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Introduction 

The Weapons Neutron Research Facility, now 
approaching operational status, is a pulsed neutron 
time-of-flight facility utilizing bursts of 800 MeV 
protons from the LAMPF linac. The protons strike a 
heavy metal target and produce a broad energy spec- 
trum of neutrons via spallation reactions, Ideally 
the width of the proton pulse should approach a delta 
function in order to achieve good neutron energy 
resolution. Practically, the shortest pulse that can 
be employed in the facility is that produced by a 
single LAMPF micropulse, which, at design current, 
contains approximately 5 x 10s protons. With the 
addition of a storage ring capable of accumulating 
many micropulses, this intensity can be increased, as 
can the repetition rate. Moreover, by storing an 
unbunched beam, a low repetition rate, very intense 
proton burst can be generated, This latter mode of 
usage allows neutron time-of-flight studies using 
large neutron targets, for which pulse lengths of the 
order of several hundred nanoseconds are suitable. 
The primary goals of the ring reported on here are: 
(i) to increase the intensity of the burst to 10” 
protons while retaining a short pulse length; 
(ii) to increase the repetition rate of the bursts by 
at least a factor of six; and, (iii) to store as many 
particles as possible, uniformly distributed around 
the ring. 

Operational Characteristics 

In the mode of operation in which short pulses 
are accumulated for time-of-flight use, the ring will 
be filled 120 times per second and will essentially 
superpose [in six dimensional phase space, employing 
charge exchange (stripping) injection] 200 LAMPF 
micropulses.‘*’ The LAMPF H- pulse structure will be 
modified for ring injection purposes so that micro- 
pulses will be separated by 50 ns instead of the 
usual 5 ns (during that portion of the LAMPF pulse 
for which the ring is not being filled, i.e., 440 us 
out of 500 us, the pulse structure will be unchanged). 
Since the circulation time of the ring is 300 ns, it 
will contain six circulating bunches, each of which 
will be separately extracted during the 7.8 ms 
between filling periods. Thus the pulse repetition 
frequency of the facility will be increased by a 
factor of six, while the pulse intensity will be 
increased by a factor of 200. 

In the high current mode of operation, it is 
expected that the ring will be filled (again employ- 
ing charge exchange injection) with one or more full 
LAMPF macropulses (5 x 10’ 3 protons/macropulse) . 
Each macropulse requires that the beam emittance be 
greater than 1.36 n x 10m5 m-rad to contain this 
current. The repetition rate for this mode is 
limited by the existing shield at the WNR target 
which permits l-2% of LAMPF design intensity to be 
used. 

*Work supported by the United States Energy Research 
and Development Administration 

The Design 

The ring lattice was chosen to have a separated 
function for tune flexibility and simplicity of con- 
struction. In order to avoid the negative mass insta- 
bility for the high current mode it was decided to 
operate the ring below transition; the particle y is 
1.85, so a design transition gamma of approximately 2 
was chosen. This figure in turn indicates that a 
nominal radial tune, v 

X’ 
of 2.25 would be desirable. 

The circumference of the ring was chosen to be 
compatible with a maximum pulse length generated by 
single turn extraction of approximately 250 ns. A 
number of straight sections appropriate to injection, 
extraction, and beam manipulation, including the 
possibility of future development of a second extrac- 
tion section were deemed required. With a tune of 
2.25 and a betatron phase advance of approximately 
a/2 per period to minimize the betatron functions, an 
eight-sided figure seemed indicated. An octagonal 
lattice was in fact chosen to allow placing the 
injection and extraction functions in separate straight 
sections within the constraint that the ring must be 
supplied from and return particles to the WNR beam 
line. Figure 1 shows the component layout of the ring 
lattice, while Table I summarizes the lattice para- 
meters and Table II the ring operating characteristics. 
Figure 2 is a plot of the square root of the radial 
and vertical betatron functions as well as the off 
momentum function n Z Ar/(Ap/p). 
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TACLE 1 

lung Dimension+ -- 

circunference (,mgth of central orhit) 

km Radius 

Orbit Rsdiur in bfnding mgnets 

Length of bending magnets 

Gap height 

Gap width (useful field) 

Length of q”s*rupole magrcf.5 

Core of qurdrupole nagnets 

Length of straight section 

TABLE II 

OJWroting Chlrscterisrics 

Cefatmn OsciIlationa pr rawlotion 

radial, yx 
venicr1, 

“Y 
Trmsirian cama, yt 

Cmding magnet field strength 

Focusing qvrdrupole gradient 

Oefocuslng quadrvpole gradient 

Butched operario” 

No. of bunches 

Length of bunch 

rf fmqucncy 

harmonic numbcr 

tp.cc charge limit for 

E= - cy - r x IO-’ n-md 

(Av . 0.2) 

Ulbmched OFCrStiOn 

rp.co charge limit for 

cX - cy - n x IO-’ m-rad 

chroutidty ada 
Wdi*l 

vertical 

75.240 n 

11.975. 

4.881 m 

3.IY m 

0.0110 la 

0.012 I 

0.400 n 

0.011 I 

4.171 m 

omlina1) 

2.25 

2.2s 

2.07 

I.000 T 

J.116 T/m 

-J.PCO T/m 

6 

1 ns 

603.75 ML 

160 

1.23 x 10” 
p/bunch 

3.69 x IO” p 

-0.30 

-0.33 

Injection is accomplished through a set of pulsed 
magnets which bring the circulating proton beam and 
the incoming H- beam into spatial coincidence at the 
location of the stripper foil. The magnets are pulsed 
in order to increase foil lifetime and to control 
emittance growth effects due to scattering in the 
foil. 3 A calculation of the space charge limit for 
the bunched mode of operation for the given lattice 
shows that the (unnormalized) emittance of the stored 
beam must be greater than 0.8 ‘TI x 10e5 m-rad (both 
planes) ; since the emittance of the LAMPF linac is 
approximately 0.1 71 x lo-’ m-rad, the emittance must 
be degraded by injecting off the equilibrium orbit. 

The rf system to maintain the bunch length of the 
accumulated micropulses mustprovide somewhat larger 
buckets than those in the LAMPF accelerator, due to 
the fact that the micropulses spread in length in the 
beam transport system. For a LAMF’F Ap/p of 0.002 
(FWHM), a 450 kV, 603.75 MHz rf bunching system will 

maintain a 1 ns bunch.4 This rf voltage may be 
applied in one or more of the straight sections. 
Additional rf may be required for synchrotron fre- 
quency splitting,5 or for bunching on the first 
harmonic to minimize spill during single turn 
extraction. 

The bunches are separately extracted by a set of 
fast kicker magnets of the parallel plate transmission 
line type. These kickers must perform their function 
within 100 ns (twice the time between bunches) and 
with a 720 Hz repetition rate. These parameters 
represent the state of the art; further improvements 
would enhance the capabilities of the WNR facility as 
a pulsed neutron source, The kickers give an overall 
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Fig. 2.. Beta Functions and Off-Momentum Orbit 

kick of 6 mrad; the beam then receives a further 
kick from the defocusing quadrupole ‘magnet. Upon 
leaving the following focusing quadrupole, the beam 
is headed toward the equilibrium orbit but is inter- 
cepted by the extraction septum magnet. Figure 3 
shows the details of the extraction orbit. 

Calculations 

A summer study which used a reference lattice 
similar to that reported on here was held in Los 
Alamos in August, 1976. The rf bunching requirements 
were examined, the extraction system was studied, and 
various instability growth times were calculated. No 
serious obstacle to successful operation of the ring 
was discovered. The results of the summer study are 
summarized in the report cited in Ref. 4. 
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Fig. 3. Extraction Orbit Details 

-I 

1038 



Acknowledgment 

The authors wish to thank Drs. A. Garren and 
M. Foss for helpful discussion and criticism. 

References 

'J. Simpson, "Operating Results from the ANL Booster," 
IEEE Trans. on Nucl. Science NS-20, pp 198-201 (1973). 

*A. Kaminsky, R. Meshcherov, and M. Popova, "Efficiency 
of Charge Exchange Injection in Proton Accelerators and 
Storage Rings," Nucl. Inst. and Meth. 137, pp 183-188 
(1976). 

3R. Cooper and G. Lawrence, "Beam Emittance Growth in 
a Proton Storage Ring Employing Charge Exchange Injec- 
tion," IEEE Trans. on Nucl. Science NS-22, pp 1916-1918 
(1975). 

'L. Smith, in "Proton Storage Ring Summer Workshop 
Contributions," LA-6749-C (in preparation), Los Alamos 
Scientific Laboratory. 

‘M. Allen, M. Lee, and P. Morton, “Synchrotron’Fre- 
quency Splitting in the SLAC Storage Ring," IEEE Trans. 
on Nucl. Science NS-18, 1084-1085 (1971). 

1039 


