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Intensities of Backscatter Mossbauer Spectra
Z. Mei*, B. Fultz*, and J. W. Morris, Jr*.

*Center for Advanced Materials, Lawrence Berkeley Laboratory, and
Department of Materials Science and Engineering, University of California, Berkeley

+Department of Materials Science,California Institute of Technology

The intensities of g-ray and x-ray backscatter Méssbauer spectra of 57Fe
nuclei in different matrix materials were studied theoretically and experimentally. A
previous analysis by J. J. Bara [Phys. Stat. Solidi, A58, 349, (1980)] showed that
negative peak intensities occur in backscatter g-ray spectra when the 57Fe nuclei are
in a matrix of light elements. We report a confirmation of this work, and offer a
simple explanation of the phenomenon. The present paper extends Bara's analysis
to the case of conversion x-ray spectra; expressions for the intensity of conversion
x-ray spectra as function of absorber thickness and absorber material parameters are
presented. We show that negative peak intensities are expected in conversion x-ray
spectra when the 57Fe nuclei are in a matrix of heavy elements.

Introduction

A critical problem in utilizing Méssbauer spectrometry for quantitative measurements is the
dependence of spectral intensities on specimen thickness. Thickness correction procedures are
well-developed for transmission Méssbauer spectra, but less so for backscatter Mdssbauer spectra
obtained with the experimental geometry shown in Fig. 1a. Although several early analyses of ab-
sorber thickness effects in y-ray backscatter spectra were attempted [1-3], a full treatment was not
available until recently (J. J. Bara)[4-6]. Some non-intuitive phenomena are predicted by Bara's
theory. Unlike the monotonic saturation of the peak height vs. absorber thickness for transmission
experiments, in 57Fe backscatter experiments the peak height was shown to saturate non-mono-
tonically with absorber thickness, and in some cases the peak height may saturate to negative val-
ues (e.g. Fe in coal [7]) which means "dips" rather than "peaks" are obtained in backscatter spec-
tra. Bara observed negative amplitudes in y-ray backscatter spectra [8].

In the present paper we first review Bara's theory and provide a physical description of the
non-monotonic saturation of peak height vs. absorber thickness and the origin of negative ampli-
tudes in y-ray backscatter Méssbauer spectra. We then extend Bara's theary of thickness effects in
backscatter spectra to the case of conversion x-ray backscatter spectra. The tendencies towards
negative intensities in conversion x-ray and y-ray backscatter experiments are shown to depend on
the density of the absorber matrix in opposite ways. Calculated intensities for absorbers of differ-
ent thicknesses are then compared to experimental intensities in y-ray spectra and conversion x-ray
backscatter spectra.
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Theory
Analysis of y~ray backscatter Mossbauer spectra

For the experimental geometry shown in Figure 1a, Bara's theory includes seven contribu-
tions to the backscatter y-ray intensity. Both recoilless and non-recoilless y-rays from the source
are considered. Only the recoilless y-rays can be resonantly absorbed by the 37Fe in the absorber,
but like the non-recoilless y-rays they are also subject to Rayleigh scattering (the scattering of inci-
dent y-rays by tightly-bound electrons) and Compton scattering (the scattering of incident y-rays by
loosely-bound electrons). Rayleigh scattering may occur with no loss of y-ray energy so that a y-
ray which has undergone Rayleigh scattering may later induce a nuclear resonance. The first five
of Bara's seven contributions include the recoilless incident y—rays that are scattered: (1) by nuclear
resonance recoillessly, (2) by nuclear resonance non-recoillessly, (3) by Rayleigh scattering re-
coillessly, (4) by Rayleigh scattering non-recoillessly, and (5) by Compton scattering non-recoil-
lessly. The other two contributions include the non-recoilless incident y-rays that are scattered
non-resonantly: (6) by Rayleigh scattering, and (7) by Compton scattering. The mathematical ex-
pression for each of the seven contributions as functions of absorber thickness and material
parameters can be derived based on the model shown in Fig.1b. In addition, the dependance of
resonant absorption on incident y-ray energy has to be considered. The final forms of the seven
expressions involve complicated integrations. They are given in reference [6].

The sum of seven contributions is the total y-ray intensity, N, at the detector, and the depen-
dance of N on v, Doppler velocity, is the Mossbauer spectrum. Unless otherwise stated in this
paper we assumed a single-line spectrum with the maximum resonance absorption at v =0. Itis
usually found, and generally accepted, that there will be a peak in backscatter Mdssbauer spectra at
v=0,ie NO) > N().

In general the peak height, N(0) - N(e0), does not increase monotonically with the absorber
thickness. As shown in Fig. 2a, both N(0) and N(ee) increase monotonically to saturation as the
absorber is made thicker. However, N(0) saturates faster than N(eo) does, because at resonance
the incident y-rays are absorbed both resonantly and non-resonantly, while off resonance the inci-
dent y-rays are absorbed only non-resonantly. It is the difference between the saturation distances
of N(0) and N(e) that causes the non-monotonic variation of the peak height with the specimen
thickness.

Another important parameter in Mossbauer spectrum is the percentage effect, Ir, defined as:

_N@©) -N(=) _ N©O

TN TR M

- It decreases and saturates with absorber thickness starting from a nonzero value at zero thickness to
a saturated value at infinite thickness, as shown in Figure 2b. Although Figure 2a shows that N(0)
becomes zero as the thickness decreases to zero, N(e<) also goes to zero. By L'Hospital's rule ap-
plied to N(0) and N(e) at zero thickness:
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f,U

NO) 2Ly, 4T,
NO ~d& 21+c 2
N(=) de(too) U, + U

which is the slope of the N(0) curve at zero thickness divided by the slope of the N(ee) curve at
zero thickness, where f_is the recoilless fraction of incident y-rays, o is the internal conversion
coefficient, U . is the nuclear resonant absorption coefficient ( U = f1 pnG,),pis the abundance
of the resonant isotope, G, is the nuclear resonance cross-section, n is the number of 57Fe nuclei
per cm3, Uy, and U_, are non-resonant Rayleigh and Compton absorption coefficients.

Perhaps the most interesting prediction is that in some cases the peak height may be negative,
i.e. "dips" rather than "peaks" are obtained in backscatter y-ray spectra. The condition for negative
intensities is now developed for an infinitely thick absorber, a case that includes many practical sit-
uations. Solving the integral expressions for the seven contributions [6] for infinite thickness, and
adding up to get the total intensity N. Calculating N for A=0 and A=ce respectively, we obtain: (In
following derivation, "~" represents "proportional to".)

f, U, (1-f) U, f, Ug
N(0) - N(e) ~ + +
(1+a)X (X+1) (l+a)X (X +1) %

(1-f)U, Ug
TTTX X

n 1]

-Up-Ug s (3)

where fl is the recoilless fraction of the absorber, fR is the recoiless fraction for Rayleigh scatter-
ing, X_ 1s equal to square root of (1 + U_/U), U is total non-resonant absorption coefficient (U =
UR + UC + U _, where U_ is the photoelectronic absorption coefficient ), X o is equal to square
rootof (1 + U": cosecf, U (cosecP, + cosecB,)), and B, and B, are defined in Fig. 1.

Rewriting (3):
: U (1-f)U 1 1
N(0)-N(e) ~ L +— -
1+ X, (X +1) (1+a) | XX+ X X+D)
UR+ UC 1 1 1 1
+—X_-UR‘UC+(l-fR)UR(—X—--i:)ﬁ-UC(-)-(-:-f;) . (4)

r n

" It is possible for (4) to be less than zero, so negative intensities in y-ray backscatter spectra
can occur. An approximation leads to an intuitive interpretation. Assume that:
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1 1 << 1 5)
X (X, + D) X(X+D  X(XxD
1 1 1
T <% | ©)
n r T

In (4), the second term is of second order with respect to the first, and the sixth and seventh
terms are of second order with respect to the third term. We delete the second, sixth, and seventh

terms and obtain:

U 1
N(0)-N(e0) ~ d (U +U)(1-=)
O-NE) (1+a) X, (X +1) (Upr U X,
1 Ug
- . @)
l1+o )

where U ns is the total non-resonant absorption coefficient (U ns= UR+ Uc)' If the first term in (7)
is less than the second term, the intensity of the backscatter y-ray spectrum will be negative.

Eqn. 7. lends itself to a simple physical interpretation of negative intensities. Assume that
there is a very thick absorber so that all incident y-rays are absorbed even at off-resonant Doppler
velocities. As the Doppler velocity changes from off-resonance to resonance, more and more Y-
rays that would have been absorbed non-resonantly will be absorbed resonantly. One resonantly
absorbed y-ray re-emits a y-ray with the probability: 1/(1+a), but if this y-ray were absorbed non-
resonantly, a y-ray would be re-emitted with the probability: U /U. Since the internal conversion
coefficient for 57Fe is rather large, it is possible for 1/(1+a) to be less than U o/ U- In this case, at
the resonant velocity the resonant absorption processes will do more to reduce the number of y-
rays abailable for non-resonantly scattering than to produce resonantly scattered y-rays. A negative
intensity may therefore appear at the resonant velocity of a thick specimen when:

1 Uns
. 8
1+a<U ®)

EY
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Analysis of conversion x-ray backscatter Mossbauer spectra

The thickness dependence of conversion x-ray backscatter spectra has not yet been treated
properly; few previous works can be found [9]. For the 57Fe Mdssbauer effect in the experimental
geometry of Figure 1a, the incident radiations that must be considered are 14.4 keV recoilless -
rays, 14.4 keV non-recoilless y-rays, and 6.4 keV x-rays. Other high energy y-rays (122 keV,
136 keV) are not included in our analysis for two reasons; 1) their non-resonant absorption coeffi-
cients are much smaller than that for 14.4 keV, and 2) the fluorescent x-rays induced by them are
independent of Doppler velocity, so they are not relevant to the peak height N(0) - N(es). (They
are, however, relevant to the calculation of the percentage effect, Ir.) The x-rays at the detector
originate from four physical processes:

(a) De-excitation of 57Fe nuclei after resonant absorptions, i.e. the internal conversion
process: Ne(V).

(b) Production of Ka fluorescent x-rays by recoilless incident y-rays: N(V).

(c) Production of Ka fluorescent x-rays by non-recoilless incident y-rays: Npg(V).

(d) Rayleigh and Compton scattering of the incident 6.4 keV x-rays: Nr,c(V).

We make the following assumptions and definitions:

1. The recoilless fraction of incident 14.4 keV y-rays has a single-line Lorentzian intensity
distribution:

2
21,1, (r/2)

U(E,V)= 2 2
nl- [E-(E0+V)] + {T72)

, (¢))

where E is energy of the incident y-rays, V is equal to E,v / ¢, v and c are the Doppler
velocity and the speed of light, I is the half-width of the Lorentzian function, and E0 is the
resonant energy of the y-ray source that has a 14.4 keV y-ray intensity of I,

2. The incident 6.4 keV x-rays have an intensity of o fy I, where fy is the x-ray fluorescent
yield coefficient.

3. The absorption of the 14.4 keV incident y—rays by the absorber is:

UE)=UE)+U +U.+U=UE)+U. , (10)
r R C P r 1 ‘

where Uy is the photoelectronic absorption coefficient and U (E,E,) is the Lorentzian function ab-
sorption profile:

@2y

U®) =T, —,
(E-E)°+I2)

(11)

and E, is the mean resonant energy of the absorber.
4. The absorption of outgoing 6.4 keV x-rays is defined as U, .
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Using the model shown in Fig. 1b and considering the dependance of the resonant absorption on
the incident y-ray energy, we have derived the mathematical expression of x-ray intensity for each
of the (a)-(d) four processes. With the definitions: y =2 (E - E)/I, S;=2 VIT, S, =2(E,-
E), T=(, cosecBl +U, cosech) t_, the four contributions to the total conversion x-ray inten-
sity are:

fy I U, cosecf, o fy

_[dy Z(y, Sy (12)

-0

N,(Sp)-
n (1 +a) (U, cosecB,+ U, cosecf,)

°0

for to-s% 1 28 @3
7 (U, cosecB,+ U,cosecB,) <,

f I U f cosecP
. 00 “ph'y 1
N (8=

I (1-f)U_f v
N, 0T Uy 005eBy i) (4

of
. U, cosecP, + U, cosecB,

Iaf (U.+U,) cosecp
Ng,g= 0y C "R L11-exp( -U,ty(cosecP, + cosecB,) )] (15)
U, (cosecB,+ coscef,)

where:

2 2

(y-S) +x

1-exp -Tg—z——

(y-S) +1
Z(y, Sy) = > 3 (16)

[(y-Sp +1]10(y-S) +x7]
2

X =1+UrcosecB1/(U1 cosecB1+Uzcosec[32) an

A complete derivation of these expressions is provided in [10].

A comparison of y—ray and conversion X-ray backscatter Mossbauer spectra
For both y-ray and conversion x-ray backscatter spectra, there are three kinds of scattering:

recoilless incident y-rays scattered resonantly
(e.g. Contributions (1) and (2) of y-ray backscatter spectra, and Contribution (a) of
conversion x-ray backscatter spectra.)

recoilless incident y-rays scattered non-resonantly
(e.g. Contributions (3), (4) and (5) of y-rays backscatter spectra, and Contribution (b)
of conversion x-ray backscatter spectra.)

non-recoilless incident y-rays scattered non-resonantly
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(e.g. Contribution (6) and (7) of y-ray backscatter spectra, and Contributions (c) and
(d) of conversion x-ray backscatter spectra.).

The first two kinds of scattering are dependent on the Doppler velocity while the third is not, as il-
lustrated in Fig. 3. Notice that the non-resonant scattering of the recoilless incident y-rays shows a
"dip" at resonance because off resonance all the incident recoilless y-rays are subject to non-reso-
nant absorption and scattering, but at resonance many of the incident y-rays are absorbed reso-
nantly.

As explained in Section 2.1, the difference between saturation thicknesses of the resonant
and non-resonant absorptions causes the non-monotonic relationship between peak height and ab-
sorber thickness. This difference is important for both y-ray and conversion x-ray Mdssbauer
spectra, so the feature of non-monotonic saturation should occur for both backscatter spectra.
Whether or not negative intensities appear at resonance depends on a competition between the frac-
tion of y-rays emitted after resonant absorptions and the fraction of y-rays emitted after non-reso-
nant absorptions. If the second fraction is larger than the first fraction, the intensity at resonance
may be negative. For y-ray backscatter spectra, the first fraction is 1/(1+c.), and the second franc-
tion is U__/U. For conversion x-ray backscatter spectra, for one resonantly absorbed incident y-
ray photon the probability to produce one 6.4 keV conversion x-ray photon is: f o / (14+¢), and
for one non-resonantly absorbed incident y-ray photon, the probability to produce one 6.4 keV
fluorescent x-ray photon is fy ¢ U_/U, where ¢ is the fraction of 6.4 keV Ko photons of all fluo-
rescent x-ray photons excited by 34.4 keV y-rays. The condition for negative intensity at reso-
nance in conversion x-ray backscatter spectra is:

T T a9

The differences between (8) and (18) are interesting. The total non-resonant absorptions, U,
include photoelectronic absorptions, Uy, and (Rayleigh and Compton) scattering absorptions, U_.
Both Up and U__ increase with atomic number, but Uy, increases faster than U . Consequently
U_/U is largest for light elements while Uy/U is largest for heavy elements. Negative intensities
in y-ray backscatter spectra are favored when the Mossbauer nucleus is embedded in a matrix of
light elements, but negative intensities in conversion x-ray backscatter spectra are favored when the
Maossbauer nucleus is embedded in a matrix of heavy elements.

\

Numerical Calculation

The mathematical expressions [6] for calculating the intensities of y-ray and conversion x-ray
backscatter Mossbauer spectra as a function of absorber thickness can be solved analytically only
for very thin or very thick absorbers. Where necessary, we have performed numerical calculations
of the peak height of Mossbauer spectra vs. specimen thickness at resonance. At resonance (S; =
So), the integrations in Eqns. 7-12 in Ref. [6] and Eqns. 12-13 in the present work become:
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2,2
- w l-exp -Ty2
1 2 y +1
= dy Z(y,SO)=1—t- dy ———ounr—, (19)
bt (y +D(y +x7)
2,2
" w l-exp -Ty2
1 2 2 y +1
= |dy[(y-Sp " +11Z(,Sp) == |dy = . (20
T n 2 2

At off-resonant velocities (IS1 - Sl >> 0), the integrations can be solved analytically:

1 -3
~[ay 26,8p=0, @

-
;_[dy[(y-sofnl Z(y, Sg) = 1-exp (-T) . (22)

From Eqn. 22, it can be seen that the saturation thickness for the intensity at off-resonant
velocities is 1/T; and from Eqns. 19 and 20, the saturation thickness for the intensity at resonance
is between 1/T (when y = o) and 1/ ( T x2) (when y = 0). Figs. 2, 5d and 6 show the results of
numerical calculations for some materials. The parameters used are listed in Table 1. Non-reso-
nant scattering of other incident radiations will modify quantitative features of the percentage effect
shown in Fig. 2b. We are least certain about the accuracy of the Rayleigh and Compton scatter-
ing coefficients [12].

Experiments

The objectives of the experiments were 1.) to test Bara's conditions for negative intensities in
Y-ray backscatter spectra, and 2.) to test if conversion x-ray backscatter spectra have the non-
monotonic peak height vs. thickness relation predicted by the present analysis.

All Mossbauer spectra were obtained in backscatter geometry with an Austin Science Associ-
ates S-600 constant acceleration spectrometer. All spectra were obtained with the source and ab-
sorber at room temperature. The radiation source was 3’Co in Rh with the intensity of about 24
mCi. The backscatter photon detector was of toroidal geometry with high geometrical collection
efficiency [13]. The incident radiation passed through the hole in the toroid, and backscattered ra-
diations entered the detector through its large toroidal window. For good counting efficiency , the -
detector was filled with a mixture of 47 % Kr, 47 % Ar and 6 % methane gas to obtain y-ray
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backscatter spectra, and with a mixture of 95 % Ar and 5 % methane to obtain conversion x-ray
backscatter spectra. Figures 4a and 4b show the pulse height distribution from the detector for
these two modes of operation. The single channel analyzer window was set about the appropriate
peak for conversion x-ray or y-ray detection.

For the y-ray backscatter spectra of Be- Fe, wafers of Be metal, each with a thickness of 7
mm, were stacked to obtain specimens with a series of thicknesses. - The specimens had the
chemical composition: 98.5 wt.% Be, 1.2 % BeO, 0.060 % Al, 0.1 % C, 0.1 % Fe, 0.08 % Mg,
- 0.06 % Si, 0.04 % S, 0.04 % U, and 0.04 % other elements. Three spectra from absorbers with
different thicknesses are plotted in Figure 5a-c, which shows a transition from peak to dip with in-
creasing thickness:. For the conversion x-ray backscatter spectra of Fe metal, rolled iron foils of
99.999 % purity were used. The foil thickness was obtained by measuring masses and areas.
Foils were stacked together to make absorbers with a series of thicknesses. The peak height vs.
absorber thickness for peak 1, peak 2, and peak 3 of the pure Fe sextet are plotted in Figure 6 to-
gether with the numerical calculations for comparison.

Since all spectral intensities are proportional to the number of incident y-rays, the spectra ob-
tained from absorbers of different thickness can be compared only when the effective collecting
times for the spectra are same. The effective collection time was defined as follows to correct the
decay of the radiation source:

o+ At _
In2
IOAte=J‘IOexp[-mt]dt (23)
b

where 270 (days) is the half-life of the-57Co radioactive source, At and At, are collecting time and
effective collecting time, and t, is the time when a spectrum collection starts.

Discussion

J. J. Bara's theory of the intensities of y-ray backscatter Mdssbauer spectra predicts the oc-
currence of a negative intensity peak that he confirmed experimentally [8]. In Fig. 5a-5¢c, we show
the change of the y-ray Mossbauer spectrum peak intensity from positive to negative as the ab-
sorber thickness increases. The thickness of transition from positive to negative intensity is calcu-
lated from Bara's theory to be 5 mm, and the experimental thickness is 14 mm. This discrepancy
may originate from one or more causes:

(1) The experimental spectra are somewhat broader than the theoretical Lorentzian width.
This has the effect of reducing the recoilless cross section at resonance, and hence increasing the
transition thickness.

(2) The calculated result shown in Fig. 5d is for the case when 3;=90" and B, = 60°, but our
detector has a toroidal shape so B, varys from 0° to 90°.
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(3) There is an uncertainty in the accuracy of the Rayleigh and Compton scattering coeffi-
cients as explained in Section 3. Especially for the case of dilute Fe in a matrix of light elements,
these coefficients are large enough with respect to the resonant absorption coefficient so that this
uncertainty could be responsible for large errors in the transition thickness.

(4) We did not obtain spectra for thicknesses between 7 and 14 mm, so the transition thick-
ness may be in this range.

For the present theory of conversion x-ray backscatter Mossbauer spectra, the experimental
data and numerical calculation show excellent agreement in how the peak height varies non-mono-
tonically with the thickness of the absorber (Fig. 6). In these numerical calculations the uncertainty
in Rayleigh and Compton scattering coefficient is less important because they are one or two orders
smaller than the resonant absorption coefficient. '

An experiment is underway to determine if negative intensities in conversion x-ray backscat-
ter Mossbauer spectra will occur when 37Fe nuclei are embedded in a matrix of heavy elements.
Conclusions

(1) Negative intensities in y-ray backscatter Mossbauer spectra can occur when the resonant

nuclei are embedded in a matrix of light elements. For thick absorbers the condition for the occur-
rence of this negative intensity is:

1 Uy
1 +a-0 -

(2) A new treatment of the intensities in conversion x-ray backscatter Mossbauer spectra that
parallels Bara's theory for y-ray backscatter spectra has been developed. As for y-ray backscatter
spectra, conversion x-ray backscatter spectra have a non-monotonic peak height vs. specimen
thickness dependence. For thick absorbers the condition for the occurrence of negative intensities
in conversion x-ray backscatter Mdssbauer spectra is:

(3) Negative peak intensities in conversion x-ray backscatter Mossbauer spectra are favored
when the resonant isotope is in a matrix of heavy elements, but negative peak intensities in y-ray
backscatter Mossbauer spectra are favored when the resonant isotope is in a matrix of light ele-
ments. '
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FIGURE CAPTIONS:

FIG.1. (a) Backscatter geometry used in.analysis. (b) Model used to derive the mathematical ex-
pression of backscattered intensity.

FIG.2. (a) Numerically calculated v-ray backscatter Mossbauer spectrum intensity vs. stainless
steel absorber thickness [7]. (b) Numerically calculated percentage effect of a y-ray backscatter.
Mossbauer spectrum vs. stainless steel absorber thickness.

FIG.3. Tile three contributions to the intensity of a backscatter Mdssbauer spectrum.

FIG.4. The pulse height distribution of the toroidal detector for:
(a) y-ray counting, and (b) for x-ray counting.

FIG.5. Backscatter y-ray Mossbauer spectra of Be - 0.1 wt% Fe for absorber thicknesses of: (a) 7
mm, (b) 14 mm, and (c) 35 mm. (d) Numerical calculation of peak height vs. absorber thickness
for y-ray backscatter Mossbauer spectrum of Be - 0.1 wt% Fe.

FIG.6. The numerically calculated and experimentally measured peak height vs. absorber thick-
ness relation for conversion x-ray backscatter Mossbauer spectra of the Fe sextet.
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TABLE I. Parameters used in the numerical |

calculations.
stainless steel [0.1% Fe in Be]  pure Fe
(Fig.2) (Fig.5) (Fig.6)
fo 0.8 0.7 0.7
f, 0.75 0.7 0.7
0.76 870.9
Ur (1/cm) 2400 Peak D)
Ur(1/cm) 26.8 0.111 6.17
Uc(1/cm) 3.8 0.254 0.77
U (1/cm)
(14.4 Kev) 450 0.861 517.7
a 8.21 8.21 8.21
B, (degrees) 90 90 90
B, (degrees) 60 60 60
U. (1/cm)
(6.4 Kev) 520.2
U 580.6
r (1/cm) (Peak 2)
Ur (1/cm) (33323)
- ———
References [7] [12] [12]
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source

AN

absorber

(@)

detector

I(ata)=1Iy

I(atb) = Lyexp(-u,t) =1Ip
I(atc)=FOndt=1

I (atd) = L;exp(-u,t)

I: Intensity

u; ,u,: absorption coefficients [1/cm]
¢ : scattering cross section [cm?2]

n: scatterer desity [1/cm?]

®)

FIG. 1. (a) Backscatter geometry used in analysis.
(b) model used to derive mathematical expression

of scattered intensity. - !
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N(0) (in resonance)

N(e°) (off resonance)

N(0)-N(<=)
10 20 30 40
Absorber Thickness (um)
3
(b)
8 27
Al
Sz
Z -
1
0 v ' v . ey v
0 10 20 30 40
Absorber Thickness (um)

FIG. 2. (a) Numerically calculated Y-ray backscatter Mdssbauer spectrum
intensity vs. stainless steel absorber thickness [7]. (b) Numerically

calculated percentage effect of a ¥ -ray backscatter Mossbauer spectrum vs.
stainless steel absorber thickness.
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ﬂ
A
S ~J
‘J} L ~
Velocity

A: resonant scattering of the recoilless incident Y -rays
B: non-resonant scattering of the recoilless incident Y -rays
C: non-resonant scattering of the non-recoilless ubcudebt Y-rays

FIG. 3. The three contributions to the intensity of a backscatter Mdssbauer spectrum.
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FIG. 4. The pulse height distribution of the toroidal detector for
(a) Y -ray counting.

(b) x-ray counting.
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FIG. 5. Backscatter gamma-ray Mossbauer spectra of Be - 0.1 wt% Fe for absorber
thicknesses of: (a) 7 mm, (b) 14 mm, and (c) 35 mm. (d) Numerical calculation of peak
height vs. absorber thickness for gamma-ray backscatter Mossbauer spectrum of Be - 0.1
wt% Fe.
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FIG. 6. The numerically calculated (lines) and experimentally measured (dots)
peak height vs. absorber thickness relation for conversion x-ray backscatter

Méssbauer spectra of the Fe sextet.
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