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Positron annihilation in flight has been widely used in recent
years to obtain quasi monochromatic photon beams with variable energy.
The main features of the existing facilities, in similar angular acceptance
c:onditions, are reported in Table I. In most cases the design has been li-
mited to low peak energies (below 100 MeV)and to collection angles in the
very forward direction,

At higher energies a very poor monochromatic contribution in
the forward direction is obtained due to the wide angular distribution of the.
annihilation spectrum andto the forward peaked bremsstrahlung. Large col
lection angles with respect to the positron direction must therefore be used
at the expenses of the total intensity and of the resolution,

On the other side, bremsstrahlung experiments have recently
pointed outa remarkable physicalinterestin photonuclear reactions atthe
energies above 100 MeV in order to investigate short range interactions(6)
and pionic effects in nuclear structure(7),

In this report we present the preliminary results on the energy
spectra, taken at 200 MeV positron energy of the Frascati linac, of thenew
monochromatic photon beam obtained at the LEALE Laboratory, The end
point energy of this beam can be continuously varied from 80 MeV up to
300 MeV,

The beam transport system has already been described in detail
in ref, (8) and is partially reported in Fig, 1. The beam energy is selected
by a system of two tantalum slits, S, 15 mm thick each, positioned in the
symmetry plane of a four magnet system (BM1, BMg, BM3, BMy4) which gi
ves a Penner type achromatic deflection. The slits have been calibrated in
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TABLE 1
Annjhilation : Collection j Angular
Laboratory target (1\};:[7\,) (2[71) AEZ:]O/EV angle acceptance

{rad.lengths) ¢ (mrd) (mrd)
saclay 1(1) | Li (0. 002) 30 2.10%4 | 2,00 0 | 26,4
NBs(4) HLi 40 3.7
Giessen'!?) Be (0. 002) 8-40 2,104 | 1.3 0 9.6
Livermore(z’ 4 Be 10-70 104 , 25 0
saclay 1% HLi (0. 002) 30-90 6.104 | 2.0 35 0. 76
Mainz (4) 10-100 1.0
Orsay(®) H Li (0, 01) 250-500 105 | 7.0 23.9 2.8

oo 2. 108 1,0 0 1,0

energy by comparison with the positron spectrum measured by a system of
secondary emission monitors in the focal plane of an analysing magnet at
the end of the linac(9), The beam spot, as observed on a plastic scintillator
screen, V, which can be inserted at the end of the vacuum pipe, has ellipti
cal shape with semiaxes 7 mm and 5 mm long respectively, In order to get
a precise definition ot the photon emission angle, a very accurate alignment
of the positron beam along the optical axis is required. This is achievedop
timizing on the positron monitors the beam intensity after two removable
copper collimators, Fi and Fo( = 7 mm and 6 mm respectively) by two
pairs of steering coils, The final quadrupole doublet,; and Qy, normally
turned oft, is only used to test the correct alignment,verifying on the scin-
tillator screen V the absence of beam steering effects,

The intensity of the positron beam along the transport channel is
continuously monitored by a.toroidal charge monitoring system, M. The
beam induced signal is compared with a standard current calibration pulse
and integrated to give the total charge(']m),, After the annihilation target, the
positrons are deflected by the damping magnet, SM1, into a shielded Fara-
day cup, used as a beam catcher (Fig. 2). The Faraday cup signal, integra-
ted by a standard current digitizer (ORTEC 439), provides an absolute char
ge monitor, )

The positron spectrum at 200 MeV, as transmitted by the tran-
sport system without any energy definition, is reported in Fig, 3. The beam
average current at 50 Hz and 1. 5 10-4 duty ratio is ~ 20 nA, The F, W, H, M,
turns out to be 1, 5%,

Positrons annihilate in a cylindrical liquid Hydrogen target (¢ =
= 55 mm) 0, 011 radiation lengths thick . The photons have been collected
at two different angles: 87 = 0.0 % .5 mrd and €9 = 17,5 + 0,5 mrd, Dby
a set of five lead collimators Cj, Cg, C3, C4 and Cy (Fig. 4a) followed by
three small sweeping magnets (SMZ, S, SM4). Beam monitoringhas been
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FIG, 3 - Positron energy spectrum: the istogram is obtained at
the end of the linac; the solid line is obtained at the annihilation
target point,
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performed by a standard NBS P2 chamber; some comparison measurements
have also been taken by a Komar type quant:ameter(ll)pwith equivalent re-
sults, During the measurements care has been taken to keep stable the ratio
between positron and photon intensities,

The photon spectrum has been measured using an available pair
spectrometetr(lz), schematically shown in Fig.4b) with flat rectangular poles
(gize 20x30 cm?) and a gap 1.5 cm high, The magnet small gap and optical
properties limit the photon collimation angie to ~ 8:10~6 srd. A Hall pro-
be, permanently inserted at a fixed position between the poles, enables the
continuous testing of the magnetic field value with 1% accuracy,

Electron-~positron pairs are created in a variable thickness Alumi
num converter, The pairs are deflected of 192 and detected in coincidence
by a system of scintillation counters, In the electron arm,five energy chan-
nels are defined by five scintillation counters E1+ Eg (1 cm wide, 2 cm thick
and 10 cm high each) in coincidence with the two large scintillators Eg, Er
(20x1x20 cm3) in order to decrease the background. In the positronarm,on
ly one energy is selected by the coincidence between the scintillation coun-
ters Py (0.6x2x10 cm?3) and Py (2x0.6x10 cm3) (Fig, 4b), ©

The block diagram of the electronics is shown in Fig, 5. Random
coincidences have been measured with a similar electronics set up.

In Figs, 6a and 7a the photon spectra obtained at the positron ener
gy of 200 MeV are reported. Data at 84 =17.5 mrad have been collected
using pair converters of two different thicknesses (0.4 mm and 0. 8 mm).,
The measurement at 89 =0, mrad has been performed with a 0. 06 mm thick
converter, in order to reduce the multiple scattering effects,

Both the spectra show a peak at the correct annihilation energy
with a bremsstrahlung continuous tail, The annihilation-bremsstrahlung ra
tio as well as the peak resolution are very sensitive to the collection angle.

Different background sources have been accurately investigated:

a) annihilation target off background: the counting rate is then main
ly due to the bremsstrahlung contribution from the 0,1 mm thick Al window at
the exit of the pipe line and from the 1,0 m air path between the exit window
and the damping magnet SMy. This background amounts to about 30% at 0°and
7% at 19 of the total observed counting rate in the bremsstrahlung region. An
extension of the vacuum pipe, at present in progress, will reduce this back-
ground of 2/3;

b) pair converter off background with the H annihilator on the beam.
This contribution has turned out to be completely negligible;

¢) random coincidences between the positron and electron arms:
the energy spectrum is flat and amounts to ~ 25% of the average bremsstrah
lung contribution in the tail region,

In Figs. 6 and 7 the total background has been subtracted; the large
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FIG. 5 - Block diagram of the electronics (D =delay, T = trigger,
C = coincidence, S = strobed coincidence).
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experimental errors are due to poor statistics because the strong collima-
tion, required by the spectrometer gap, cuts down drastically the photon
beam intensity. ' o

For thin radiators the number of annihilation and bremsstrah-
lung photons in the energy interval between k and k+dk is given by

aNg ot 1 v, o1
PR Il T ' [ -.-Z
&R, E FBEokZ) kX, 7 FalBokZ)

where X is the radiation length and t the thickness of the converter, Fgis
a function calculated by Heitler 15‘), that takes into account the screening
effect of the atomic electrons on the Coulomb field of the nucleus for photon
energies away from the end point (k/E,< 0. 9) Fyis only weakly depen-
dent on the atomic number Z. F, describes the energy distribution of the
annihilation photons(l?’) and is also almost independent from Z.

Different Z radiators having the same thickness in radiationlength
units will produce the same bremsstrahlung spectra as well as comparable
multiple scattering effects(w)ﬂ but annihilation peaks decreasing as 1/Z.

We have pertormed measurements using H and Cu annihilation tar
gets, each 0, 011 radiation lenghts thick, The photon spectrum from the Cu
target (Figs. 6b and 7b) shows a tipical bremsstrahlung energy dependence
with a small amount of annihilation on the head, The H minus Cu difference
spectra (Figs. 6c and 7c¢) correspond therefore to the contribution, only sli-
gtly underestimated, of the annihilation photons in Hydrogen.

The annihilation photon spectrum from Hydrogen can be evaluated.
starting from the electromagnetic cross sections and taking into account all
the target thickness effects, as described in ret, (14). The theoretical spec-
trum, corresponding to the geometrical set up of our experiment, has been
folded with a gaussian resolution function of F, W, H, M. ~ 9 MeV to take in
to account the finite spectrometer resolution. The final result, plotted as a
continuous curve in Figs, 6c and 7c, shows a fairly good agreement between
the theoretical and the experimental peaks,

A Montecarlo calculation of the spectrometer response function,
presently in progress, taking into account the pair production differential
cross section and the multiple scattering effects in the converter, shall af-
ford a more detailed comparison of the theoretical and experimental spectra
over the whole energy range of Figs. 6a and 7a, A preliminary evaluation of
the convertion efficiency and solid angle shows that the measured photon in-
tengity is also in fair agreement with the computed values (Table I),
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