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ABSTRACT

X-ray transition radiation from electrons up to 50 GeV traversing
lithium foils was studied with xenon-filled proportional wire chambers.
The x-ray yield up to the Lorentz factor 105 is consistent with theory.

Excellent electron-hadron discrimination was achieved.
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In a previous paperl, we reported the first observation of
transition radiation (TR) x-rays from very high energy hadrons,
100-250 GeV/c pions. By comparison with our electron data2 in the
GeV range, we found that in accordance with theory3 the x-ray yield
does not depend on the particle mass, but on its Lorentz factor (y = .
total énergy/rest mass) only. Although TR x-rays from electrons have
been extensively studiédz’a’s, it is of interest to study their be-
havior at higher energies (in the very high ¥y region). Because the
coherence length in a radiator material increases_with y and with
photon energy3, the destructive interference in the high energy-part
of the radiation from the various interfaces in the practical radiator
of limited dimensions prevents the TR x-ray yield from increasing lin-
early with y. The interference results in saturation above y ~104
after a logarithmic increases. Because of the above effect and partly
because of the increasing importance of leptons in recent elementary
particle physics, the TR x-rays from very high energy electrons (y ~»105)
and the pérformance of an electron identifier utilizing this phenomena
were investigated.

The experiment was performed in the M1 beam of the Fermi National
Accelerator Laboratory. The experimental setup is described in detail
in the previous paperl. The electrons, less than 10% of the 50 GeV/c
secondary beam, were selected by a shower counter6 after passing through
the radiator-proportional wire chamber (PWC) arrays. The TR x-rays from
each radiator were detected in the chamber gas together with the ioniza-

tion energy loss of the incident particle. The radiator consisted either
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of 2 mil-thick lithium foils2 or ¥ mil-thick polypropylene foils.
The PWC of %" thickness was filled with xenon + 20% CO2 mixture at
atmospheric pressure. The PWC signals were routed to a liﬁear adder
for pulse height analysis and also to a majority coincidence system1
for fast logic application. | |

Figure 1 shows the pulse height distribution of the summed
signals from only four PWC's with two lithium radiators (500 and 1000
foils) and two polypropylene radiators (450 foils). The discrimiqator
threshold for the shower counter was set for a high electron efficiency
and a low pion efficiency. Two distinctly separated peaks, electrons
and pions, are apparent showing the big contribution of TR x-rays to the
electron events. The electron detection efficiency of this system is 94%
including only 1.7% pion contamination. The average number of detected
photons per incident electron was estimated to be 8 + 2. The total thick-
ness of the materials in the beam amounted only to 4.7 x 10—2 radiation
lengths and about 5% nuclear collision probability. Our fast logic signal
based on the transition radiation from the majority coincidence, which
provided pure electron signals, was also successfu;ly used for the shower
counter calibration. This clean separation of the two particles with a
small number of TR detector sets is mainly due to the efficient x-ray
detection by the xenon gas and the low x-ray self-absorption in the lith-
ium radiators. This was confirmed by a measurement with a single PWC
following the two lithium radiators (see Fig. 2), resulting in 95% elec-
tron efficiency with 8% pion contamination7. Even a single Li radiator-

Xe PWC set was found to be a good electron identifier.



The TR x-ray yield was measured with a single lithium radiator
of 500 foils followed by a PWC. The result is compéred in Fig.A3
with that obtained in the GeV region at the AGS of Brookhaven Nation-
al Laboratory. At 50 GeV the electron peak is well separated ffbm
pion peak, providing 95% electron efficiency witﬁ 10% pion contam-
ination. The excellent performance of electron discrimination can
also be seen in the rétios of the average x-ray yield to the ioniza-
tion loss; 3.4 at 50 GeV and 2.9 at 2.5 GeV. The saturation of the
x-ray yield at 50 GeV is evideht when compared to the rapid increase
in the few GeV range. The saturation energy under our condition is

theoretically given by

E Wy . L . 2
s 2. ¢ me ’

where w0 is the plasma frequency of the foil material, { is the foil
spacing (0.5 mm), and mc2 is the particle rest mass. 1In our case,
this is about 3 GeV (y R=6x103) and the present 50 GeV point agrees
with this prediction as seen in Fig. 3. The x-ray yield saturates
from a lower ¥y, but at a higher yield level than with the other detec-
tors so far reportedé. |

The optimum xenon thickness (x) was estimated by computing the
x~ray yield as a function of x. The x-ray detection efficiency at less
than 10 keV is already adequate with x = 1 cm, and the energy Spectrum2
is peaked at abéut 9 keV almostAindependently of ¥, the higher energy
part being suppressed due to the destructive interference effect. As

a result, compared to the linear increase of the ionization loss, the



the x-ray yield (W) and the average number of photons (n) were found

to increase only slowly with x;

W <« log (1 + x/0.37), and

n < log (1 + x/0.15), respectively.

Therefore, although the jonization loss fluctuation (FWHND improyes
from about 100% with 1 cm to 55% with 6 cm xenonS, the optimum thick-
ness in combination with our lithium radiator is between 1 and 2 cm
for particle discrimination. This chamber thickness maintains a fast
response to x-rays and is convenient for .operation. )
In conclusion, we can summarize our results as follows:
(1) - The behavior of the TR x-ray production at the
'highest Y measured so far is as predicted by
the theory;
(2) the Li~Xe combination permits an excellent
electron identification against hadrons, even
with a single radiator-PWC set;

(3) it offers a wideband electron identifier between

3 and 50 GeV/c or higher.
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Fig. 1.

Fig. 2.

Fig. 3.

FIGURE CAPTIONS

Pulse height distribution of summed signals from four
proportional wire chambers for 50 GeV/c beam of pions
and electrons. The shaded area shows the electron
events consisting of x-rays plus ionization loss.

The same as Fig. 1, but of a single chamber signals
with two lithium radiators in front. A peak at the
highest position was caused by amplifier saturation.
Average x-ray energy detected in a single chamber per
incident electron with a lithium radiator of 500 foils.
The dashed line indicates the saturation level of the

x-ray yield predicted by theory.
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