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Precise measurement of photon polarization in the energy ran
ge of 100 to 1000 MeV offers some difficulty because of the lack of a
simple physical process to be used as good polarimeter for & rays of
such an energy. As shown by Maximon and Olsen(l), electron-positron
pair produttion can give information on photon polarization state, The
major difficulty, using electron pair production as polarimeter, arises
because of the small angular aperture of the pair, at this relatively high
energy, as well as the multiple scattering of the produced pair in the con
verter that averages the natural angular distribution,

In order to acquire detailed knowledge on the possibility of
the electron pair production to be used as a proper polarimeter we have
done a measurement of 150 MeV photon polarization by measuring the
angular distribution of the electron pair by using two wide gap-spark
chambers placed beside the Frascati pair spectrometer,

(x) - Sezione di Genova dell'INFN, Genova,



2,

THE EXPERIMENTAL APPARATUS. -

The polarized 7 -ray beam, whose polarization we analize,
is the coherent bremsstrahlung beam from the 1 - GeV electrons stri-
king a diamond target, This beam is now a facility of the Frascati elec
tronsynchrotron,

The 77 -beam is transferred from a synchrotron straight sec
tion to the aluminium converter placed within the pair spectrometer as
sketched in Fig, 1. The goniometer which holds the diamond target is
within the straight section,
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FIG. 1 - Experimental apparatus, G =Goniometer, C; =I collimator,

¢ =5 mm, C,=II collimator, ¢ =3 mm, PS=Pair Spectrometer, Sy,Sg,S5=
= Plastic scintillation counters, WSCl, WSC‘z = Wide gap spark-Cham-~-
bers, P =Clearing field, Q=Quantameter,

As shown in Fig, 1, the beam is collimated twice by the two
round collimators C; and C,. ‘C4 reduces the size of the beam lighting
C, and decreases background source, C, gives the effective collima-~
tion, that is

4
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Ocoll = 7010 mm

where 0,11 is the half collimation angle. In the aluminium converter C
the J-beam produces electron positron pairs, The converter C is only
10/ thick, in order to reduce the multiple scattering suffered by the pro
duced pairs. The detecting apparatus, is also shown in Fig.1,

The master coincidence between the scintillation counters Sl’
Sq, S3, defining the energy of the symmetric pair (v, Fig, 2) triggers
the Marx generator that applies a high voltage pulse to the wide gap
spark-chambers, The two wide gap spark-chambers, used in the deli-
neating mode of operation, detect the track left by the electrons trig-



gering the coincidence,
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FIG, 2 - Electronic scheme to fire the wide gap spark-chambers,
D1, Do, D3 = Discriminators, C1 ITI = threshold coincidence, The
Marx generator output goes to the wide gap spark-chamber (WSC),

The wide gap spark-chambers WSC‘.I, WSC2(20x20x10 cm3‘)
had thin aluminum foils (0, 5 mm) as electrodes, and were continuously
fluxed with pure He gas, contained in a rectangular mylar box placed
between the electrodes,

Linear fiducial marks define a rectangular frame of reference
and the position of the track along the y-axis is measured as shown in
Fig, 3.
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FIG, 3 - Schematic view of the reference fra five stages Marx generator,
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ster coincidence Sl S9 84 and the H,V, pulse was about 400 ns,

EXPERIMENTAL RESULTS, -

The 7 beam polarization is defined by the quantity
P = I, "Iu

I, + I"

were I, and I, are the number of photons with electric vector z per-

pendicular or normal to the plane (al, pe) respectively, where a1 is the

crystal axis (in our case 1107 axis), and f;r is the incoming electron

momentum,

At fixed angle 0 between a1 and ]pe, by rotating this plane
around pe’ it is possible to have any polarization orientation with respect
to a fixed reference frame,

We have chosen the angle 8 in such a way as to have coherent
bremsstrahlung and consequently polarization in the energy region around
150 MeV of the 7 beam energy spectrum,

In order to select the proper photon energy, the symmetric pair
produced by 150 MeV energy photons are magnetically deflected in the
pair spectrometer, Due to the magnetic deflection, which measures elec
tron pair energy and consequently photon energy, information on the elec
tron emission angle in the plane normal to the magnetic field B is com-
pletely lost, What we measure is thus a projected ang;ular distribution
in the plane defined by B and the photon momentum K this plane is coin
cident with the vertical plane, The same horizontal x coordinate at the
wide gap spark-chamber can be obtained by electrons of slightly diffe-
rent production angle with respect to the photon direction and simulta-
neously slightly different energy.,

This situation is roughly sketched in Fig, 4, The horizontal
coordinate is mainly a function of electron energy, and of emission angle
too,

rs FIG, 4 - Rough skecth to

: illustrate how two electrons
produced at different angles
(<, &L ,) respect to the pho
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\K slightly different energies
e Eq, Eg can have the same
-~ horizontal coordinate at the

WSC.,



3.

- We accept small energy average AE/E, where E is the elec
tron energy; this is anyway enough to integrate the projected angular
distribution in the horizontal plane.

Fig, 5 shows the theoretical energy spectrum of the bremss-
trahlung intensity (i, e., photon energy times number of photon per unit
energy interval), from the diamond after the proper orientation has
been chosen(2), The experimental intensity values are measured by the
pair spectrometer, as in previous experlments(3) while the theoretical
spectrum is corrected for the various experimental effects.
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FIG,. 5 - Normalized bremsstrahlung intensity of E =1 GeV elec-
trons in the two diamonds crystals used alternatlvely to have ver
tical and horizontal polarization during the experiment. The two 1a
bels refer to each one of the crystal that the are rotated around
vertical or horizontal axis, Solid curve is calculated from referen
ce (2). X is the fractional energy K/E,.



The two spectra are obtained from two diamonds used al-
ternatively to change orientation of polarization vector %, with respect
to the vertical plane, The vertical plane is a priviliged plane because
it contains the magnetic field as previously mentioned,

The photon energy resolution AK/K= AE/E (K = photon energy,
E = electron energy) of our apparatus is determined by the finite dimen-
sions of the plastic scintillation used to detect the electrons,

It would be possible to require a better resolution AK/K by
reading the horizontal coordinate x, which is related to E; however this
is not necessary in our case because the polarization value P changes
smoothly in the range of the values of K, as defined by the plastic coun
ter energy resolution AK, (see Fig, 6).
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FIG, 6 - Polarization behaviour as a function of the fractional energy
X, calculated with diamond in the same situation as for Fig, 5.
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In Fig, 7(a, b) the distribution of Ny, (y) and N, (y) are plot-
ted.
Ny J_(y) are the numbers of events in which one of the elec

trons of the pair crosses the spark chamber with the coordinate within

Yy, and y+ Ay, and with the polarization plane coincident with the horizon

tal (vertical) plane, Due to the small aperture of the pair the vertical y
coordinate is simply related to the projected angle and to the distance d
between the C converter and the scintillation counters (d«2 m), On the

- other hand, for the same incoming photon flux we have the following equation:

Q0o o0
/ N, (dy-= f Ny (y) dy,
(o) (o]

because the total number of events depends only on the total number
of incominig photons,

The two distributions N “ l(y) are normalized to the same area,
i, e. to the same number of incoming photons, j

The photon polarization is related to N, (y=0)Ay and
N, (y=0)-Ay through the equation:

1 Ny -Np ; B.-1
(1) PEAN, N, A R_+1
where
A=B'u'61=RF'1 _E’l__ R _Nli
§,+6, Re+I ° % & * T¢ N

and where ‘;'al are the cross sections for the production of a pair in-
tegrated over one of the branches and where the production plane of
the other branch is parallel or normal to the polarization plane,

The theoretical distribution of the events as function of y and
for the two photon polarization states, (parallel or normal to the horizon
tal plane) has been calculated(4, 5),

Fig, 8a) shows G‘,, (y) s/ L (y), the theoretical cross sections,
while Fig, 8b shows S (y) Sy (y) Wthh have been used in equation (1)
and are obtained from (?h {y), by allowing for multiple scattering in
the converter, in the myla.r window and in the air gap between mylar
window and wide spark-chamber,

Mytar Spark
cnla\\!rerur window chamber FIG, 9 - Sketch of the scatteres met b
2mm y J
oy ' the electron before to be detected in the
I vacuum l alre I WSC.

l d, 85¢m I d, 88cm i
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The smoothing effect of multiple scattering experienced by
the electrons in the scatterers placed before the wide gap spark-cham
ber (see Fig,9), was evaluated following Moliére's theory of multiple
scattering by using a simple program for the IBM 7040 computer,

In Fig. 10 we plot the quantities:
gu - 61

— = P)
G‘"—l~<>‘jL

£, (P) =6(1+

"L

The two sets of curves are referred to Py =40% (dashed curves) and
Py =60% (dotted curve).

The experimental results Ny, ;. (Ay), where Ny, are pre-
viously defined and Ay is the vertical coordinate bin (/_\y'= 2 mm) are
shown in Fig, 7. In the same figure are plotted f, , (P), where P=52%
is the polarization value which gives the best fit to the experimental
points,

Theoretical and experimental value are normalized to the same
area, The experimental quantity N=(N;; +N| )/2 is also compared to the
theoretical quantity f=(f;; +f; )/2. Both N and f are polarization indepen
dent, Fig. 11 shows the agreement between theoretical prevision and ex-
perimental results, This agreement is an internal check that insures that
scattering effects are properly taken in to account,

The correct scattering evaluation is rather important for pola
rization measurement because, as shown in Fig; 8b), the difference between
the 6}, and 6] are sensitive to the amount of scattering suffered by the
electrons,

In the first column of the "Table I we give the experimental
quantity R _(Ay) =N, (Ay)/N, (Dy) versus different values of Ay;in
the second, third, and fourth columns the theoretical ratio Ry =fu (dy,P)/
/£y (Ay,P) are represented versus Ay and for the following P values:

Pl = 52% P2 = 40% P3 = 60%
TABLE I
Ay (mm) RC R't (P)) R‘t (Pz) Rt (P3)
2 1,064+0,016 1,073 1,055 1,083
4 1,062+0,011 1,066 1,050 1,076
6 1,0591‘_0, 009 1,057 1,043 1,066
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The errors on the values of the first column are only stati-
stical, The, values of Rc’ Rt(Pl)’ Rt(Pz)’ Rt(P3) versus Ay are shown
in Fig, 12,
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The beam polarization which we derive from our measuare-
ments by using equation (1) with Ay=.4 cm, is

P = (52+9)%

This value is in good agreement with the theoretical value P=50% (see
Fig. 6).

CONCLUSIONS. -

A polarization measurement of 150 MeV energy (photons using
pair production was previously done by counter technique 6).,

We believe that the main differences between the two experi-
ments consists in the following:

first, by measuring all the projected angular distributions, with a visua
lizing technique, we obtain a polarization independent check, which insu-
res that the scattering effects are properly taken into account (Compare
the experiment distribution (N, +N;)/2 and the theoretical (f,, +£,)/2).

Second: the new data are independent from possible electronic ineffi-
ciency as the same electronic master is used to detect the events which
are polarization dependent (N, (y=0), N; (y=0)), as well as the norma-
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lization factors \/‘Nu (y) dy, / N, (y)dy, which are polarization inde-
pendent,
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