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Fig. 1 Cross sectional view of the multi-sphere moderated
3He proportional counter.
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JASPER V-A Geom. Pos. 3alsolid) and 3b(dashed), Calc. 3atthin solid)
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Fig. 8 Unfolded and calculated neutron spectra of the V-A geometry.
The response functions used in the unfolding are not adjusted
to the measurement at the ETL neutron standard field.
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JASPER V-A Geometry at 3a point: thick: measuredtnew) thin: calculated
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JASPER V-G Geometry at 3a polnt; thick: measuredtnew) thin: calculated

108 ¥ T TITnr L) ¥ ¥ VT ey nn ) LR 1L
E ¥ 'l"“l ] } 'l""| LA '|"“| LA '|""| 1 , 1 [ 1 '"I ™ 'I""l _ET
i o i ]
§ 102} E
= - 3
T i N
E 10'g 3
¥ 3 E
E i ]
Q
1 o
Pl -
E’ -l
£ f[ ]
- | 5
.:, 8 10 3
N s ]
-2 mll
, 5
. = E
§ 5 ]
i = 107 E
QO -
< ]
10-4 Wl ealed 'IIH‘L-'—‘-LLH“L—J—LJ.LMJ_L“_L“.J_._‘_,_L“_,JJ
1071 1 10! 102 109 10* 108 108 107

Neutron energy (eV)

1 8 Gl L BT AL

Fig. 11 Unfolded and calculated neutron spectra of the V-G geometry,
The response functions used in the unfolding are adjusted
to the measurement at the E7L, neutron standard field, v




JASPER Vv-J Geometry at 3a polnt; thick: measuredthew) thin: calculated
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Table I Atomic densities of materialeg used far sulti-moderatar Spectrometers.

Material Bensity Ty e ~ 120 189 MatCg
Indium oxide 1.732 - - - 1.13+22») -
Helium-3(10atm) 0.00124 - 2.50+20 - - -
Acryl 1.19 5.73+2 - 3.58¢22 .43+ -
Polyethylene®’ (.953 8.27+22 - 4.0+22  2.15+#18 -
Polyethylene®’ @.928 8.05+22 - 3.98+22  2.00+18 -
Cadnium 8.64 - - - - 1.63+22

a) [2 co?]

b) Read as 1.13x10*22 [atom co-7]

¢) Used for the 7.6-ca-radius moderator.

d) Used for the moderators other than 7.8-cm radius.







Table IIb Group structure of 2
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functions.

Grp.

el el Ll L W R
oomwmmbwm-bo-ooo-\lombump

n
Y

_Upper E. (eV)

1.49180E+07
9.0484L0E+06
5.48B10E+06&
3.32870E+06
2.01900E+06
1.22460E+06
7.42740E+05
4 .50490E+05
2.73240E+05
1.64730E+05
B.65170E+04
2.478B0E+04
7.10180E+03
2.03470E+03
5.82950€E+02
1.67020E+02
4.78510E+01
1.37100E+01
3.92790E+00
1.12540E+00
4.14000E-01

1 group Bonner ball rasponse

_Lower E.geV)_

9.04840E+06
5.48810E+06
3.32870E+06
2.01900E+0¢
1.22460E+06
7.42740E+05
4.50490E+05
2.73240E+05
1.64730E+05
8.65170E+04
2.478B0E+04
7.10180E+03
2.03470E+03
5.82950E+02
1.67020E+02
4.78510E+01
1.37100E+01
3.92790E4+00
1.12540E+00
4.14000E-01
1.00000E-04
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Table Tl Neutron energy, generating methed and maximum intensity of the moncenergetic
neutron standard field used at the Electrotechnical Labooratory.

Emission . . lzpinging Maximum Accuracy of
Enersy angle Reaction particle eneragy intensity monitored intensity
144+10 kev 0 deg TLi(p,n)"Be p:1.945 Mey 5.#8 sr 1g"! 3 X
565+0 keV 0 TLiCp.n)TBe p:2.301 2.+7 2
5.00+£0.08 MeV 0O D({d,n)Ke d:1.82 9.46 3
15.2 £0.3 Me¥ ¢ T(d,n)*He d> :0.66 3.+7 2

% Read as 3.X%10°%
%% The neutron intensity is monitared by a long counter.
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Table IV Measured and calculated neutron responses of bl
mtlti-moderator spectrometer with a hel lum-3 connter.
Measured responses to californium-252 Fission neutrons
are also listed.

Moderator radius(cm)

Energy
11.8 7.6 5.8 4.1 Bare

Exp. 0.309° 1.257  2.78 .73  14.69
Thermal Calc. * 0.217 1.103  2.02 1.72  18.R1
C/E 0.703 0.877  0.949  0.997 1.280

Exp. 4.10 8.47 7.52 2.39 -
14%keV Calc. 3.62 9.12 7.69 2.75 0.0286
C/E 0.883 1.186  1.023 1.150 -

' Exp. 6.63 8.44 1.89 1.307 -
565keV Calc. 6.53 8.7} 5.77 1.415  0.01610
C/E - 0.988 1.153  1.179 1.083 -

Exp. 5.97 3.49 1.167  0.1886 -
5.0Mev Calc. 7.21 4.09 1.320  0.217  0.0110
C/E 1.208 1.171 1.135 1.152 -

15.2MeV  Exp. 4.33 1.880  0.647  0.0943 -
1.2V Cale,  3.57 1.572  0.437  0.0708 0.0201
: C/E £0.825]* [0.836] [0.6751 [0.751] -

Average of C/E  0.945 1037 1.072  1.096 1.280

282CF  Exp. 1.85 .34 3.47 0.703 -

% In [count n*! em?)
¥t Bracketed values are ignored in getting average of C/E.
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moderated He-3 counter. (100 group)

R=116mm

4.5245E+00
4.6276E+00
4.7292E+00
4.B967E+00
5.1082E+00
5.22B5E+00
5.3564E+00
5.5233E+00
5.69469E+00
5.8776E+00
6.2034E+00
6.2171E+400
6.3344E+00
6.2892E+00
6.2050E+00
7.1013E+00
7.5256E400
7.9170E+00
B.168&E+00
B.26B6E+00Q
8.4230E+00
£.5250E+00
8.5186E+00
8.5402E+00
8.4853E+00
B8.3169E+00
8.1507E+00
7.9378E+00
7.6833E+00
7.4376E+00
7.2475E4+00
7.0187E+Q0
6.6643E+00
6.2854E+00
5.9669E+00
5.7021E+400
5.5195E+00
5.2389E+00
5.0701E+Q0
4 .93B4E+QO
4.7180E+00
4.5957E+00
4.4195E+00
4 .2503E+00
4.1141E+00
3.9824E+00
3.9051E+00
3.7802E+00
3.6830E+00
3.4966E+00

R=76mm

2.1440E+00
2.2597E+00
2.3562E+00
2.4554E+00
2.604BE+00
2.7233E+00
2.8523E+00
2.9942E+00
3.1811E+00
3.3200E+00
3.5564E+00
3.7136E+00
3.9529E+00
4.1543E+00
4.3116E+00
4.5619E+00
4.7686E+00
5.0125E+00
5.2694E4+00
5.5056E+0Q0
5.7887E+00
6.0470E+00
6.2757E+00
6.43946E+00
6.6893E+00
6.9027E+00
7.1226E+00
7.3978E+00
7.5379E+00
7.8310E+00
7.9803E+00
8.1866E+00
8.2890E+0Q0
8.3917E+00
B.4964E+00
8.6038E+00
8.6001E+00
B8.7626E+00
8.7572E+00
8.8088BE+00
B.7470E+00
8.7424E+00
8.7385E+00
8.4788E+00
8.6199E+00
8.3433E+00
8.2338E+00
8.1785E400
8.0715E+00
8.0159E+00

R=56mm

B.8364E-01
8.8575E-01
8.8806E-01
B.9309E-01
?.1064E-01
9.3830E-01
9.7690E-01
1.0300E+00
1.0829E400
1.1425E+00
1.2375E+00
1.3332E+00
1.42S55E+00
1.5543E+00
1.6422E+00
1.7922E+00
1.8834E+00
2.0430E+00Q
2.1882E+00Q
2.3147E+0Q0
2.5126E+00
2.6754E+00
2.B4A91E+00
3.0574E+00
3.1931E+00
3.4240E400
3.6020E+00
3.7890E+00
4.0119E+00
4.2477E+00
4L.468B3E+00
4.6698BE+00
4.9446E+00
5.1355E+00
5S.357BE+00
5.6018E+00
S.7443E+400
6.0042E+00
6.1955E+00
6.3934E+00
6.5132E+00
6.7654E+00
6.8488BE+00
7.0238E+00
7.2034E+00
7.2933E+00
7.3846E+00
7.5256E+00
7.6204E+00
7.6149E+00

-3 =

R=41mm

1.6325E-01
1.5970E~01
1.5180E-01
1.4425E-01
1.4239E-01
1.4785E-01
1.5512E-01
1.6225E~01
1.7245E-01
1.8761E-01
2.0417E-01
2.1985E-01
2.3628E-01
2.5558E-01
2.7674E-01
3.0173E-01
2.3362E-01
3.48B8B4E-01
4.1071E-01
4,5765E-01
S.0695E-01
5.5512E~-01
6.1742E-01
6.4864E-01
7.0290E-01
7.6323E-01
8.3024E-01
8.9608E-01
9.7326E-01
1.0434E+Q0
1.1181E+00
1.1820E+00
1.2668BE+00
1.3583E+00
1.437BE+00
1.5221E+00
1.6217E+00
1.46833E+00
1.7701E+00
1.8614E+00
1.9449E+0Q0
2.0324E400
2.1103E+00
2.1913E+00
2.268609E+00Q
2.3479E+400
2.4071E+00
2.4520E+00
2.5142E+00
2.8096E+00

Table Va Adjusted response functions of the multi-sphere

Bare

1.5943E~02
1.7375E-02
1.8843E-02
2.0409E-02
2.2100E-02
2.3627E-02
2.5354E~02
2.6997E-02
2.8748E-02
3.0391E-02
3.2033E-02
3.3625E-02
3.5168E-02
3.6639E-02
3.8065E-02
3.9469E-02
4L .0720E-02
4.1758E-02
4,2575E-02
4,3240E-02
4 .38B39E~02
4 . 3954E-02
4 .3571E-02
4.2568BE-02
4.1529E-02
4.0627E-02
1.2017E-02
1.2131E-02
1.2252E-02
1.2325E-02
1.2399E-02
1.2449E-02
1.2556E-02
1.2639E~02
1.2847E-02
1.3178E-02
1.3661E=02
1.4298E-02
1.4766E-02
1.5325E-02
1.6021E-02
1.6758E~02
1.7527E-02
1.8466E-02
1.9713E-02
2.1004E-02
2.2336E-02
2.3800E-02
2.5360E-02
2.8158E~-02
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Table Vb Adjusted response functions of the multi-sphere
moderated He-3 counter. Collapsed into 21 groups
with fission and 1/ spectrum.

Grp. R=114mn R=76mm R=56&nm R=41mm Bare
1 5.0461E+00 2.5617E+00 $.0601E-01 1.4332E-~01 2.1585E-02
2 S.7529E+00 3.2132E+00 1.1023E+00 1.7842E-01 2.9209E-02
3 6.2454E+00 4 .0929E+00 1.5210E+00 2.5311E-01 - 3.6304E-02
4 7.9089E+00 S.1140FE+00 2.0955E+00 3.8923E-01 4£.1908E~-02
5 B.5004E+00 &.2703E+20 2.8751E+00 &6.1114E-01 4.3037E-02
6 7.9200E+00 7.3436E+00 3.8013E+00 B.9662E-01 1.8172E-02
7 6.6B98E+00 B.24B8E+00 4.8790E+00 1.2594E+00 1.2565E-02
8 5.3377E+00 8.&937E+00 5.9430E+00 1.6736E+00 1.4127E-02
9 &4.LS553E+00 8.7122E+00 6.8331E+00 2.0897E+00 1.7491E~-02

10 3.7039E+00 8.1313E+00 7.5192E+00 2.S007E+00 2.5099E-02

11 2.9694E+00 7.434S5E+00 7.8815E+00 3.0847E+00 4.3511E~-02

12 2.3804E+00 &6.800SE+00 8.1760E+00 3.8709E+00 8.9121E-~02

13 2.0924E+C0 6.4102E+00 8.5499E+00 4 .8932E+00 1.8101E-~01

14 1.8521E+00 &.1371E+00 8.9646E+00 S5.4968E+00 3.4958E-01

15 1.5934E+00 S.7188E+00 9.0693E+00 &.2591E+00 6.4846E-01

18 1.2927E+00 4.9709E+00 B.6783E+00 6.858%9E+00 1.1883E+00

17 1.2136E+00 4.9515E+0Q0 9.449BE+00 B8.7017E+00 2.1335E+00

18 1.0572E+00 4.3810E+00 9.09B1E+00 9Q.7444E+400 3.7178E+Q0

19 8.2758E-01 3.4970E+00 7.7122E+00 9.7826E+00 4$.1351E+00

20 4.1198E-01 1.7S501E+00 4.1045E4+00 5.93864E+00 8.9422E+00

21 1.4019E-05 &.5704E-0S 1.0326E-04 1.7458E~04 1.46%0E+01
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Table VI
WEE & BRI D Hss
xR fus
V-A 4.2R Ja
3b
5.6R 3a
3b
7.6R 3a
3b
11.6R 3a
3b
V-D 4.2R 3a
3t
5.6R 3a
3b
7.6R 3a
3h
11.6R 3a
3b
V-G 4.2R da
3b
5.6R Ja
3b
7.6R 3a
3b
i1.6R 3a
3b
V-J 4.2R 3a
3b
5.6R Sa
3b
7.6R 3a
3b
11.6R 3a
3b

T (cpu/vatt)

1.910 E+M4
2.622 E+(3
2.186 E+04
3.241 E+03
1.438 E+04
2.135 E+03
4.599 E+03
7.146 E+02

1.031 E+03
3.711 E+02
1.107 E+03
3.827 E+02
7.369 £402
2.431 £+02
2.208 E+02
7.133 E+01

3.892 E+01
1.527 E+01
5.456 E+01
2.163 E+01
4.475 E+01
1.711 E+01
1.816 E+01
6.815 E+00

1.148 E+01
4.351 E+00
1.683 E+01
7.013 E+00
1.510 £4+01
6.140 E+00
6.065 E+00
2.422 E+00

-4 0~

satan oot LTS S

eHHH (cpu/vatt)

2.926 E+04

3.194 E+4

1.974 E+04

4.853 E+03

1.896 E+03

1.826 E+03

1.033 £4+03

2.368 E+02

6.381 E+Q1

9.152 E+01

7.081 E+01

2.187 E+01

1.453 E+01

2.229 E+01

1.860 E+01

6..68 E+00

1.532

1.461

1.373

1.055

1.839

1.650

1.401

1.072

1.640

1.877

1.585

1.204

1.266

1.324

1.232

1.050

b PO N T b VR0 115 bt 8L ek b = dagmms <1, e

C/E

fExd

1.45

1.38

1-30

1072

1.54

1.31

1.36

1.38

1.32

1.21

1.26

1.17

-}
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Table VII
WEE & RRIEO e (RREICEHE LSS THE)

kE REE  fuz WEE (cpw/vatt) HEME (cpwvatt) C/E g

V-A 4.2R 3a 1.910 E+04 2.240 E+04 1.173  1.04
3b 2.622 E+03
5.6R 3a 2.186 EH4 2,789 E+04 1.276  1.13
3b 3.241 £+03
7.6R 3a 1.438 E+04 1,719 E+04 1.195  1.06
3b 2.135 EH03
11.6R 3a 4.599 E+03 S.179 E+03 1.126 1.
3b 7.146 E+02
V-D 4. 2R 3a 1.031 E+03 1,447 E+03 1.403 1.22
3b 3.711 E+02
5.6R 3a 1.107 E+03 1,592 E+03 1.438 1.25
3b 3.827 E+02
7.6R 3 7.363 E+02 9.030 E+02 1.225  1.07
3b 2.431 E+02
11.6R 3a 2.208 E+02 2.532 E+02 I.147 1.
3b 7.133 EH01
V-G 4.2R 3a 3.892 E+0t 4,999 E+01 1.28¢ 1.00
3b 1.527 E+01
5.6R 3a 5.456 E+01 8,140 E+01 1.492 1.16
3b 2.163 E+01
7.6R 3a 4.475 E+01 6.198 E+01 1.385 1.08
3b 1.711 E+01
11.6R 3a 1.816 E+01 2,327 E+01 1.281 1.
3b 6.815 E+00
v-J 4.2R 3a 1.148 EH01 1.148 E+01 1.000 0.50
3b 4.351 E+00
5.6R 3a 1.683 E+01 1.996 £401 1.186 1.07
3b 7.013 E+00
7.6R 3a 1.510 E+0! 1.630 E+01 1.079  0.97
3b 6.140 E+00
11.6R 3a 6.065 E+00 6,727 E+00 1.109 1.
3b 2.422 E+00
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