 13. Acceptance-corrected laboratory rapidity spectra from
Laboratory Rapidity the pp system measuregtircles and reflected around midrapidity

(starg. A pair mass lower limit of 0.25 Ge\? was imposed to
FIG. 11. Acceptance-corrected laboratory rapidity spectra fronreduce the rapidity dependence of the acceptance. Arrows are used
the 1.04 GeVpd system with(starg and without(circleg the con-  to indicate the position midrapidity for each system. Note that the
tribution from pairs with masses less than 0.15 G&V/ vertical scale changes for each panel.
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FIG. 14. Acceptance-corrected integrated cross sections for

masses greater than 0.15 Ge¥/are shown as a function of the systems are presented as a function of beam energy. Only pairs with
beam energy for thed (filled) andpp (open systems. The error  aqses greater than 0.15 Ge¥are included. The error bars are

bars are statistical while the brackets above and below the poinigagistical while the brackets above and below the points include the
include the effects of the normalization uncertainties. effects of the normalization uncertainties.

FIG. 15. The ratios of the dielectron yields in tpel and pp

spectra, the data suggest a peak at midrapidity. This is seetired values were taken from systematic normalization un-

most unambiguously in the 4.88 GeV data set. certainties.
We show in Fig. 15 thed/pp yield ratios for pairs with
C. Integrated cross sections masses greater than 0.15 Ge¥hAs a function of beam en-

_ . ergy. These ratios were published previoydy In the pre-

The integrated cross section for masses abovgioys publication, a ratio was presented for masses less than
0.15 GeV? are shown in Fig. 14. The filled and open points 010 GeV£2. We are not presenting this ratio in the current
denote thepd andpp systems, respectively. The error bars analysis because of the change in the DLS acceptance due to
indicate the statistical uncertainties while the brackets abovehe cut on the minimum angle with respect to the beam. The
and below the points represent the systematic normalizatiosrror bars indicate the statistical uncertainties while the
uncertainties added linearly with the statistical errors. Thebrackets above and below the points represent the systematic
cross section increases rapidly with increasing beam energpormalization uncertainties added linearly with the statistical
Comparing the data in Fig. 14 to the total interaction crosserrors. In the previous publication the systematic uncertain-
section[50] we find that the prodution of dielectrons in- ties in the ratios were specified in the text but not shown on
creases from 1 per 5 milliopp interactions to 1 per 65 the figure. Thepd/pp ratio decreases as a function of beam
thousandpp interactions over this beam range. Similar be-€nergy as was discussed earlier.
havior was noted for th@Be dielectron cross section over
the same energy rand85] and was described as a thresh- IV. SUMMARY AND CONCLUSIONS
oldlike phenomenon. Using this language, one could say that We have presented differential cross sections as a func-
the pd system crosses over the _threshold at a Iower bganaon of mass, transverse momentum, and rapiditypfprand
energy tharpp. No doubt the additional energy available in g collisions from T=1.04 to 4.88 GeV. The integrated
the pd system due to the Fermi momentum of the deuterorgross section is found to be rapidly increasing with beam
plays a role. energy fromT=1.04 to 4.88 GeV, as was also found to be

In Ref. [45] the dielectron cross section in nucleus-the case in our previous studies of tp8e system. The
nucleus collisions aff =1.0A GeV was found to scale as shape of the mass spectra frqp collisions changes as the
~AproX Atarg Where A is the mass number. We found that beam energy crosses over the threshold/faneson produc-
thed+Ca, HetCa, C+C, and Ca-Ca dielectron cross sec- tion, indicating the importance of the Dalitz decay compo-
tions were well described by the functien= a(Ap,OJ-At‘.,m_],)b nent. The shape of thpd mass spectrum at 1.04 GeV is
with a=0.017£0.010ub andb=1.05+0.11 for the mass found to be nearly identical to that diCa at 1.8\ GeV, but
range 0.1 GeW?<m=0.35 GeVt?. This equation predicts the pp mass spectrum falls off much more rapidly with in-
0.0170.010ub and 0.03%0.021xb for pp and pd. creasing mass. At 4.88 GeV we observe a clear peak at the
These values are consistent with our measured values @fw mass, but there is no obvious indication of a similar peak
0.014+0.003ub and 0.0610.014ub for the pp andpd  at 2.09 GeV. This may indicate a breakdown of VDM, but
cross sections in this mass region. The errors on the med#he interpretation is complicated by uncertainty in the strong
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interactionT matrix which can modify the shape of the masssetup, runs, and data analysis. We thank Al Smith for per-
spectrum. forming the beam ion chamber calibrations. We appreciate
The rapidity spectra for thpp collisions reflected about the effort from the Bevalac staff in support of this program.
midrapidity suggests that the cross section for dileptons withw.K.W. thanks Tom Cormier, Rene Bellwied, and the
masses greater than 0.25 Ge¥peaks at midrapidity, par- \Wayne State University Physics Department for their sup-
ticularly for the highest beam energies. The shapes of thgort. This work was supported by the Director, Office of
transverse momentum and rapidity spectra igr and pd  Energy Research, Office of High Energy and Nuclear Phys-
collisions are similar. The contribution from® Dalitz de- ics, Nuclear Physics Division of the U.S. Department of En-
cays appears primarily at low transverse momentum andrgy under Contracts No. DE-AC03-76SF00098, No. DE-
high rapidities within our acceptance. FG03-88ER40424, and No. DE-FG02-88ER40413.
The pd/pp ratio decreases with increasing beam energy.
This indicates that although the dielectron production cross
sect_ion inpp anq pn collisions at 4.88 GeV are nearly APPENDIX A: pp ELASTIC SCATTERING STUDY
equivalent, there is a large enhancemerpdfrelative topp
at the lower beam energies. This asymmetry has been attrib- During the T=1.27 GeV running, we also acquired a
uted to the additional energy available in §hd system due sample of proton pairs for comparison with previous mea-
to its Fermi momentum, destructive interference betweersurements opp elastic scattering. This proton pair data al-
dileptons created from bremsstrahlung @nBalitz decay in  lowed us to check of the DLS spectrometer and analysis
the pp system at high mass, and, in the case of the 1.27 Ge¥oftware performance. The standard dielectron trigger re-
data, the observed enhancementscross section ipn  quires hits in scintillator arrays in each arm as well as hits in
collisions relative to that op p collisions near they produc-  the Gerenkov gas radiators to select electrons. In order to
tion threshold. obtain hadron pairs during thep elastic running, the €r-
This data should provide a useful test of theoretical preenkov gas radiators were omitted from the trigger. In all
dictions of the relative importance of various dielectronother respects the spectrometer setup and tracking software
sources in the following manner. At 1.04 GeV in thg  was identical to that of the dielectron runs.
system, onlyA Dalitz decay ancp bremsstrahlung are ex- Pion contamination was minimized using cuts on time-of-
pected to contribute. Of the two, the Dalitz decay is con- flight vs momentum. Elasticly scattered proton pairs were
sistently predicted to dominate the dilepton production inselected by requiring that the two tracks be within 2° of
this system. As thé production cross section is constrained coplanarity. The momentum transfet) (was calculated for
by pion measurementss1], this system should provide a each pair. The geometrical acceptance of the spectrometer
first test of the various bremsstrahlung calculations\ He-  was calculated as a function ofand used to perform an
cay is found to account for thep data, the next test would acceptance correction of the data in a procedure similar to
bepd at 1.04 GeV. This should provide a stronger test of thethat used in the dielectron data. The normalization correc-
bremsstrahlung models since they predict that bremsstralions for tracking efficiency and the count rate dependent
lung will dominate here. The possible contribution of sub-trigger efficiency were calculated and applied in the same
threshold# production could be a complicating factor, but manner as they were for the dielectron data. Since a wider
substantial body of data fay production near threshold ex- range of count rates samples and higher statistics at each rate
ists. The trend in th@p and pd data as the beam energy is were available for thg@p elastic studies than for the dielec-
increased over the; threshold should provide additional tron runs, the overall systematic uncertainty in the normal-
tests of thez contribution. The comparison should then beization of thepp elastic cross section was greatly reduced.
extended toT=2.1 GeV where models which utilize the Our measurementfilled starg for the acceptance cor-
VDM form factor in the virtual photon to proton interaction rectedt distribution from pp elastic scattering events is
predict an enhancement or shoulder at phmass. Finally, shown in Fig. 16 for the 1.27 GeV system. The error bars
the proposal that decays of heavy baryon resonances wishown are statistical only. This is compared with previous
producep mesons with reduced masses due to phase spaceeasurements at 1.25 Gédpen circleg[52] and 1.27 GeV
limitations which will fill in the dilepton cross section be- (open squares and trianglel3,54]. The excellent agree-
tween then andp mass can be tested in the evolution of thement implies that we have correctly estimated the various
dilepton cross section frorfi=2.09 to the 4.88 GeV. The efficiencies and acceptance corrections for hadrons.
transverse momentum and rapidity spectra should provide The similarities between thpp elastic analysis and the
additional constraints, so the comparisons should not be limdielectron analysis confirm that there is no gross error in the
ited to the mass spectra alone. Once a model adequatelgchniques of the dielectron analysis. It does not test the
reproduces thep andpd data, it may be used to investigate correction for the @renkov detection efficiency, but this is a
the latest DLS nucleus-nucleus dd#b] to search for any small factor when compared to the overall normalization un-
deviations from simple superposition of free hadron-hadrorcertainties in the dielectron data.
interactions caused by the presence of the nuclear medium. We were also able to use the elastic scattering events to
check the calibration of the spectrometer momentum scale.
This involved the magnitude and shape of the magnetic field
as well as the positions of the drift chamber wire planes. We
The authors appreciate the help from L. Bergstedt, J. Caifound that the momentum of elasticly scattered protons was
liu, W. B. Christie, L. Dean, N. Eddy, J. Kounas, B. Luttrell, correctly reconstructed to within the expected resolution of
D. Miller, L. Risk, and J. Ryans during the experimental the spectrometer.
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' ' ' ' ‘ ! statistics. Alternately, a six-dimensional grid described by a
lookup table would be impractical due to the enormous space
required to store such a table. In addition, the data is ex-
tremely sparse when binned in six dimensions, leading to
problems in the extraction of cross sections.
] Fortunately, it is not necessarily useful to keep track of all
six variables since some of them carry limited information
] about the physics of the parent virtual photon. For example,
the azimuthal angle of the virtual photon about the beam axis
. is meaningless without a technique for characterizing the azi-
muthal angle of the reaction plane or the polarization of the
] beam. Since such information is not available, the parent
distribution will be uniformly distributed over 360°. The ac-
ceptance of the DLS iy, is somewhat limited. For these
reasons, the DLS group chooses to reduce the acceptance
region to three variables by averaging the acceptance over
the three angular variables with the assumption that the ini-
tial population of these variables was isotropic.
© 95 06 o7 o8 o8 1 KERY Compressing the six variable space to three variables
It [(GeV/c)] makes the task of filtering the theory tractable. However, it
causes the acceptance within the three-dimensional accep-
FIG. 16. The acceptance corrected momentum transjedi¢-  tance region to deviate from 100% due to incomplete accep-
tribution from pp elastic scattering events for the 1.27 GeV systemtance in the three angular variables. In order to measure the
(filled starg. This is compared with previous measurements at 1.290ss in acceptance for each point in the three-dimensional
GeV (open circles and 1.27 GeMopen squares and triangles space, we use GEANT simulations of the spectrometer’s per-
formance. For each bin im, p, , andy, we generate many
pairs with isotropic distributions in the three angular vari-
ables and calculate the losses due to the detector geometry,
The correction for the DLS acceptance is intimately tiedcreating a three-dimensional table of acceptance corrections.
to the manner in which the cross sections are reported, so wehe edges of the acceptance are not sharp in the three-
will begin by considering the options available in presentingdimensional space, so we use an acceptance cutoff and other
the data. In the following, we will refer to the region in edge characterization tests to define the acceptance region.
which the DLS is able to reliably report cross sections as théln this paper, we set the lower limit on the acceptance to
acceptance region. 0.001, i.e., we demand that at least one in a thousand pairs in
Since each electron pair requires six variables to specifia givenm, p, , andy bin are accepted, before we will
its kinematics, the acceptance region of the DLS forms gresent a cross sectigri-ollowing projection, we obtain a
volume in a six dimensional space determined by the geomspectrum which reflects the cross section within the DLS
etry of the spectrometer. Within this hypersurface, the accepacceptance region in three dimensiomap, -y space, under
tance is 100%, but it drops rapidly to 0% outside the surfacethe assumption that both types of polarization are negligible.
An example of a six-variable set which spans the space is the In an arm, an electron may bend towards or away from
Cartesian components of the 3-momenta of the electronshe beam depending on the polarity of the magnetic field.
Another example more closely tied to the kinematics of theData was taken with all four magnet polarity combinations,
parent virtual photon is the set(p, ,y,®,®p0,0p0). The  leading to four pair geometries: both particles bending to-
variablesm, p, , y, and ¢ refer to the mass, transverse mo- ward the beam, both bending away from the beam, left arm
mentum, rapidity, and azimuthal angle of the parent. Theparticle bending towards while the right arm particle bends
polarization anglegp,, and 6y, are the azimuthal and polar away from the beam, and vice versa. The acceptance of the
angles of one of the electrons with respect to the plane despectrometer is different for the four different pair geom-
fined by the beam axis and the momentum vector of theetries, especially at low invariant mass. In our previous pub-
virtual photon. After measuring the cross section within thislications, the acceptance region was defined by the average
volume, one may proceed to project the data onto a singlef the acceptance over the four pair geometry types. For the
axis without any further acceptance correction. Any theorycurrent data set we quote the cross section of a given
which is to be compared with the data would have to bem-p, -y bin if there is at least one pair geometry which has
generated in the six dimensional space and filtered, keeping sufficiently large acceptance. This choice slightly reduces
the pairs which lie within the DLS acceptance region andbut does not eliminate the impact of the DLS acceptance on
rejecting those that lie outside the acceptance. Then the préhe shape of the mass spectra at low invariant masses. More
jections of the measured cross sections and of the filtereinportantly, the new treatment of the acceptance boundaries
theory could be compared. provides a more accurate characterization of the DLS cross
There are several drawbacks to this approach. It would beections. The data from the four pair geometry types are
impossible to specify the six dimensional hypersurfacecombined using maximum-likelihood techniques.
bounding the DLS acceptance region without imposing arti- The assumption that the distributions in the polarization
ficial cuts which would drastically reduce the pair sampleangles are flat introduces little if any bias in the acceptance

s [ % DLS 1.27 GeV p+p elostic ]
%ﬂ ¢ Jenkins et al. at 1.25 GeV
7 L % E; b Kammerud et al. ot 1.26 Gev ]
TL } Williams et al. at 1.26 GeV

do/dt Imb/1(GeV/c))
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correction. Even if the polarization is strong tangling the various dielectron sourd&s]. We are currently
[1.0tco§(0po|)] the overall error in the acceptance is investigating new techniques for filtering theoretical polar-

<15.0%. However, recent publications have suggested thazation angle predictions to see if any meaningful compari-
the polarization angle distributions may be useful in disenson can be made with the DLS data.
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