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The intensities of y-ray and x-ray backscatter Mossbauer spectra of 57Fe nuclei in different 
matrix materials were studied theoretically and experimentally. A previous analysis by J. J. 
Bara [ Phys. Status Solidi A 58, 349 ( 1980] showed that negative peak intensities occur in 
backscatter r-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 a 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. 

I. INTRODUCTION 

A critical problem in utilizing Mossbauer spectrometry 
for quantitative measurements is the dependence of spectral 
intensities on specimen thickness. Thickness correction pro
cedures are well developed for transmission Mossbauer 
spectra, but less so for backscatter Mossbauer spectra ob
tained with the experimental geometry shown in Fi.g. 1 (a). 
Although several early analyses of absorber thickness effects 
in r-ray backscatter spectra were attempted, l-3 a full treat
ment was not available until recently (Bara and co-work
er4-6). Some nonintuitive phenomena are predicted by 
Bara's theory. Unlike the monotonic saturation of the peak 
height versus absorber thickness for transmission experi
ments, in 57Fe backscatter experiments the peak height was 
shown to saturate nonmonotonically with absorber thick
ness, and in some cases the peak height may saturate to nega
tive values (e.g., Fe in coar), which means "dips" rather 
than "peaks" are obtained in backscatter spectra. Bara ob
served negative amplitudes in y-ray backscatter spectra.8 

In the present paper we first review Bam's theory and 
provide a physical description of the nonmonotonic satura
tion of peak height versus absorber thickness and the origin 
of negative amplitudes in r-ray backscatter Moss bauer spec
tra. We then extend Bara's theory of thickness effects in 
backscatter spectra to the case of conversion x-ray back
scatter spectra. The tendencies towards negative intensities 
in conversion x-ray and r-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 intensi
ties in y-ray spectra and conversion x-ray backscatter spec
tra. 

II. THEORY 

A. Analysis of y-ray backscatter MC>ssbauer spectra 

For the experimental geometry shown in Fig. 1 (a), 
Bara's theory includes seven contributions to the back-

scatter r-ray intensity. Both recoilless and nonrecoilless y 
rays from the source are considered. Only the recoilless r 
rays can be resonantly absorbed by the 57Fe in the absorber, 
but like the nonrecoilless r rays they are also subject to Ray
leigh scattering (the scattering of incident r rays by tightly 
bound electrons) and Compton scattering (the scattering of 
incident y rays by loosely bound electrons). Rayleigh scat
tering may occur with no loss of r ray energy so that a r ray 
which has undergone Rayleigh scattering may later induce a 
nuclear resonance. The first five of Bara's seven contribu
tions include the recoilless incident r rays that are scattered 
( 1) by nuclear resonance recoillessly, (2) by nuclear reso
nance nonrecoillessly, ( 3) by Rayleigh scattering recoilless
ly, ( 4) by Rayleigh scattering nonrecoi1less1y, and ( 5) by 
Compton scattering nonrecoillessly. The other two contri
butions include the nonrecoiHess incident r rays that are 
scattered nonresonantly ( 6) by Rayleigh scattering, and ( 7) 

(b) 

I (at a)~ Io 
I (at b)~ 10exp(-u

1 
csCfl! t) ~ 10 

l(atc)~Ibcrncsc)l, dt~lc 

I (at d)~ I0 exp(·u2csc flz t) 

I: Intensity 
u1 ,u 2: absorption coefficients [1/cm] 
a: scattering cross se<:tion [em 21 
n: scatterer desity [llcm3] 

FIG. l. {a) Backscatter geometry used in analysis. (b) Model used to de
rive the mathematical expression ofbackscattered intensity. 
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by Compton scattering. The mathematical expression for 
each of the seven contributions as functions of absorber 
thickness and material parameters can be derived based on 
the model shown in Fig. 1 (b). In addition, the dependence of 
resonant absorption on incident r ray energy has to be con
sidered. The final forms of the seven expressions involve 
complicated integrations. They are given in Ref. 6. 

The sum of seven contributions is the total y-ray intensi
ty N at the detector, and the dependence of N on v, the 
Doppler velocity, is the Mossbauer spectrum. Unless other
wise stated in this paper we assumed a single-line spectrum 
with the maximum resonance absorption at v = 0. It is 
usually found, and generally accepted, that there will be a 
peak in backscatter Mossbauer spectra at v = 0, i.e., 
N(O) >N( oo ). 

In general, the peak height, N(O)- N( co), does not 
increase monotonically with the absorber thickness. As 
shown in Fig. 2(a), both N(O) and N( oo) increase mono
tonically to saturation as the absorber is made thicker. How
ever, N(O) saturates faster than N( oo) does, because at reso
nance the incident y rays are absorbed both resonantly and 
nonresonantly, while off resonance the incident y rays are 
abosrbed only nonresonantly. It is the difference between the 
saturation distances of N( 0) and N( oo ) that causes the non
monotonic variation of the peak height with the specimen 
thickness. 

Another important parameter in the Mossbauer spec
trum is the percentage effect, If defined as 

lf=N(O}-N(oo) = N(O) -1. (1) 
N( oo) N( oo) 

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 Fig. 2(b ). Although Fig. 2(a) 
shows that N(O) becomes zero as the thickness decreases to 
zero, N( oo ) also goes to zero. By L'Hospital's rule applied to 
N(O) and N( oo) at zero thickness, 
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FIG. 2. (a) Numerically calculated y-ray backscatter M&sbauer spectrum 
intensity vs stainless steel absorber thickness (Ref. 7). (b) Numerically cal
culated percentage effect of a y-ray backscatter Mi:issbauer spectrum vs 
stainless-steel absorber thickness. 

2551 J. Appl. Phys., Vo!. 64, No.5, 1 September 1988 

N(O) = dN(O) I dN( 00) 

N( co ) dt I . dt 

u;p,/(1 +a)+ UR + Uc 
= (2) 

UR + Uc 

which is the slope of the N(O) curve at zero thickness divided 
by the slope of theN( oo) curve at zero thickness, where.fo is 
the recoilless fraction of incident y rays, a is the internal 
conversion coefficient, U, is the nuclear resonant absorption 
COefficient ( Ur = j IfJn Uo), p is the abundance of the reso
nant isotope, o-0 is the nuclear resonance cross section, n is 
thenumberof 57Fenucleipercm3,and UR and Uc 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 
situations. Solving the integral expressions for the seven con
tributions6 for infinite thickness, adding up to get the total 
intensity N, and calculating N for A = 0 and A = oo, respec
tively, we obtain 

N(O) - N( oo) o: J; Ur 
(1 + a)X,(X, + 1) 

(l -/1) U, fR u R 
+ +--

(1 + a)Xn (Xn + l) X, 

+ (1-JR)UR + Uc- UR- Uc' (3) 
Xn Xn 

where / 1 is the recoilless fraction of the absorber,JR is the 
recoilless for Rayleigh scattering. X, is equal to the square 
root of 1 + U, I U, U is the total nonresonant absorption co
efficient ( u = UR + Uc + up, where up is the photoelec
tronic absorption coefficient), xn is equal to square root of 
1 + U,csc /311 U( esc /31 +esc (32 ), and /31 and (32 are de
fined in Fig. 1. 

Rewriting Eq. ( 3), we have 

U fl-"'U 
N(O) - N( oo) o:. ' + ' J u ' 

(1 + a)X,(X, + 1) (1 +a) 

x(X,(X~ + 1)- X,(X~ + l)) 
UR + Uc • + -UR-Uc+(l-fR) 

X, 

xuR(-1 __ 1 )+uc(-1 __ 1 )· 
Xn X, X" X, 

(4) 

It is possible for Eq. ( 4) to be less than zero, so negative 
intensities in r-ray backscatter spectra can occur. An ap
proximation leads to an intuitive interpretation. Assume 
that 

(5) 

(6) 
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In Eq. ( 4), the second term is of second order with re
spect 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 

ur 
N(O) -N(oo)o::-------

0 + a)X,(Xr + 1) 

- (UR + Uc)(l- ;J 
1 uns 0::-----, 

l+a U 
(7) 

where uns is the total nonresonant absorption coefficient 
( uns = UR + Uc ). If the first term in Eq. (7) is less than 
the second term, the intensity of the backscatter r-ray spec
trum wm be negative. 

Equation (7) lends itself to a simple physical interpreta
t!on of negative intensities. Assume that there is a very thick 
absorber so that all incident r rays are absorbed even at off
resonant Doppler velocities. As the Doppler velocity 
changes from off resonance to resonance, more and more r 
rays that would have been absorbed nonresonantly wiH be 
absorbed resonantly. One resonantly absorbed r ray reemits 
array with the probability l/ ( l + a), but if this y ray were 
absorbed nonresonantly, array would be rcemitted with the 
probability U0 jU. Since the internal conversion coefficient 
for 57Fe is rather large, it is possible for 1/ ( 1 + a) to be less 
than U.,, / U. In this case, at the resonant velocity the reso
nant absorption processes will do more to reduce the number 
of r rays available for nonresonantly scattering than to pro
duce resonantly scattered r rays. A negative intensity may 
therefore appear at the resonant velocity of a thick specimen 
when 

(8) 

B. Analysis of conversion x-ray backscatter MOssbauer 
spectra 

The thickness dependence of conversion x-ray back
scatter spectra has not yet been treated properly; few pre
vious works can be found. 9 For the 57Fe Mossbauer effect in 
the experimental geometry of Fig. 1 (a), the incident radia
tions that must be considered are 14.4-keV recoilless r rays, 
14.4-keV nonrecoilless r rays, and 6.4-keV x rays. Other 
high-energy r rays ( 122 keY and 136 keV) are not included 
in our analysis for two reasons: ( 1) their nonresonant ab
sorption coefficients are much smaller than that for 14.4 
keV, and (2) the fluorescent x rays induced by them are 
independent of the Doppler velocity, so they are not relevant 
to the peak height N(O) - N( oo). (They are, however, rel
evant to the calculation of the percentage effect, 11 .) The x 
rays at the detector originate from four physical processes: 

(a) Dcexcitation of 57Fe nuclei after resonant absorp
tions, i.e., the internal conversion process: N,, ( V). 

(b) Production of Ka fluorescent x rays by recoilless 
incident r rays: N,1 ( V). 

(c) Production of Ka fluorescent x rays by nonrecoil
less incident r rays: Nn1 ( V). 

(d) Rayleigh and Compton scattering of the incident 
6.4-keV x rays: NR+ c ( V). 
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We make the following assumptions and definitions. 
( 1) The recoilless fraction of incident 14.4-keV r rays 

has a single-line Lorentzian intensity distribution: 

U(E,V) = 2f0lo (r/2)
2 

, ( 9) 
-rrr [E-(Eo+V)] 2 +Cr/2) 2 

where E is energy of the incident r rays, Vis equal to E0u/c, 
v and c are the Doppler velocity and the speed of light, re
spectively, r 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 / 0 • 

( 2) The incident of 6.4-ke V x rays have an intensity of 
afJ0 , whereJ;. is the x-ray fluorescent yield coefficient. 

( 3) The absorption of the 14.4-ke V incident y rays by 
the absorber is 

U(E) = U,(E) + UR + Uc +up= U,(E) + u,, 
( 10) 

where up is the photoelectronic absorption coefficient and 
Ur (E,E1 ) is the Lorentzian function absorption profile: 

U, (E)= U, {(r /2) 2
/[ (E- E 1 )

2 + (r /2) 2
]}, (11) 

and E 1 is the mean resonant energy of the absorber. 
( 4) The absorption of outgoing 6.4-ke V x rays is defined 

as U2• 

Using the model shown in Fig. 1 (b) and considering the 
dependence of the resonant absorption on the incident y-ray 
energy, we have derived the mathematical expression of the 
x-ray intensity for each of the four (a)-(d) processes. With 
the definitions y = 2 (E- E0 )!r,S0 = 2 V ;r, 
sl = 2(El- Eo), T= ( ul csc/31 + u2 CSC/3z) to, the four 
contributions to the total conversion x-ray intensity are 

!JoUr (esc !31 ) a/y Nrr (So) = _________ ___.;. __ _ 
-rr(l +a)( U1 esc /31 + U2 esc /32 ) 

X I~"' dy Z(y,S0 ), ( 12) 

fc/0 Up/y csc/31 Nrf(So) = ----~:..._. ___ _ 
7T( ul esc !3t + u2 esc /32) 

xf'' oo dy[ (y- S1 )
2 + 1 ]Z(y,S0 ), (13) 

10aj~ ( Uc + UR )esc /31 
Nc~- R = ---"--------

. · U2 (csc/31 + csc/32 ) 

where 

Z(y,S0 ) 

X{l- exp[- U2t0 (cscfJ1 + csc{J2 ) ]}, 

(15) 

1 ·- exp{- T [ (y -- S1 )
2 + x 2

]/[ (y- S 1 )
2 + 1]} 

l (y- So) 2 + 11 [ (y ·- S, ) 2 + x 2
] 

(16) 

x 2 = 1 + U, csc/31/( U1 csc/31 + Uz csc/3z). (17) 

A complete derivation of these expressions is provided in 
Ref. 10. 
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C. A comparison of y-ray and conversion lNay 
backscatter M6ssbauer spectra 

For both y-ray and conversion x-ray backscatter spec
tra, there are three kinds of scattering: 

(i) recoiHess 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 J, 

(ii) recoilless incident r rays scattered nonresonantly 
(e.g., contributions (3), (4), and (5) ofy-rays backscatter 
spectra, and contribution (b) of conversion x-ray back
scatter spectra), 

(iii) nonrecoilless incident y rays scattered nonreson
antly [e.g., contributions ( 6) and ( 7) of r-ray backscatter 
spectra, and contributions (c) and (d) of conversion x-ray 
backscatter spectra j. 

The first two kinds of scattering are dependent on the 
Doppler velocity, while the third is not, as illustrated in Fig. 
3. Notice that the nonresonant scattering of the recoilless 
incident y rays shows a "dip'' at resonance because off reso
nance all the incident recoilless y rays are subject to nonre
sonant absorption and scattering, but at resonance many of 
the incident y rays are absorbed resonantly. 

As explained in Sec. IV A, the difference between satu
ration thicknesses of the resonant and nonresonant absorp
tions causes the nonmonotonic relationship between peak 
height and absorber thickness. This difference is important 
for both y-ray and conversion x-ray Mossbauer spectra, so 
the feature of nonmonotonic saturation should occur for 
both backscatter spectra. Whether or not negative intensities 
appear at resonance depends on a competition between the 
fraction of r rays emitted after resonant absorptions and the 
fraction of r rays emitted after nonresonant absorptions, If 
the second fraction is larger than the first fraction, the inten
sity at resonance may be negative. For r-ray backscatter 
spectra, the first fraction is 1/ ( l + a), and the second frac
tion is U,,s I U. For conversion x-ray backscatter spectra, for 
one resonantly absorbed incident r-ray photon the probabil
ity to produce one 6.4-keV conversion x-ray photon isfval 
( l + a), and for one nonresonantly absorbed incident y-ray 
photon, the probability to produce one 6.4-keV fluorescent 
x-ray photon isjy¢JUPIU, where¢ is the fraction of6.4-keV 
Ka photons of all fluorescent x-ray photons excited by 14.4-

A 

B 
-......, v 

c 

~"'-
Velocily 

A: resonant scattering of the recoiltess incident Y -ray~ 

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

C: non-resooant scattering of the non-recoilless incident Y -rays 

FIG. 3. Three contributions to the intensity of a backscatter Mossbaucr 
spectrum. 
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ke V y rays. The condition for negative intensity at resonance 
in conversion x~ray backscatter spectra is 

(18) 

The differences between Eqs. ( 8) and ( 18) are interest
ing. The total nonresonant absorptions U include photoelec
tronic absorptions UP and Rayleigh and Compton scattering 
absorptions Uns. Both Up and Un, increase with atomic 
number, but UP increases faster than Uns . 11 Consequently 
Uns I U is largest for light elements while UP I U is largest for 
heavy elements. Negative intensities in y-ray backscatter 
spectra are favored when the Mossbau.er nucleus is embed
ded in a matrix of light elements, but negative intensities in 
conversion x-ray backscatter spectra are favored when the 
Mossbauer nucleus is embedded in a matrix of heavy ele
ments. 

Ill. NUMERICAl CALCULATIONS 

The mathematical expressions6 for calculating the in
tensities of y~ray and conversion x-ray backscatter Moss
bauer 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 M()ssbauer spectra versus specimen 
thickness at resonance. At resonance (S1 = S0 ), the integra
tions in Eqs. (7)-(12) in Ref. 6 and Eqs. (12) and (13) in 
the present work become 

= _3_ (~" dy 1 - exp[ - T(;
2 + x 2

)1(y
2 + 1)] . (20) 

1T Jo y- + x 2 

At off-resonant velocities ( IS1 - S0 1 >O), the integrations 
can be solved analytically: 

1 f"'' --;; _ '" dy Z(y,S0 ) =' 0, (21) 

~ f_"'"' dy[ (y- So) 2 + lJZ(y,S0 ) = 1- exp(- T). 

(22) 

From Eq. (22), it can be seen that the saturation thick
ness for the intensity at off-resonant velocities is liT; from 
Eqs. ( 19) and ( 20), the saturation thickness for the intensity 
at resonance is between 1/T (when y = oo) and 1/( Tx2

) 

(when y = 0). Figures 2, 5 (d), and 6 show the results of 
numerical calculations for some materials. The parameters 
used are listed in Table I. Nonresonant scattering of other 
incident radiations will modify quantitative features of the 
percentage effect shown in Fig. 2(b). We are least certain 
about the accuracy of the Rayleigh and Compton scattering 
coefficients. 12 

IV. EXPERIMENTS 

The objectives of the experiments were ( 1) to test Bara's 
conditions for negative intensities in y-ray backscatter spec-
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TABLE I. Parameters used in the numerical calculations. 

UR(cm··t) 
Uc(cm- 1) 

U(cm- 1) 

(!4.4 keV) 
a 
/J1(deg) 
~(deg) 
U(cm- 1) 

(6.4 keV) 
U,(cm- 1) 

U,(cm-') 

References 

Stainless steel 0.1 wt. % Fe in Be 
(Fig. 2) {Fig. 5) 

0.8 0.7 
0.75 0.7 

2400 0.76 

26.8 0.!11 
3.8 0.254 

450 0.861 

8.21 8.21 
90 90 
60 60 

7 

Pure Fe 
(Fig. 6) 

0.7 
0.7 

870.9 
(peakl} 

6.17 
0.77 

517.7 

8.21 
90 
60 

520.2 
580.6 

(peak 2) 
290.3 

(peak 3) 

12 

tra, and (2) to test it conversion x-ray backscatter spectra 
have the nonmonotonic peak height versus thickness rela
tion predicted by the present analysis. 

All Mossbauer spectra were obtained in backscatter ge
ometry with an Austin Science Associates S-600 constant
acceleration spectrometer. All spectra were obtained with 
the source and absorber at room temperature. The radiation 
source was 57 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 back~ 
scattered radiations 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% meth-

70 
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40 
.:$ 
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c 
8 2() u 
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Chllllnels 
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50 
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8 40 

a 30 

il 
" 20 
8 

10 

0 

\ OJ l4.4keL 
(l 20 40 60 so 

Channels 

FIG. 4. Pulse height distribution of the toroidal detector for (a) y-ray 
counting and (b) x-ray counting. 
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1072000 
1069000 (a) 7mm thick absorber 

~ 
1066000 
1063000 
1060000 

1057000 
1()54000 

447000 
445000 (b) 14 mm thick absorber 

a 443000 

8 441000 
u 

439000 
437000 

435000 

622000 
620000 

618000 
~ 616000 
8 u 614000 

612000 

610000 
-3 ·2 -1 0 2 3 

velocity (ntm!soc) 

iJts: I ~ '0 1 2 3 4 
Absorber thickness (em) 

FIG. 5. Backscatter y-ray Mossbauer spectra of Be-0.! wt. %Fe for ab
sorberthicknessesof(a) 7mm, (b) l4mm,and (c) 35mm. (d) Numerical 
calculations of peak height vs absorber thickness for r-ray backscatter 
Mossbauer spectrum of Be-0.1 wt. % Fe. 

ane gas to obtain y-ray backscatter spectra, and with a mix
ture of95% Ar and 5% methane to obtain conversion x-ray 
backscatter spectra. Figures 4(a) and 4(b) 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 r~ray 
detection. 

For they-ray backscatter spectra ofBe-Fe, wafers of Be 
metal, each with a thickness of7 mm, were stacked to obtain 
specimens with a series of thicknesses. The specimens had 
the chemical compositions 98.5 wt.% Be, 1.2% BeO, 
0.060% AI, 0.1% C, 0.1% Fe, 0.08% Mg, 0.06% Si, 0.04% 
S, 0.04% U, and 0.04% of other elements. Three spectra 
from absorbers with different thicknesses are plotted in Figs. 
5(a)-5(c), which show a transition from peak to dip with 
increasing thickness. For the conversion x~ray backscatter 
spectra of Fe metal, rolled iron foils of99.999% 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 versus absorber 
thickness for peaks 1, 2, and 3 of the pure Fe sextet are plot
ted in Fig. 6 together with the numerical calculations for 
comparison. 

Since all spectral intensities are proportional to the 
number of incident r rays, the spectra obtained from absorb
ers of different thickness can be compared only when the 
effective collecting times for the spectra are the same. The 
effective collection time was defined as follows to correct the 
decay of the radiation source: 
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FIG. 6. The numerically calculated and experimentally measured peak 
height vs absorber thickness relation for conversion x-ray backscatter 
M&sbauer spectra of the Fe sextet. 

106.te = / 0 exp - __E:__ t dt, i'o + 
11

' ( 1 2 ) 
t., 270 

(23) 

where 270 days is the half-life of the 5'Co radioactive source, 
6.t and At, are collecting time and effective collecting time, 
respectively, and t0 is the time when a spectrum collection 
starts. 

V. DISCUSSION 

Bara's theory of the intensities of y-ray backscatter 
Mossbauer spectra predicts the occurrence of a negative in
tensity peak that he confirmed experimentally.8 In Figs. 
5(a)-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 calculated from Bara's theo
ry 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. 5 (d) is for the 
case when /31 = 90" and /32 = 60•, but our detector has a 
toroidal shape so /32 varies from o· to 90°. 

( 3) There is an uncertainty in the accuracy of the Ray
leigh and Compton scattering coefficients as explained in 
Sec. III. Especially for the case of dilute Fe in a matrix of 
light elements, these coefficients are large enough with re
spect to the resonant absorption coefficient so that this un
certainty could be responsible for large errors in the transi
tion thickness. 

( 4) We did not obtain spectra for thicknesses between 7 
and 14 mrn, so the transition thickness 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 nonmonotonically with the thickness of the absorber 
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(Fig. 6). In these numerical calculations the uncertainty in 
Rayleigh and Compton scattering coefficient is less impor
tant because thye are 1 or 2 orders smaller than the resonant 
absorption coefficient. 

An experiment is underway to determine if negative in
tensities in conversion x-ray backscatter Mossbauer spectra 
will occur when 57Fe nuclei are embedded in a matrix of 
heavy elements. 

VI. CONCLUSIONS 

We note the following. 
( 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 occurrence of this negative intensity is 

1/( 1 +a)< UnsiU. 

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

a/(1 +a)< ¢UP/U. 

( 3) Negative peak intensities in conversion x-ray back
scatter 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 fa
vored when the resonant isotope is in a matrix of light ele
ments. 
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