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FEVIETW C#= SPGYJATION NUTRON SCU?CES 

I. S. K. Gardner 

Rutherford FIppletm Laboratory, 
Chiltm, England. 

Abstract 

A review of current spallatim neutron scurces and 
their present status is given. Possible future 
developments of scme of these scurces are described. 

Introduction 

Recent years have - a marked growth in the use 
of pulsed spallatim neutrm sarces for condensed 
matter research using neutrm scattering tectniques. 
Detailed information m neutron scurces can be fcurtd 
in the proceedings of tk Iccy\G 1 - 9 conferences 
(International Gollaboratim m Nzutrm Sources). In 
addition a comparison of reactor sources and proton 
beam driven spallatim -rces is giver in refCl1. 
Presmt reactor s(xIrces are capable of producing a 
thermal neutrm flux of lE15 n/sq cm/s for external 
natrm beams and these beams have been used 
successfully for many years. Attempts to increase these 
fluxes led to proposals for accelerator based sources. 
A large spallatim -t-cc, IN3 (Intense Neutron 
Generator) was first proposed in the early sixties at 
awX RIER although it was never milt. The design 
flux was lEl6 n/sq cm/s and the proposal required a 
1 Sev 65 rrr? CIA proton linac with a flowing liquid 
lead - bivruth target. 

The first accelerator based natrm sources using 
proton beams were developed as additional facilities m 
existing accelerator cmplexes, firstly at m with 
IPNS and then KENS at IEK in Japan and M at LOS 
%WlX. Spallatim smrces can be split into two types, 
namely, those which operate with cmtinucus beams and 
those which operate with pulsed beams. The latter 
sources are now able to produce instantaneous neutral 
fluxes several orders of magnitude greater than 
reactors in some regions of the neutron ==-w 
spectrum, see Fig. 1. These intensities are achieved 
with manageable energy density in the targets but at 
the cost of lower mean neutrm fluxes. 03 pllsed 
neutrm scurces the neutron energy is measured by tim 
of flight techniques and hence the short duratim of 
the neutron pulse is a positive advantage, and an ideal 
pulse length is achieved if the incident beam pulse is 
kept less than 500 nano-secs. The repetition rate of 
thsneutrm pulsesrustbe 1~ enmgh to allow the 
l-t energy neutrons to be detected before the 
arrival of the next @se. This usually imp1 ies 
repetition rates of 10 - 100 Hz. Where high mean fluxes 
are required then a cmtinums beam accelerator rmst be 
used with the resultant high energy density in the 
spa1 latim target. Such a source is new under 
cmstructim at SIN.C41 

Various materials are used for spallatim targets 
and data for different metals are show in Fig 2, 
refC31. Increased protm energy gives increased neutron 
yield but this also increases the protm range, ths 
energies of about 1 Gev and a heavy metal target are 
required. The mechanisms of neutron production in 
spallatim targets via cascade, evaporation and fission 
prccesses are described in ref[SI and, for example, 
each SO0 Mw protm incident m a lead target is 
estimated to produce 16 neutrons. NeAron prmuctim 
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Fig 1. Tt-e predicted 41(PI equivalent flux for 
ISIS at xx) micro-amps compared with the flux 
of the three moderators at the ILL high flux 
reactor in Grenoble [Z]. (Fp ambient temp. 
water, Mq liquid methane, H, liquid hydrogen) 
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Fig 2 Measured neutron yield YS proton 
energy for various target materials C31. 
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can be mhanced by the use of fissimable material as 

m ISIS and KENS, or further enhanced by enrichnent of 
the target with fissile material as m IFWS. Both steps 
lead to s- additional ccmplicatim in the target 
design but give worthwhile increases in the available 
neutron flux, a factor of 2 in the ISIS and KENS cases 
and an additimal factor of 3 in the IPNS case. 

Moderators situated close to the target reduce the 
energy of tk neutrons to the thermal range giving a 
spectrurr of energy specific to the temperature and 
material of the derator. Frequently used types are 
1 iquid hydrogen, liquid methane and water. 

Existing Sources 

The existing protm driven scurces and tt-ose under 
construction are listed in Table 1 along with the main 
design parameters. The numbers in brackets indicate the 
current normal operating values. 

Lost Seam Protection Systems 

With a beam power of many kW now available m 
these machines uncontrolled beam loss at any stage can 
lead to thermal damage to the vacuum vessels and to 
high levels of radiation, which in turn give high 
levels of induced activity. The methods of lost beam 
collectim which were developed m intense beam 
cyclotrms have been adapted for use m sane of the 
synchrotrons and ths storage ring. Devices comprised 
of beam scrapers, collectors and collimators are used 
to define the mints of beam loss. most of the 
accelerators incorporate a beam loss monitor system and 
this, combined with intensity measur-ts thrmghout 
each cycle of the machine, is used to detect 
unacceptable beam loss. Turning the accelerator off or, 
dropping the repetitim rate, imnediately that lost 
beam is detected protects the accelerator canpa?ents 
but the spallatim target suffers a severe heat quench. 
Many severe thermal cycles can lead to failure of same 
types of targets which operate at high temperatures. 
Thus lost beam protection systems nm being developed 
must protect the accelerator components and deal with 
U-e problw specific to each machine. 

Sore data m the efficiencies of stages of the 
acceleratim praesses for pulsed scurces are listed 
in table 2. 

_-_----____- ----- ____________~_~ 

: IFW IKENS : ISIS :LIvEcE 
: Clrgmne I KEK : PA- ! Los Alamos 
: us 1 Japan I IX : USA 

-..--------------- ------------- --- 

Injectim : I 97 I 97 : 92 
_----__-----__~------~~-------~-~~-- -- 

Trapping : 94 : 90 : 99.5 
_____-___________--_----------------- 
fkceleratim: 93 : 94 : w : 99.3 
or Storage I 
_-___-____-_____------------------ ---- 

Extractim : : 88 : >w : 99.7 
-------____--___------------~~~-~------ 

Transport : : 96 : >w : 

Overall 1 90 : 72 I ES6 I 90.6 
------__---___-_------~-v-------~--~------.---~~--- 

Table 2. Percentage beam intensities after 
the cmpletim of varies processes m pulsed 
spallatim sources. 

Improvements and Possible Further Developments 

IPNS 
Improvemmts to the im smrce and ths beam phase 

loop, better correction magnets and the movement of the 
extraction time to 1.8 msec before field maxirmm have 
produced signif icant increases in the accelerator 
performance. These carpled with additional cmtrol 
loops m the linac field gradient, the im source 
intensity, and the injection field level have increased 
the beam current from 8 to 15 micro-knps and raised the 
operating energy to between 450 and 500 MeV. 

The 16 mmths to July 1986 produced 67,OCQ micro- 
&rip hours. 

Interest is now centred m the installatim of the 
first ever enriched Uranium Booster Target. This will 
give an expected factor of 3 improvement in the neutron 
intensity. 

KENS 
Over the past fnu years the accelerator and target 

system have been improved with the aim of increasing 
the neutron beam intensity by a factor of 10. The 
improvements have consisted of:- 

1. Fn increase in the injector mergy fran X, to 40 
MeV. 

2. Alteration of the injection schRne to l-l- charge 
exchange. 

3. Replacement of the Tungsten Target with a depleted 
Uranium Target. 

These alterations have increased the neutron beam 
intensity by a factor of about 6 and the -ining 
factor of 1.5 is expected fnm imprwemenk to the 
synchrotron RF. 

The facility was operated for 3600 hours in the 
fiscal year 19% with 13CO hours of this being used for 
neutrm production, giving 3900 micro-lhrp hours. 

Future plans at KEK may include a 1 Gev H-minus 
linac and a 2 Gev rapid cycling synchrotrm with a time 
averaged current of 200 micro-fkps. filternative schemes 
propose the use of a 1 Gev storage ring with the linac 
to give a spallatim source with a time averaged 
current of 100 microAmps. 

ISIS 
-Since the first production of neutrons in 1984 the 
beam Energy has been increased from 550 to 750 Mev and 
the beam current has been raised to e0 micro-f%ps with 
short runs at 100 micro-amps. Present plans are to 
improve or replace the older and leEI5 reliable 
equipment m the injector and 750 Mev team transport 
line in wder to increase the reliability, while 
cmtinuing to provide beams of about 80 to 100 micro- 
Anps. Improved beam diagnostics and further machine 
study will be used to determine the means of increasing 
the beam intesity to the design level of xx) micro- 
tips. The present intensity is limited by losses during 
trapping in the synchrotrm [b]. 

Operation for the year ending in March 1987 gave 
20,ooO micro-&np hours at 5x) Nev. The last 12 ronths 
has produced 160,ooO micro-&np hours at 750 Mev. 

Future plans include an improved im so.irce, 
further study of automated team control, and 
develop-rent of the synchrotrm IiF system which may 
include an additional small buncher cavity. 

Lmger term plans will cmsider the addition of a 
second target station to ISIS. This could take me 
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~_~~___~____~_______---____-_--------~~--~~--_-______ __-__ 

: IPNS : KEIVS : ISIS :l..fwxE : SIM : TN I 
I fk-gmne : tax Fax : LosAl- : PSI : TRIUT 
: USA Japan LK I USA : Switzerland : Canada 

____------__ _------ ___-----__----- ----- ----- ----- 

: 50 Mev Linac I 40 Nev Linac : 70 Mev Linac :BCO Mw Linac I Cyclotrm : 
:Accelerator & & & & 84 I Cyclotrm : 

: Synchrotrm : Synchrotrm I Synchrotrm : Storage Ring I Cyclotron : 
----------- ~_~-_~-----____~_----___----~~~~-- --------------- 

(*I 
IProton Energy : xx) 500 800 800 590 500 

Mev (450) : (530) I (750) : (em) I (500) 

:Target Material I u238 : u238 I u23a : Tungsten I Lead-Bisrmth : Lead 

-_------------- ---------- __-______________- 

:Mmn Current : 20 10 xx) 100 lcoo xx) 
: micro-bnps (15) : (3) : (80) I (30) (140) 

--- ----___-- -__------- -- 

lPeak Intensity : 4.OE12 : 3.5E12 I 2.5ElJ : 5.oElJ I --- - 
lper pllse I (3.3E12) I (l.lE12) I (l.aE13) I (1.5E13) I 

___-- -___-__ - 

:pUlse Repetition I 30 20 50 12 I Ccnti-s : Cantinuous : 
:F&te Hz 115) 

----~ - -- 

:Pulse Length ns : 100 50 4x, I. 270 

: status 
: Target 

: Oceratimal : Operatimal : Operational : Operational : Chder : Ooeratimal : 
: Cmstructim : 

:Nmber of 12 14 10 6 -- 1 
:inst-ts 

:Beam 
I Pcwer 

: kWatts 

10 5.0 1.50 80 590 150 
(6.8) (1.5) (60) (24) (70) 

:nean 
: Circulating I 3.4 3.4 6.2 22.4 
: Currentat I 
: Full Energy I (2.8) (1.1) (2.4) I (6.7) : 
: Amps 

: Circumference : 
: mtres 42 37.7 163.4 : 90.2 

lpericdicity 6 8 10 10 
-I__-- ___--------------- 

:Q - Values 
l-l 2.2 : 2.2 4.3 3.2 
V 2.3 : 2.3 3.8 2.2 

I Injection 

: Energy 
: Mev 

50 40 70 800 72 

:Injectim 
: Mett-d 

w-top I H-top : H-top : ittoHo : 
Foil : Foil : Foil : Grad Magnet : Direct p : Direct I+ : 

: HotoP 
: Foil 

____ ____ -------- ---- -- ___------ 
lFoi1 
: Thickness Bo 22 50 200 
: ugm/sq cm 
: Material C c : Al Oxide : C 
: Size cm5 : 5.0x5.0 : I 12.2x4.0 I 
I Lifetime 1 : Infinite : 10,ooo I >lO,wO 
I uA hrs 

----- 

_________------------ 

Table 1. Some parameters of existing spallatim scurces and those under cmstructim. 
The numbers in brackets indicate the current not-Ml operating values. 
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pulse in five from the accelerator and in its simplest 
form wculd te a non fissile target. This +uxld be of 
mzt benefit to those instrumm ts which at present 
suffer fran frame over-lap problems. &-I alternative 
xheme for- the use of a second target enriched 
with fissile material tilt this wld require a nuclear 
licence for the FxX site. A third possibility is to 
build an 800 Mev linac and to convert the synchrotrm 
to a storge ring. This could produce a time averaged 
beam current of 1.6 I-& with 50 Hz operation and the 
beam would be shared between a new Target Statim 
(1.3 m?) and a modified version of the present Target 
Statim which would receive XK, micrcrFmps at 10 Hz. 
This will provide a major improv-t for ISIS in the 
future. 

Since its first operation in 1985 the beam current 
deliverd to the target has been raised to 30 micro-Qnps 
using a repetition rate of 15 Hz and operation of the 
rrachine produced 14,894 micro-&np tuxs in 1987. Study 
of the machine during the intervening period has 
indicated that improved performance could be achieved 
by alteration of the injection scheme to direct l-l-. 
The present operating intensity limit is set by the 
small but significant 10s~ which occur during 
injection, storage and extractim. Further improv-ts 
cculd include a modified extraction system, additional 
beam collimation and lost beam mnitoring, and an 
improved H- im source to take the intmsity up to 100 
micro-&nps. 

Lmger term plans for an Wvanced l-ladrm Facility 
at Los Rlamh include a spallatim source driven by a 
1.6 Gev, 24 Hz, 1.6E14 protons per pulse accelerator or 
a 0.8 Gev, 24 Hz, 3.2E14 protms per pulse accelerator 
which could provide a time averaged current of m 
micro-&ps or lxx) microdmps respectively. 

Design and cmstructim of a froltm lead-bixuth 
target are cmtinuing and initial team intensity will 
be 1 milli-f%np. A plan of the target is 5l-ow~ in 
Fig 4 with the incident bsam coming vertically upwards. 

Further develofxnent of tt-e prYsell t 5arce is 
unlikely and future developt at the laboratory 
envisages the provisim of a 30 Gev, 100 micro-Asp 
accelerator for a Kam factory. 

A proposal has been made to produce a spa1 latim 
neutron xurce based m a Mx) Mev, 6 mA beam of protons 
and using a liquid lead target. This could be usec to 
siwlate the first wall cmditims of a fusion power 
reactor C73. 
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Fig. 3 ISIS Target and Moderators. 
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Fig. 4 Vertical cross sectim of SIM target. 


