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Damage caused in lithium fluoride crystals by j-rays, electrons, and heavy ions includes,
besides other point defects, F centers and their agglomerates. We have studied the

ic F centers by measurements of the nuclear spin relaxation (NSR) of 9F and
Li, the return of the magnetic circular dichroism of absorption (MCDA) after switching off
the resonant microwave field and by optical absorption. The magnetic resonance
experiments were performed over a range of defect concentrations to measure the
longitudinal spin lattice relaxation times T of the F centers. Over several orders of
magnitude, the NSR rate 7,,' is proportional to the concentration of F centers.
Measurements at different frequencies and temperatures suggest a spin diffusion limited
NSR process. Raising the temperature of the crystal initiates an annealing process that can
be observed as a decrease of the NSR rate.
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lonizing radiation creates in lithium fluoride crystals defects consisting
primarily of F centers and their agglomerates. The electron spin of the F
centers couples to neighboring nuclei via hyperfine interaction. Fluctua-
tions of the F center electron therefore induce flips of the nuclear spins,
which drive the nuclear spin polarization towards thermal equilibrium.
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Hence, measurements of the nuclear spin relaxation (NSR) provide infor-
mation about the dynamics of the F center. The defects studied in this
work were created by irraditation with swift heavy ions { 2%ph 29 MeV /u,
25114 MeV/u.....®=1%10"=3x10"cm ") electrons (0.5-
20MeV, D=0-20MGy) or r-rays (1.17 and 1.33MeV., D=1kGy-
5MGy) at room temperature. While the irradiation with electrons or ;-
rays causes a homogeneously distributed defect concentration. the damage
from the swift heavy ions is inhomogeneously distributed along the ion
tracks. The correlations between these centers, their relaxation times T,
and the NSR rates 1/T, are the objective of this work.

T of the paramagnetic F centers was measured via the return of the F
center MCDA after switching off the resonant microwave field [{]. For
three different F center densities the correlation times are, Tj. =2.255s
for D=1kGy, T\,=650ms for D=126kGy and T\.=35ms for
D = 1.122 MGy. All values were measured in a magnetic field of 930mT
at 1.5K (Fig. 1). The NSR rate T, which was measured by the standard

In
saturation-recovery technique, is determined by the density and by the

o] @ | (b) (©

o
o

L
o

MCDA [arb.u.]
"~

foft
0 1 2 3 4 5
Time s]

FIGURE | Return of the F center MCDA in ;-irradiated LiF after switching off the
microwave (25.5 GHz), recorded at T= 1.5K. 7 =265 nm and B =930 mT. The applied -dose
was (a) 1.122MGy. (b) 126kGy and (c) | kGy.
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relaxation time T, of the F centers. The nuclear spin polarization created
by this process is distributed to more remote spins by spin diffusion

om. 6, Ty, 5
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Here, m. is the longitudinal nuclear spin polarization, ry an atomic-scale
length, win denotes the strength of the hyperfine interaction, w; the Larmor
frequency, and D; the spin diffusion constant. If the process is spin diffu-
sion limited, the solution of this equation is [2, 3]

T 1/4
1/Ty, = 8.5N, ( S(S + 1)};’,},[ 1+ iesz) D’}’%, @
le

where N, denotes the F center concentration, S the electronic spin, and
7p(¥7) the gyromagnetic ratio of electronic (nuclear) spin. The parameters
of this equation can be measured independently. For a sample irradiated
with y-rays of a %®Co-source and a dose of 126 kGy, the values are:
Tie = 650ms (MCDA at 1.5K); N, =15%10" cm™? (optical absorp-
tion); Ds = 1% 102 cm?s™! (calculated), wy, = 127 MHz. Using these
values, we obtain from Eq. (2) a "Li relaxation time T;, = 144s, which
agrees surprisingly well with the experimental value of 145s. Moreover,
for both '°F and "Li, the NSR rates obey a w~'/2-law in accord with Eq.
(2). In consequence, Eq. (2) forms a basis to study the F center dynamics
by NSR experiments over a large parameter range, which is not accessible
to direct EPR or MCDA measurements. For samples irradiated by heavy
ions, measurements of the nuclear spin relaxation rate as a function of
dose yielded good agreement with “the Lidiard relation [4],
T = T;,h, /T~ exp(—K®). In the case of y-ray irradiation, we found a
linear increase of the NSR rate, with no signs of saturation for medium
doses (D <5MGy). Figure 2 shows, that the NSR rate 1/T,, « T for
T<70K and 1/T\, xT'2 above 70K, or by use of Eq. (2),
T1e(T > 70K) « T? and T;(T < 70K) o T*. This indicates a Raman pro-
cess as the dominant relaxation mechanism.

If the sample is heated to 500K or higher, an annealing process sets in
that eliminates the F centers. We investigated this process by rapidly heat-
ing the crystal to the annealing temperature T,, keeping it there for
A =20min, and cooling the sample to room temperature, where the NSR
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FIGURE 2 Temperature dependence of the NSR rates of "Li and '°F in single-crystalline LiF
irradiated with ;-rays (D = 525kGy).
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FIGURE 3 Arrhenius plot of the recovery of the "Li NSR rate in single-crvstalline LiF
imadiated with *"Pb (b =2.5 « 10"n’em’. E =29 McV/u). Data are fitted by Eq. (4) using
the parameters £,, =0.90eVand £,-=1.33eV and Tiu, =105, Tin,. = S0 as best fit,
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rate was measured. For a thermally activated first order process, the density
N, of the F changes as

N(t) o =N)(1) exp(—E, /KT) (3)

The experimental data (see Fig. 3) indicate two different recovery stages.
A reasonable fit is obtained by the corresponding solution of Eq. (3)

1/Tin =T};) exp(=B, % exp(—E,, /kT,)A)
+ T ,“m‘u exp(—By * exp(—E 2 /kT,)A) + T, {n‘x 4)

using E4; = 0.90eV and E;, = 1.33 eV and Ting, = 108, Tipy, = 50s as
best fit parameters. B, and B, are fit parameters with the dimension s~
but have no physical importance.
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