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Abstract productionrequires ncelectron inthe initial state, it can
Electron capture from electron-positron gatioduction take place betweetwo bare ions, possibly limiting the
is predicted to be anajor source of beartoss for the lifetime of stored beams dfare heavyons in relativistic
heaviest ions at RHIC. Achieving the high&sninosity heavy ion colliders.
thus requires an understanding tbfe captureprocess. We A number of theoretical papers aimed at calculating the
report measurements afhis process atBrookhaven cross sections foelectron capturdrom pair production
National Laboratory's AGS using 10.&eV/nucleon have been published since 1984 [4]. Different calculational
Au’9* projectiles on Au targets. Capture fropair techniques were usedr high andlow relativistic factor
production is a process in which the veryigh (Y). Therefore agreement Eiw energies doesot assure
electromagnetic field involved in theollision of two agreement athigh energies. Until recently, no
relativistic heavy ions results in theroduction of an €experimental measurement to check the validity of the
electron-positron pair with theapture ofthe electron by theoretical predictions at highhas existed.
one of the ions.There aremany theoretical papers In this article we report measurements electron
published on capture from pair productiowith capture from electron-positron pair production in
discrepancies betweempredicted cross sections. Therelativistic heavy ion collisions at highly relativistic
experimental resultsare compared totheory and to €nergies,and discuss the possible implications for the
previous experiments at 1 GeV/nucleon. The implicatiofiftime of heavy ions in the Relativisti¢ieavy lon

of extrapolations to RHIC energies are presented. Collider (RHIC) now beingconstructed at Brookhaven
National Laboratory [5]. The experiments habeen
1 INTRODUCTION performed athe AGSaccelerator at Brookhavevational

Laboratory, using 10.8 GeV/nucleon bare gatths
''Ru79% incident onthin, fixed targets of Au,and are

processes of Radiative Electron Capture (REG) Non- compared toeerIrlments at theBevalac accelerator at
Radiative CapturéNRC). These processes, whiguire Lawrence Berkeley Laboratory: usm7g 04 - 1.3
an electron irthe initial state, have cross sections th&€V/nucleon bare lanthanum ions P8 incident on
decreaseapidly with increasingollision energy. REC is 9old targets.

the capture of a target electron bihe ion with the

simultaneous emission of a photon (tbalance 2 EXPERIMENT DESCRIPTION
momentum and energy). NRC is the capture oélantron Figure 1 shows aliagram ofthe AdvancedPositron

that is initially bound to a targeatom or ion. _Until Spectrometer (APS)sed to detegbositrons. The A9+
recently, REC and NRC were thought to be deeninant o, nasses through fixed targetlocatedinside the APS,
processes for electron capture at all relativistic energies. jegcriped below. In the case of capturefrom  pair
The large transient fieldsproduced in relativistic production, the electron isreateddirectly bound to_the
charged particle atomic collisions (no nuclear contact) ha €d i hanaing itsh b it to AGS* Th
long been known tgroduceelectrons througkelectron- goid 1on, ¢ almgmg — a_rgehyoge uni obé - Ine
posvon pir procucion 1] But n 1380ut parted SSTTENA SOUALIE = e tecton of postion
out t_hat for bare heavyions, the probability forpair charge-chanaed A8+ The AFS* is  maanetical
creationwith simultaneouscapture ofthe electron from g g g y
the pair into the K-shell, was significant [2]. Tkeoss separatedrom the main beam of A@* and each charge
section for this "capture from pair production” mechanisgiate is detected by ascintillator-photomultiplier tube
has been shown to increase with energy (as tth@esross detector.
section forproducingfree electron-positron pairs@nd is
predicted to be the dominant electron capture mechanism at
highly relativistic energies[3]. Since capture from pair

At relativistic energies, the capture of electrons by io
(recombination) occurs by theell-understooctollisions
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Figure 1 - Schematic diagram of the apparatus (top - sectional view). The sdieldoti:creaseadiabatically from
the center towards the ends causing the particle orbits to grow andivikeejience to decreass|owing them to be

swept by the dipole magnets into the detectors. Only on
target is located near the center of the solenoid and the

The target isplacedinside andslightly upstreanfrom
the center ofthe APS. The APS isised to detect and
measure the energy distribution and angular distribution

e positron dégertaroelectrondetector) islabeled. The
heavy ion beam travels horizontally through the apparatus.

The dipole magnets that deflect electrang positrons
in opposite directions are used for the initial
discrimination between electroasid positrons.However,

the electronsand positrons emitted from the target. Itat 10.8 GeV/nucleon, a large number &hock-on

contains a solenoid magnet in tleenterand adipole
magnet ateach end.The solenoidgenerates astrong
magnetic field (B=0.8 Tmax.) thatadiabaticallydecreases

toward the ends. Thdield transports the electrons ancy

positrons away from the targetnd converts much of the
positron (electron) transversenotion into longitudinal
motion. The positronsand the electronsare efficiently

deflected inoppositetransverse directions at eaehd of

the solenoid by the dipolesihere they strike plastic
scintillator-photomultiplier tube detectors.

This combination of magnetiiields results in avery
high acceptancéor electronsand positronsemitted both
forward and backwardith respect tothe beamdirection.
Without theadiabaticallydecreasindfield, the acceptance
of the spectrometer would be very low because most of
positrons, uporreachingthe end of the solenoidfield,
would have a large transverseotion causing them to
strike the walls of the apparatus rather than taldfiected
into the spectrometer detector§ests of the APS using
beamsand radioactive sources havghown a detection
efficiency close to unity for emission angles of up to 7
degrees forward and backward.

The emission angle withespect tothe beandirection
is measuredusing the time of flight of the positrons
(electrons)through the solenoid. Four plastic scintillator
detectors (sefigure 1) are used to detedhe positrons
(electrons) and to measure their enesggtime of flight.

electrons are ejected from the targetdoylisions with the
gold ion. Approximately 3 to 4 electrons with anergy

above 100 keV are ejected from a 1 mg?cgnld target for
very goldion, while only one positron from the same

target isexpectedor every 5 x 18 gold ions. Roughly
two or three per thousand knock-on electrbaskscatter
from the electron scintillator-detectanto the positron
scintillator-detector, thus simulating a positron.

To discriminate against thessatteredelectrons we
requirethe detection ofone of the two 511 keV photons
that are emitted back-to-back when the positrons annihilate
at rest in the plastic scintillator. The 511 keV photon is
detected by a Nadcintillator-photomultiplierdetector(see
jgure 1). Thedetection efficiency othe photon (by the

.5 cm diameter by 15 cm long actiaea)Nal detector
has beemmeasured to be 30%yith roughly 60% of the
photons appearing as a narrow single peak at 511 keV, and
the rest as aroad Compton distribution. In oudata
analysis only thenarrow peak is usedlhis sets the
verall efficiency of the APS for thedetection of a

ositron at 18%.

3 RESULTS

We integrate the spectra owhe positronenergy and
angle to obtain the total cross section for capture from pair
production. Preliminary results for the total cross section

The magneticallyseparated AB* ion that produced the for capture from pair production by ¥0.8 GeV/nucleon
positron, detected inits scintillator-detector athe end of Au’9*on a gold target are 9.2 barns.

the beamline, is used for the timing reference.
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Figure 2 - Graph of capture from pair production as a function of energy. All resuttsaded to La orAu, the case for
which the most experimental data exists. The triangles represent measured cross sections, while the square point at RHIC
enegies, scaled to La, wredicted fronperturbation theor.
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