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ABSTRACT

A search for a heavy electron of the type considered by
Low and Blackmon has been made by studying the inelastic scet-
tering of 5 BeV electrons from hydrogen. The search was made
over a range of values of_the mass of the heavy electron from
100 to 1300 MeV. No evidence for such a particle was observed.
Upper‘limits on the production cross sections were determined
and employed to deduce limits on the values of the electron-
photon-heavy electron coupling coﬁstant in Low and Blackmon's

theory.




A. INTRODUCTION

Recent experimental investigations of detailed predictions of quantum
electrodynemics (QED) have failed to establish conclusively any breakdowns in

QED theory. High emergy reactions which have been studied include the photo-
production of electron’ and mion=’3 pairs at wide angles, electron-electron

scattering,h electron-positron scattering ,5 and searches for anomalous struc-

ture in the electrones’ 7,8 In addition;, comparisons between theory and experi-

ment have been made for the anomalous megnetic moments of the electrbn,9

10 11,12 13-16

positron,” and muon, for the ILamb shift, and for the hyperfin_e

splitting in hydrogen,’! positronium,’® and miontum. 9’ Possible break-

dovns in QED theory can be described phenomenclogically by &d hoc modifica-
tions of a photon or particle propegator.2L"2’ More explicit descriptions

26

have recently been studied by Low™ and Blaclmén,ev-r who suggested that

possible breakdowns in QED may be the manifestations of new undiscovered

_particles that take part in the electromsgmetic interactions. Ome such

description28

employs a heavy'el,éctron, e', coupled to an electron and a
photon; e' = e + 7, .This cohpling ’ﬁOuld yalldw the e' to be produced by

the electroproduction procéss

e+p=e’+p

I_—;’efl-_j . (1)

The above reaction would produce a sharp peak in the momentum spectrum of
the recoiling protons at a given angle. The peak would be similar in shape




to the elastic electron-proton peak, provided the lifetime of the e' were
typical of particle lifetimes for ele_ctromagnetic decay. We have made an
experimental search for such a peak and have analyzed our data assuming the
production of the e’ is described theoretically by Low’s model.

Three other searches have been made for the e’ and reported prior to
this one. Beto&rne et ;4029 and Budnitz et 51;.3O looked for the e’ by mea-
suring the recoil proton momentum spectrum in inelastic e-p scattering.
Béhrend et 3;031 performed a coincidencé experiment; me#st‘:ring the recoil

protons in co:lncideme with the pre_é\med decay products from the e’.

We employed a scattering facility at the Caﬁbridge Electron Accelerator
used in our study of electron-deuteron elastic scattérix;go32 The facility,
1llustrated in Figure 1, consisted of a 1iguid hydrogen target located in
the vacuum chamber of the syn'chr‘otfon » 8 quantemeter to monitor the brems-
strehlung produced by the beam :lnteraetimg w:lth the target » and a quadrupole

magnet spec'tromtere The detection system consisted of a wire spark chember

end five. scmtillation eeunter 'arraya,‘ Protons‘ were distinguished f‘rm
other particles of. the same mmentum 'by means of specific ionizat:!.on ‘require=
ments 1mposed on three of the' eoum:er arrays. ’I'his requirement vas enforced
with the use of differential discriminators wh:lch were appropriately adjusted
to__.match .the momentm, acceptance of the spectrometero '.me measured effi-

cién’éy for detecting protons was greater than 95%. ‘il‘he ‘momentum of & detected
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proton was determined by measuring the point at which the proton crossed the
focal plane of the mggnet, with the use of the wire épark chamber which con-
sisted of 64 wires cbmprising 16 momentum bins. The percentage momentum
acceptance of each momentum bin was 0.5%; The recoil angle was determined by
using'a seven counter hodoscope. Each counter had an acceptance of approxi=-
mately 0.3°.

The liquid hydrogen target consisted of a 0.5 in. diameter cylindrical
vessel made of 0.0005 in. Kapton film and was located aepproximately 1 in.
inside the equilibrium orbit of the circulating electrons. After the elec=-
trons were accelerated to 5 BeV, the accelerating radio-frequency power was
decreased so that the electrons drifted inward and struck the target. The
incident electron flux was deterﬁined by measuring with e quantameter the
bremsstrahlung yleld produced in the taréet by the circulating beam. The
fractional contribution.from the target walls was measured to be 0.1l + 0.013

with & technique to be described elsewhere.32

C. EXPERIMENTAL METHOD

Measurements were mede of the momentum spectra of recoil protons with
the spectrometer positioned st 50°, 55° and 60°. The yields from elastic
eiectron—proton scattering at 550 and 60o were measured and used as & check
of the calibration of our equipment. The inelastic proton ylelds were mea-
sured in a series of momentum intervals below the momentum corresponding to

the elastic peak. The interval spacing was about 4% so that there was a 50%
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overlap of adjacent measurements. Since the detector had seven angular bins,
the data consisted of the momentum spectra measured at 21 different angles.
The range of momenta covered at 50° was 0.76 to 1.12 BeV/c; at 55°, 0,76 to
1.16 BeV; and at 60°, 0.82 to 0.96 BeV/c. The corresponding ranges of e'
masses at these angles were 900 to 1300 MeV, 100 to 1000 MeV, and 100 to

TOO MeV.

D. DATA ANALYSIS

The measured ylelds were reduced to differential cross sections ég%%
by correcting for the efficiencles of the spark chamber channels, dividing
out the solid angle-momentum acceptances associated with each momentum-
angle bin of the detector; and dividing by the product of the target thick-
ness and the number of incident electrons. This product is proportional
to the quantameter yield, corrected for target wall contributions.

The efficiencies of the spark chamber channels were measured with
the use of a Kepton target by comparing the number of events detected by
the chenber with the number of events that satisfied proper trajectory
and specific lonization requirements. This procedure required avknowledge
of the momentum spectrum of the recoil proton spectrum from Kapton. This
dependence was measured during the experiment. The spark chamber yield
was corrected for-dead time losses. The solld angle-momentum acceptances
of the bins were calculated using a .ray tracing technique.33 Two examples
of the final momentum spectra of the 21 measured during the experiment are

shown Iin Figure 2.




The proton elastic peak yields were evaluated by fitting a resolution
function to the elastic peak with the use of the method of least squares.
The resolution function wes approximately Gaussian and the fractional full
width at helf maximum was determined to be 0.0223. This value was in good
agreement within the uncertainty of the determinetion with a value of 0.0216
calculated from the geometry, the momentum and angle acceptance intervals
of the equipment, and multiple scattering in the target. The elastic
electron-proton scattering cross sections measured in this experiment were
in agreement with othef‘fecent measurements.3h

The search technique was designed to detect peaks in the recoil proton
momentum spectra arising from e' production. At each angle the spectra
were analyzed for peaks by fitting the resolution function plus a background
function at a series of values of the recoil momentum. These values were
separated by sbout 1/4 of the full width at half meximum of the resolution
function to insure that & possible pesk due to the e' would not be over=
looked. The method of least squares was used to make the fits. The errors
in the cross sections were evaluated from the error matrices resulting from
each fit.

The values of the experimental cross section were compared to the values

of the theoretical electroproduction crosé section computed from the Hamil-

tonlan:
H =e)\-’d? (o 'df fuv"'hoC-
I m' "e' LV 'e

- v
where )\ 1s the ee'y coupling constant, m' is the mass of the e'; and M 1s




the electromagnetic field tensor. The theoretical cross section for proton

detection, evaluated in the laboratory system, is given by:27
o _ WA p° A2 + (32_ 2
an +2m2 | ME[p(M + E ) - EE cose] 1 R 2

-

12 '
[- e - M + (EIT + M| £2 + (oM + m'®)st - % - st® - 1‘;]

3 02,2 W4
2T % nm' ™t m' 't
(Fy + Fp) [T* N 2]

+

(2)

vhere t = = g° = oM(M - Ep), s = =(p + p')2 = M(M + 2E ). Here E,» P end e
are the energy, momentum and angle of the recoil proton (with mass M), p'
is the momentum of the heavy electron (with mass m'), Eo is the energy of
the incident electron, and F)(q®) and F2(q2) are the Dirac and Pauli form
factors which are normalized so that Fl(O) =1, F2(O) =W =1%1.79. This
formula is equlivalent to another published expression.29
The followlng proceduré was used for obtaining limits on k2 from the
data. The e' mass associated with each cross section measurement was com-
puted from the kinematics of the measurement, and & value of G was obtained
from the ratio of the measurement and equation (2). The values of 22 that
resulted were sorted into e' mass bins with a width selected to correspond
to momentum intervels of 0.5%. The final value of 22 for each mass bin
was taken as the weighted average of all the measurements falling within

this bin. The final values were consistent with zero. We have taken as
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our limiting values of l2 the sum of twice the statistical error in X2 and
our estimate for the systematic error in the measurements. The systematic
error was largely a result of variations in the efficiency of the spark
chamber as & function of momentum channel number. The structure in the
meesured momentum spectra introduced by these variations did not have the
same functional form as the resolution function and thus did not lead to
false peaks in the inelastic spectrum. The limits on Xa derived in this
way are shown in Figure 3. The values of the e' production cross section
corresponding to these limits ranged from 0.2 to 3.0 ¢ 10733 cu/sr at
scattering angles of 55° and 60°, and from 0.7 to 3.0 * 10733 cma/sr at

50°. Figure U4 shows the results of this experiment compared with the

results of previous experiments.>2’30731

E. RESULTS AND CONCLUSIONS

In this experiment we found no evidence for the existence of a heavy
electron, e', in the mass rahge investigated, having assumed the e' would
be electroproduced through réaction (1) and thus produce a sharp peak in
the recoil proton momentum spectrum. We found limiting velues for the
size of a possible peak by fitting the elastic peak shape to the measured
spectra.at a serles of values of momentum separated by an amount small
compared to the width of the elastic peak. The values obtalned for possible

peek heights were consistent with zero within the errors of the measurements.




Iimiting values for the ee'y coupling constant in equation (2) were obtained
by comparing our limits on the cross section for the electroproduction of
the e' with the predictions of the theoreticel model.

29,30,31 this experiment has set new

Compered with earlier measurements,
upper limits on the values of G in an extended mass range from 1000 to 1300
MeV and has lowered existing limits over the range from 100 to 500 MeV. The
results are summarized in Figure k4.

The 1imits for \° determined in this experiment are sbout & factor of
two smaller than the limits imposed by the measurements of the electron
anomalous megnetic moment based on the calculations of ZBlemkmon.27 Figure 4

shows this bound compared to our experimental limits.
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Figure 1.

Figure 2.

Figure 3.

Figure L.
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FIGURE CAPTIONS

Experimental site. The inset shows a vertical section of the
counters and the wire spark chamber at the focus of the quad-~
rupole magnet. A triple coincidence which satisfied pulse
height requirements and signified an ascending or descending
trajectory caused the spark chamber to be pulsed.

Proton momentum spectra from electron-proton inelastic scat-

tering. The data illustrated have been corrected for experi-

a3g
aqdp °
about 109 of the data obtained in this experiment. Some of

mental effects and are proportional to They represent
the observed structure in the inelastic spectrum is due to
varietions in the efficiency of the spark chamber as a func-
tion of momentum channel number. The systematic errors Iincluded
in the limits given in Figure 3 were based on the observed mag-
nitudes of these variations.

Iimits on Xa versus mass of the heavy electron.v The points
represent upper limits with 97% confidence of values of A2
derived from our date as described in Section D.

Comparison of upper limits on the values of 22 from various
experimenté;29’3o’3l The 1imits on 22 imposed by the anomalous
megnetic moment of the elec£ron are also shown. It should be
noted that considerably different procedures were used for cal=-
culating the quoted limits in the experiments shown above. We
have calculated the limits on A2 ascribed to Budnitz et 53.30

from the limits quoted on thelr cross section measurements.
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