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Abstract

Performance figures are given for fourteen pulsed-neutron sources,
including reactors and electron and proton accelerators. Data are in-
cluded for proposed installations ac well as for existing facilities.
Counting rates for a typical~expérimént within a specified energy reéo-
lution are given for the following neutron energies in ev: 10° (0.5),
103 (1.6), 10* (5), 10° (50), and 10° (500). The figures in parentheses
show the assumed resolutions in ev. 1In addition, figures of merit are
calculated which reflect the number of experiments which may be conducted
simultaneously and the fractional. availability of the accelerator sources
for pulsed~neutron measurements. The graph showing the figures of merit
illustrates that the accelerators have overwhelming.advantages in count
rate in the most important kev neutron-energy region. Proposed acceler-
ators give improvements in the kev region of ten to one hundred times in

counting rates over existing facilities.

NOTICE

This document contains information of a preliminary nature ond was prepared
primarily for internal use at the Oak Ridge National Laboratory. It is subject
to revision or correction and therefore does not represent o final report. The
information is not to be abstracted, reprinted or otherwise given public dis-
semination without the approval of the ORNL patent branch, Legal and Infor-
mation Control Department.



LEGAL NOTICE

This report was prepared as an account of Government sponsored work., Neither the United States,

nor the Commission, nor any person acting on behalf of the Commission:

A. Mckes 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, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes oany liabilities with respect to the use of, or for domages resulting from the use of
any information, apparatus, method, or process disclosed in this report.

As used in the above, ‘‘person acting on behalf of the Commission’’ includes any omployee or

contractor of the Commission, or employve of such contrector, to the extent that such employee

or contractor of the Commission, or employee of such contractor prepares, disseminates, ar
provides access tv, any information pursuant to his employment or contract with the Commission,

or his employment with such centractor.
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VI.' INTRODUCTION

In the course of justifying an electron linear accelefatof to be
used as a pulsed-neutron source for neutroh cfoss-sectidn measurgments,
the authors of this report have héd‘ihnumerable'discussions with proponents
of other types ofjpulsgd—neutron sources; Aftér eliminating the ine?iteble
confusion which arises in establishing satisfactqry criteria of performancé,
it was usually possible té reach agreemént on the relaﬁive‘bésic capabiii-.
ties of eéch source. We have assembled here' data to calculéte a'figure of
merit for the varibus pulsed'sourceé of héuﬁrons at five energies from
100 ev to 1 Mev. We hope that thefcombination of fhese.dafa into the
figures of merit is without:subsfantial bias, but, in any event, the input
numbers are included in order to pérmiﬂ'other treatments. lMore éubjective,
but perhaps equally important, factdrs ﬁave 5een.gfaded for each-of the
sources.in_Table III. Similar'comparispns haveAbeeﬁbmade in the past by
E. B. Paul,” R. G. Fl_uharty,e and E. R. Rae.o |

The values given fhroughdﬁt'éhis documeht‘are only intended to in-
dicate the order of ﬁagﬁitude of the pérfofmance‘of the neﬁtioﬁ source_and

should not be considered as pretending great:accuracy.

II. NEUTRON INTENSITY

With the increased strength' o' pulsed-neutron sources and the narrow
pulse widths, neutron cross-section measurements are now being made with a
neutron resolution of 0.5 nanosegonds/meter._‘This corresponds to an energy

resolution of 1l ev at 10 kev computed from the formula,

ME (inev) .= 2.8 x lC_)_5 E3/2-R (in nznoseconds/meter).
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Although this resolution is very good it is still several times the Doppler
broadening 6f résonnnces at this enérgy. ﬁénce, the expérimental data can
be improﬁed by decreasing the_enérgy resglution of the spectrometer. The
counting rate per resdlutign widfh is proportional to the thifd or fourth
power 6f the resolution depending on whether the frequenéy is a limiving
factor. Hence, the counfing rate per resolution width decreases an order
of magnitude for every factor of 2‘inprovement in the resolution. The
width at half maximm of the Doppler broadening is
0.534] —SLin ev)

(AE) mass number

Doppler ~
In general, there is no reason to make the ekperimental resolution much
less than this Doppler broadening.

The counting rate per second in an energy interval AE is given by

the formula: A
I(E) oE = (129) (‘ﬁﬁ; )A:E)° ”l”ef(ﬁ—??-)
4 .
vhere |

. E is the neutron energy;
Y 1is the peak neutron production rate with the optimnm target -
(neutrons/second );
is the loss factor since the target is»not always optimum size or
material for maximum neutron production; |
w 1s the widthvof the unmoderated neutron pulse (nanoseconds);
is the loss factor in producing moderated neutrons;
n(E) dis the intensity distribution-of the unmoderated or moderated.

neutrons;



lya

(j%ggl-ég———) is the fraction of the neutrons in the energy interval AE;
n(E) aE ' ' '

£ 1is the repetition fate (pulses/second);

¢ 1is the neutron detector-efficiency; '

A is the area of the detector (metersg); and

I, is the flight path (meters).
Values for some of these parameters are given in Table I. Many of these
parameters are obviously energy dependent, such as ﬁhe'efficieﬂcy of the

neutron detector, while others may be independent.

III. FIGURE OF MERIT

Some gcqelerators, such as.LINACS, are inherently suited for mp;tipie
flight paths with simultaneous‘experiments since the beém is inherently ex-
"~ tracted from the accelerator. The factor N is the iﬁcrease in usefulness
due to multiple flight paths. Some of the éccelerators cbnsidered_would be
available only part time for neutron time-of-flight experiments. The faétor
D is the estimation of the fraction of time available for time-of-flight
expériments. Hence, the over-all figure of merit-M(E) AE is equal to:

M(E) AE = [I(E) AE]-N-D. B

It must be emphasized that fhe eiisting.a¢celerators may not now be
capablé of prodqcing count .rates equal to those shown in Table II (espe-
cially at the highér energies).» The count rateé given there are those that
would result if the most advanced detec¢tors and time analyzers were used in

conjunction with the accelerators operating at their maximum output.
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IvV. COMMENTS ON TABLE II
Values of [I(E) AE] and [M(E) AEj are computed for neutron energies
of: o
1. 100 ev (with moderator) AE =-0.5 ev, the Doppler broadening for
mass number 100, (~20 nanoseconds/meter). | “
2. 1 kev (with modere.tor) AE = 1.6 ev, the Doppler broadening for
mass lOb, (~6 ne.noeeconds/meter)..
3. 10 kev (with moderator) AR = 5. 0 ev, the Doppler broa.denn.ng for
mass mumber 100, (~O 2 nanoseconds/meter) | |
4. 100 kev (no moderator) AE = 50 ev, ~~/_ 0 times larger than the
Doppler broadening for mass number lOO (~O 06 na.noseconds/meter)
5. 1 Mev (no moderator) AE = 500 ev, ~10 times larger than the
Doppler broadening for mass number lOO (~0 02 nanoseconds/meter)
For the calculatlons at lO kev, it was found ‘that the maximum count-
ing rate occurred vhen the flight time in the source and that in the detec-
tor were each equal to burst width, w. At l Mev the t;f.me spreed, AT, is
almost all due to the burst width even for quite thick sources and detectors.
At 100 ev the flight time in the source and detector are the main contribu-
tors and the burst width from the accelerator is not important in detemin-
ing the resolution. If the neutron yieldl can be increased by inereasing
the pulse width, it should be widened until it is approximately equal to
the contribution from the source or the d.eteetor, whichever .is larger.
The following e.re ecnmnents ‘on the various parameters: |
Y, the va.lues were 'l;,a;ken.from Table I;
£,, for the electron LINAC the data were taken from Barber and
| George ,h for the proton’ accelerators unpublished data by
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Kinney” at LOO Mev and extrapolations were used; &
W, the values were taken from Table I;
22, the data in Fig. 3 of Ribon and Michaudon6 were used;

L= ¢ I, is shown in Tsble II;
n(E), for the unmoderated neutron spectrum, a fission spectrum was
assumed.: 6

_107%
-6) e 0.965

n(E) = 0.453 (10 sinh ~/2.29 (1’0'6) E

where E is in ev.
For the moderated spectrum for the pulsed accelerators, the following

equation was used:

1073 -1 e-10'6E

E
A

n(E) = 0.1 x

vhere E is in ev. The coefficient 0.1 represents the fraction of unmoder-
ated neutrons which are but in a l/Jﬁ resonance spectrum. This l/fﬁ reso-
nance spectrum is estimated for a moderator thickness of ~1 cm..'Fér thicker
moderators it will more nearly approach a l/E spectrum, thus enhancing the -
lower energy neutrons, but the fraction of the neutrons which will be put
into a 1/E spectrum, however, will decrease. For the moderated spectrum-
from a reactor, a 1/E was assumed.

Deflection or extraction efficiencies were not taken into account for
the cyclotrons. In some cases this might lead to count rates which'are
optimistic by a factor of 10. On the other hand, some of this possible
loss might be recovered by additional RF pulsing of the ion source.

f values were taken from Table I but less than

10 x flight time of neutrons
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e(E), a 510-NaI detector was assumed with an efficiency,
e(E) = 0.3 (1 -T2 (in cm)/@),*
where a maximum value x of 5 cm was assumed;
A, was assumed to be 0.0S metersg; and

L, was computed from the uncertainty in time AT and the

required resolution.

V. COMMENTS ON FIGURE 1

The figures of merit from Table II are shown as a function of neutron
energy in Fig. 1 for most of the pulsed-neutrbn soufces. -

Data‘are not shown in the,figure fbr nuciear explosions because
counting is not possible at the rates indicated in Table II. Other tech-
niques, such as current measurement, may be feasible with the nuclear ex-
plosion but these would require other methods of evaluation. Thus, the
explosion is included in thq tables 6n1j‘to show that it provides a verj
intense neutron'bUrst which may be useful if satiéfactory defecting equip-
ment can be developed. ' ” |

The very intense and'infreqﬁent neutron bursts which would be pro-
duced by the ZGS would also give rise to serious count-loss problems. it
is not clear whether these are sé gfeat as tp rende:vimpractical the\ﬁse
of'this accelerator as é pulsed-ﬁeutrbn source.

Among the accelergtors with cleérly tolersble count-loss situations,
the proposed ORNL LINAC gives calcﬁlated count rates per specified energy
interval vhich exceed those of operating neutron time;of-flight»facilities
by factors of ~25 to 100. Other proposed écceleratofs fall about 10 times

below the ORNL proposal for neutron energies above 10 kev. The reactor-
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associated sources are not compgtitiye in this energy region.

The counting rates for thé ORIC are not included since they are about
one hundred times less than the Mc2 cyclotron for all neutron energies.

The Yale LINAC figures also are not included sihce they are quite close to
those for thé Mc2 cyclotron.

The kev-energy region is considered to be the most important for the
measurement of neutron cross sections for reasons which.are described in
detail elsewhere.7 Briefly, these include the fact that existing sources
are genera;ly adequate for the lower energy region. .Accurate measurements
in the kev-energy region will yield information on p-wave strength functions
and level spacings, which is significant for nuclear theories. Finally, the
few-kev-energy region has increased in importance for fast reactors as their

sizes have increased and average neutron energies have decreased.

e d

-y
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Table I.

Characteristics of the Neutron Sources

: w..
E, )

> Mini S A y RO
" Particle Peak “UMMUM Mayimpm Neutron Peak Neutron
‘Energy Cumene  DBurst Rep. Rate Yield Yield/sec References and Comments
(Mev) (amps) L . (sec” 1) (a/] particle) (neutrons/sec)
(nsec) :
EXISTING .
ORR Chopper’ 1,000 1325 - 3x 104 Measurement for a l/E spectrum.
USSR Pulsed Reactor 36,000 88 ’ Physics of Fast and Intermediate Reactors IO, IAEA, Vnenna 1962 p-399.
Pulsed Van de Graaff 1.9 . 0.003 1 106 J. H. Neiler and W. M. Good, Fast Neutron Physics, Pan I, Vol. IV, Inter-
v . ) ) . : scxence, New York, 1960, p. 509.
Nevis Cyclotron 400 0.3 " 25 60 6. ‘lax10 19 J. Rainwater, Neutron Txme-of-thht Methods, EAEC, Brussels, 1961,
’ B ) . p. 321; V. V. Havens, Jr., Neutron Pbysics-Proc. Sym. RPI, Academic.
Press, NY,(1962), p. 91;-and J. Rainwater et al., NEVIS-81, 1959.
Harwell LINAC (ao booster) .25 0.5 10 600 0.01 . 3 x 1016 M J. Poole and E. R. .Wiblin, U.S. Intern. Coaf. Peaceful Uses Atomic
(with ‘booster) 25 0.5 250 600 - - 0.1 . 3x 1017 Energy, 2nd. Geneva, 1958, Paper 15/P/59; and E. R. Rae and V.M.
. . . ' o } Good, AERE- NP/GEN 21 (1962).
RPI LINAC 60 1.5 100 600 0.03 2.8 x }0” E. R. Gaerttner; M. L. Yeater, and R. R Fullwood, Neutron Pbyszcs—Proc.l
) Sym. RPI, Academxc Press, NY. (1962) p- 263.
FUTURE : .
HFIR Chopper (ORNL) . 1,000 1325 . 3x 103 Estimate for a 1/E spectrum.
Nuclear Explosion 80 (O.S/yr) = .  10% fissions 30 { 0.15 G. A. Cowan, Neutron Txme-of—leght Methods, EAEC, Brussels, 1961
: 6.4x107%  ~10KkT 5x10 leakage ~ p. 367. ‘
ORIC (ORNL) 75 107 5 20 x 105 0.25 1.5 x 1013 J..A. Martin, ORNL, private communicatiox.: and ORNL-3324, "'The Mc?’
Mc? Cyclotron 800 10-3" 7 1.4x107 10 6.2 x 1016 Isochronous Cyclotron,”” Juae 15, 1962. Addmonal curreat might be ob-
: : : ’ T tained by pulsmg the ion source. -
" Yale Proton LINAC 750 1.4 0.07 25 10 . 8.4x 10" "'Yale Study of High Intensity Proton Accelérators,” Intemal Rept. Y-6,
: S Prog. Rept. on Design of a Very High Intensity Linear Accelerator for
] Protons at an Energy of 750 Mev, Oct. 30, 1962
ZGS (ANL) 104 160 10 0.25 50 4.8 x 1022 A. B. Smith, ANL, private commumcauons
Electron LINAC (ORNL) 100 10 3 1.5x 103 0.05 3x 1018 *'Proposal for a High-Inteasity Short-Burst Elecu:on Linear Accelerator for
: : o ORNL " July 9, 1962,
El. LINAC and Booster (NRTS) 60 LS 700 0.03 x 100 R.G. Flnharty, Neuzron Time-of-Flight. Methods, EAEC, Brussels, 1961,

1000

1.0 x 1017

p- 383

-O'[-
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A neutron burst consists of multiple accelerator'cycles. |
Note: Values in () may not be cealisdc. -

'S ‘- 3 P -
Teble lla. Figuras of Mertt for 10%.0v Pulsed-Noutren Sovrces
AE =0.5ev. . ] . -
. Time Spread Due . ) X Figure of
AE o 10-? . Loss Due : o Burse Wideh,  Flight Pash for . Combined S . Availability Meric for One  Over-all Figure
E : X : to Finite Targee  USU8ble o Thickness, E0er8y Resolution - D ' o of for Pulsed  Experiment .  of Merir for
n(E)AE =2.8 x 106 Neutron Yield  yngModerstor — BY®*  Moderation Time, ~EqualtoDoppler  ~ Usuable =~ TargerModemmor periciency  Flight Pacha Neutron Equals Facility,
i 0. K1me"T:2%) Size Vidth  pegecror Thickness, g for P Race  plus Detector sed Simulcaneously preriments  Couating M = IND
) 2 and Electronics A =100 . . Thickness . . Rate, / .
A=005m ) .
n(E)AEY ¢ ‘w AT L { AL :
(ms:c'kA E‘l). " (asec) (asec) (meters) (sec™ ) (cm) . «(E) N b ! M
EXISTING S . .
ORR Chopper . 9.3 x10M 1.0 1,000 - 1,000 b3 1250 5.0 0.3 1- 1.0 % 46
USSR Pulsed Reactor (IBR) 42x10" 1.0 ' .36,000 36,000 (1900) 7.3 << 360 0.3 3 10 - 3.7 1.
Pulsed Van de Graaff ' C o ’ " NOT APPLICABLE . : .
Nevis Cyclotron to 3.1 x 1043 _0.18 25 200 10.5 60 2.0° 0.3 -1 0.15 . 91 14 =
Harwell LINAC (with booscer) * - 8.4 x 101} 1.0 250 250 14.0 600 1.0 NER 3 Lo 770 2,400 &
RPI LINAC 7.8x 10"t 0.45 " 100° 200 108 " 600 2.0 0.3 1 1.0 280 280
FUTURE ) . -
HFIR Chopper T 9.3x 10! 1.0 1,000 1,000 55 1250 0.3 1 1.0 460 - 460
"Nuclear Explosion L4 x 10 0.5 100 200 (10.5) 6.4x 1078 2.0 0.3 2’ 0.5 485,000 485,000
Oak Ridge Isochronous 4.2 x 10° 0.1 4xst 220 12.2 1130 2.2 0.3 - t 0.15 0.076 0.011
Cyclotron . T : ' . i . . : ’
Mc? Cyclotron 1.7 x 10t 0.1 Cax 7 230 12.6 1100 ‘2.2 0.3 1 .0.15 3.0 0.44 )
Yale Proton LINAC 2.3 x104 0.03 20 x 0.07° 150 8.3 25 L5 0.3 1 - 0.15 42 0.63 .
" Zero Gradient Sychrotron L3 x10Y7 0.08 10 160 8.5 0.23 2.2 0.3 1 0.13 430 64
Electron LINAC .. e8x101? - “0.43 " 100 200 10.5 1500 2.0 0.3 3 10 6,400 19,000
* Electron LINAC and Booster 2.8 x 1013 1.0 700 700 . 39.0° 1000 10 0.3 3 L0 15,000 45,000
“Count losses preclude pulse ots for a nucled 1



Table iib. Figuroto‘ Moerit for 10%.ev Pulsed-Neotron Sources

. ANE = L6 Time Spread Due . . R Figure of
:\i =1.6. 10" Loss Due to Bursc Widch, Flighc Pach for Maximum Caml?med Humber of Availabilicy  Merit for One  Over-all Figure
I . .t Finite Target Usable 1y pec Thickness, ENerey Resolution Usable Maximur: Detector _sumber o for Pulsed  Experiment of Merirt for
nENE = 2.8 1o-¢ - Neutron Yield and Moderaror an..us( Moderation Time, Equal to .Doppler Repetition Rate Target Moderator Eificiency rl:_gh( Paths Neutron Equals Facility.
= 0.3(1=e" 23 Size ¥idth  pececror Thickness, — Droadening for PI"'s»D“"jmr Used Simuleaneously  proerimencs  Counting M= IND
e . and Electronics A =100 Thickness Rate,
A= 0.05m~
ENEY ) } -
Lo w AT L - AL <(E) N D I M
{n~sec- SAETH (nsec) (nsec) (metecs) {sec™ ") {cm)
EXISTING . )
ORR Chepper 31010 1.0 1,000 1,000 550 400 s 0.3 | B 1.0 0.048 0.048
USSR Pulsed Reactor (IBR) 4.2 < 1013 1.0 36.000 © 36,000 (20,000 . 2.3 <1100 0.3 3 1.0 0.014 0.031 .
Pulsed Van de Graaff . . NOT APPLICABLE .
Nevis Cyclotron 3.1« i0%? 0.25 25 80 4 6 2.5 0.29 1 : 0.15 - 7.0 1.0
Harwell LINAC (with booster) 8.4 v 10'} 1.0 250 250 140 600 2.5 0.3 3 1.0 7.7 22.0
RPI LINAC 7.8 101! 1.0 100 160 89 600 5.0 0.3 1 Lo 7.2 7.2
FUTURE . . )
HFIR Chopper 310t 1.0 1,000 1,000 350 400 0.3 1 Lo "0.47 0.47
Nuclear Explosion L4~ 108 0.5. 80 130 71 6.4 x 1078 “n 0.3 2 : 0.5 8300° 8300
Oak Ridge Isochronous 42107 0.10 2xs® 100 55 800 ‘2.2 0.29 1 0.15 0.0013 1.9 x 10-4
Cyclotron o ’ s .
Me ? Cyclotron 1.7 x tol! . 0.006 7 14 7.7 6000 0.45 0.16 1 ) 0.15 0.5 0.075
Yale Proton LINAC 23x101% 0.07 8x0.07° 6 33 25 18 0.28 1 < el 0.23 " 0.035
Zero Gradient Synchrotcon L3x 107 0.005" ‘10 20 11 o 0.25 0.65- 0.19 1 0.15 11 1.6
" . Electron LINAC 88x102 . 030 35 : 56 31 C T 1500 1.8 0.26 3 1.0 150 430
-Electron LINAC and Booster 28 x 10!} 1.0 700 700 390 1000 2.5 0.3 3 1.0 . 150 450
“Count losses preclude pulse measurements for a nuclear explosion.
" #A neutron burst consists of multiple accelerator cycles.
Note: Values in () may not be realistic. ’
e - « ) 2y
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Table llc. Figures of Merit for ]0‘-0\1 Pulsed-Nevtron Sources
AE=Sev . . . .
g . Time Spread Due N . . Figure of X
AE 5% 10-4 . Loss Due to Burst Width, Flight Path for ) Combined ’ Availability Merit for One Over-all Figure
E i to Finite Targec ~ Useble Targec Thickness, ~E0ergy Resolution Mazimum Maximum  paceor . Number of for Pulsed  Experiment of Merit for
a(E)AE = 2.8 x 10~6 Neutron Y‘elf’ and Moderator B'."“ Moderation Time, Eg"al““’, P°PP‘°' U?n.b.le Target Moderator Efficiency Fll.ght‘Puhs Neutron Equals - Facilicy,
¢ = 0.3(1u0-72%) . Size Width Detector Thickness, . g for Rep Race plushbctector Used S ='ly Exp Counting M = IND
2 and Electronics A =100 Thickness Race, 1
A=0.05m
n(E)AEY ] -
et I w AT L - AL «(E) N D. 1 M
(u-sec AE / . {(asec) (nsec) (meters) (sec™ ) (cm)
- EXISTING . S
ORR Chopper 9.3.x 107 Lo 1,000 1,000 (5,500) 125 s 0.3 e 10 4.6 %1073 46107
- . 1 N - . .
USSR Pulsed Reactor (IBR) 4.2x 101 1.0 36,000 36,000 \((10,000 - 0.7 <<3600 0.3 3 1.0 3.5 x 1073 1.0 x 1074
Pulsed Van de Granff 3.6 x 107 1.0 1.4 2.0 1 5 x 10 0.15 0.03 1 Lo " 0.0023 0.0025
Nevis Cyclotron 3.1x 1013 0.5 2 - 40 210 60 40 0.26 1 045 0.55 0.082
Harwell LINAC (with booster) * 8.4 x 101} 1.0 250 250 ° (1,400) 500 5.0 0.3 3 1.0 0.064 019
RPI LINAC 7.8 x 101! 0.45 10 2 105 600 2.0 0.19 1 10 0.14 0.14
FUTURE : ) . ’
HFIR Chopper 9.3 x 1019 1.0 1,000 1,000 (5,500) ~ 125 0.3 1 1.0 4.6x10™4 4.6 x10~4
Nuclear Explosion 1.4 x 1023 1.0 80 100 530 6.4x10"8 10.0 0.3 2 0s - 300° 300
Ouk Ridge Isochronous 42x10° 0.08 s 12 64 2200 i2 0.12 1 0.15 43x107%  6.5x10-%
Cyclotron L ’ . .
Mc? Cyelotron 1.7 x 101! 0.10 7 14 70 1900 1.4 0.15 1 0.15 0.028 0.0041
Yale Proton LINAC 2.3x 1014 0.2 3% 0.07° 18 97 25 2.0 0.19 1 0.15 0.019 0.0029
Zero Gradient Synchrotron 1.3x10'7" 0.08' 10 20 105 - 0.25 2.0 0.19 1. 0.15 1.8 0.27
Electron LINAC ‘8.4x 1012 0:32 8 17.5 92 . 1500 1.7 0.17 3 1.0 2.6 7.7
Electron LINAC and Booster 2.8 x 1013 10 700 700 - (3,900) . 180 5.0 0.3 3 1,0 0.28 0.83
9Count lgsses preclude pulse ents for a_nucl 1

A neutron burst consists of multiple accelerator cycles.

Note: * Values in (

) may noc be realistic, -



Figures of Merlt for 10%.év Pulsed-Neutron Sources

< <

*Table I1d.
AE =50 ev i ) . . . " Figure of -
AE =5 x10~4 . L ‘Time Spread Due . thhtnPad:' ‘°" Lo . o - © Availability Merit for One ' Over-all Figure
) £ ) ) Los?s Due Usable . o Buut.V1dth, . Energy : C Dy N‘umber of . | for Pulsed Experiment of Merit for
| n(E)AE = 1.0 x 103 _ Neutroa Yield to Finite Target Burst  Targer Thickness, Equal to Doppler . Usable . Target Plus Efficiency . Flight Paths " Neueren Equals : Facility
’ o size Tidth . D Thick Broadening for  Repetition Rate D Thick S Used Simul Y Eroerime Couadi  MeIND'
€ =0.3(1—e"0-23x) : . . : : P ouacing =
-5 and Electronics A =100 . Rate,’ | .
A=0.05m? ) . : o
E)AEY i i - —
L )i N w AT L [ AL «(E) N D . I M
(n-sec' -AE“) . (nsec) (nsec) - (meters) (sec™?) (cn)' . . -
EXISTING ) . . . o : . : o
ORR Chopper - . .  9.3x10° . 1.0 1000 " 1000 (17,000) ’ 6 .. s 017 1 Lo, - I5.6%1077 | 5.7x1077.
USSR Pulsed Reactor (IBR ] co B NOT APPLICABLE ) o : N . o
Pulsed Van de Graaff - . = 108 T R O S X ) s 13,000 . 06 .. 002 1 Lo L2x107%  L2x1074
Nevis Cyclotron T LixoM 015 . 2 ) ooy 60 ‘ A 1 o1, 031 . 0.046
Harwell LINAC (a0 booster) 3x10M! 09 .. w0 s 260 . 60 - s 0.17. 3 Lo - 0016 -7 0.048
-RPI LINAC T 28k 0.9 o s (260) . 60 - - s 0.17 1 e T eusT [0.15
_ FUTURE g e . . - :
HFIR Chopper L93x10® 7 0 0 1000 1000 . (17,000)- % . 5. 017, 1 .0 5.7x1076 © 5.7x 1076 -
Nuclear Explosion sx10¥ T 0. 80 90 - (1,600) " 6.4x1078 (20) 0.3 2 0.5 1207 <120
Oak Ridge Isochronous Lsx10' 03 5 ' 8 w . 30 - 2 0.09 015 "0.0013 1.9 x 1074
_ Cyclotron: . . . o ’ .o . - - C :
“Mc? Cyclotron . . sa2xotl [ X-ZEEEE A L4 240 . 1,800 R 1 0.15 0.039 ~ 0.0058
Yale Proton LINAC - 8.4x 1014, 0.15 ©o0.07 3 s R B 0.8 0.04 1 05 0.013 © 0.0019
_ Zer Gradient Synchrotron - - 4.8 x 1017 03 . w0 s 260 : 02 .. 5 0.17 1 S 015 . 36 0.54
" Electron LINAC 3xw0! o9 - Tt n 200 . L0 . 3 0.12 3 100 . k4 10
Electron LINAC and Booster : ) : NOT APPLICABLE * i ;
"Cognt losses preclude pulse measurements. for a nuclear cxplo‘sion. B
Note: Values in( ) may not be realistic. . [
[} he! o

—1-‘,'[—

=y



Table ile. Figures of Merit for 10%-ev Pulsed-Noutran Sources
. AE;jOOev . - e . P . . ;F' ' £
. AE - .. L . Time Spread Due " ' Flight Pach for ] . . o ; AT s .. Tigweol o
— =5.0x 10—4 . _ . Loss Due - Usable to Burst Width, '~ Eanergy Resolution Maximum Combined Maximum  poecror . Numberof Availabilicy  Meric ff” One Q“FAU.E‘WC
. EAE . © 4 ‘Neuwon'Yield o Finite Target = Burst  Target Thickness, ' Equal to Doppler ‘Usable Tacget Plus . Efficiency - Flight Paths . for P“lsfd Erperiment . of Me.n.z for
. M(E)AE o .1.'7_’6 100721 ERSE. ) . Size - ¥idh Dy Thicl . Broadening for - Repetition Rate Detector Thickness = .. - Used Simultariecusly _ Newtros Equals Faciliry,
€203 - e SR "', and Electronics . A=100 R : ' o . Experimeas  Couating M=IND .
. A=005m : . Rate, / oot
a(E)AEY f:. o AT L . /A VA o
(n-se:'l-AE"l)' > (nsec) (asec) (meters) (seé"l) (cm) €(E) N . . D ! M
EXISTING - .
- ORR Chopper S NOT.APPLICABLE
USSR Pulsed Reactor (IBR) ~ ° . “NOT APPLICABLE .
Pulsed Van de Graaff ' DU o g ~ NOT APPLICABLE - - S .
Nevis Cyclotron : SL9x10's. 1.0 B T2 T e 009 - T 1 L loas " 049, 0.074 -
Harwell LINAC (oo booster) 5.1 x 1012 1.0 10 S12s 680 . . 600 S D 1 R I . L0 . 0.024 0.071
RPI.LINAC - - 4sx10!3 1.0 10 125 (680) . 600 - - .10 - T 009 R 107 .. 022 | 022,
HFIR Chopper- : : o NOT APPLICABLE .~ " ) D L S o .
" Nuclear Explosion - 8.3x 10%6 1.0 “80 .85 (4,500 ° - 6.4x1078: . X R Y & B/ 1 R N
" Oak Ridge Isochronous 235x 10l .oes s . 5.8° a0 - 400 - 4 0.0 . 1 015 | '0.0060 . 9.05x10-4
Cyclotron L7 e ’ - : ' - ’ . T ) ) i W o . . . .
* ‘M2 Cyclowron 1.1 x 1013 1.0 A 9.0 - o500 - . 2,800 - - 8 .. .. 0.09 T 015 - T 032 0.048
_ Yale Proton LINAC 1.4x 1016 ‘0.2 0.07. 0.88 . 49 7 2 - o100 o015 . - .1~ 015 - 0.12 ~e.018
Zero Gradient Synchrowon© - | 8.2x 10'8 0.5 10 Lo123 . 680 . S0.25 . 10 Y T O 0.15 1.9 1.2
- Electron LINAC 5.1 1014 08 3 L o420 % Ls0 . 4 To0s4 - .3 .. 10 84 25
Electron LINAC and Booster ' o NOT APPLICABLE C i . ) a ’ ’
A”Count losses p:eclude‘pulse measur for a 1 pl
" Note: Values in ( ') may not be realistic.
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TABLE III

QUALITATIVE EVALUATION OF PROBLEM AREAS

Signal | count | Radio- Small Cost of |Development
Background | Losses | activity | Samples | Operating . Required

EXISTING:

ORR Chopper C A A A A n. a.
USSR Pulsed Reactor‘ D B D D A
Pulsed Van de Graaff A A A A A
Nevis Cyclotron D B c D B
Harwell LINAC D B c o) B
RPI LINAC C B B B B %
HFIR Chopper C A A A B
Nuclear Explosion B E Cc D D B
ORIC D B C o) c
Mc2 Cyclotron D C D D D
Yale Proton LINAC D c D D D
ZGS C D D D D D
Electron LINAC c B B B B
Electron LINAC and ‘D c D D D

Booster
A = most favqra.ble
E = least favorable

.
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Fig. 1. Figure of Merit for Pulsed Neutron Sources.
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