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ABSTRACT

The Y1elds of K X-rays emltted by prnmary ?Sebf fissicn products.ha§e

| been measured with a hlgh resoluu;on (0.82 keV FWHM at 26.25 keV) lithium~
.drifted silicon sfectrometer. The most notéworthy feature in the systematics
_;:of the observed X-ray yleld is the presenCe‘of d'prooounced eveneodd fluctan
~tion. assoc1ated with the atomwc numbers Z= )2 through Z= 57, in which the odd 7=
product X-rays are found to be more mtensQ tnan the even- Z-product X-rays by
ﬂsapproxlmately.a.factor of two. This effec+ is nOu'observsd in the llght

d,fission—produot region. Th= X-ray ylelds observed in thls experlwent are

(1

'5'compared with the resulis of prev1ous -experiments in which the K X-raj ywelds

owere measured‘in association with'the fission fragment masses. Although general

'aérnement is Lound in the ove?all s°ructural ‘eatures, no evidence is seen in

| this study of the sudden drop in X- -ray y1=ld in the heavy flSSlon product region
d.corresoondlnc to that which has prev*ously been repo”ted. The validity of the
.t’use of X-raj Weasu*emenus as a method of deuermwnwnc the most orooabTe ohavgs»*

”-dlstrlbuulon 1s exanlned in the llch of the observed.structure_ln the sysuemauics'

of. the X-ray yields,
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I. fiNTRODUcTION :

Several recenf investigations have resulted in measurements of the.
ylelds of K X-rays and conversion electrons arising from the uuclear |
de-~excitation of prlmary (pre-beta decay) fission product".lﬁ& In these
estudies, the X-ray and electrou yields were measured in association with
the fragment ﬁasses and the resulting distributions have provided new
information about the general features of nuclear structure in the
flSSlon product region. _

 Other investigators have since studied the K X-rays arising from '
continuous sources of 235U'fission fragments using high-resolution bent-
crystal spec‘t;:r'ometers.5’6 These studies have resulted in accurate
measurements of the various X-ray intensities., The systematics of these
intensities reveal a number of interesting cheracteristics including a
pronounced even-odd effect in which the*odd-Z-heavy-fragment'X-rays are
- found to be more intense than the even-Z-heayy—fragment X-rays by
approximately a factor of two. Unfortunately, the extremely low
 efficiencies assoclated with bent-crystal spectrometers, in general,
makes their use in a high-resolution coincidence fype experiment
impractical.7 Because of this limitatlon,. the measurements of the aboue
mentioned investigators include the contributions to ﬁhe X-ray intensities
ﬂ;of the beta decay products as well as the contributions of the primary..
products. Furthermore, because of absorption, it was not possible to
‘omeasure'the X-ray intensities associated with the light fission products
" in these studies. ' | . ’ '
The continued improvement“of:semiconductor‘detectors, on the other

"hand has finally led to resolution good enough to make their use in the

' measurement of X—ray intensities from complex mixtures of elements--

- such as those arising in fission-entirely feasible, This study was,
therefore, undertaken with the purpose of measuring the Iintensities of
- both fhe light and heévy primary fission product K X-rays by taking

| advantage of the suitability of semiconductor detectors for.coincidence
applications' The value of such a study stems from the'fact that the
"results can be dlrectly compared with the bent-crystal spectrometer '

measurements to shed additional light on the orlgln of the observed even-



odd effect. In additionm, a direct comparison can be made between this
determination of primary X X-ray yield as a function of atomic number
and the previous determinations of prlmary K X-ray and conversion electron

yields as functions of mass.

II. EXPERIMENTAL

A diegfam of fhe eXperimental arrangement used iS'shdwn-in Fig. l;
The X—ray energies were measured with a high-resolution lithium-drifted
siiicon.semiconducﬁor_spectrometer of dimensions 0.6 mmz X 3 mm. The
performance of this detector in the measurement of low energy gamma rays
 and X-rays is illustrated in Fig. 2 where it is seen that the energy
resolution of the 26.25 keV line of 2M'Am was 0.82 kev (FWHM) A weight-
less source of 52Cf mounted on a 90 ug/cm nickel f01l and having a
fission rate of 2.43 X lO5 fissions per minute was separated from the
X-ray spectrometer by 0.020 in. of beryllium and 0,002 in. of aluminum.
‘Immediately behind the source was mounted a 0.0S cm thick phosphorus-
diffused silicon detector for‘counting‘fiesion fragments. The aluminum
~ stopping plate and the Praément detectgr were located close enough to
~ the fission source to insure that all Cragments wvere suopped within
5 X 10 ll sec after fission, ,

Timing pulses of the zero crosqover type were generated in the

X-ray and fission fragment ampllfler systems and sent to a double coinci-

 dence unit where it was required that an X-ray be detected within the

v_time interval of O to 93 nsec after fission in order to generate a gating
signal, Whenever an event occurred in which the double coincidence
- requirement was fulfilled, a gaulng 51gnal was fed to a 400 channel
pulse height analyzer which 1n,td*; analyzed the X-~ray energy pulse, The
accldental coincidence _ rate was heasured by arbitrarily delaying the
. fission fragment tlmlng pulses and was found to be less than one percent
of the total CO;»\ldeuww,rabe ' '

- It was very lﬂpcﬁuauu to maintain an accurate energy calibration
'througheut the ewn riment. . To avoi id any possible callbration shifts, a.

digital gain euab1i1cer unit was ;ncorporated 1nto the electronlc sys»
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and set to monitor the K a X-ray peék of the cesium fission products
throughout the run. A careful energy calibration was made before the
experiment was started and checked again at the end. The calibration

was achieved by measuring the K X-rays produced by fluorescent excitation
‘of individual samples.of all the elements throughout the fission product
region (Sr to Sm) for which a stable isotope exists. Examples of‘the_
X-ray distributions obtained using this procedure are shown in the bottom
spectrum of Fig. 2. Fach sample was fluoresced simultaneously with a
cesium sample so as to produce cesium K X-rays upon which to stabilize.
The 59.57 keV gamma ray of 24lAm was used as the fluorescing source.

The X-ray spectrometer efficiency was calibrated by measuring.the
intensities of the 13.9 Np L @ X-rays, 17.8 keV Np L 8 X—rays,,20;8 keV
Np L vy X-rays, 26.35 Yy ray, and 59.54 keV y ray arising from g'calibrated
source of ZhlAm (see top specfrum of Fig. 2) and of the 32.2 keV Ba
K a X-rays, and 36.4 keV Ba K B X-rays arising from a calibrated source
of 13705.8 The calibration sources were mounted in the same position as
the fission source during the calibrations. The value of the efficiency
times geometry reached a maximum (Qe = 2.46 X 10-3) at an energy of
17.5 keV. The difference in X-ray absorption between the case of emissionv
from fragments stopped in the aluminum plate'and the case of emission
from fragments stopped in the silicon'fragment detector (an absorber
thickness of approximately 5 mg/cm2 Al + 0.09 mg/cm2 Ni+5 mg/cm2 Si)

was calculated to be négligible;
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. III. ANALYSIS

The measured energy spectrum of X X—rays ar1S1ng from prlmary

f_izSZCf fission products is shown in Fig. 3. In this flgure, the locations -

- of the K 0= and X B-X?ray:grouns are indicated by brackets for various
'celements. Since the X-ray groups contributing to this spectrum were not
V :fully resolved, it:was necessary to resort to a least squares peak ' '

.fitting procedure iIn order to determine accurate values of the X-ray

'~ intensities for each element.

A computerized peak fifting procedure was devised in which the
fonr X-ray components comprising the K X-ray group for a given element
:(1 e., the Kaz, Kal, KBl, and Kﬁz components) were represented by four
Gaussian functions. Each Gaussian function of every. X-ray group was
rigidly defined by specifying its first moment, standard deviation, and
area.relative to: the area of the Gaussian function representing the
mal X-ray component.‘ A fit to the erperimental data points was then
achieved by varying,in combination the areas of the various groups of
‘Gaussian components utilizing the method of least squares,. The“fitfing

function used in the computer analysis was: :
2

. : 2 ,
f(x) _ n Nk i Rk - ___l____ . (x Yk,.z) /ch’z. , (i)
N JEEok,z
' where v _ _ _
| Nk = The area of the Gaussian:function~representing the Kal X-ray
o component belonging to group (element) k.
Rk,z = The ratio of the areas of the fth X-ray component to the Nzl
- " component for group (element) k.
_cg,zn= The standard deviation of the fth Gauss1an component
T belonging to group (element) k.
ﬁk,z = The first moment of the Zth Gaussian component belonglng to
. group (element) k. _ }
- The values of the parameters ok J and Xk P were determined by making

least squares fits u51n5 Gaussian functwons to the individual X-ray

‘ dlstrlbutlons obtalned by fluoresc1nc standard element samples during the
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;enefgy calibration. In.these fifs, the intensities, first momenﬁs, and
standard deviatiohs were all allowed to-vary so as to yieid the best
possible fit to the data. An example of how well the individual X-ray
‘distributions could be fif using Gaussian functions is shown in Fig. 4.
It was found that the X-ray distributions for elements below lodine could
be represehted quite well using only one Gaussian function for the

Ko, -Kox

2 1
. (as is shown for the element ruthenium in Fig. 4). The energy spacings

components and one'Gaussien function for the Kﬁl-Kﬁz components

between the X-ray components for those elements above and 1nclud1ng
'1od1ne, however were large enough to requlre the use of individual
Gaussian functions to represent each component. Hence, in the second
summation of Eq. (1) the value of m was 2 for fits to the light and
intermediate fission-product: X-ray distributions and L for fits to ‘the
- heavy fission-producﬁ X-ray disthibutione The values of Rk,ﬂ used -
in Eq. (1) were those given in Ref., 9. The R values for silver and
barium were measured dlrectly us1ng sources of lO9Cd and 13705 and found
“to be in good agreement with the values glven in Ref, 9,

The final fitted X-ray distribution associated with the light fission-
products (Sr to In) is shown in Fig.‘5 end the fitted X-ray distribution =
. associated with the heavy fission-products (Sn through Sm) is shown in
‘Fig. 6. As may be seen, the fits are quite good and the fact that only
one variable parameter‘(namely Nk),was needed adds considerable confidence

to the results.



IV RESULTS AND DISCUSSION

The ylelds of X X-rays per f1551on are shown in Flg T, plotted as a

qunctlon of atomlc number and listed in Table I Several noteworthy
features are apparent; namely,(a) a pronounced even-odd fluctuation for
-atomic numbers SZ'through 57; () a surprisingly low yield for xenon
(z=54), (¢) a maximum in heavy fission_prcduct X-ray yield occurring at

cesium'(Z=55), and (d) a fairly smooth decrease in X-ray yield on either

_ .side of the maximum in the light prodﬁct'X-ray yield, which occurs at
" technetium (Z=43). Hence, it is found that two of the characteristics
-observed by John :gg_glé and Canty et al a1’ in the total (primary plus
 secondary) X-ray spectrum (i.e., the even-o0dd fluctuation and low xenon
X-ray yield).are characteristic of the primary X-ray spectrum as well.

- It is noted, however, that the'even-odd fluctuation arising from the

primary fission products extends over a much more restricted region.

. Comparison of the X-ray yields determined in this experiment with -

the results of Kapoor et al2 (referred to hereinafter as KBT) and of

- Glendenin and.Griffinl provides a check on their accuracy. Summing the
'yieids of all the light fission-product, heavy fission-product, and

total fission-product X-rays gives values from this experiment of

0.205%0,005, 0.375%0.008, and 0,580, Ol K X-rays per fission respectively.
The corresponding values given by KBT are O, 24+0,02, 0.32%0.02, and
0. 560.04 and by Glendenin and Griffin are 0.16+0.02, 0.40%0.02, and

. 0.5T7+0.06. Hence it is seen that the agreement is satlsfactory

In order to estimate the X-ray yields per fragment, the 1ndependent
52

- fission yield of each isotope formed in the spontaneous fission of

was calculated. Using the prescription given by Wahl et allo in which

) - the charge distribution of primary fission products is assumed to be
'.Gau551an, the fractlonal 1ndependent yleld of a fission product with

o - charge Z and mass M is given by

’ i ‘ l. .
() 2z -(Zi-Zp)z/ZOZ o |

7,-%
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where _ : _
7 = The most probable charge for the mass chain of which the
Y
fission product is a member. _
o = The standard deviation (width)of the charge distribution.

Values of Z used in these calculations were obtained from a curve
derived from empirical Zp values given by Wahl 93_2}}0 and Zp values
determined from X-ray measurements by KBT. The standard deviation of
the Gaussian charge distribution was assumed to be constant and a
value of ¢ =VO.59 was used in the calculations as given by Norris and
Wahl.ll

having the same atomic numbers over mass,

By summing the calculated indepéndent yields of all isotopes

vz - ¥y, (2) B
M=1 M

the element yields, Y(Z), were then computed and are tabulated in Table
II. By dividing the X-ray yields per fission by these element yields, the
. X-ray yields per fragment were obtained and are shown in Fig. 8 plotted

as a function of atomic number, The indicated errors in Fig. 8 reflect
only the uncertéinty in the X-ray intensity measurements and no attempt
has been made to estimate the amount of error associated with the calcu-
lated element yields,

It is interesting to compare Fig. 8 with Fig. 9 taken from KBT in
which is plotted the K X-ray yield per fragment versus fraément mass.
For the most part, the general structural features are quite similar.
Both figures exhibit sharp peaks in the light fission-product regions
- with slight discontinuiﬁies to the right of the yield maxima, low
yields in the vicinity of the doubly closed proton (Z=50) and neutron
'(N=82) shells, and a rather abrupt rise in yield in the heévy fission-
product region. Oné striking feature in Fig. 9 which seems to be miséing
in Fig. 8 is the sudden drop in yield to the right of the maximum yield
in the heavy fission-product region. The absence of a similar yield
drop in Fig; 8, which should appegf at Z=§lzﬂcou;d be caused by error
associaféd‘Withi£he waymin whiéh the element'yields Were.calculated,
however, it is more reasonable to expect the calculafions to give yields

which are too high in this region rather than too low, the latter case
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being the one hecessary to account for the high X-ray yieldé on this
basis. On the other hand, since Figs. 8 and(9 represent plene views
perpendicular to the Z and A axes respectively of a three dimensional
cohtour plot of X-ray yield versus Z and A, the discrepancy between the
two views might bé en indication of a peculiar "S" shaped bend in the
heavy fission-product X-ray yield contours giving rise to a constart
yleld when summed along adjacent lines of constant Z-and a decreasing
yield when summed along adjacent lines of constent A

Returning again to the even-odd fluctuation in the region extendlng
from Z=52 to Z=5T7 in Fig. 8, it is not hard to explgln this feature on
the basis of nown nuclear structure systematics. @t is reasonable, for
example, to expect the variation of X-ray yield as,g function of atomic
number to reflect the relative importance of low-enérgy gemma,-ray
transitions in the de-excitation processes of the f;rious fission products,
based upon the behavior of internal conversion coefficiehts as a function
of transition energy. It follows, therefore, that low-energy transitions
are more abundant for the odd-mess nucleil immediately to the right of the
50 proton-82 neutron doubly closed shell region than for even-mass
nuclei in the same region. This is entirely consistent with the known
systematics of even-mass spherical nuclei:aﬁa the known systematics of
odd-mass nuclel in this region. As the_iape—earth deformed region is
entered (thefboundaryiof which 1s indicated approximately in Fig. 8) it
is interesting to note that the even-od@ fluctuation becomes washed out.
This is most likely due tdvthe ipcreasingly important contributions to the
even.Z yields:from low-energy E-2 rotatioﬁélFtype tfansitions in even-mass
nuclides, ' | ' |

It should be pointed out, in the light of the observed altprnatlon
in X-ray yields for heavy f1551on-products that use of X-ray measurements
in this region to determine the average fission fragment charge for a
given mass (i.e., the Zp), as has been reported by KBT and Glendenin and-

Unik, may result in values which represent poorly the true charge distri-

bution. It is important, for this technique to be applicable, that the
internal conversion probability vary slowly and smoothly as a functicn of
mass and charge. This, as nas been shown, is definitely not the cese,

On the other hand, most of the error in these determinations will most



-9- : UCRL-17518

likely be restricted to ﬁhe even mass chains since the X-ray fluctuations
are probably most pfonounced between adjacent even-even and odd-odd
products. In fact, if the fluctuation between these pairs is fairly
systematic, then the X-ray yield measurements may average out in such a
vay as-to'give Zp values,ﬁhich do not deviate appreciably from the true
velues after all, It is especially significant, in connection with these
éonsiderations, to note that in the dafa given by KBT, the largest
deviations between the Z_values of complementary light and heavy frag-
ments from a sum of 98 (Zpl + th = 98) occur for heavy fragment Zp
values of 52.8, 55.4, and Sg.l. The deviations for these values were

0.4, 0.4, and 0.3 units respectively.
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Table I. K X-rey yields of primary °22Cf
- fission products. :

K X—rays/Fission'

Element >
' (x 10%)

I+

.10
.07
.09
11
.16
.32
.23
A1
.12
.07
.10

. 38Sr ' : 0.33
39Y | | 0.54
)-J-OZ.r : : - 1.37
411 L . 180
yoMo _ : 2.66
h3Tc. o o N | _5.36
pRu | ‘ o 3.1
ysRE LT
ugP@ L8
y7he o o, 0.8k
,8C8 o 0.2
A9In . | : S
SOSn' - 018 ¢
s - . 0.8
52Te , : _ _’I-- 10.48
st 3.5k
oXe . L6k
5505 S -.b, S T.45
seBa . k35
La 2 6.11
C e k15
e 3.96
e 20
Ot I - (
gSm . B

I+

I+

+

H

M I+
O O OO0 0O O OO0 O 0O O

H W

A
(o]
[
o

07
o7
.07
.22
11
s
.26
37
.25
.25
A7
b
16

o H 4

H

e A
O O 0O OO0 OO O O o o o

+

I+
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‘Table II. Calculated primary 2°2Cf fission product element yields.
.Ligh{.: product F:i]i:]i-gn Heavy'l product . .' F;i:ign _Average
- atomic _number (percent) atomic number (percent)

36 1.10 62 1.25 1.17

37 1.92 61 - 2.18 2.05

38 3.00 0 60 . 3.55 3.28

39 | b5k 5 . 5.28 k.91

5 6.95 58 . 8.02 7.148

TS R 10.52 - - 5T 11.18 10.85

b2 . 13.37 56 12.76 13.06

43 ks 55 - 13.24 13.86.
we 45 5k o 12.32 13.38
% 1070 . 53 . 10.32 10.51

% 704 . 52 9.47 8.25

v - 3.3 .. - 51 '5.81 4,52
%8 ~0.90 .50 S 1.k2

b o 039 ko 0.39 0.34
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' TIGURE CAPTIONS
"Fig;pl;FIA simplified diagram of the apparatus used to measure the
" | energies of X-rays from primary 252 Cf.fission products in’
_ c01nc1dence with fission,
Fig. 2. X-ray and low-energy gamma -ray spectra measured with-a high-
resolution lithium-drifted silicon semiconductor spectrometer.
':Fig. 3. The energy spectrum of XK X-rays emitted by primary zssz
. fission products in coincidence with fission. The locations
of the Ko- and KB-X—ray groups are indicated for most fission
‘ product elements by brackets. ' '
- Fig. L. K X-ray distributions from fluoresced samples of ruthenium -
' and cesium showing the-calculated distributions obtained by
the method of least squares for the purpose of determining
the parameters K, 0 and Xk 2 .The individual Gau351an fitting
functions are shown by the solid curves. 4
" Pig. 5. The measured and ealculated K X-ray distributions associated
with the primary light fission-products (Sr to In) formed in
 the spontaneous fission of 2520r. The Gaussian fitting func-
'_tidns for the element technetium.are shown by the solid curves
and the locations of the centroids of the KR-X-ray groups.
o belonging to the other elements are indicated by arrows.
Fig. 6. The measured and calculated K X-ray distributions associated
 with the primary heavy fission-produets (Sn through Sm) formed
" in the spontaneous fission of zsch. The Gaussian fitting
: funcfions for the element cesium are shown by the solid curves
and the locations ofAthe centroids of the'Kal-X-ray components
_ belonging to the other elements are. indicated by arrows.
Fig. 7.' The observed yields of K X-rays'per fission arising from
i primary 2520f fission-products within 93 nsec after fission.
Fig. 8. Estimates of the yields of KVX-rays per fragment arising from
primary 2520f fission-products. The indicated errors reflect
only the uncertainty in the X-ray intensity measurements.
“Atomic numbers for which N=82 closed-shell fission-products are

expected‘to occur are denoted and the approximate boundary of

~ the deformed region.is shavn. .
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The observed ylelds of K X—rays per fragment emltted within

252

”SO nsec .after flSSlon from prlmary cf flSSlon-products,

versus the final masses (M ) of the fragments. The top scale

1nd1cates the average atomic number assoc1ated with each"

© fragment mass (taken from Kapoor et 212 ).




-

> amplifier
W - Zero
v - ' " crossover
' 400-channel
ot Amplifi 4 > -
mplifier ‘ P H A_

-;9_15;_'_*A.f e : _i UCRL-17518

Berylhum window

—Aluminum stopping p|ofe

detector zsch fission source
e ‘l thcon ﬂssnon fragmenf defecfor

Silicon x-ray

Pre-

Arynpliifier

Goh;

Zero
crossover

Fast coincidence

L

XBLE74-2898

. TFig. 1-



=17~

v _ UCRL-17518

LANNE S S SR TN A B B ST S S I ) B A T T T T T T
8 — Np x-raoys Low energy gomma rays —]
- _l L and x-rays from
Lﬂz.x 8y _the decay of 2*hm
6 | ]
26.25 keV
1 y ray 7]
.4 ~
33.2 keV
FT‘ 2 x5 0.82 } 7 ray —
9 kev xI0 ‘
o O - —
—
=] b -x-rgy spectra _|
38 y st
S L S
Z 6 Keza Kay ey -
- n . « K i
E - By B8, - Kﬁl Kﬁz
g 4
2 —
;O | 1
10 . 30

Energy (keV)

XBLET!~-356



N

o

Relative counts (x10°)

-18-

' UCRL-17518

o0

)]

D

N

1

Prompt K~x-rays from 2%2Ct _|
fission fragments

I

1

[ N A e Y

Energy (keV)

- Fig. 3

35

40 45

XBLETI-355



Counts per channel (X1073) . ©

CE19=

" UCRI-17518

o ® o

o

a Measured points .

. o Calculated points

XBLET4~2743




~'-_20,.: o X - » ' UCRL-17518

Counts p.er channel (XI07®)

»

B ] ° o B
B : a Meosured points ul
B B o Calculoted points ™.
- 2
- %2 ]
®
u ® i
L &% £ C e
- s 82 o - N
N _ =R, 0 g@ﬁﬁgﬁ%o , _
- ﬂ% ﬁe ©o Ao o ] -~
= o % .
L & . %gwo i
N | ) gy ]
@M I S "T“ ¥ ¥ ¥ f 12 1
‘ ' v h Pd d
1ZQ, Wbt Mo l % ﬁul ﬁ | ﬁg l 9- o

100 120 140 60 180

Channel number -

XBL 674-2746

 Fig. 5



- M W N

Counts per channel (X1073) -

O

sl 3 SR UCRL-17518

. aMeasured points - -

- » o Calculated points . ' _
2 2 B . : ‘ .
L R -

| A T A H S NN IR IS ES IR
Sn Sb Te: I . Xe Cs Ba -La Ce Pr, -Nd Pm . Sm
! 1 | L 1 L ! ! ! ! ! ! L1 l ] ] ! !
g0 210 230 ' 250 270 290 ©  3l0 330. 350 370 N

Channel- number

XBLETS-2TA4




UCRL-17518

' ;;22f

e
?é%% =
L Y

OO / 3
_aOaO,O,O,OOCG s

MOl O O E  E_ O O s
NS

T B

I &
STV 2
A b5

(=]
<z

N X

. 5

I 2

SONNNWWWE23

M .
SEANNNNNNNNNNNNNWW
w7z¢%zé§§6u%

. g =

. 2

N S

N

0.08

i ]
> N
P= o e

0.02
0.01}

1 !
w ~
[~ [ =1

. .
[ =] o

007

. .
[ o

uotssiy 7 shos-x

XBL674-2899

number

Atomic



UCRL-17518 |

e

38 39 40 41 42 43 44 45 46 47 48 49 50 51

) ] 1 1 H ' 1 ] i 2 1 i 1 I} | 1
» © ~ | w0 w> < r] o~ — Py
e o . . B . . . .
< o o < o < (=3 o (=3
-X

juswboisy s shosx y

Atomic number

XB8L674-290Q

 Fig. 8



Fragment atomic number o
38 4042 44 46 48 52 54 56_58 6062 64.
. L T

1 i i I 1 1 [

0.7

Number of X rays per frdgmén'r |

0.l

Y

L I '.l ‘lﬁ%' 'r"l- |

90 100 IO 120 130 140 150 160
- Fragment mass (M?) o

MUB-5114

. Fig. 9



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
~mission, nor any person acting on behalf of the Commission:

A.

B

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus; method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,

~or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed:in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor-of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






