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DISCLAIMER -

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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SUMMARY OF RECENT EXTERNAL NEUTRON=Y IELD MEASUREMENTS
BY THE MnSO), TANK METHOD
Walter E, Crandall and George P. Millburn

Radiation Laboratory, Department of Physics
~ University of California, Berkeley, California

September 17, 1954

‘ The purpose of this report is to summarize ali extérnal yield data not .
yet published. Previous yiéid measurements have been repofted in MTA Quarterly .
Progress Reports UCRL-1009, -1137, -1436, -157%, -1903, -2194, and UCRL-2318.
A complete descriptién of the MnSOu tank method and a summary of eariiér yieid
measurements is given in UCRL-206%, which should be'consulted for details.of
the measurements and for a discussion of possible sysfematic efrors. All yield
values quotedfherein are uncorrected for any systematic errors except backgroundrn
"as noted.

~.The work reported was_dohe under the supervision of Dr. C. M. Van Atta and
with the assiétance of F. Adelman, W. Birmbaum, D. Hicks, J. Ise, Jr., R. Main,
R. ?yle,'Lf Schecter, and M. Whitehead.

%20=Mev Deuterons

The{yields for deuterons of approximately %20 Mev were measured using
the deuterbns produced by stripping He5 ions. The energy of the deuterons
was checked by determining the Bragg curve for two runs spaced 9 months apart;

on these runs 4 and 6 measurements were made giving respective averages of

NECHASSIEE-T
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9.12 x 0.29‘and 9.77 £ 0.27 neutronéAper incident deuteron for a 10-1/8 x 12
inch uranium target. The mean’energy was 315 £ 10 Mev for both runs. (See
>Ise, Pyle, Hicks and Main, Rev, Sci.InStr025, h37 (l95h) for a.de3cription

of the beam 5o obtained.) The "background" measured with no target in the

tunnel and with the MnSOu plug removed from the beam was about lO percent of

the above numbers but was not subtracted (see UCRL-2194, p. 12), since it is
not believed to represent the background present when the target is in posi-

tion.: In addltion, the "background" was measured once w1th the cyclotron

x 12-

operatlng and with the target in position but w1th the steerlng magnet current

off so accelerated charged particles could not directly reach the cave; this,v7

background'was entirely negligible.
The uncertainty in the beam monitor is greater than normal since the ion

chambers could not be directly calibrated (low beam intensity). Instead the

ratio of 8E/dx at 190 and 320 Mev was calculated from the Renge-Energy Curves

of Aron, HOffmsn, and Williems (AECU-663) and the multiplication of the
chamber at 320 Mev calculated from the calibrated multiplication at 190 Meu.
. One calibration was performed.and gave satisfactorfagreement with the calcu-
lated ratio. |

| The following table lists the best values of the yields measured.by the
MnS0)y tank for this beam. (The measurements made in the 12-inch tank mey be

systcmatlcally higher than those made in the 18-inch tank because .of the in-

creased neutron leakage.) For targets less than one range thlck the background

was subtracted as in UCRL-2194, p. 12.
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Table I

Yields for %20-Mév Deuterons

Target (inches) Yield (neutrons per Tank Used
' Incident deuteron) ' :
Uranium  10-1/8 x 12 x 12 - 9.1 +.0.3 18-inch
Uraniut  10-1/8 x 12 x 12 9.8 1 0.3¥ 18-inch
Uraniut 1/2 x 12 x 12 " 2.16 £.0.10 18-inch
Uranium 1 x 12 x 12 4.50 ¢+ 0.15 ~ 18-inch
Carbon - . - 8x 2k x 2k 1.2 0.2 . - 12-inch
Carbon + o 8x 2k x 2k AT EE
Uranium 10-1/8 x 24 x 2k 4.3 £ 0.2 12-inch .
_ Beryllium 9 x 24 x 24 1.9 4+ 0.2 12-inch

¥ This value is based on a direct callbration of the ionization -
chamber with the 320-Mev deuteron beam.: :

Neutrons

Yields for various targets in the 90-ana l60=Mev neutrot beams have beeén
measured and sre described in somewhat ﬁore detail in UCRL<2706. The results
are listed in the following tavle (With fieasured backgroﬁnds subtracted). The . T
18-inch MnSOj; tank was used in &ll measurements. Only one run was made for

edach targets
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Teble II

Yields for 90-and 160-Mev Neutrons.

Yield (neutrons per

Target (inches)
incident neutron)

A+ 90-Mev Neutrons

B. 160-Mev Neutrons

Yranium
Uranium
. Branium
Uranium

2-1/h x 12 x 12
5 x 12 x 12

9 x 12 x 12
15-3/4 x 12 x 12

Wrendum: 1/2 % 6 x 6 1.23 3 0.12
Uranium 1x6zx6 2.33 £ 0.24 -
Urandum - L x 12 x 12 D237 £ Ou25
Urandum - 1-1/8 x 12 x 12 L2477 2 028
Yranium  3-3/8 x 12 x 12 C 32 1 Ou Tl
Urenium - 6-3/4 x 12 x 32 10.7 4 XX
Grandum - 10-1/8 x 12 x X2 12.2 % 1.2
Uranium = 14-5/8 x 12 x 12 12,7 e 1.3
Cadmiwn  1-3/8 x 4 x k& 0.46 + 0.05
Coppé*r- 2-5/8 x 4 x 4 -05.85,: 4 0,09
Copper  1-5/16 x 4 x & 041 3 ©.0k
Aluminum  4-1/% x b x & .24 £ 0.02
Carbon 6-13/16 x b x b 0.29 + 0.03%

+ 0.6
10.8 4 1.1
16,0 + 1.6
17.5 + 1.8




e . IUCRL'-'2705".

h90-Mev Hed Particles ‘ : S IR -

One run was made with the deflected’ M9O-Mev.He5 beam; One'?un ﬁas made
on each.of the féllowiﬁg targets‘With the exceptioﬁ of ufanium,for ﬁhich two
runs were made. Thé first two targets are differential énd‘the backgréﬁnd‘
has been subtracted as above; the last two are greater than a range.. The'
‘ionization-chamber muitiplication was calibrated against a Faraday cup. - The

18-inch tank was used.

Table IIT -

- Yields for 490-Mev He? Particles

Target . “Yield
i : (neutrons per inc;ident He3)

Cadmium 6.101 gm/em@, 4 x 4 in 0.35 % 0.0k .
 Cadmium  12.2h gnfem?, 4 x 4 in 0.7 £ 0.07
Tantalun 28.75 gnfen®, 3 x b in  1.80 £ 0.2

Uranium 5415 gnfem®, 3 x 34n - 3.26 £ 0.21
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340=Mev Protons

Several differential targets Were‘used with the 340-Mev proton beam.
The measured yilelds with the background subtracted as above are given in the
following table. The target dimensions were 4 x 4 in. except: thorium, L-1/h

in. dia. cylinder; urapnium, 3 x 3 in. The 18-inch tank was used.

Table IV

| Yields for 340-Mev Protons

Target | Yield , No. of Runs
(neutrons per incident proton)

%

Aluminum 28?77 gmﬂcmz . 0.328 1+ 0.040 1
Aluminum 57.53 " . 0.666 + 0.042 3
Copper .= 29.93 " 0.631 + 0.040 1
Copper 59.82 " ' 1.17 + 0.0k 3
Cadmium 30,71 " 1.11 4 0.0k 1
Cadmium  61l.43 " 1.91 .+ 0.10 2
Thorium 3%2.45 " ' 1.90 4 0.10 1
Thorium  62.1k " 3.85 1 0.2k 3
Uranium 62.35. " L.38 1 0.19 2 N
Uranium 1/2 x 3 x 3 in : 1.79 + 0.07 2
Uranium 1x3%x3 in, 3.7L + 0.12 2
Uranium 2x3x3%in ' - 6.40 4 0.19 2
Uranium = 3 X 3 x 3 in 8.29 4+ 0.28 2
Uranium =~ 6 x 3 x 3 in - 8{90 + 0.27 2

2 x 3-3/8 x 3-3/8 in 9.10 + 0.27 2

Uranium . 1
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190-Mev Deuterons

The yield data for l90-Mev deuteronsauefconveniently broken into two
parts: differential (less'than one rangé),ahd laterally "infinite" (24 x 2k
in. or greater) targets. Yields for differential targets were measured in the

18<inch tank; those for laterally infinité targets, in the 1l2-inch tank.

Table V

' Differential Target Yields for 190-Mev Deuterons
(background subtracted)

Target ' Yield (neutrons per : ~ No. of Runs
: ' incident deuteron) o

Uranium 1/16 x 2 x 2 in 0.266 + 0.013 2
Uranium 1/8 x 2 x 2 in. 0.503 + 0.025 2
Uranium 1/4 x 2 x 2 in. 1.0% 4 0.05 1
Uranium 1/2 x 2 x 2 in. 1.92 1 0.10 1
Uranium 5/8 x 2 x 2 in. 2.30 1 0.12 1.
Uranium - l1x2x2in* 2.42 4 0.12 1
Uranium 2x2x2in* 2.73 + 0.13 1
Uranium 3x2x 2 in.¥ 2.88 1 0.1k 1
Carbon. + “hx bk x b in.- '

Uranium 10-1/8 x 12 x 12 in.* 1.8% + 0.07 2
Uranium  12.07 gm/cm? x 3 x 3 1.02 4+ 0.05 5
Thorium  14.82 gm/cm? x Lk-1/k dia. 1.10 4 0.08 o
Lead 12.39 gm/em? x b x 4 0.724 + 0.0%0 1
Cadmium  12.24 gm/em? x b x 4 ' 0.599 + 0.015 5
Copper  11.7h gm/em® x 4 x k4 0.411 # 0.020 2
Copper 11.48 gm/em® x b x b 0.402 4+ 0.018 2
Aluminum 11.92 gm/em? x 4 x 4 0.292 &+ 0.015 i
Carbon . T7.67 gm/em? x 4 x 4 0.164 1+ 0.01% 2
Beryllium 10.20 gm/cm? x 4 x 6 0.438 + 0.015 L
Lithium 4-1/2 x 4 dia. 0.208 x 0.012 1

# nondifferential targets
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Table VI

laterally-Infinite Target Yields for 190-Mev Deuterons

Target : ’ Yield (neutrons per ,> No. of Runs
' incident deuteron)

(3-3/4 ¢ + 10-1/8 U) x 24 x 24 2.5 £ 1.4 2
b x 12 x 15 Be 0.99 4+ 0.05 1
10 x 12 x 15 Be 1.23 + 0.06 2
22 x 12 x 15 Be 1.25 + 0.06 1
b x 24 x 24 Be 0.98 £ 0.05 -2

b x 2k x 24 Be*¥ 0.9% + 0.05 1
(L Be + 5-5/8U) x 2k x 24 2.72 + 0.13 i
(4 Be + 10-1/8 Ul x 24 x 24 2.40 + 0.12 5
(4 Beg + 5-5/8UT) x 2k x 24 2.08 + 0.10 I
(4 Be, + 10-1/8 ut) x 24 x 24 1.90 % 0.10 3
(k4 Be, + 10-1/8 U)_ x 24 x 2k 1.93 4+ 0.10 2
(3 Be” + 5-5/8UT) x 2k x 2k 2.10 + 0.10 - 2
5- 5/8 x 24h x 24U | 3.4 + 0.17 2
10-1/8 x 2k x 24 U » 3,19 + 0.18 1
(5/8 U** + 10-1/8 ut) x 24 x 24 | 2.98 0.1% 5
5 x 56 x 3611 . 2.36 £ 0.12 4

¥  Moderated Primary: 1/4 Al between each 1 Be
*¥% Moderated Primary: 0.022 AL between each 1/16 U
t  Moderated Secondary: 3/16 Al between each 1-1/8 __
Tt Moderated Target: First 1 of U: 3/32 CHy between each 1/16 U;
Second 4 of U: 3/32 CHy surrounding 1/2 x 1/2 x 56
bars of U.

Note: Because of increased neutron leakage, the measurements in the 12- inch
MnSOL tank may tend to be 5 percent hlgher than those in the 18-inch tank
(UCRL-190%, p. 84). , .

This work was performed under the- auSplces of the U, S. Atomic Energy R
Commission,
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