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Observation of Bhabha Scattering in the Center-of-Mass Kinetic-Energy Range 342 to 845 keV
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Positions from a ?’Si source, obtained through the reaction >’Al(p,n)?’Si, were scattered off electrons

in a target of polyethylene, and e *e ~

coincidences were detected in a pair of plastic scintillators. The

detector apertures were restricted to accept only events corresponding to maximum momentum transfer
at center-of-mass angle n/2. The variation with energy of the corresponding laboratory angle was
utilized to obtain the scattering excitation function from the continuous positron spectrum. Center-of-
mass kinetic energies in the e *e ~ system covered the range 342 to 845 keV.

PACS numbers: 13.10.+q, 12.20.Fv, 14.80.Pb

In response to a recent proposal1 that a scalar magnet-
ic (e*e ™) resonance might be responsible for discrete
positron and electron emission lines in heavy-ion col-
lisions, we have measured the excitation function for
Bhabha scattering in the center-of-mass kinetic-energy
range 342 to 845 keV. This required g% energies be-
tween 800 and 2400 keV. A suitable source of such posi-
trons is 2’Si which provides a ¥ energy spectrum up to
3850 keV with a peak yield around 1700 keV.? The re-
action *’Al(p,n)?’Si is convenient for the production of
a pure 2’Si activity since the only competing process is
(p,a) which leads to stable **Mg. Further advantages
are the absence of other aluminum isotopes and the vir-
tually 100% B* transition back to the 2’Al ground
state.® These features lead to a smooth 8% energy spec-
trum and ensure the absence of y-ray lines other than
annihilation at 511 keV.

Positrons emitted from the 2’Si source point were col-
limated to a pencil beam by means of a 1.6-mm-diam ca-
nal in a 60-mm-thick lead shield and impinged on a tar-
get of polyethylene. Coincidence events between an elec-
tron scattered out of the polyethylene target and the pos-
itron were detected in a pair of plastic scintillators hav-
ing the shape of a segmented annulus. The detector
aperatures were restricted to accept only events corre-
sponding to maximum transfer at center-of-mass angle
n/2. The variation with energy of the corresponding lab-
oratory angle was utilized to obtain the scattering excita-
tion function from the continuous positron spectrum.
The associated particles e ¥ and e ~ are in this case scat-
tered symmetrically through opposite laboratory angles 6
and the original energy of the positron can be calculated
from

y=(3cos20—1)/(1 —cos?0), (1)
where
y=W/m )

is the ratio between the total positron energy and its rest
mass. The excitation function for Bhabha scattering was
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generated by our progressively moving the annular de-
tector pair along the positron beam axis, thus subtending
the series of 6 angles required. In addition to simplicity,
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FIG. 1. Schematic section through the target and detector
assembly. A chopped beam of 11-MeV protons p produces a
source of ?’Si in the aluminum target T. A pencil beam of pos-
itrons e * from ?’Si decays is transmitted through a lead shield
to polyethylene target E via canal C. Electrons e ~ scattered
out of E through angle 0, together with the associated positron
e™, are detected in coincidence by the segmented annular plas-
tic scintillator detectors D1 and D2. The aperture AA is circu-
lar and defines the acceptance angle at D1 and D2. Unscat-
tered positrons pass through the central aperture to the plastic
scintillator detector D3, which acts as a positron energy-
spectrum monitor. Different angles 6 (and hence different pos-
itron energies) are scanned by locating the three-detector as-
sembly at different axial distances from the electron target E.
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FIG. 2. Positron spectrum from D3.

this method also provides an absolute energy calibration
to the accuracy with which 6 is defined.

In Fig. 1 we show a schematic view of the positron
source, target, and detector arrangement. A beam of
11-MeV protons, from the tandem van de Graaff ac-
celerator at the Schonland Research Centre, irradiated a
1.6-mm-diam spot on the aluminum target T. The pro-
ton irradiation was cycled in a repeated sequence of 15 s
beam on and 15 s beam off, so as to utilize the 4.2-s
half-life decays from 2?’Si efficiently, while excluding
neutron-induced events. Coincidence events in DI and
D2 were collected only during the last 14 s of the beam-
off period, allowing 1 s for detector recovery from the
neutron irradiation. The 0.8 mm thickness of the alumi-
num target was chosen to just stop 11-MeV protons even
with maximum range straggle. A third detector D3,

thick enough to stop 4-MeV positrons, was used to moni-
tor the actual energy spectrum of positrons transmitted
through the electron target E (polyethylene) during each
0 run. Absorption and energy-spreading effects in the
27Si source embedded within the aluminum were thus
accounted for directly. In Fig. 2 we show the 2’Si g%
spectrum as seen by detector D3. The low-energy back-
ground is due to Compton electrons ejected by annihila-
tion radiation. Except for the lowest-energy point, the
part of the B* spectrum used in our measurements cor-
responded to the background-free region. A Kurie plot
was used to determine the position of the 3850-keV end-
point energy. The B* spectrum was then fitted by a
skewed Gaussian in order to parametrize yields at the
chosen energies.

During preparatory runs for this experiment we be-
came aware of the stringent requirements for purity of
the aluminum target. Even trace contamination by other
elements can build up unacceptable levels of long-lived
activities during several weeks of proton irradiation,
averaging 0.15 pA into the 1.6-mm spot. A sample pro-
duced as a standard for reactor-grade aluminum eventu-
ally proved to be adequate. A Ge(Li) y-ray spectrum
taken after proton irradiation of this sample is shown in
Fig. 3. The only contamination detected is a surface lay-
er of oxygen, as evidenced by an annihilation line of 10-
min half-life from 'O(p,a)'3N. The ?’Mg and %Al
lines are due to (n,p) and (n,y) secondary reactions in
the aluminum itself. All the lines are comparable in in-
tensity to a “°K environmental background. The proton
collimators were made of high-purity tantalum and con-
tribute only low-energy background through tantalum x
rays from electron capture following '8!Ta(p,n)'8'Ww.
We conclude that we have reduced background effects to
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FIG. 3. Ge(Li) spectrum from the ?’Al target after proton irradiation. P is a calibration pulser line.
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FIG. 4. Time spectrum of D1 and D2 coincidences.

FIG. 5. D1 and D2 coincidences vs kinetic energy in the
e*e ™ center-of-mass system. The broken line is calculated

an acceptable level by inspection of the D1 and D2 coin- with use of the Bhabha cross section and the shape of the posi-
cidence time spectrum (Fig. 4), which shows that real lron. epergy spectrum from detector D3. The error bars are
coincidences stand out on a negligible background of statistical.

randoms. Equally satisfying is the featureless character
of the B spectrum over the energy region of interest

(Fig. 2). curve is a calculation of the yield of e *e ~ coincidences:
In Fig. 5 we show the number of e *e = coincidence -
events as a function of the center-of-mass kinetic energy Y=PN " (do/d0)AqQ, )
A=2m{l(y+1)/21"2 =1} 3) where P(y) is the ?7Si source yield of positrons, N ™ is
the area density of electrons in the polyethylene target,
normalized to the integrated proton charge received A0 (y) is the solid angle subtended at the aperature of
within the 1.6-mm spot on the aluminum target. The detectors D1 and D2, and do/d Q is the differential cross

| section® for scattering into center-or-mass angle /2:

do _aze* [ y+3 " ’
do _ L2 =D 24 (=D T+ 5+ BG—D 242G -D T |2 Lyt
o m? y+1] {y v Rt RSl ey A e N

The energy resolution inherent in the positron-beam divergence and spot size at the polyethylene target, together with
target thickness (0.75 mm) and detector aperature, is 80 keV in the laboratory. The error bars in Fig. 5 reflect statis-
tics. In Fig. 6 we show the results reduced to the Bhabha-scattering cross section.

The (5.8 +2.7)% deviation from the Bhabha fit at A=710 keV amounts to 14.5*= 6.8 keV b and has a center-of-
mass width of 30 keV, which in the laboratory system is
just in excess of our estimated resolution. The mass ex-
cess of 710 keV is compatible with the energy of the pos-
itron and electron lines observed in heavy-ion scattering - *
within the energy resolution quoted,>’ but does not
agree with Wong and Becker’s calculation of 558 keV. 21 }
Considering the prominence of the discrete e *e ~ lines e
observed in heavy-ion scattering (of order 50% of the *
peak plus continuum sum),’ our observation of a 6% RN
effect could only be considered as a possible source of 1 R
these lines if a special mechanism favoring the produc-
tion of such a resonance can be shown to exist in the en-
vironment of heavy-ion collisions.
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tance are due to A. E. Pillay, J. U. M. Beer, I. D. FIG. 6. Bhabha cross section extracted from data of Fig. 5.
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