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A SEARCH FOR LONG—LIVED NEUTRAL PARTICLES
WHICH DECAY INTO ELECTRON PAIRS'

Alan R. Clark, T. Elloff¥, R. C. Fleld, H. J.‘Frisch*; Rolland
P. Johnson, Leroy T. Kerth, R. C. Ssh, G. Shen and W. A. Wenzel

Lawrence Berkeley . Laboratory
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February 29, 1972

ABSTRACT

.A search was cohducfed_at the Bevatron fér long—lived
neutral particles, of mass less than the x° mass, which dé—
cay into e+e— pairs. The neutral beam was‘préduced by pfo—
ton interactions in a cppfer targetf No evidence for par—

'tieles Withvproper'iifetimes between 10° and 10~° seconds

was observed.
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Anomélies_in electron bréméstfahluhg and in ﬁéir production were re—
ported from a recent bubble 'c::hamber'experiment.l fheSe.could be 1nter—
’ breted asvevidenCe for one or mére new particles, possibly produced
through-strong-ihteractions. I£ wag suggested that oné of these parti-—
cles mighf‘be a light? lOnéeiiVed neuﬁrél particle (mass < 3O MeV/c2)
which decayed into an eléétron péir. a

j Using equipment constrUéfed to.search for‘the'decays'Kg *'p+u—, e+é;,
and eil#I 2; we have examined the heutral pafticie mess spectrum between
28 MeV/c2 and 488 MéV/cz‘for ele decays. The neutral beam was produced
by 5.8.GeV/c protons from a,cépper targét in the Be&atronvexternal protonv
beaﬁ. The-chanhel subtepded:a solid angle,of_0,87'msr at an angle of 3,70
from the proton beam axis.  Thev6 meter long deéay.volumé began T.6 meters
from.the tgrgét. | |

The momenta of ﬁhe_décay sec§ndaries were méasured-in'symmetric

spectrométers, each with a bénding magnet and magnetostriéfive wire spark

chambers.(Fig;_l). To search for neutral particles of mass m, the mag-

nets were set to'pfoduce a_defléction_equivalent to a transverse momentum

* ' .
Ofp:c"\jﬂ.lz/h—méz RO
Therefore,_indépeﬁdent.of the neutralﬂparticle'mqmentum, electrons from
transverée_two—body decaysAof pérti;les ofvmassbm:emerged frcm.the mag— -
nets parallel to the incident neutfal_partiéle diréction. ,bdwhstream.of
the.lastISPark chamber, two hodoscopes selected‘trajectories with maximum

horizontal divergences of * 45 mrad from the beam direction. By varying

the bending magnet currents,‘this apparatus was tuned to search for neutrals

of differént mass. For a given mass, only neutrals produced within the

momentﬁm:range.l.7 me < p < 10me could be detected.




“n

LRI~703
-3~

bElectronslwere identified in 2.3 meter long Freon Cnerenkov counters,
wnich were found to be‘more than.99.6% efficient during.preliminary tests.
Muons were identified by range measurements. For mass settings below sbout
300 MeV/c s the signals from the Cherenkov and range counters were not

used in the trigger but were recorded for use later in the analysis. For

' mass settings higher than about 300 MeV/cz; a "di-lepton" requirement was

r ' : SR - SRR e
added to -suppress unwanted triggers from K; -+ by and KL ik no decays.
That is, a count from the Cherenkov counter or from either the second orv'v

third range counter was required from each arm of the spectrometer. less

>than two per cent of the pions gave counts in the Cherenkov counters; and

about 30% of the pions penetrated intovthe~range box, mainly by decay in
flight. |

Date taken at 23 magnetic field settings were analyzed with a CDC 6600

u + -
' coxnpxrter. Candidates for decays into an e e final state were selected by

rejecting events without Cherenkov counts in both spectrometer arms. Sur—
viving events,were considered candidates for two—body decays if the two

reconstructed trajectories approached each other within 10 cm in the decay

‘volume, and 1f the reconstructed trajectory of the parent particle passed

within 10 cm of the production target. In order to obtain good efficiencyr
two—body decays, tnese data cuts were chosen to be wider than the measuredv
resoiutions of the detection apparatus. _

' Calculations:of the acceptance indicated that the detection‘efficiency
was approximateiy constant (i;e;;vleSS than'i iz%gvariation) for a mass in—‘
terval of 25% at each magnet setting. Allvevents outside'this band‘at -
each mass setting were rejected. Most of the surviving events were background

K decays in which the pion was counted by a. Cherenkov counter. These events

e3
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were indistinguishable ffom two—body decays, and wefeuincluded in the diffep—
ential productioﬂ érosé;sections calculéﬁed for each méss bin. The data
were binned into 4 MeV/c2 intefvals, the measured width (FWHM) of the Kii*-nﬁf-
mass spectrum. A long-lived partiélevdecaying into an‘electron palr would be
seen as & narfow éeak above background. |
In:ordér to derive prodﬁction,crossAséCtions, 8 definite proﬁability pf
decay within thé_décay #olume.must be assumed; fhese calculafions wére carried
out for ﬁhree assumed parent neutral particle’propef iifefﬁmes? 10f6 secands, - !
lO_8 seconds, and'ld—lo.sééonds; The'choiqe of 10—8 secondé_résulted in the -
cross—séétions showh in_Fig.'zf .The expressioh dzo/dddp is tﬁe laborétory
differential cposé—section fbr a 5.8 GeV/c proton strikiﬁg a copper nuéleﬁé
in the préduCtion tafget to produée'a’thébodj decéy candidate wifhin a solid
angle dw and.withiﬁ a momeﬁﬁum range dp;‘ A
The indicated errors are‘statiétical.ohly;' We estimate that uncertainties
in the proton flux (as mgasu;gd-by a seébndary eﬁiséion'monitof); targetting
r‘efficienCy; éné detection effiéiéﬁcy'introduce s&stematic errors of less thaﬁA
+ 25%. | | |
We interpret the absence of sharﬁ peaks in.ﬁhe crOsé—sectibns as a faiLé -_,:  _;
ure to observe évidence.for'a long—iived neutral which decays into electron— |
positron paifs, Howevér, these results are.ndt in direct conflict with the
bubble chamber data,l because‘of the very different method used to search for
long-lived neutral particles,.‘ o ;' ” o ' L . :.‘ j
Table 1 gix}es uPPer,.limi‘ts. on th.e‘produ‘ction cfoss—_eection‘s for such - ' :
long—lived‘negtral partiéleSs These lﬁmité represent three times the statis—. - ?

. tical error in mesasuring the cross—sectiqns; Nearly equal numbers of .incident

protons were used'at each mass setting. The larger limits for low mass values
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result from the smaller momentum acceptance in that reglon.

The data were also analyzed for long-lived neutrals which”decay iInto

other final states. An analysis of the eip+, ei ﬂ+, My, and pix+ decay

modes revealed no evidence for neutral particles. The limits on the production
cross—sections ére approximately five times higher fof.these’decay modes,

" because of béckground from K43 decays.

i
I
i
|
|
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We wish to thank the Bevatron operating crew and engineering staff,
our secretaries, and our techniclans for their interest and efforts which
X ' made the experiment possible. We also thank Professor J. D. Jackson for

bringing the bubble chamber results to our attention.
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Alan R. Clark, T. Elioff, R.-C. Fleld, H. J. Frisch, Rolland P. Johnson,
leroy T. Kerth, and W. A. Wenzel, Phys. Rev. Letter, 26, 1667 (1971).
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thesis, UCRL Report No. UCRL~20264, 1971 (unpublished).
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' ' ,' dzc a e. : \
Upper limits on
. : o dwdp . BT MeV/c
Mass Range (Mev/c®)
Assumed Proper 28 - 100 100 = 300 300 — 488
Lifetime (sec) t ' .
1070 1.2 x 10734 1.1 x 10737 1.2 x 10757
1578 1.8 x 106730 2.5 x 1037 2.9 x 1030
10710 L9 x 10723 3.8 x 10723 bl x 10723



FIGURE CAPTIONS:
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Figure 1 — Plan view of experimental apparatus. H, ¥, R, and T.are

Flgure 2

banks of scintillation counters.

Differential cross—section for the production of neutral
particles (T = 10—8 sec.) which decay into electron pairs.

The non—zero cross—sections are due maiﬁly to Ke3 decays

4in which the pion counts in a Cherenkov counter. A long—

lived neutral would appear as a sharp peak above this

vbackground.
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