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Detection of X-Ray Transition Radiation of 31-GeV Electrons
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An improved method of particle detection is described, utilizing both the x-ray transi-
tion radiation and the ionization of a gas by the particle.

High-energy particle detectors based on x-ray
transition radiation (XTR), studied up to the pres-
ent time, possess small efficiency in particle
registration and small relative aperture. ' ' High
registration efficiency was achieved by the stream-
er-chamber technique, ' but with this technique it
is impossible to form the trigger pulse. We de-
scribe here a particle detector which takes advan-
tage of the registration of energy released in the
bulk of a gas by the absorption of XTR quanta as
well as by the ionization of the gas by a high-ener-
gy primary particle. It has been observed from
data on the energy release that high registration
efficiency of ultrahigh-energy particles may be
achieved using the XTR technique, the relative
aperture being rather high. This method, first
proposed in 1961,' was experimentally investigat-
ed only recently. It consists in the registration,
by a single detector of x-ray quanta, of both the
charged particle and the transition radiation gen-
erated by the particle in a laminar medium. The
yield of the detector will be proportional to the
total release of energy due to the absorption of
XTR and the ionization losses of the particle in
the same detector. %'hile the intensity of XTR
strongly depends on y =E/mc', ' the ionization
losses of ultrarelativistic particles are practical-
ly independent of y, the yield of the detector for
small values of y is defined, consequently, by
ionization losses, and for large y basically by the
absorption of XTR.

The registration of radiation and particles in
the high-energy particle detector under examina-
tion was by means of a gaseous xenon scintillator
enclosed in an aluminum container with round,
100-ILLS-thick Mylar windows, 6 cm in diameter,
through which the radiation and registered parti-
cles passed (Fig. I). The photomultiplier, with
its photocathode right in the gaseous medium,
was inserted from the lateral side of the contain-
er, the thickness of the scintillator being 4 cm of
xenon at a pressure of 1.6 atm.

As the wavelengths of the light emitted in a gas-
eous scintillator are in the far ultraviolet, a coat-
ing of the inner side of the container and the pho-

tocathode by a spectrum transformer was pro-
vided to match the radiation spectrum and the
spectral characteristic of the photomultiplier.
Special attention was given to purifying the gas,
since impurities cause a sharp reduction of scin-
tillation intensity. To that end, the scintillation
gas was continuously purged in 600'C hot calcium
chips by means of natural circulation.

The high-energy particle-detector assembly,
consisting of a laminar medium followed by the
xenon gaseous scintillator, was exposed to 31-
GeV electrons at the Serpukhov proton accelera-
tor." The electron beam was separated by an ar-
ray of scintillation counters. The laminar me-
dium was composed of 1000 10-pm-thick Mylar
films, 0.7 mm distant from each other. The mea-
surements were carried out with and without the
laminar medium to check the contribution of back-
ground events. The xenon-scintillator output sig-
nals were transmitted through a pulse stretcher
and a scintillation-array-controlled linear gate
to a 128-channel height analyzer.

In Fig. 2 is given the distribution of the number
of events as a function of the energy release in
xenon when measured with the laminar medium
(closed circles) and without it (open circles). In
the first case, the maximum number of events,
i.e., the probable value of energy released in

FIG. 1. Schematic of gaseous xenon scintillator.
1, photomultiplier; 2, magnetic shield; 3, Teflon 0
ring; 4, container.
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FIG. 2. The distribution of the energy release with
the laminar medium (closed circles) and without it
(open circles).

xenon due to the absorption of XTR quanta and to
the ionization losses, corresponds to 125 keV. A
calculation of the probable value of ionization
losses in xenon gives the figure of 48 keV. Hence,
77 keV is ascribed to the absorption of XTR.

The relation of the total number of events in an
interval of energy release 75-200 keV to the nurn-

ber of electrons traversing the laminar medium,
i.e., the efficiency of electron registration by
their transition radiation, was 0.865 +0.095.

The particle registration probability as mea-
sured in the absence of the laminar medium was
0.110+0.013. A part of these events is due to the
tail of Landau distribution and another pa, rt to
electron bremsstrahlung in a 12.5-g/cm2 liquid
hydrogen target used in another experiment and
installed in front of the laminar medium.

The distribution of 200 events of energy release
in xenon, due to XTR and the ionization losses of
31-GeV electrons (Fig. 3, solid curve) as well
as to the ionization losses only (Fig. 3, dashed
curve), was calculated for our detection instru-
ments by a Monte Carlo technique based on the
work of Garibian. " A comparison of the curves
of Fig. 2 with those of Fig. 3 shows good agree-
ment between experimental results and theoreti-
cal predictions.

FIG. 3. Monte Carlo distribution of the energy de-
posited in the xenon scintillator due to ionization loss-
es (dashed) and absorption of XTH and ionization losses
(solid).

These data witness that the XTR registration
technique by the xenon scintillator allows one to
identify untrahigh-energy particles in the region
of yo 103 10

In conclusion, the authors wish to express
their gra, titude to G. Ts. Avakian and M. S. Ko-
charian for help in the detector assembly develop-
ment, to A. S. Belowsov and N. Boodanov of Lebe-
dev Physical Institute for their assistance during
the run, and also to the accelerator staff of the
Institute of High Energy Physics at Serpukhov.

~A. I. Alikhanian, Loeb Lectures, Harvard Univer-
sity, February 1965 (unpublished).

F. R. Arutyunyan, K. A. Ispirian, and A. G. Oganes-
sian, Yad. Fiz. 1, 842 (1965) [Sov. J. Nucl. Phys. 1,
605 (1965)j .

~F. R. Arutyunyan, K. A. Ispirian, A. G. Oganessian,
and A. A. Frangian, Zh. Eksp. Teor. Fiz, 52, 1121
(1967) [Sov. Phys. JETP 25, 743 (1967)].

4A. I. Alikhanian, K. A. Ispirian, A. G. Oganessian,
and A. G. Tamanian, Nucl. Instrum. Methods 89, 147
(1970).

5L. C. L. Yuan, C. L. Wang, H. Uto, and S. Prunster,
Phys. Rev. Lett. 25, 1519 (1970).

6A. I. Alikhanian, K. M. Avakian, G. M. Garibian,
M. P. Lorikian, and K. K. Shikhliarov, Phys. Rev.
Lett. 25, 635 (1970).

VA. I. Alikhanian, F. R. Arutyunyan, K. A. Ispirian,
and H. L. Ter-Mikaelian, Zh. Eksp. Teor. Fiz. 41,

110



VOLUME $0, NUMBER $ PHYSICAL REVIEW LETTERS 15 JANUARY 1975

2002 (1961) [Sov. Phys. JETP 14, 1421 (1962)].
H. Uto, L. C. L. Yuan, G. F. Dell, and C. L. Wang,

Nucl. Instrum. Methods 97, 389 (1971).
G. M. Garibian, Zh. Eksp. Teor. Fiz. 87, 527 (1959)

[Sov. Phys. JETP 10, 972 (1960)].

A. I. Alckhanl. an &t al. , Institute of Hxgh Energy Phys-
ics, Serpukhov, Report No. OP-STF 70-105 (unpub-
lished).

G. M. Garibian, Zh. Eksp. Teor. Fiz. 60, 99 (1971)
ISov. Phys. JETP 88, 23 (1971)].

Black Holes and Spinning Test Bodies*

S. N. Rasbandt
Department of Physics and Astt'onomy, Louisiana State University, Baton Rouge, I.ouisiana 70803

(Received 5 July 1972)

The orbit equations of Papapetrou are the basis for a study of spinning test bodies in a
Schwarzschild or Kerr metric field. The constant of the motion for a Killing vector of
an arbitrary metric field is given. An analysis of test-body equatorial motion suggests
that significant departures from the results of geodesic motion such as larger maximum
binding and orbits completely stable against capture may be expected for objects with
large intrinsic spin.

Currently much attention is focused on black
holes as possible underlying sources for large
energy production and/or gravitational wave
emission. ' ' In previous studies of the binding
energy available in capture of a test body by a
black hole, only geodesic motion has been con-
sidered. It is the purpose of this Letter to pre-
sent results of a study of spinning test bodies
which, as is well known, do not execute geodesic
motion.

Since a significant fraction of the stars ob-
served have intrinsic angular momentum, a study
of a spinning test body in the field of a black hole
may serve as a model for the possible star —black-
hole interactions. The simple act of endowing a
black hole with angular momentum has led to an
unexpected richness of possible physical phenom-
ena. It seems appropriate to ask whether endow-
ing the test body with intrinsic spin might not
also lead to surprises. ' Indeed, since in a weak-
field approximation the spin-spin interaction is
~ 1/r in contrast to the Newtonian attraction
which is o: 1/r', the possibility exists for spin
interactions to dominate completely for small
separation. "

The equations of motion for a spinning test
body most commonly used are those of Papape-
trou. ' " For extended bodies, alternative equa-
tions have been suggested with differing supple-
mentary conditions i2-i4 We will, however, con-
fine our attention to a model of point test bodies
and use the Papapetrou equations for a spinning
point mass as developed by Taub. " Our primary
interest is in those equations determining the
orbit and not the spin equations of motion. There

is general agreement, even for extended bodies,
that the spin undergoes Fermi-Walker transport
and it is just this spin behavior which has been
subjected to the most detailed examination. '"
Study of the orbit equations has been limited to
the Schwarzschild field. '7'

Ignoring radiation reaction, the equations de-
scribing the motion of a test body with mass rn,
four-velocity u, and spin four-vector S in a
metric field g„, with curvature operator B are

(mu+unu*S) + ~~"R(u, e„)(e nSnu) =0, (1a)

Snu=0, (1b)

S u=0; (1c)

Mn S=O.

Thus, tbe second term in Eq. (1a) vanishes and
one is left with

mu $ + -,' ~g(e n Sn u) V „(

e„(p, =0, ..., 3) denote the basis four-vectors. "
nz and S S are known to be constants of the mo-
tion. It can also be shown that for an arbitrary
Killing vector field $ the scalar

(mu+ Snunu) ~

$ + 2g"~(e nSnu) V„$

is a constant of the motion. " The proof is straight-
forward and relies only on Eq. (1a) and well-
known properties of Killing vector fields.

We choose that "specific internal energy" (e
of Taub's Eg. f1.5]) to be zero so that tbe test
body is characterized completely by giving its
mass and spin. This implies as a consequence
that
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