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were <5 s, given the sensitivity (~0.02 dB) and instrumental
time constant {~0.1s) that can be achieved with riometers.
Ionospheric time constants of this order may apply in the D
region during absorption events associated with some magnetic
storms and substorms.
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Charge dependence of pion
production in heavy ion collisions
G. Bertsch

Department of Physics and Cyclotron Laboratory,
Michigan State University, East Lansing, Michigan 48824

Benenson et al.' measured the pion production cross-section in
nuclear heavy ion collisions in the energy range 100-400 MeV
per nucleon with the aim of determining whether collective
effects associated with the larger number of nucleons were
present in the pion field. An instability in the plon field, such as
the putative pion condensation phase transition’, would give rise
to an enhanced number of physical pions. The expected
production cross-section, in the absence of collective effects, is
found from two simple models. One of these is a statistical
model, in which the number of pions is calculated from a
statistical equilibrium. At the other extreme, the nucleons in the
target and projectile are assumed to be free and independent,
except for their Fermi momentum, and create pions by two-
body collisions. The experimental cross-section at the lowest
energy was found to be larger than either model by at least an
order of magnitude®, suggesting that collective effects are indeed
present. Interestingly, the cross-section had unexpectedly
strong dependence on the charge of the pion produced. At the
highest energy studied, 400 MeV per nucleon, many more =~
than =" were produced in the forward direction. At the lowest
energy studied, 100 MeV per nucleon, the relative yields are
reveised, with more 7" produced. The experimental ratios of =~
tow,

_do,- /dos+

d’p
are quoted in Table 1. Benemson ef al.' explain the =~
enhancement in terms of the Coulomb distortions of the pion
wavefunctions. Here I include in the same framework an

explanation of the low energy result.
My starting point for the pion production rate is the formula

W=2x% Ztl (| Hunl Yot

Table 1 Experimental ratios of 7~ to 7"

Eproj Pion kinetic
(MeV per energy
nucleon) (MeV) Yoo — Yproj© R_,,
~100 34 0.23 0.7
54 0.40 0.6
76 0.54 0.5
400 34 -0.20 3.0
54 -0.04 10.0
76 0.11 2.5
123 0.36 1.4
155 0.49 1.2

* Rapidity, the Lorentz-additive measure of velocity, is defined as
=11n (E+pc)/(E-pc).

where p; is the density of final states and H,,y is the pion creation
part of the nuclear hamiltonian. The p;is a product of density of
plomc states p7, and density of nucleonic states pf". Normallsmg
the pion wavefunction to plane waves at infinity, the pionic

density of states is the usual pf” = The transition matrix

8qr
@m?*
element (i| H,n|f)* will be proportional to the probability of
these normallsed wavefunctions in the collision region, | ¢,/

Benenson et al.! compute the charge dependence as

lé.-R)
[¢.~(R)P

where ¢,+ contains the Coulomb distortion of the projectile.
Thereby the large effect seen for pion velocities close to the
beam velocity is qualitatively explained. The effect of the
nuclear density of states will now be included. To describe pf', it
is assumed that there is a thermal equilibrium among nucleons.
The final state density then depends on pion energy and charge
according to

R~

pr ~exp [~(En=F (o~ )/ kT] (1

Here kT is the temperature of the nucleons, and u, and u, are
the chemical potentials of the protons and neutrons. In view of
the relatively small number of nucleons involved in the collision,
and the fact that the pions are most likely to be created at the
initial stages of the collision, before any sort of equilibrium is
established, the statistical assumption may be questioned.
However, it is a fact that energy spectra tend to be exponential,
with a coefficient close to the ‘temperature’ calculated as below®.
Thus we at least find phenomenological justification for equa-
tion (1).

R_,, is now compared at the two energies, for the same
velocity of the pion with respect to the projectile. The Coulomb
distortion effects should be nearly the same, so the ratioof R_,,
would be given by

1
R_/+/RL;, ~exp [2(up un)( o kT)]
In the system studied experimentally, 2°Ne + NaF, the chemical
potentials differ mainly because of the Coulomb field. Assuming
that the pion production takes place in an overlap region
between the colliding nuclei, the difference between chemical
potentials may be estimated as

Ze 20(1 44)
Mp = Mn = R 33

To estimate the temperature at 100 MeV per nucleon projectile
energy, note that the energy available in the centre of mass, per
nucleon, is ~25 MeV. With Boltzmann statistics, this implies a
temperature of 3(25) = 16.7 MeV. A more detailed calculation
taking into account such things as quantum statistics and binding
energy effects yields a temperature of 13.5 MeV. Similar con-
siderations for 400 MeV per nucleon yield a temperature of

——MeV=8.7MeV
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55MeV. Then for a given pion velocity with respect to the
projectile, we expect a diminution of =~ at the lower energy of

, 1 1
R/R'=exp (17.4 (55 13.5)) 0.37
This agrees with the experimental ratio 0.5/1.2 =0.42 found for
pions of high rapidity.

From these considerations, it seems that R_,., will be a useful
probe of the nucleonic density of states in the early stages of
heavy ion collisions at lower bombarding energies, and seems to
be conveniently interpretable as a temperature. This comple-
ments the usefulness of R_,. at higher energies as a probe of the
geometry of the collisions, via the dependence on the Coulomb
distortions.
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under grant no. PHY-7620097.
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Improved planar solar convertor
based on uranyl
neodymium and holmium glasses

Renata Reisfeld & Yehoshua Kalisky

Department of Inorganic Chemistry and Energy Center,
The Hebrew University, Jerusalem, Israel

The use of uranyl doped glasses for solar energy conversion and
concentration was discussed by Reisfeld and Neuman'. While
the UO3* ion is an efficient energy convertor, its maximum
emission peaking around 500 nm does not coincide with the
maximum sensitivity of the existing solar cells which is around
700-1,000 nm. The use of Nd** doped glasses for solar energy
collectors was described by Levitt and Weber®. While the emis-
sion of Nd** peaking at 880 nm (°F;,~'ly;;) and at 1.06 um
(*F3,2->*111,2) is ideal for matching with the maximum sensitivity
of solar cells, its absorbance arising from the forbidden tran-
sition 4f—4f is low and the overlap of the absorption spectrum of
Nd** with the solar spectrum is rather weak. To increase the
operational efficiency of solar collectors, a maximum overlap
between the absorption spectrum of the collector and the solar
spectrum is required®. In this report we suggest that glasses
doped by uranyl and neodymium and uranyl and holmium
increase the response to the solar spectrum, thus increasing the
collection efficiency, and convert the absorbed light in the wide
spectral range into the narrow fluorescence band at 1.06 um and
880 nm in uranyl-neodymium glasses and 660 nm (°Fs—°15) and
750nm (°F,,°S, > *I;) in the uranyl-holmium co-doped
glasses.

Energy transfer from UO3%* > Nd>** in barium crown glasses
was discussed by Gandy et al.* and Melamed et al.’ for small
concentrations of UO3" in the glasses. The use of energy trans-
fer for lowering the laser threshold in rare earth doped glasses is
a well-known phenomenon®. Here we present quantitative cal-
culations on energy transfer between UO2* - Nd** and UO3* >
Ho®* at a much higher concentration range than in ref. 4. This
higher concentration range is suitable for solar energy con-
version. The absorption, excitation and emission spectrum of
UOZ" doped phosphate glasses may be found in ref. 1.

The excitation spectrum of the *F;,, - *I;;/; (1.06 wm) tran-
sition of a glass doped by 2wt % Nd** and co-doped by
2 wt % Nd** +1 wt % UO3" in the spectral range 360~500 nm

Relative fluorescence (arbitrary units)

350 400 450 500
Wavelength (nm)

Fig.1 Excitation of Nd** (- --) and Nd** +UO3* (—). Emis-
sion monitored at 1,055 nm.

is presented in Fig. 1. Due to the energy transfer from UO3" to
Nd**, the integrated fluorescence intensity of Nd** excited in
this region is increased 8.5-fold. In the total spectral range from
360800 nm this increase amounts to 150%. This percentage is
equal to the number of photons of the solar spectrum affecting
the co-doped glass divided by the number of photons affecting
the Nd*>*-only doped glass. This ratio was calculated using the
formula:

Ss_ A'XnuX 7'+ ATXR"
Sdop A2Xn2

Where S..q is area under the excitation spectrum of the co-
doped glass, and S,,, the area under the excitation spectrum of
the Nd** doped glass. The area of the excitation spectrum was
corrected for the spectral response of the xenon source and the
excitation monochromator. 7n,, is energy transfer efficiency from
UOZ" to Nd**, A!, A®=absorbance of UO?" and Nd** respec-
tively, and n’, n?=fluorescence quantum efficiency of UO3"
and Nd** respectively.

The emission spectrum of Nd** and Ho®* glasses co-doped
with UO3* are presented in Fig. 2. The emission maxima
correspond to the maximum sensitivity of the silicon solar cells’.
The efficiency of energy transfer was calculated using equations
(2) and (3) and is presented in Table 1.

17(,-:1—'—0 (2)

100 (1)

Ne=1——% (3)

Where 74 is the first e-folding time® of UO3" in the presence of
Nd** and 73 is the first e-folding time of UO3" alone. I, and I

Fig.2 Fluorescence emission spectra of Nd** and Ho®* co-doped
with UO3* when excited into th2e+maximum absorption peak of
Uos™.

- 2wt% Ho " + 1wty UO2*
F (Excitation 421 nm)

2wty Nd*+ + 1wty UO3*
(Excitation 416 nm)

Relative fluorescence (arbitrary units)
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