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0. Introduction

A new miniature MCA has been developed by the comp&BS Elektronik GmbH,
Rossendorf, with support of the German support faragfor the IAEA. It is foreseen as
follower instrument for the MCA-166 which becamesaof the base instruments for nuclear
safeguards measurements of IAEA and EURATOM. TheANi27 was tested at JRC, Ispra,
to find out if it fulfils the requirements to an MCfor typical gamma spectrometric
measurements for nuclear safeguards. The MCA-527 a@ao be used for neutron
measurements in List mode. Its performance fortroaucounting will be described in
separate report [2].

All measurements with the MCA-527 mentioned in thmeport were made in direct

comparison to the MCA-166, partially simultaneouslgh one and the same detector. The
MCA-527 was operated with firmware version 1304. the report on U enrichment

measurements from November 2012 [1] an earlierimer$204 (appears as “FFFF” in the
spectrum files) with less good performance was .udéwe old report is obsolete. It is

recommended that for all MCA-527 the firmware isuiehed towards version 1304.

The technical specifications of the MCA-527 araummex AO.
Setup files for different detector types are in AxiA\L.



1. Dead time corr ection evaluation with two sour ce method

The dead time was checked with the two source ndedind moreover with a constant source
(see chapter 2 below). Two identical samples gidd{“sourcel” and “source 2”) were used
as radiation sources, actually CBNM standards wWi##6% enrichment. As it is usually done
with the two source method, triplets of measures@mre made: a) source 1 alone, b) source
1 plus source 2 together, and c) source 2 alone.r@ébults were then three spectra. From
them were determined both the total count ratesS32, and S2 and the net peak areas P1,
P12 and P2 as explained below. The sources wetedia front of the detector as indicated
in Fig. 1. Here both sources touched the detectidace (case S12) and the highest count rate
of about 52 400 cps was achieved. In this exantipgetwo individually measured count rates
S1 and S2 were 24 900 and 28 000 cps, i.e. theirsu900 cps is rather close to the rate S12
of 52 400 cps. The Fig. 2 shows the source positiorihree distances from the detector, i.e.
such triplets are then measured at different coatetlevels.

S1

U 4.46%
S2

U 4.46%

Fig. 1: Geometrical arrangement of the U standards nekietdNal detector for the two
source method, here for the measurement triplét thé highest count rate

=" ="
s1 I
/ U 4.46% |
] I
I

I I
s2 I s2
U 4.46% | usa4en

S1 I S1 I
|
|
| ' |
]

U 4.46% U 4.46%
PR

L
I

e |
, |

U 4.46%

e e e ——

Fig. 2. Geometrical arrangement of the U standards iremifft distances from the detector.
The same arrangement was used for the Ge detector.

1.1.Nal detector without Am sour ce

The first dead time test was made with a Nal detewith a scintillator of 75 mm diameter
and 19 mm thickness without internal Am sourceyaty detector no. 7 (see annex A2). No
collimator or shielding was applied. Fig. 3 showsiplet of spectra S1, S1 and S12. The net
peak area of the 186 keV line is used for enricitrdetermination with the standard methods
of nuclear material inspectors according to thecbnment meter principle. For this reason we
have tested if the dead time correction of the M&2X-works well for the net peak area of
this line. The 4.46% enriched U gives a gamma spextwhich allows well to determine the
net peak area, and samples of this material wayserhfor the test. It does not make sense to
repeat this test with other enrichments; here weldvaather look for the quality of the
spectrum evaluation algorithm than for the instrotiseperformance.



Fig. 4 demonstrates how the net peak areas PIndPRPE2 were determined for this test. The
left and right ROIs for the definition of a linelaackground below the 186 keV peak comprise
15 channels. Thus number is was used reduce thstistaerror of the net peak area. For
comparison: SPEC.exe or WinsSPEC.exe apply onlydbannels. There are small, invisible
gamma lines at 163 and 203/205 keV but they dodisttirb because the spectrum shape is
always the same. The ROIs are in locations whegedl greak shifts have only negligible

MCA-527
60000 - Detector Nal 7
S1,S2 =CBNM446
50000 -
S12
40000 - —— C:\DATA11DTR1.spe
—— C:\DATA10DTR2.spe
" C:\DATA20DTR1R2.spe
£ 30000 -
(@]
O
20000
10000 -
0 | | | | | 1 1 1 |
0 100 200 300 400 500 600 700 800 900 1000
E/ Channels
Fig. 3: U gamma spectra of a measurement triplet S1, 85aga
with the 186 keV line in channel 500
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Fig. 4: Determination of the net peak area of the 186 peak.
7



effect on the net peak area. We have not useddbéization function for the peak position.

For each triplet of spectra the ratios P12 / (FPRywere calculated. For an ideal instrument it
should be 1. Fig. 5 shows the deviation from 1dorMCA-527 and an MCA-166. The data

for the two instruments come from simultaneous mesaBents. The deviations from the ideal
value are always clearly below 1% for the wholegexof input count rates. The practically

interesting count rate range is typically below@® cps, but it is interesting to see the very
good dead time correction with high input counésat

2% -
¢ MCA-527
Ao MCA-166

1% -

*
0% T T T T T 1

A
) 10000 20000 , 30000 40000 50000 60000
Input rate S12 (cps)

P12/ (P1+P2)- 1

A
_1% -
Detector Nal 7

2 source method
U 4.46% enr.

200 -

Fig. 5: Values (P12/(P1+P2) — 1) for MCA-527 and MCA-166 & Nal detector as function
of the input count rate of the measurements S1th fmurces present). Each point represents
a triplet of measurements.

The same data were evaluated with NalGEM. This clmes not deliver as result a net peak
area, but an enrichment value which is proportidoahe net peak area. These enrichment
values can be used to make the same diagram ag. if,fand it is shown as Fig. 6. With this
more sophisticated evaluation the very precise dea€ correction for both instruments is
visible, for the MCA-527 until 80000 cps and foetMCA-166 until 40000 cps. The relative
errors of the ratios P12 / (P1+P2) are estimatdxktbelow 0.5%.

For complete information Fig. 7 is added. It gitke throughput rate in comparison to the
input rate. The figure demonstrates clearly théndigperformance of the MCA-527 for this
parameter: With an input rate of 70000 cps it piesi the double throughput rate in
comparison to the MCA-166.
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Fig. 6: Values (Enr12/(Enrl+Enr2) — 1) for MCA-527 and MQA6 for a detector Nal 7 as
function of the input count rate of the measurem&12 (both sources present). “Enr” stands
for the enrichment value as determined by NalGE&tHpoint represents a triplet of

measurements.
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Fig. 7: Throughput rate as function of the input rate.



1.2. Coaxial Gedetector

A further dead time test of the same type as ab@seperformed with a coaxial Ge detector
of 25% efficiency of Canberra, actually detector @@ (see annex A2). All measurements
followed the same scheme as with the Nal detediove No collimator or shielding, use of

CBNM 446 U standards (plus CBNM 295 for the triphath the highest count rate), source
placement as in Figs. 1 and 2.
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Fig. 8: 186 keV peaks for the coaxial Ge detector C4 fiviptet of measurements
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Fig. 9: Feet of the 186 keV peaks for the coaxial Ge dete&cs
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Fig. 8 shows the gamma lines at 186 keV for on@etriS1, S2, S12. The foot of these peaks
is in more detail in Fig. 9. Here, on the low eneside of the main peak is a small peak at
182.1 keV (about channel 3300). The net peak aetermination was made in the same
manner as for the Nal detector. The results areepted in Figs. 10 and 11.
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Fig 10: Ratios P12/(P1+P2) — 1 for MCA-527 and MCA-166daroaxial Ge detector as
function of the input count rate of the measurem&it2 (both sources present). Each point
represents a triplet of measurements.
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Fig. 11. Throughput rate as function of the input rate.
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As in chapter 1.1., the data as represented inlBiglescribe always a range of a factor 2 on
the x axis. This time the graph shows also thassi@l errors. Both instruments perform a

perfect dead time correction up to high input coatés, MCA-527 until 70000cps or more
and MCA-166 until 50000 cps.

Fig. 11 gives the throughput rate in comparisoth®input rate. It demonstrates clearly the
higher performance of the MCA-527 for this parameWith an input rate of 70000 cps it
provides the double throughput rate in comparisainé MCA-166.

Conclusion

In the tests with the two-source-method, the MCA-%@lfills the requirement to the dead
time correction both with Nal and coaxial Ge dateett least up to count rates of 80 000 cps.

12



2. Dead time cor rection evaluation with one constant and one variable sour ce

In addition to the test of the dead time correctath the two source method another test
series was performed: One source was kept in d fsition next to the detector and another
source with another gamma spectrum was placedangthg distances to the detector thus
causing changing total input count rates. The @mssource was highly enriched U
(UP889S), the varying source Pu with hiffAm content (PIDIE 4.6). The Pu source was
used without a Cd filter, like this the 60 keV limas the predominant peak and the net peak
area of the 186 keV line of U could be comfortabbed as constant element in the spectra.
The variable peak was at much lower energy anddcecarcely disturb the 186 keV peak (at
least as long as there was no triple pile-up: &0+ 60 keV = 180 keV). This test was made
both with a Nal detector with internal Am sourcel avith a planar Ge detector (P5).

2.1. Nal detector with internal Am source

The internal Am source causes high energy pulsesh@é order of magnitude of 2 MeV)
which disturb the spectrometric measurement of @i®bf the U spectrum. This disturbance
was avoided by making a spectrum setup with a laluesof the coarse gain in combination
with a spectrum length of 2048 channels and the7188V line in channel 300 for the
standard software. This setup has furthermore divardage that the 1001 keV line is always
included in the spectrum (even though it is norynadit evaluated).

The test setup is shown in principle in Fig. 12eTiternal Am source causes a count rate of

, C_— ] s1

U 889
©
Z — — — — — — — — —
PIDIE || PIDIE | | PIDIE | 1. PDIE |
46 |I 46 1 I 46 1 I 46 1

| —

Fig. 12: Geometrical arrangement of the fix HEU sample (8B&ext to the Nal detector
and the Am source (PIDIE 4.6) in varying distanzéhie detector. The same arrangement was
used for the planar Ge detector.

about 1500 cps. It does not show a single peak &e¥ but a doublet at lower energies. The
measured spectrum is in Fig. 13 in black. The HE@e UP889S used as constant source,
and it was placed in such a distance that it caabedt 2500 cps in addition to the internal
source. It gives the green spectrum in Fig. 12nTthe external Am source (Pu PIDIE 4.6)
was added as variable source. Fig. 13 shows imgreespectrum of all three sources rates
(internal Am + HEU + external Am) with a total cdwate of about 4000 cps. The 186 keV
line stands well isolated and its net peak areabeadetermined easily. The situation changes
with higher count rates: The red and blue specith total count rates of about 40 000 cps
and 90 000 cps in Fig. 13 b demonstrate clearlyd#fermation of the background below the
186 keV peak. A net peak area evaluation was ma@bave (Fig. 4) and results in the graph
in Fig. 14. Both MCAs give very similar resultsgFil5 shows that the performances of the
two MCAs agree within less than 0.5% until 40 O@3.cBut the peak area of the constant
source is not constant as it should be. This istdlee deformation of the spectrum.
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The same spectra were evaluated once again, tieswith NalGEM for the 186 keV line.
Also here may be a problem: NalGEM is foreseensfmectra of mixtures ofU and?*%U,
not for U plus Pu with very much Am. In agreemeithwhis expectation NalGEM gave very
large Chf values. The results in Fig. 16 show again thatimepeak area is not constant, and
also here the results of the two MCAs agree witheerror bars.

30000 - MCA-527 and Nal detector with internal Am source — 5000000
- 4500000
25000 4 59.6 keV 185.7 keV

4 4000000
(]
o \ 3]
3 4 3500000 5
@ 20000 - ——MCA 527 3
e .
< IntAm 1 3000000 E
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= <
& 15000 - MCA-527 + 2500000 =
) int Am + HEU £
g 5253004 .spe 1 2000000 g
€ 10000 - — MCAS527 E
0 int Am + HEU + ext Am-+ 1500000 £
5 5273040.spe §
S 1 1000000
© 5000 4 —— MCA-527

int Am + HEU + ext Am
/ 5273090.spe T 500000
/
0 + 1 S — ; i om0
0 50 100 150 200 250 300 350

Energy (keV)

Fig. 13 a: Spectra of the Nal detector with internal Am seungthout sample (black), with
HEU source (green) and with HEU source plus a gtam source (red). The graph shows
the spectra in a different y scales
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Fig. 13 b: The same spectra as in Fig 13 a with differerdayes
14



118% - o
Nal detector with internal Am Source
116% | Net peak area determination as in Fig. 4 A
114% -
¢
©112% -
(M)
®
X110% -
g
©108% - 3
D 3
% 106% -
£ _ # MCA-527
§ 104% - ®
t A MCA-166
102% - 3 'y
00% | & 8 3
98% T T T T T T T T T 1
0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000
Input rate from MCA-166 SPEC screen

Fig. 14: Normalized net peak area of the 186 keV peakanfrestant U source as function of
the total input count rate, changed by an Am source
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Fig. 15: Ratio of the 185 keV net peak area of MCA-527 BI@iA-166 of a constant U
source as function of the total input count ratenged by an Am source
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Fig. 16: Normalized net peak area of the 186 keV peakanfresstant U source as function of
the total input count rate, changed by an Am squeealuation with NalGEM

Because of the change of the spectrum shape witeirmeasurement series, this series is
obviously of limited value for the characterizatiami the MCA-527. It is nevertheless
included in this report for two reasons: a) The Matectors with internal Am source are
important instruments of the IAEA, b) usually, m@&snents on U samples have count rates
below 20 000 cps and the test shows at least titat MCAs do have the same performance
until 40 000 cps, hence the MCA-527 is as goodhasviCA-166 in this application.

It was tried to make the same test with an Nalaetewithout internal Am source. But also
here appear the same problems with the spectrutnatia. The tests with a Ge detector do
not suffer from this problem and give very reasda@nd reliable results for this test type.

2.2. Planar Ge detector

The test with a constant U source and a variable sborce was performed also with the
planar detector P5 with the same setup (Fig. 18s.A7 a and b show in black the spectrum
of an HEU source (UP889S). The count rate of theasarement is 2000 cps. The red
spectrum comes from the HEU sample plus the Amcsouin this measurement the count rate
was 100000 cps. The spectrum is absolutely dontniayethe 60 keV peak 6f*‘Am. If we
look at the constant 186keV line in detail andha same scale for both spectra (Fig. 17b) we
still see a very good agreement. The net peak axe®e 186 keV line were evaluated as
shown above in Fig. 8. Since the line is well isadia the spectrum evaluation is possible with
very small uncertainties. Fig. 18 presents thelteBoth MCAs show the same behavior, the
peak areas remain within a range of 1% until a#@@00 cps, for the MCA-527 even until
90000 cps. In the practically interesting rangeWoenrichment measurements the constancy
of the net peak area is within a band of 0.5 % hvidt

The results are in full agreement with the obsémmat with the two source method. This
allows to neglect the results of the method witle aonstant and one changing source with
the Nal detector.
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Fig. 17 a: Spectra of the planar Ge detector P5 of a HEUcso{lolack) and of the same HEU
source plus a strong Am source (red), graph a) shba/whole spectra in different y scales
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Fig. 17 b: The same spectra as Fig. 17a, 186 keV line artdtivt same y scale.
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Fig. 18: Normalized net peak area of the 186 keV peakanfresstant U source as function of
the total input count rate

Conclusion

In the tests with a constant plus a variable sqQuheeMCA-527 fulfills the requirement to the
dead time correction with a Ge detector up to lugint rates.
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3. Proportionality 186keV net peak area - enrichment

Several enrichment measurement methods apply theherent meter principle. They are
used with Nal detectors (without and with interAah-source), LaBy and coaxial or planar
Ge detectors. The net peak evaluation is made Imy mrsers with the codes UF6 or NalGEM.
The uncertainty of the result depends in additiorthte good dead time correction on the
precise work of the user who has to fulfill the gedry conditions. Several tests are presented
here below. All of them are made only with U sampigth an Al wall of 2 mm thickness.

3.1. Nal without Am, evaluated with Nal GEM

The test series was made with Nal detector no. 6vensamples, one of them, CBNM446
with 4.4623% enrichment, was used for the calibratA Pb collimator of 2 cm diameter and
2 cm length was applied. The dead times were velgtiow, see Tab. 2. The data evaluation
was made with NalGEM version IAEA v2.1.4. . Theules are presented in Tab. 1. They
show a very good agreement between the two MCAereTlis also a reasonably good
agreement to the declared values except for therd¢salts for the natural uranium which are
3 or 4 sigma below the correct value.

Diff. | Diff. | Rel. | Rel.
Declared Measured Measured MCA-527/ | I | i _dlff. _dlff.
Item enrichment (%) enrichment (%)| enrichment (%) MCA-166 |Si9majsigmafin enrjin enr

with MCA-527 | with MCA-166 MCA-|MCA-[MCA-[MCA-

527 | 166 | 527 | 166

UP899S | 87.610 = 1.75p 86.738 + 0.442 86.649 + 0.441 1.001 £79.01.97| -2.1§ -1.0% -1.1

(]
CBNM295 2.949 + 0.003 2.928 * 0.041 2.927 + 0.021 1.000 + 0|01002| -1.06 -0.7% -0.8%
CBNM194 1.942 + 0.001 1.949 = 0.015 1.946 * 0.015 1.002 + O[0QK9 | 0.25| 0.4% 0.2%
CBNMO71} 0.712 + 0.001 0.686 * 0.048 0.679 + 0.008 1.010 + 0|0B28| -4.11 -3.7% -4.6%0

Tab. 1. Enrichment measured with the enrichment meter gl@evith Nal detector no.6
without Am source

Item name| MCA-527 MCA-16

oY

UP899S 4.6 16.0
CBNM295 0.7 2.3
CBNM194 0.7 2
CBNMO71 0.6 2.0

Tab. 2: Dead time in % for the measurement series withoti@téal no. 6

3.2. Coaxial Gedetector

The test series was made with the coaxial Ge dgt€st on six samples, and again sample
CBNM446 with 4.4623% enrichment was used for thiécation. A Pb collimator of 2 cm
diameter and 2 cm length was applied. The deadstimere low, see Tab. 4. The data
evaluation was made with an EXCEL sheet very smiddJF6.exe. The results are presented
in Tab. 3. They show an excellent agreement betwbentwo MCAs. There is also a
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reasonably good agreement to the declared valueptetor depleted uranium which are 3 or
4 sigma above the correct value.

piff. in|Diff. in| R | Rel

Measured Measured . . diff. in| diff. in

Item Declared enrichment (%) enrichment (%) MCA-527 /| sigmay sigma, enr enr

. 0 - _ _ t 1
enrichment (%) iih McA-527 | with MCA-166 |  MCA166 MS(; Ml(ég MCA- | MCA-

527 | 166
u36 33.890 + 0.678 34.10 + 0.0f 34.10 + 0.07 1.000 + 0.p03 2.9905 3 0.6%| 0.6%
u20 18.670 + 0.373 18.72 + 0.0 18.82 + 0.05 0.994 + 0.p04 (.82892 0.2%| 0.8%
CBNM194] 1.9492 + 0.0014 1.955 + 0.009 1.958 + 0.008 0.999 #0®|00.67| 0.99| 0.394 0.49
CBNMO71| 0.7119 + 0.0006 0.716 + 0.010 0.732 + 0.009 0.978 *1®|00.38| 2.22| 0.599 2.89
CBNMO031| 0.3166 + 0.000R 0.322 + 0.002 0.322 + 0.002 1.000 #0DJ03.62| 3.81| 1.899 1.99

1=}

Tab. 3: Enrichment measured with the enrichment metercyia with coaxial Ge detector

Tab. 4: Dead t

3.3. LaBr3 detector

Item name| MCA-527 MCA-166
UP362S 2.9 5.9
UP200S 2.0 3.7
CBNM446 1.2 3.0
CBNM194 1.0 2.0
CBNMO071 1.0 1.9
CBNMO031 1.0 1.7
ime in % for the measurement series witlkxiab&e detector

The test series was made with the LaBetector (see annex A2) on five samples, one of
them, CBNM446 with 4.4623% enrichment, was usedHercalibration. A Pb collimator of 2
cm diameter and 2 cm length was applied. The desbtwere relatively low, see Tab. 6. The
data evaluation was made with NalGEM version IAEAIv4. The results are presented in
Tab. 5. They show a very good agreement betweetwibheMCAs and there is also a very
good agreement to the declared values.
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Diff. | Diff. | Rel. | Rel.
Declared Measured Measured MCA-527 | in- | i .dlff. .dlff.
Item enrichment (%) enrichment (%) enrichment (%) MCA-166 |Si9ma|sigmajin enr{in enr
with MCA-527 | with MCA-166 MCA-[MCA-|MCA-|MCA-
527 | 166 | 527 | 166
U362S | 33.890 + 0.678 34.028 + 0.193 34.100 + 0.190 0.998 +80{00.72| 1.11| 0.4% 0.6%
U200S | 18.670 + 0.378 18.747 + 0.106 18.812 + 0.109 0.997 +80{00.72| 1.31| 0.4% 0.8%
* t *
CBNM194| 1.9492 + 0.0014 1.943 + 0.012 1.939 + 0.012 1.002 #09®]0-0.56( -0.85 -0.3% -0.5%
CBNMO031| 0.3166 + 0.000R 0.324 + 0.006 0.324 + 0.004 1.001 +¥®)01.27| 1.80| 2.4% 2.3%

Tab. 5: Enrichment measured with the enrichment metercypia with LaBg detector

Item namg@ MCA-521 MCA-164
UP362S 1.5 8.0
UP200S 1.0 55

CBNM194 0.5 3.2

CBNMO031 0.5 2.9

Tab. 6: Dead time in % for the measurement series withr}.dBtector

3.4. Nal detector with internal Am source

The test series was made on five samples with anl&tactor with internal Am source and its
fix collimator of the IAEA (see annex A2). Once again sample CBMM4vith 4.4623%
enrichment, was used for the calibration. The deads were somewhat higher than for the
other Nal detector, see Tab. 8. The data evaluat@s made with NalGEM version IAEA
v2.1.4. The results are presented in Tab. 7. Theysa very good agreement between the
two MCAs. The results for the natural uranium aresi@gma above the correct value in

comparison to 3 or 4 sigma below the correct vébu¢he other Nal detector.

Diff. | Diff. | Rel. | Rel.

Declared Measured Measured MCA-527 / .|n '|n 'dn‘f. 'dlff.

Item enrichment (%) enrichment (%)| enrichment (%) MCA-166 |S'9ma|sigmalin enrjin enr
with MCA-527 | with MCA-166 MCA-|MCA-[MCA-|MCA-

527 | 166 | 527 | 166
UP362S| 33.890 + 0.67B 33.881 + 0.1p1 33.494 + 0.90 1.012 $£8).60.05 -2.04 0.0% -1.2%o
UP200S| 18.670 + 0.37B 18.730 + 0.1p5 18.637 + 0.107 1.005 #8).®.57| -0.31 0.3% -0.2%
CBNM194| 1.942 + 0.001 1.947 + 0.035 1.952 + 0.012 0.997 * O[0Q@5| 0.87( 0.3% 0.5%
CBNMO071] 0.712 + 0.001 0.719 + 0.04 0.721 + 0.004 0.997 + O[0DBO | 2.28( 1.0% 1.3%

Tab. 7: Enrichment measured with the enrichment metercypia with
Nal detector with internal Am source
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Item name| MCA-527 MCA-16

\>2}

UP362S 17.0 35.0

UP200S 10 22
CBNM194 3 7.7
CBNMO71 2.7 6.3

Tab. 8: Dead time in % for the measurement series with
Nal detector with internal Am source

Conclusion

All measurements according to the enrichment n@ieciple present a complete agreement
of the performance of the two MCA. The observediat&ns are mainly concerning depleted
uranium which is not ideal for instrument testing.
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4. Enrichment measurement with planar Ge detector, evaluation with MGAU
The present measurements were made with the folfpmieasurement parameters:

Ge detectors: P1, P5, P20

Collimator; not used

Cd filter: 0 mm

Interposed shielding: not used

Sample wall thickness: 2 mm, 0.5 mm for sample P84
Distance detector housing — source: 0 mm

Count rate: up to 40000 cps

Samples used for the calibration: intrinsic caliiom

Version of MGAU.exe: 3.01

MCA-166 serial number: 496 ( P1 and P20) 133)( P5
MCA-527 serial number: 1057 ( P1 and P20) 11R8)(
MCA-166 Firmware number: 9914 ( P1 and P20) 99B3)(
MCA-527 Firmware number: 1304 ( P1, P20 and P5)
Energy stabilisation: off

Preamp power supply and HV from MCA-527
The detectors present different energy resolutsogieen in the table below:

Detector Resolution in eV at 185.7 keV|

MCA-527 MCA-166
P1 671 663
PS5 749 730
P20 759 779

Tab. 9: Range of the energy resolution calculated with MG #e count rates were 4300 cps
for detector P1, 20000 cps for P5 and 42000 cpB 26r

For comparison: In the first test measurement ca@mpa November 2012 (MCA-527
firmware 1204, ref [1]), the detector P5 preseritedhe 185.7 keV peak FWHM of 0.94 keV
and 0.75 keV for the MCA-527 and MCA-166 respedtivedpgrading the firmware to
version 1304 lead now to a visible improvementhaf tesolution as observed with the MCA-
527 (Fig. 19 a and b).
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Fig. 19a: MCA-527, firmware 1204 [1]: 186 keV peak measuneth detector P5 on sample
UP200S and processed simultaneously with MCA-52/M@A-166, 19000cps
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Fig. 19b: MCA-527, firmware 1304, present work: 186 keV peakasured with detector P5
on sample UP200S and processed simultaneouslyM@#-527 and MCA-166, 20000 cps

The measurements were carried out with the iterdgiaex A3. The results are given in Tab.
10a to 10c and the corresponding dead times in Tkbto 11c.
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e - e - Rel. Rel.
Measured Measured D.Iﬁ' n D.Iﬁ' n diff. in | diff. in
Item Declared enrichment (%) | enrichment (%) MCA-527 /| sigma,| sigma, enr enr
. o ) ] ] ) )
enrichment (%) | ith MCA-527 | with MCA-166 | “CA166 Msczé Ml%é MCA- | MCA-
527 166
P84 93.10 + 0.93 93.33 £+ 1.11 92.97 £1.06 1.00 +0.02 g.2 -0.1 3%0] -0.1%
UP899S 87.61 + 1.75 91.96 + 0.80 88.82 +0.76| 1.04 +0.p1 2.3 D.6.0% | 1.4%
UP362S 33.89 + 0.68 34.19 £ 0.29 33.86 + 0.34 1.01 +0.p1 4 D.0.9% | -0.1%
UP200S 18.67 + 0.37 18.46 + 0.16 18.36 +£0.16 1.01 +0.p1 -p.5 .8 P-1.2%]| -1.7%
CBNM446| 4.4623 + 0.0037 4,534 + 0.055 4.431 + 0.05¢4 1.02 +0/021.3 -0.6 1.6%| -0.7%
CBNM295| 2.9492 + 0.002] 2.952 + 0.033 3.025 +0.034 0.98 £0.20.1 2.2 0.1%| 2.6%
CBNM194| 1.9420 + 0.0014 2.012 + 0.029 1.954 +0.028 1.03+0/022.4 0.4 3.6%| 0.6%
CBNMO71] 0.7119 + 0.000§ 0.771 + 0.007 0.729 +0.00¢7 1.06 £ 0,018.4 2.4 8.3%| 2.4%
CBNMO031| 0.316¢ + 0.000: 0.37< + 0.00¢ 0.33¢ + 0.00¢ 1.11+ 0.0 7.2 2.7 18.1% | 6.8%
Tab. 10a: Results for the measurement series with detedtor P
e e Rel. Rel.
Measured Measured D.Iff' n D.Iff' n diff. in | diff. in
Iltem Declared enrichment (%) | enrichment (%) MCA-527 /| sigma,| sigma, enr enr
H 0 - _ _ 1 1
enrichment (%) | ith MCA-527 | with MCA-166 | “CA166 Msczé Mlcég MCA- | MCA-
527 166
PL84 93.10 + 0.93 93.97+ 1.64 93.36+ 1.50 1.01 +£0.02 0.5 0.1 0.99 0.3%
U89 87.61 + 1.75 93.02 + 1.34 88.77 £1.20 1.05 +0.02 215 45 %6{21.3%
uU36 33.89 + 0.68 34.52 +0.80 34.02 £0.27 1.01 +£0.02 016 d.2 %1{90.4%
u20 18.67 + 0.37 18.84 + 0.14 18.72 £0.70 1.01 +0.04 04 d.1 %0{90.2%
CBNM446| 4.4623 + 0.0037 4.416 + 0.037 4.385 +0.037 1.01 £ 0J01-1.2 -2.1 -1.0%| -1.7%
CBNM194| 1.9492 + 0.0014 1.929 + 0.019 1.885 +0.018 1.02 +0J01-1.1 -3.6 -1.0%| -3.3%
CBNMO71] 0.7119 + 0.000§ 0.731 +£ 0.013 0.736 +0.024 0.99 £0041.5 1.0 2.7%| 3.4%
CBNMO031] 0.3166 + 0.0007 0.333 + 0.015 0.316 +0.030 1.05+0p111.1 0.0 5.2%| -0.2%
Tab. 10b: Results for the measurement series with dete&or P
e - e - Rel. Rel.
Measured Measured D.Iﬁ' n D.Iﬁ' n diff. in | diff. in
Item Declared enrichment (%) | enrichment (%) MCA-527 /| sigma,| sigma, enr enr
. o ) ] _ ) )
enrichment (%) | ith MCA-527 | with MCA-166 | “CA166 Msczé MlcéAe MCA- | MCA-
527 166
P84 93.10 + 0.93 89.96 + 1.02 87.45 +1.16 1.03 +0.02 -2.3 -B.8.4%| -6.1%
UP899S 87.61 + 1.75 91.96 + 0.80 88.82 +0.76| 1.04 +0.p1 2.3 D.6.0% | 1.4%
UP362S 33.89 + 0.68 3452 £ 0.21 34.40 +0.21 1.00 +0.p1 9 D.1.9% | 1.5%
UP200S 18.67 + 0.37 18.87 + 0.11 18.61 +£0.11] 1.01 +0.p1 5 2 £.1.0%| -0.3%
CBNM446| 4.4623 + 0.0037 4.425 + 0.044 4.344 + 0.050 1.02 +0J02-0.8 -2.4 -0.8%| -2.7%
CBNM295| 2.9492 + 0.002] 2.977 + 0.041 2.856 + 0.0411 1.04 £ 0)020.7 -2.3 0.9%| -3.2%
CBNM194| 1.9420 + 0.0014 1.941 + 0.022 1.867 £ 0.022 1.04 +£0,020.0 -3.4 -0.1%| -3.9%
CBNMO71] 0.7119 + 0.000§ 0.737 +£0.018 0.671 +0.019 1.10£0/,041.4 -2.2 3.5%| -5.7%
CBNMO031] 0.3166 + 0.0007 0.339 + 0.008 0.290 +0.008 1.17 £0)042.8 -3.3 7.1%| -8.4%

Tab. 10c: Results for the measurement series with dete@&or P
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P1 Dead time in %
Item name MCA-527 MCA-166
P84 1.0 2.0
UP899S 9.0 20.0
UP362S 7.4 15.0
UP200S 4.6 9
CBNM446 2.0 4.0
CBNM295 15 3.1
CBNM194 1.4 2.7
CBNMO071 1.2 2.3
CBNMO072 1 2.2
CBNMO031 1 2.0

Tab. 11a: Dead time expressed in % for the measurementsseiibk detector P1

P5 Dead time in %
Item name MCA-527 MCA-166
P84 5.0 10.0
UP899S 11.0 23.0
UP362S 10.0 22.0
UP200S 10.6 23.0
CBNM446 7.7 17.0
CBNM194 5.6 13.0
CBNMO71 4.7 11.0
CBNMO031 4.3 8.3

Tab. 11b: Dead time expressed in % for the measurementsaiib detector P5

P20 Dead time in %
Item name MCA-527 MCA-166
P84 2.6 6.4
UP899S 21.0 40.0
UP362S 17.0 35.0
UP200S 10 22
CBNM446 4.4 10
CBNM295 3.6 8.6
CBNM194 3 7.7
CBNMO071 2.7 6.3
CBNMO031 2.6 6.0

Tab. 11c: Dead time expressed in % for the measurementsserib detector P20

The ratio MCA-527/MCA-166 (see also Fig. 20a andsipws small discrepancies between
the results obtained by the two MCA, esp. for tletedtor P1 and P20 for LEU. The QFit
delivered by MGAU is practically the same for bd#CA’s for all measurements. The
slightly higher FWHM of the MCA-527 can not be treason for these small deviations (if
so, we would see a strong effect with a comparisetveen detector P1 on the one hand and

P5 and P20 on the other hand.).
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Fig. 20a: Ratio MCA-527/MCA-166 of the enrichment values sww&d with MCA-166 and
MCA-527 simultaneously with three different detestap to 5% enrichment
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Fig. 20b: Ratio MCA-527/MCA-166 of the enrichment values sw@a&d with MCA-166 and
MCA-527 simultaneously with three different detestap to 90% enrichment

Comparison of ORTEC and CANBERRA planar Ge detectorsand preamplifiers

In the earlier test in November 2012 [1] it was ebed that the performance both of
analogue and of digital MCAs is affected by theapnelifier type. Measurements with
detectors P5 of CANBERRA and P1 of ORTEC showedtlier ratio MCA-527/MCA-166
larger deviations from 1 in the case of the P5 tihahe case of the P1 (Fig. 21), particularly
for LEU. However, for this first test, the old fimare version 1204 lead to energy resolution
of 0.75 keV for the P5 used with the MCA-166 an@¥OkeV when used with the MCA-527.
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Fig. 21: MCA-527, firmware 1204 [1]: Ratio MCA-527/MCA-168 the enrichment values
measured with MCA-166 and MCA-527 simultaneoushgewith a CANBERRA detector
(P5) and once with an ORTEC detector (P1)

In the present work with firmware version 1304 thés no such substantial difference in
resolution, the FWHM for detector P1 are 0.66 ke 8.69 keV when used with the MCA-
166 and MCA-527 respectively. The graphs in Fig.g&@ no hint on different behavior of
the MCA-527 with firmware 1204 if they work withfterent preamplifiers.

Conclusion

As a whole, there is good agreement between thesuraent results and the declared
enrichment for both MCAs.

There are certain differences between MCA-527 ai@AM 66, but they appear particularly
in measurements with very high or very low enrichinee. in those cases where MGAU has
to deal with rather small peaks of eitfélU or % daughter nuclides. Such cases are not
appropriate for a hardware test since it is notlyeasssible to decide whether deviations are
due to imperfections of the hardware or the soféwar
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5. Pu isotopic abundance measur ement, evaluation with MGA

The performance of the MCA-527 and MCA-166 were parad also for measurements of
the isotopic composition of Pu. For the measurememetused:

- four Pu standards CBNM Pu61, CBNM Pu70, CBNM Pu@G&NM Pu93
- three different planar Ge detectors:

o P1: a 200 midetector of ORTEC with liquid nitrogen cooling,
o P5: a 1000 mfdetector of CANBERRA with liquid nitrogen cooling,
o P20: a 200 midetector of CANBERRA with CryoPulse5 cooling.

Five series of measurements were carried out:

a) Detector P20, 4 Pu standards, count rates f8Bo000 to 100 000 cps,
20 million counts in spectrum, i.e. always changmgasurement time
simultaneous measurement with MCA-527 and MCA-166

b) Detector P1, 4 Pu standards, count rates ff0 000 to 60 000 cps,
20 million counts in spectrum, i.e. always changimgasurement time
simultaneous measurement with MCA-527 and MCA-166

c) Detector P5, 2 Pu standards, count rates fif8 000 to 70 000 cps,
20 million counts in spectrum, i.e. always changmgasurement time
simultaneous measurement with MCA-527 and MCA-166

d) Detector P1, CBNM Pu6l, count rates fr&a000 to 70 000 cps,
Fixed real time of 600 seconds per spectrum, uebrer of counts in the spectrum
changes with count rate measurement time
simultaneous measurement with MCA-527 and MCA-166

e) Detector P1, CBNM Pu6l, count rates frd»000 to 100 000 cps,
20 million counts in spectrum, i.e. always changimgasurement time
consecutive measurement with MCA-527 and MCA-166

Series a), b) and d) are to observe if the two M@¥t in different ways on the individual
detectors and their preamplifiers. Moreover thegpusth demonstrate the influence of the
count rate on the MGA results for the two instrutser20 million counts per spectrum
provide reasonably good counting statistics toalisc deviations between two instruments in
the order of magnitude of 1%.

Series d) consists of measurements with a fixeldtmea of always 600 seconds with input
count rates from 10 000 to 55 000 cps, i.e. eadttapm contains a different number of
counts (2 700 000 to 16 000 000 counts for MCA-a68 2 800 000 to 26 000 000 counts for
MCA-527, resp.). In this case, there might be atinoyom with “medium” count rates, i.e. on
the one hand the counting statistics is not toodaration the other hand, a too high count rate
has not yet deteriorated the spectrum quality.

Series e) comprises measurement which should derat;mghat there is no disturbing effect
in the series a) to d) because of a correlatiowdxn the simultaneously measured spectra of
MCA-166 and MCA-527.

The spectrum evaluation was made with MGA versi@b 9

29



5.1. I'sotopic abundances of Pu

The results of all measurements a) to e) of thBso composition of the Pu samples are in
agreement within the measurement errors as shogréphs in Fig. 22. These graphs present
for all isotopes i the ratios

(abundance (i, MCA-527) — abundance (i, MCA-166))

(error (i, MCA-527) + error (i, MCA-16p) 2

This picture does not change if we look for theadat individual detectors (Fig. 23).

There is no effect visible if we compare measurdnsenies d) and e) with simultaneous or
consecutive measurements (Fig. 24).
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Fig. 22: Differences of the abundances of the MCA-527 sli@A-166 in sigma for all

measurements for all three detectors, the firgrdia presents all results, the following

diagrams the same data for the Pu isotopes 2382289241 and for*'Am.
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5.2. Error of the abundances

The relative errors of all MGA results are showrfFig. 25. The errors for the two MCAs are
in agreement, only for count rates above 60 000tlvpserrors of the MCA-527 are slightly
higher.
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Fig. 25: Relative errors of the Pu abundances

The evaluation of series d) shows practically e performance for the two MCAs in the
most interesting range of count rates from 20 @080 000 cps (Fig. 26).
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Fig. 26: Relative errors of the Pu abundances for measamemnwith constant measurement
time of 600 seconds real time
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5.3. Energy resolution

The isotopic abundances as discussed above wereveghwith measurements, where the
energy resolution depended in different ways orcthent rate as shown in Fig. 27. The
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Fig. 27: Full width at half maximum at 125 and 208 keVniré¢MGA for the two MCAs and
three different planar Ge detectors (P20: eledt@&a5 cooling)

visible change in the line width for detectors Ptl #5 however does not result in an increase
of the errors of the isotopic abundances as seeweali he constant FWHM for both MCAs
appears with the electrically cooled detector. ©bsly MGA can fit well the peak shapes of
the MCA-527 spectra and the observed increaseeoFWWHM with the input count rate is no
disadvantage-

Conclusion

The MCA-527 fulfills the requirements for the debtemation of the isotopic composition of
Pu with planar Ge detector and MGA.

34



6.CZT
6.1. SDP-310

A CZT detector of type SDP-310 of RITEC was expasethe radiation of &'Cs source up
to count rates above 400 000 cps. Until about 3mdps it delivered with both MCAs good
spectra which have shown clearly the 662 keV liig.(28).
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Fig. 28: Spectra of*'Cs measured with a CZT detector of type SDP-31n(8?) at different
count rates. (The relative intensity of the X-rlwofescence in channel 30 changes to the
changing distance between the source and a Pllisiggl

35



For both MCAs the line shape changed continuoudlly mcreasing count rate, see Fig. 29.
This drift of both peak position and FWHM is smakgth the MCA-527.
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Fig. 29a: **'Cs peak measured with a SDP-310 detector at diffe@unt rates for MCA-527
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Fig. 29b: **'Cs peak measured with a SDP-310 detector at diffe@unt rates for MCA-166



An additional test was made to see the performanteégher energies as required for fission
product assay: At a count rate of 140 000 cp8Ca source was added to tH&Cs source,
and Fig. 30 shows clearly the two lines in additiotthe'*’Cs spectrum (at this count rate, we
see also a pile-up peak of 2 * 662 keV).
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Fig. 30a: ®° Co peaks in th&'Cs spectrum at 140 000 cps, measurement with aRDP-
detector and MCA-527
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Fig. 30b: °° Co peaks in th&'Cs spectrum at 140 000 cps, measurement with a&DP-
detector and MCA-166
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6.2. CZT/500

The same spectrum was measured with a CZT/500tdet@&90mm). As for the SDP-310,
the spectra are of good quality and can be usedission product verification up to count
rates of 300 000 or 400 000 cps (Fig. 31).
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Fig. 31: Spectra of*'Cs measured with a CZT detector of type CZT/50diffgrent count
rates

Also for this detector and preamplifier type we siest the peak shape changes continuously
with increasing count rate (Fig. 32a), and here daormations much are smaller for the
MCA-527. Using the peak stabilisation would resulthe peaks in Fig. 32b
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Fig. 32a: *'Cs peak measured with a SDP-310 detector and MCAabgifferent count rates
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Fig. 32b: *'Cs peak measured with a SDP-310 detector and M@?al fifferent count rates
with stabilisation of the peak position

Conclusion

The MCA-527 can be used for gamma spectrometricsareanents with CZT detectors,
particularly for fission product assay, for couaters up to 300 000 cps and beyond.
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7. Temperaturetest

For the test of the temperature dependence of 84 ,M spectrometer chain with a planar Ge
detector and the two MCAs was set up. The Ge detbets a very good temperature stability.
The signal was given to the two MCAs and a serfegpeated measurements of always the
same Pu spectrum was measured, always for a realdf 600 s. After the first hour of
operation, the two MCAs were moved form the labmmatatmosphere (26 °C) into a
refrigerator (6 °C) without interrupting the measuent series. About four hours later the
MCAs were put back into the laboratory atmosph26e°C). The stabilization function of the
MCAs was not used.

Figures 33 and 34 show the 208 keV peak closedara 2773. In case of the MCA-527 the
peak has moved only 2 ... 3 channels, i.e. about.15200 eV, or by 200eV / 208000eV =
0.1%. The change was about 0.3% for the MCA-166s Vkry good stability is due to a
dedicated correction in the device which measuregeémperature inside the box and uses it
for correction. The internal temperature is giverthe .spe file as $STEMPERATURE: . Fig.
35 shows the course of the temperature as meassidd the MCA-527, it is about 5 degree
higher than outside.
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Fig. 33: 208 keV peak in a Ge detector spectrum of Pu duaitemperature cycle of a MCA-
527
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Fig. 34: 208 keV peak in a Ge detector spectrum of Pu duaitemperature cycle of a MCA-
166
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Fig. 35: Temperature change inside the MCA-527 during takilgy test

Conclusion
The temperature stability of the MCA-527 is supetothe stability of the MCA-166.
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8. Summary

The overall result of the test is: The performantehe MCA-527 meets the functional
requirements for gamma spectrometric measurementsutlear safeguards applications. Its
parameters are as good as the ones of the MCAerlé@metimes superior to them.
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MCA527

Digital Miniature Multi Channel Analyzer

The MCAS527 is a battery powered high performance 16K Multi-Channel Analyzer/Multi-Channel
Scaler module with the performance of a laboratory grade MCA. High voltage supply for detector
and preamplifier power supply are integrated as well as an internal coarse amplifier and digital
filtering and analysis. Together with a detector it forms a small-size gamma spectroscopy
system, which is well suited to the demands of field measurements for international safeguards,
environmental monitoring, nuclear waste treatment facilities, radicactive transport control and
similar applications.

Furthermore, the MCAS27 supports a vast number of different detectors and its 16k resolution is
adequate to support high resolution gamma spectrometry with HPGe detectors. As the MCAS527
works with digital filtering, it allows to set a bread range of filier time constants and it is also
tolerant to largely differing preamplifier signal shapes.

The MiniMCA software allows to operate the device as a general purpose multi channel analyzer
(SPEC, WinSPEC) and multi scaler analyzer (MCS, WinMCS). Additional user programs which
support sateguards specific applications as U-235 enrichment verification, UFE, LENG, RATE,
WINScan are available.

The MCA 527 is the successor of the MCA166 with completely new designed hardware. It has
enhanced battery operating time and allows connection and charging by USB port. Besides this,
its fully compatible to MCA166 and can be run with all existing MCA166 software.

-
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Hardware Specification MCA527 — DMMCA

Amplifier

Coarse amplifier prefilter with amplifications in
steps of 2-5-10-20-50, corresponding to a full scale
ADC input range from 12V to 500mV.

Input DG coupled, offset adjustable and depending
on polarity of input signal.

linearity better than 0.1%

ADC

14bit, 10 MSps

Intagral Nonlinearity <0.05%
temperature stability TK 50

digital signal processing

double differential trigger filter, or single differantial
low energy low count rate trigger filter.
Pile-up-suppression, pulse pair resolution ~400ns,
depending on trigger filter.

Automated and manual® adjustment of trigger
threshold.

Shaping time (Integration time [ rise time of filter
divided by 2) adjustable in the range 0.1 — 25ps.
Flat top adjustable 0-5ps.

fine adjustment of amplification in steps of <0.05%.
Channel splitting 128, 256, 512, 1k, 2k, 4k, 8k or
16k

Differential nenlinearity <1% for 4k channals and
1us shaping time.

Base Line restorer with adjustable averaging.
Optimum  spectroscopic  performance  for S0ps
preamp decay time constant.

FZC adjustment, detector decay time constants
from 40ps ("5us) to Ims can be compensated.
Paak stabilization possible.

Oscilloscope mode shows signal as well as trigger
filter and main filter signals.

Modes of operation

+ PHA ([pulse height analysis), result is a
histogram of pulse height.

«  MGS (multi channel scaling): registers number
of counts in subsaguent time intervals.

+ Gated operation, gated events (e.g. light
pulses) are collected in a second spectrum and
can be used for stabilization.

+  Sample mode: Input signal is recorded without
processing, similar to an oscilloscope.

«  Mautonomous  repeat mode: makes series
measurements and stores them in up to 2GB
internal non volatile memory.

«  "Start-Stop-mode:; time differeance betwean a
start signal at the gate input and an event is
recorded as histogram. May be used for time-
of-flight spectroscopy and similar applications.

+ *List mode: values of occurring pulse height are
stored sequentially.

‘optional, further development, still fo be implemented
tha axact values still to be determinad

+ List mode 2: registers sequentially the time between 2
subsequent events.

+« JSR mode: emulates the behavior of the neutron
coincidence counters (shift registers JSK14 and
JSR12 (based on list mode 2)

Spectrometric performance:

Resolution (FWHM) for typical 500mm? planar HPGe
detector for count rates < 10000cps and a Am241 source
at 59keV:

<510eV at 1ps shaping time

<460eV at 2us shaping time

Usable spectral range from 100% down to 0.13% (e.g. 3
ke to 2300 keV) with optimized system.

Throughput in memory:

=7 5keps in memory at 140keps input rate and 0.5ps
shaping

=35kcps in memory at 50keps input rate and 2ps shaping
time

Preamplifier power supply, high voltage, extras:
+12V, 60mA

+ 24V, 80mA

Detector HY up to +3.6kV, polarity depends on module
inserted. Also £3kV modules from MCA-166 can be used.
D9/pin3: Aux. analog input, 11 bit, 0-10V

D9/pin5: HY inhikit, can also be used as auxillary analeg
voltage input or as resistance meter.

D9ping: 1-wire interface to connect temp sensors.
Internal temperature measurement, MCA temperature is
saved with spectrum.

GPS receiver (adapter to extension port)

power supply:
Li-lon batteries, operation time 10-25h, depending on
detector connected.

Computer Interface

LSE, RS-232 (38,4, 115.2, 307.2 kBd and 2MBd),
Ethernet.

*Bluetooth {adapter to extension port)

Firmware, Software
All firmware command analog to MCA166 with saome
extensions. Runs with all previous MCA-166 softwara.

Mechanical

Housing 184 mm x 111 mm x 45 mm without connectors;
weight 820g.

SHV plug for HY, BMC for Signal, Lema00/Camac for gate
input, D% for preamp supply and aux. inputs, plugs for
power supply, interface, LED for status and miniature
switch for ON/OFF.

Envirenmental
operational: at least 0 - 50 “C, eventual larger range.

humidity up to 90%, non condensing, |P42.
EMC compliant

22.8.2013 Jérg Brutschar

GBS Elektronik GmbH Tel: 0049 (00351 217007 -0
Fae.: 0049 (00351 21 7O O7 - 21
E-Mail: kontakt@glbs-elekironik.de
Website: www.gbs-elektronik.de

Bautzner Landstrale 22
01454 GroBerkmannsdorf
Germany
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A1l. Collection of setup filesof M CA-527
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Al. Setup filefor 1.1. Nal detector no.7

$APPLICATION_ID:

WSPC (WinSPEC for Inspectors) Version 2.03.0003
$DEVICE_ID:

MCA-527

SN# 1136

HW# 1100

FW# 1304

$MCA_166_1ID:

The used device has not been a MCA-166! This block is only
written to keep compatibility with older applications.

AP# WSPC (WIinSPEC for Inspectors) Version 2.03.0003
$SPEC_REM:

S1+S2

0
0
C:\DATA\14DTS1S2.spe

38

32

27

$ROI:

1

3136 3456
$ENER_FIT:
0.000000 0.000000
$ENER_DATA:

2

0.000000 0.000000
0.000000 0.000000
$ENER_DATA_X:
2

0.000000 0.000000
0.000000 0.000000
$ADC:

16384

0

16383

$PRESETS:

Live Time (sec)
700

0

47

$PZC_VALUE:

1828

15

15

$FAST_DISCR:

400

$SLOW_DISCR:

400

$THR:

0.5

$GAIN_VALUE:

20

1.4712

$MCA 527 OFFSET_DAC:
13075

$MCA 527 TRIGGER_FILTER:
3(+1,0,-2,0,+1)

$FLAT_TOP:

0.8

$MCA 527 TRIGGER_PARAM:
7

20

0

$MCA_527 BASELINE_RESTORING:
41290

$MCA 527 JITTER_CORRECTION:
off

$MCA 527 LF_REJECTION:
off

$MCA_527_GATING:

off

low

20

off

$MCA_527 _CORE_CLOCK:

4

$MCA 527 _EXT_PORT:

0

PR &6HOOO0OOoOo



$INPUT:

Amplifier

neg

$PUR:

on

$STAB:

off

4

120

0

accepted

$STAB_PARAM:

10

25000

$POWER:

#NAME?

#NAME?

#NAME?

#NAME?

$HV:

-3600V
Canberra HPGe

$MODE:

MCA

$MCA_REPEAT:

0

0

$TDF:

0

$POWER_STATE:

1+12= 29mA
-12= 21mA
1+24= 62mA
I-24= 28mA
IBAT= 245mA
IHV = 19mA
ICHR= 234mA
UBAT=8240mV
UHVs=3581mV
U+12=11.938V
U-12=11.500V
U+24=24.500V
U-24=23.750V
$COUNTS:
21116732
$PD_COUNTS:
0

$RT:

812.139

$DT:

112139

$FAST_DT:

15982

$BT:

0

$STAB_OFFSET:

0
$STAB_OFFSET_MIN:
0
$STAB_OFFSET_MAX:
0

$STAB_COUNTER:

0

$REC_COUNTER:
55492
$REC_ERROR_COUNTER:
47

$PUR_COUNTER:
1597912
$SPEC_INTEGRAL:
17741221
$ROI_INFO:

1 3136 3456 3323.41 33.66 2090386 1650496
$TEMPERATURE:

not measured

32.75

48
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Al. Part of thesetup filefor 1.2. Coaxial Ge detector C4

$APPLICATION_ID:

WSPC (WIinSPEC for Inspectors) Version 2.03.0003
$DEVICE_ID:

MCA-527

SN# 1136

HW# 1100

FW# 1304

$MCA_166_ID:

The used device has not been a MCA-166! This block is only
written to keep compatibility with older applications.

AP# WSPC (WinSPEC for Inspectors) Version 2.03.0003
$SPEC_REM:

S2

0
0
C:\DATA\SDTS2.spe

$DATE_MEA:
06/26/2013 13:42:01
$MEAS_TIM:

700 735

$DATA:

0 16383

0

0

$ADC:

16384

0

16383
$PRESETS:
Live Time (sec)
700

0

49

$PZC_VALUE:

1828

15

15

$FAST_DISCR:

400

$SLOW_DISCR:

400

$THR:

0.5

$GAIN_VALUE:

20

1.4712

$MCA 527 _OFFSET_DAC:
13011

$MCA 527 _TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$FLAT_TOP:

0.8

$MCA 527 _TRIGGER_PARAM:
7

20

0

$MCA_527_BASELINE_RESTORING:

41290

$MCA_527_JITTER_CORRECTION:

off

$MCA 527 LF _REJECTION:
off

$MCA 527 GATING:

off

low

20

off

$MCA 527 CORE_CLOCK:
4

$MCA 527 EXT_PORT:

0

O OO oo

$DTC:



Al. Part of thesetup filefor 2.1. Nal detector with internal Am source

$APPLICATION_ID:

WSPC (WinSPEC for Automation) Version 2.03.0000
$DEVICE_ID:

MCA-527

SN# 1243

HW# 1100

FW# 1304

$MCA_166_ID:

The used device has not been a MCA-166! This block is only
written to keep compatibility with older applications.

AP# WSPC (WinSPEC for Automation) Version 2.03.0000
$SPEC_REM:

0

0
0
C:\DATA\5273030.spe

$DATE_MEA:
06/27/2013 13:22:00
$MEAS_TIM:

1000 1128

$DATA:

02047

0

0

$ADC:

2048

0

2047
$PRESETS:
Live Time (sec)
1000

0

50

$PZC_VALUE:

1560

15

15

$FAST_DISCR:

400

$SLOW_DISCR:

400

$THR:

0.5

$GAIN_VALUE:

10

1.8487

$MCA 527 _OFFSET_DAC:
1881

$MCA 527 _TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$FLAT_TOP:

1.6

$MCA 527 _TRIGGER_PARAM:
7

20

0

$MCA_527_BASELINE_RESTORING:

41290

$MCA_527_JITTER_CORRECTION:

off

$MCA 527 LF _REJECTION:
off

$MCA 527 GATING:

off

low

20

off

$MCA 527 EXT_PORT:

0

O OO oo

$DTC:

0.2



Al. Part of thesetup filefor 2.2. Planar Ge detector P5

$APPLICATION_ID:
WSPC (WIinSPEC for Inspectors) Version 2.03.0003
$DEVICE_ID:
MCA-527 $PZC_VALUE:
SN# 1128 1681
HW# 1100 15
FW# 1304 15
$MCA_166_ID: $FAST_DISCR:
The used device has not been a MCA-166! This block is only| 400
written to keep compatibility with older applications. $SLOW_DISCR:
AP# WSPC (WinSPEC for Inspectors) Version 2.03.0003 400
$SPEC_REM: $THR:
0 0.5
$GAIN_VALUE:
0 10
0 0.5682
C:\DATA\5272030.spe $MCA_527_OFFSET_DAC:
13074
$MCA_527_TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$DATE_MEA: $FLAT_TOP:
06/26/2013 14:20:41 0.8
$MEAS_TIM: $MCA_527_TRIGGER_PARAM:
400 476 7
$DATA: 20
016383 0
0 $MCA_527_BASELINE_RESTORING:
0 41290
$MCA_527_JITTER_CORRECTION:
off
$MCA_527_LF_REJECTION:
$ADC: off
16384 $MCA_527_GATING:
0 off
16383 low
$PRESETS: 20
Live Time (sec) off
400 $MCA_527_CORE_CLOCK:
0 4
$MCA_527_EXT_PORT:
0
0
0
0
0
0
$DTC:
1
1
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Al. Part of the setup filefor 3.1. Nal detector no.6

$APPLICATION_ID:

WSPC (WIinSPEC for Inspectors) Version 2.03.0003
$DEVICE_ID:

MCA-527

SN# 1131

HW# 1100

FW# 1304

$MCA_166_ID:

written to keep compatibility with older applications.

AP# WSPC (WinSPEC for Inspectors) Version 2.03.0003
$SPEC_REM:

CBNM295/058

The used device has not been a MCA-166! This block is only

0
0
C:\DATA\527e295.spe

$DATE_MEA:
06-27-2013 15:16:30
$MEAS_TIM:

2000 2015

$DATA:

02047

0

0

$ADC:

2048

0

2047
$PRESETS:
Live Time (sec)
2000

0

52

$PZC_VALUE:

1134

15

15

$FAST_DISCR:

400

$SLOW_DISCR:

400

$THR:

0.5

$GAIN_VALUE:

10

2.8256

$MCA 527 _OFFSET_DAC:
684

$MCA 527 _TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$FLAT_TOP:

1.6

$MCA 527 _TRIGGER_PARAM:
7

20

0

$MCA_527_BASELINE_RESTORING:

41290

$MCA_527_JITTER_CORRECTION:

off

$MCA 527 LF _REJECTION:
off

$MCA 527 GATING:

off

low

20

off

$MCA 527 CORE_CLOCK:
4

$MCA 527 EXT_PORT:

0

O OO oo

$DTC:

0.2



Al. Part of the setup filefor 3.2. Coaxial Ge detector C4

$APPLICATION_ID:

WSPC (WIinSPEC for Inspectors) Version 2.03.0003
$DEVICE_ID:

MCA-527

SN# 1136

HW# 1100

FW# 1304

$MCA_166_ID:

The used device has not been a MCA-166! This block is only
written to keep compatibility with older applications.

AP# WSPC (WinSPEC for Inspectors) Version 2.03.0003
$SPEC_REM:

C4 2.94% 2*2

0
0
C:\DATA\5270295.spe

$DATE_MEA:
07/04/2013 12:01:50
$MEAS_TIM:

2000 2022

$DATA:

0 16383

0

0

$ADC:

16384

0

16383
$PRESETS:
Live Time (sec)
2000

0
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$PZC_VALUE:

1828

15

15

$FAST_DISCR:

400

$SLOW_DISCR:

400

$THR:

0.5

$GAIN_VALUE:

20

1.4712

$MCA 527 _OFFSET_DAC:
13499

$MCA 527 _TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$FLAT_TOP:

0.8

$MCA 527 _TRIGGER_PARAM:
7

20

0

$MCA_527_BASELINE_RESTORING:

41290

$MCA_527_JITTER_CORRECTION:

off

$MCA 527 LF _REJECTION:
off

$MCA 527 GATING:

off

low

20

off

$MCA 527 CORE_CLOCK:
4

$MCA 527 EXT_PORT:

0

O OO oo

$DTC:



Al. Part of the setup filefor 3.3. LaBr3 detector

$APPLICATION_ID:

WSPC (WIinSPEC for Inspectors) Version 2.03.0003
$DEVICE_ID:

MCA-527

SN# 1134

HW# 1100

FW# 1304

$MCA_166_ID:

The used device has not been a MCA-166! This block is only
written to keep compatibility with older applications.

AP# WSPC (WinSPEC for Inspectors) Version 2.03.0003
$SPEC_REM:

0

0
0
C:\DATA\527L295.spe

$DATE_MEA:
12-31-2001 23:57:08
$MEAS_TIM:

2000 2011

$DATA:

02047

0

0

$ADC:

2048

0

2047
$PRESETS:
Live Time (sec)
2000

0

54

$PZC_VALUE:

986

15

15

$FAST_DISCR:

400

$SLOW_DISCR:

400

$THR:

0.5

$GAIN_VALUE:

10

2.7789

$MCA 527 _OFFSET_DAC:
14665

$MCA 527 _TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$FLAT_TOP:

0.8

$MCA 527 _TRIGGER_PARAM:
7

20

0

$MCA_527_BASELINE_RESTORING:

41290

$MCA_527_JITTER_CORRECTION:

off

$MCA 527 LF _REJECTION:
off

$MCA 527 GATING:

off

low

20

off

$MCA 527 CORE_CLOCK:
4

$MCA 527 EXT_PORT:

0

O OO oo

$DTC:

0.2



Al Part of thesetup filefor 3.4. Nal with internal Am source

$APPLICATION_ID:

WSPC (WinSPEC for Automation) Version 2.03.0000
$DEVICE_ID:

MCA-527

SN# 1243

HW# 1100

FW# 1304

$MCA_166_ID:

The used device has not been a MCA-166! This block is only
written to keep compatibility with older applications.

AP# WSPC (WinSPEC for Automation) Version 2.03.0000
$SPEC_REM:

0

0
0
C:\DATA\5273194.spe

$DATE_MEA:
06/28/2013 11:10:23
$MEAS_TIM:

8000 8075

$DATA:

02047

0

0

$ADC:

2048

0

2047
$PRESETS:
Live Time (sec)
8000

0

55

$PZC_VALUE:

1560

15

15

$FAST_DISCR:

400

$SLOW_DISCR:

400

$THR:

0.5

$GAIN_VALUE:

10

1.8836

$MCA 527 _OFFSET_DAC:
1916

$MCA 527 _TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$FLAT_TOP:

1.6

$MCA 527 _TRIGGER_PARAM:
7

20

0

$MCA_527_BASELINE_RESTORING:

41290

$MCA_527_JITTER_CORRECTION:

off

$MCA 527 LF _REJECTION:
off

$MCA 527 GATING:

off

low

20

off

$MCA 527 EXT_PORT:

0

O OO oo

$DTC:

0.2



Al. Part of thesetup filefor 4.1. Planar Ge detector P20

$APPLICATION_ID:
WSPC (WIinSPEC for Inspectors) Version 2.03.0003
$DEVICE_ID:
MCA-527 $PZC_VALUE:
SN# 1057 1775
HW# 1001 15
FW# 1304 15
$MCA_166_ID: $FAST_DISCR:
The used device has not been a MCA-166! This block is only| 400
written to keep compatibility with older applications. $SLOW_DISCR:
AP# WSPC (WinSPEC for Inspectors) Version 2.03.0003 400
$SPEC_REM: $THR:
0 0.5
$GAIN_VALUE:
0 20
0 2.2967
C:\DATA\al8.spe $MCA_527_OFFSET_DAC:
16227
$MCA_527_TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$DATE_MEA: $FLAT_TOP:
06/26/2013 10:03:29 0.8
$MEAS_TIM: $MCA_527_TRIGGER_PARAM:
500 602 7
$DATA: 20
04095 0
0 $MCA_527_BASELINE_RESTORING:
0 41290
$MCA_527_JITTER_CORRECTION:
off
$MCA_527_LF_REJECTION:
$ADC: off
4096 $MCA_527_GATING:
0 off
4095 low
$PRESETS: 20
Live Time (sec) off
500 $MCA_527_CORE_CLOCK:
0 4
$MCA_527_EXT_PORT:
0
0
0
0
0
0
$DTC:
1
1
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Al. Part of the setup filefor 4.2. Planar Ge detector P1

$APPLICATION_ID:
WSPC (WIinSPEC for Inspectors) Version 2.03.0003
$DEVICE_ID:
MCA-527 $PZC_VALUE:
SN# 1057 1415
HW# 1001 15
FW# 1304 15
$MCA_166_ID: $FAST_DISCR:
The used device has not been a MCA-166! This block is only| 400
written to keep compatibility with older applications. $SLOW_DISCR:
AP# WSPC (WinSPEC for Inspectors) Version 2.03.0003 400
$SPEC_REM: $THR:
P1 up200s 0.5
$GAIN_VALUE:
0 10
0 1.8927
C:\DATA\a36.spe $MCA_527_OFFSET_DAC:
15828
$MCA_527_TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$DATE_MEA: $FLAT_TOP:
06/27/2013 11:47:09 0.8
$MEAS_TIM: $MCA_527_TRIGGER_PARAM:
500 523 7
$DATA: 20
04095 0
0 $MCA_527_BASELINE_RESTORING:
0 41290
$MCA_527_JITTER_CORRECTION:
off
$MCA_527_LF_REJECTION:
2772.890000 208.000000 off
$ADC: $MCA_527_GATING:
4096 off
0 low
4095 20
$PRESETS: off
Live Time (sec) $MCA 527 _CORE_CLOCK:
500 4
$MCA_527_EXT_PORT:
0
0
0
0
0
0
$DTC:
1
1
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Al. Part of thesetup filefor 4.3. Planar Ge detector P5

$APPLICATION_ID:
WSPC (WIinSPEC for Inspectors) Version 2.03.0003
$DEVICE_ID:
MCA-527 $PZC_VALUE:
SN# 1057 1775
HW# 1001 15
FW# 1304 15
$MCA_166_ID: $FAST_DISCR:
The used device has not been a MCA-166! This block is only| 400
written to keep compatibility with older applications. $SLOW_DISCR:
AP# WSPC (WinSPEC for Inspectors) Version 2.03.0003 400
$SPEC_REM: $THR:
0 0.5
$GAIN_VALUE:
0 20
0 2.2967
C:\DATA\b2.spe $MCA_527_OFFSET_DAC:
15209
$MCA_527_TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$DATE_MEA: $FLAT_TOP:
06/25/2013 15:54:33 0.8
$MEAS_TIM: $MCA_527_TRIGGER_PARAM:
300 314 7
$DATA: 20
04095 0
0 $MCA_527_BASELINE_RESTORING:
0 41290
$MCA_527_JITTER_CORRECTION:
off
$MCA_527_LF_REJECTION:
$ADC: off
4096 $MCA_527_GATING:
0 off
4095 low
$PRESETS: 20
Live Time (sec) off
300 $MCA_527_CORE_CLOCK:
0 4
$MCA_527_EXT_PORT:
0
0
0
0
0
0
$DTC:
1
1
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Al. Part of thesetup filefor 5.1. Planar Ge detector P20

$APPLICATION_ID:
WSPC (WIinSPEC for Inspectors) Version 2.03.0003
$DEVICE_ID:
MCA-527 $PZC_VALUE:
SN# 1057 1775
HW# 1001 15
FW# 1304 15
$MCA_166_ID: $FAST_DISCR:
The used device has not been a MCA-166! This block is only| 400
written to keep compatibility with older applications. $SLOW_DISCR:
AP# WSPC (WinSPEC for Inspectors) Version 2.03.0003 400
$SPEC_REM: $THR:
0 0.5
$GAIN_VALUE:
0 20
0 2.2967
C:\DATA\a7.spe $MCA_527_OFFSET_DAC:
15341
$MCA_527_TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$DATE_MEA: $FLAT_TOP:
06/25/2013 12:33:21 0.8
$MEAS_TIM: $MCA_527_TRIGGER_PARAM:
1600 1742 7
$DATA: 20
04095 0
0 $MCA_527_BASELINE_RESTORING:
0 41290
$MCA_527_JITTER_CORRECTION:
off
$MCA_527_LF_REJECTION:
2773.090000 208.000000 off
$ADC: $MCA_527_GATING:
4096 off
0 low
4095 20
$PRESETS: off
Live Time (sec) $MCA 527 _CORE_CLOCK:
1600 4
$MCA_527_EXT_PORT:
0
0
0
0
0
0
$DTC:
1
1
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Al. Part of the setup filefor 5.2. Planar Ge detector P1

$APPLICATION_ID:
WSPC (WIinSPEC for Inspectors) Version 2.03.0003
$DEVICE_ID:
MCA-527 $PZC_VALUE:
SN# 1057 1415
HW# 1001 15
FW# 1304 15
$MCA_166_ID: $FAST_DISCR:
The used device has not been a MCA-166! This block is only| 400
written to keep compatibility with older applications. $SLOW_DISCR:
AP# WSPC (WinSPEC for Inspectors) Version 2.03.0003 400
$SPEC_REM: $THR:
0 0.5
$GAIN_VALUE:
0 10
0 1.8927
C:\DATA\a29h.spe $MCA_527_OFFSET_DAC:
16383
$MCA_527_TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$DATE_MEA: $FLAT_TOP:
06/26/2013 16:36:38 0.8
$MEAS_TIM: $MCA_527_TRIGGER_PARAM:
800 928 7
$DATA: 20
04095 0
0 $MCA_527_BASELINE_RESTORING:
0 41290
$MCA_527_JITTER_CORRECTION:
off
$MCA_527_LF_REJECTION:
2772.890000 208.000000 off
$ADC: $MCA_527_GATING:
4096 off
0 low
4095 20
$PRESETS: off
Live Time (sec) $MCA 527 _CORE_CLOCK:
800 4
$MCA_527_EXT_PORT:
0
0
0
0
0
0
$DTC:
1
1
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Al. Part of thesetup filefor 5.3. Planar Ge detector P5

$APPLICATION_ID:

WSPC (WIinSPEC for Inspectors) Version 2.03.0003
$DEVICE_ID:

MCA-527

SN# 1128

HW# 1100

FW# 1304

$MCA_166_ID:

The used device has not been a MCA-166! This block is only
written to keep compatibility with older applications.

AP# WSPC (WinSPEC for Inspectors) Version 2.03.0003
$SPEC_REM:

0

0
0
C:\DATA\ispra0613\5279010.spe

$DATE_MEA:
06/28/2013 09:56:44
$MEAS_TIM:

300 325

$DATA:

0 16383

0

0

$ADC:

16384

0

16383
$PRESETS:
Live Time (sec)
300

0

61

$PZC_VALUE:

1681

15

15

$FAST_DISCR:

400

$SLOW_DISCR:

400

$THR:

0.5

$GAIN_VALUE:

10

0.5683

$MCA 527 _OFFSET_DAC:
11900

$MCA 527 _TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$FLAT_TOP:

0.8

$MCA 527 _TRIGGER_PARAM:
7

20

0

$MCA_527_BASELINE_RESTORING:

41290

$MCA_527_JITTER_CORRECTION:

off

$MCA 527 LF _REJECTION:
off

$MCA 527 GATING:

off

low

20

off

$MCA 527 CORE_CLOCK:
4

$MCA 527 EXT_PORT:

0

O OO oo

$DTC:



Al. Part of the setup filefor 6.1. SDP-310

$APPLICATION_ID:
WSPC (WIinSPEC for Inspectors) Version 2.03.0003
$DEVICE_ID:
MCA-527 $PZC_VALUE:
SN# 1131 2324
HW# 1100 15
FW# 1304 15
$MCA_166_ID: $FAST_DISCR:
The used device has not been a MCA-166! This block is only| 400
written to keep compatibility with older applications. $SLOW_DISCR:
AP# WSPC (WinSPEC for Inspectors) Version 2.03.0003 400
$SPEC_REM: $THR:
0 0.5
$GAIN_VALUE:
0 20
0 1.192
C:\DATAI\ispra0613\5276005.spe $MCA_527_OFFSET_DAC:
14720
$MCA_527_TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$DATE_MEA: $FLAT_TOP:
06/25/2013 13:12:49 0.7
$MEAS_TIM: $MCA_527_TRIGGER_PARAM:
48 57 7
$DATA: 20
02047 0
0 $MCA_527_BASELINE_RESTORING:
0 41290
$MCA_527_JITTER_CORRECTION:
off
$MCA_527_LF_REJECTION:
$ADC: off
2048 $MCA_527_GATING:
0 off
2047 low
$PRESETS: 20
Area off
100000 $MCA_527_CORE_CLOCK:
1 4
$MCA_527_EXT_PORT:
0
0
0
0
0
0
$DTC:
1
0.5
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Al. Part of the setup filefor 6.2. CZT/500

$APPLICATION_ID:
WSPC (WIinSPEC for Inspectors) Version 2.03.0003
$DEVICE_ID:
MCA-527 $PZC_VALUE:
SN# 1131 133
HW# 1100 15
FW# 1304 15
$MCA_166_ID: $FAST_DISCR:
The used device has not been a MCA-166! This block is only| 400
written to keep compatibility with older applications. $SLOW_DISCR:
AP# WSPC (WinSPEC for Inspectors) Version 2.03.0003 400
$SPEC_REM: $THR:
0 0.5
$GAIN_VALUE:
0 20
0 2.5657
C:\DATAI\ispra0613\5276106.spe $MCA_527_OFFSET_DAC:
1526
$MCA_527_TRIGGER_FILTER:
3(+1,0,-2,0,+1)
$DATE_MEA: $FLAT_TOP:
06/26/2013 09:59:01 0.7
$MEAS_TIM: $MCA_527_TRIGGER_PARAM:
3037 7
$DATA: 20
02047 0
0 $MCA_527_BASELINE_RESTORING:
0 41290
$MCA_527_JITTER_CORRECTION:
off
$MCA_527_LF_REJECTION:
$ADC: off
2048 $MCA_527_GATING:
0 off
2047 low
$PRESETS: 20
Area off
100000 $MCA_527_CORE_CLOCK:
1 4
$MCA_527_EXT_PORT:
0
0
0
0
0
0
$DTC:
1
0.5
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A2. List of instruments

Detector Size Serial number Model
Nal diameter 76 mm, thickness 19 mm F2184 Teledyne S-1203-1/W1
Nal diameter 76 mm, thickness 19 mm F2185
Nal- IAEA nb 8029/194  diameter 51 mm, thickness 12.5 mm she 634 Scionix 51BS12.7-E3-T-AM-X
LaBr3 diameter 76 mm, thickness 19 mm P906CS_B 76S20_B380
(o¥4) 10*10*0.5 CZT 500 RITEC
(o¥4) 5*5*2.5 SDP 310 RITEC
Ge coaxial C4 diameter 53 mm, lengh 54 mm b95662 GR2520
CANBERRA
Ge coaxial C5 diameter 52.50 mm, lengh 54 mm b99544 GR2520
CANBERRA
Ge planar P5 1000 mm?, 20 mm thickness b 92586 GL-1020R-7905SL-15
CANBERRA
Ge planar P20 500 mm?, 15 mm thickness b14511A GL0515
CANBERRA
Ge planar P1 200 mm?, 10 mm thickness 26-C567 GLP 16250/10-S
ORTEC
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A3. List of nuclear material samples

Item name % enrichment (Wt%)  faterial ty30Os mass  Geometry

1.75 U;0Oq 56  shape, smaller diame
0.68 U3O0g 199.9 CBNM shape
0.37 U3O0g 199.9 CBNM shape

UP899S 87.61
UP362S 33.89
UP200S 18.67

+ I+

I+

UP100S  9.80 - 020 U0y 199.9 CBNM shape
CBNM446  4.4623 + 0.0032 U,0; 200 CBNM shape
CBNM295 2.9492 + 0.0021 U,03 200 CBNM shape
CBNM195 1.9420 + 0.0014 U,O3 200 CBNM shape
CBNMO71 0.7119 + 0.0005 U,O3 200 CBNM shape
CBNMO031 0.3166 + 0.0002 U,03 200 CBNM shape

UM020S  2.00 + 0.02  Umetal 206.2” CBNM shape

UM007S  0.71 + 0.01  Umetal 219.2” CBNM shape

P84 93.10 + 093  UA;  84™ stinfinitively thick

7 Umass, " Umass
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