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DESIGN FEATURES AND PERFORMANCE OF THE LAMPF HIGH—INTENSITY BEAM AREA"

L. Agnew, D. Grisham, R. J. Macek, W. F. Sosmer, and R. D. Werbeck
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

Summary

LAMPF 1s a wuulti-purpose high-intensity "meson
fasctory" capable of prouucing a 1 mA beam of 800-MeV
protons. The three target cells and the beam stop
facilities in the high intensity area have many special
design features that are required for operation in the
presence of high heat 1losds and intense radiation
fields where accessibility 41s extremely limited.
Reliable targets, beam windows, beam stops, bdeanm
transport and diagnostic components, vacuum enclosures,

and auxiliary systems have baen developed.
Sophisticated remote-handling systems are employed for
maintenance. Complex nrotection systems have been

developed to guard against damage caused by ervant
bean. Beam availability approaching 90X has been
achieved at currents of 600-700 uA. A new facility for
direct proton and neutron ra ilation effects studies
will be installed in 1985. The new facility will
provide an integrated spallation neutron flux of up to
5 x 1017 p”2g"1 and will enable proton irradiation
studies in the primury beam.

Overall Design Features

LAMI7 is an 800 MeV proron linac capable of
simultaneocusly asccelerating H- ions to energies in the
200-8600 MeV range. An overview of LAMPF was presented
at the 1981 ICANS wmeeting in a paper entitled
"Operating Experitnce with the Meson Factories," by

« 1. Macak. The principal design goal for LAMPF was
to provide high-intensity (up to 1000 uA) proton beams
for "mes-n factory" use for a number of non-interfering
secondary beams <¢f pions and wmuons, while also
providing low~intensity variable-energy polarized and
unpolarized primary beams, and additionally providing
high-peak-intensicy 800 MeV proton beams for a pulsed
nnutrgn facility st the Weapons Neutron Research (WNR)
srea.“ Startirg in 1985, LAMPF will also provide up to
100 uA of H” beam for inj.ction {nto the 8Q0 MeV Proton
Storage Ring (PSR) now undei constructlon.

A layout drawing of the LAMPF experimental areas
is given in Fig. l. Low intensity besm from the
accelerator is bent 45° to the left at the switchyard
to serve the needs of experiments that utilize variable
energy protons and neutrnns at three target utations.
High=pesk-current beam is bent 90° to the right at the
switchyard for delivery to the WNR and the PSR areas.
The high-intenaity main beam, currently operating at
about 700 uA average curren: with a wmarroscopic duty
factor of eir percent, 1s transported through the
svitchyard to Beam Area A vhere it passes successivaly
through three grophite production targets that serve
six pion and muon beams. After passing through the
three targets, the residusl beam (reduced to about
145 MaV {1 energy and to asbout 2/) of the incident
current) f» trnnupgltod to the beam stop area for
‘sotope production,’ neutron and proton 4irradiation
studies, and neutrino e,periments.

The use of sequential targets mandates several
design vharscteristicea. Transport Jslaments muat be
scaled to hendle brams of large phase epace.
Quadrupole focusang elements must be placed as close as
possible dowvnatreas of the targete to coneerve usatul
beam. Collimators capable of accepting high power
levels ary needed <o ehfaeld cransport elements,
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disgnostic devices, and vacuum joints from intense heat
loads.

Operation at very high intensity requires accurate
knowledge of beam optics, precision in beam tuning, and
the utilization of special radiation-hardened
diagnostic devices (see "Radiation Resistant Beam
Components at LAMPF," presented by R. J. Macek at this
conference). Fail-gafe, fast-acting, redundant
protection systems against faulty beam control aust be
provided, as a missteered high-intensity beam could
csuse severe component damage in times of the order of
8 second.

Target and beam stop areas must be heavily
shielded, and, of course, become highly activated.
Resicual gamma ray levels up to 10° R/h have been
observed at LAMPF. Maintenauce and replacement of
targets and beam lina comporents must be done by remote
handling wethods 4n order to avold wunaccep-able
radiation doses to personnel., At LAMPF, the "Monitor"
system of special couponents, tools, and mobile
manipulators {s used for remote maintenance. Kev
elements of this system include highly maneuverable and
flexible manipulators mounted on a remotely controlled
hydraulic boom, remote-control television viewing
systems, and remote crane controls. See another paper
p-esented at this conference for more details: "Remote
Handling at LAMPF," by D. Grisham and J. Lambert.

Auxiliary systems require special attention at a
high-intensitv facility. Water-cooling systems must be
designed for high levels of activation, including the
generation of large quantities of tritifum and /Be.
Maintaining high-purity low=conductivit, water systems
is particularly difficuit in high radiation areas.
Vacuum systems cannot be exhausted into personne! areas
or experimental caves. Air activation (e.g., the
production of 10¢, 11c, 13\, "6N, 150, and “iAr) will
occur vhere main besams or scattered beams pass through
air. Waste products and trrsh from beam areas pose a
hazard tou personnel and precautions must be taken to
protect the local environment,

Target Cell Featuras

LAMPF’s intense beams place extreme operational
requirements o¢n pion~production targets, target cell
components, and shielding. Targets and nearby
components must operate at high temperatures in a
vacuum and {1t intense radiation fields. During routine
operation, the beam powar is wmore than 500 kW, and
nearly 1 MW of power was delivered during a recent 1200
uA test run. This power s distributed between three
target celis and the beam stop area, with the latter
absording about 2/3 of the total. Target cell
enclosures and components are water cooled, as arc the
vacuun window and the beam stop. Materials of choice
include stainless steel for enclosur's and Inconel 7i8
for beam windows, with OFHC copper being used for
ccllimators and the beam-absorbing plates of the beanm

stop. A drawing of the LAMPF beamw stop design is shown
in Pig. 2. No failures have been exp-rienced with this
deuign. Target box enclosures nov employ a double-wall

design with highly effective cooling provided by
carefully directed water circulation between the two
jackets. Regions ot highest heat load have copper
inserts that are welded directly to etainless stes!l.
Fig. 3 shows the nawest LAMPF target bux, with
collimated channsls for two secondary beamr '®3 and
8MC) and a radiatively-rooled rotating whee! et.
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Fig. 1. LAM¢F Experimental Areas
Vacuum enclosures and collimators are subjected tuo yping & proprietary powder metallurgy product
heat-cycling *c .emperatures in the 300 C range, wh.le containing MoS2. The principal concern for the
temperatures of about 500 C have bteen observed on the stgtionary pyrolvtic graphic target h--  been

main beam window. All-metal vacuum seals asre located

away from the high heating rates and are shielded for

minimal thermal cycling. Water-cooled target boxes and

bean line components at LAMPF n[c more fully described

elevhere in 6:h’u Procesdings and in two previous
»

publications. Fabrication techniques are
continually developed to increase operational
reliability and lifetime, and eschemes to ease

installation, alignment, and resoval by remote handling
are oteadily improved.

Graphite targets of two different types are used
for pion production at LAMPF. At two target calls,
rotating-wheel radiation-covlad polycrystalline
graphita targets are used, while @ wecter-crolsl
pyrolytic graphite target is used nt the third rarget

station. Both of rthese basic targe designs have besn
successfully developed to the point of high
veliability. The principal design concern for the
:otating target has besen with the bearings.

tatisfactory performance is now obtained from bearings

deterioration of strength and conductivity, accompauiel
by wmaturial swelling. Thie occurs in the emall
beam=spot area where tharmsl etrussec and radiation
demage are uxtrepe. Target development st LAMPF and
detailed descriptions of the target  assemblies are
given aelsevwhere in t‘\_om Prncesaings” and 1in three
previous publications.

Magnets and beam diagnostic {instrumentation wmust
be able to survive the axtreme racfation and heat
conditions in the target calls. 'l‘hcu)‘ devices are
described elsevhere in these Proceedings.

Massive shielding and high oactivation levels
combine to linit very seversly the Jpportunity to carry
out routine trouble-shooting efforts. Electrical
faulte, vacuum leaks, coolinp water leaks, etc., can
and do occur deep within the wehielding. Baan
components ars generally inaccessible quickly, and are
always nnapproachavlie. This necessitates the adoption
of speciul teachniques for diagnosing hardware protless.
These include the use of redundant interlock systeas,



special cabling, and the employment of numerous
prrpositioned tubes that penetrate the shielding to
enable helium leak checking.

Fig. 2. LAMPF Beam Stop

Fig. 3.

A-2 Target Chamber

Beam Diagnostics and Protection Systeas

A comprehensive eystsm of beam diagnostics and
beanline protection devices and instrumentation is in
place for the nigh intensity primary beamlinu. 1In a
paper of this 1length, only selected points can be
mentioned. Additional Information presented in two
othar papers at this conforo?iolz's sand 4in prior
documentation in the literature.”*?

In genearal, beam (iagnostic 4instrumentaticn s
used to obtain data, such as beam position, spot sizes
and losses, vhich arv useful for tuning and monitoring
iuportant beam paraseters. The emphasis here is on
accurascy, large dynamic range (0.1-1000 wA),
completeness and flexibdility. Computerized data
acquisition, prozesuing, logging, and display in the
centrs] control room are pacessary features for
effective control of the besm.

Protection devices and instrumentation, while
often useful for diagnostic purposes, have as their
main function the prevention of physical damage to
basmline components from wrrant, high-powared beams.
Fast, automatic response, redundancy, fail-safe, highly
reliable operation, and credibility with oparations
personnel are {mportant criteria for the protection
systen. Personnel protection 4es & relited, but
separate, fssue not discussed here. 1ln the meson area

beyond the switchyard, romponents of both systems must
be 1long-lived, radiation resistant, and remotely
serviceable.

Beam profiles are obtained by sampling secondary
enission signals from wire scanners or wire grids known
as harps. Wire scanners are used in areas of handa-on
maintenance, such as the beam switchyard, while
radiation~hardened harps are in place in the primary
beamline of the meson area. A schematic layout of the
A-2 Targyet Cell is shown in Pig. 4.
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Fig. 4. Layout of the A-2 Target Cei:

Harps are located at the entrance and exit of the
target cell and at two ianterior points. The spot slzes
obtained at these four locations are sufficien., in
principle, for a complete determination of the beam
envelope parameters including extrapolation to the
production target. In practice, the uncertainties in
the profile measuremsnts and the magnet transport
parameters combine to produce larger-than-desired, bur
still sccepiable, uncartainties in the wspot size
esstimate at the target. A profile measurement closer
to the target would be desirable for greater accuracy;
however, :the difficulties of retrofitting and of
opevating close to the tsrget are likely to prohibie
any improvements in the near future.

Beam currents atre accurately (~1 uA) measurad with
toroide configured as bdeam current transformera. Beam
halos or spill' are sensed in the secondary emission
guard rings located in front of collimstors. In the
lower-spill areas, such as the beam switchyard, hean
spills are detected by scintillator detactovs.

The beamline protection system is composed of a
nuaber of fixad-aperture collimators for passive
protection of components, plus harduired
{nstrumentation which detects unacceptable operating
conditions and either shuts down the baam ccapletely or
sutomatically limits the current to acceptable levels.
Typical locations for collimators are also chown in
Fig. 4. Collimators are the limiting apartures of the
beaamline; they serve to shield components ftoo
axcessive beam-induced heat loads snd to reduce or
limit spurious radiation-induced wignals oun
instrumentation.



Anomalous overall beam losses which exceed preset
tolersnces are esensed by a hardwired cranemission
monitor based on bean current-sensing toroids. Beam
spills are directly detected at specific locstions by
the esystem of seconiary emission guard rings and
scintillation detectors wmentioned esarlier. All of
thase instruments limit the sverage current chrough the
so-called "fast protect™ syctem. In this manner, the
current is limited to s safe level, but gnough beam is
svailsble for tuning or trouble-shooting. .

Temperature sensors are radigtion-hardened
thermocouples or thermal switches. Besm 1s
sutomatically interrupted vhen excessive temperatures
are essnsed at critical locations, such as a vacuum
flange or the vacuum vindovw at the end of the beanline.
Poor vwacuun interferes with proper functioning of
barps, guard rings, and current monitors. Poor vacuum
results in more rapid oxidation of targets snd is often
8 precursor of greater difficulties. Por thase
roasors, besm is also interrupted when the primary
beamline vacuus exceeds 107¢ Torr.

Sensor data and status informstion from the
protection system are acquired by the central control
computer for logging and mornitoring purposes; however,
ve do not rely on computer processing for the decision
to interrupt beam. Dedicated snalog slectrorice and
hardvired logic elemenis process signals and
sutomsticslly inmterrupt the buam when pre-estadlished
condiiions are detected. Operating ezperience for
seversl yesars has shown this to be an effective systam.
If has prevented major dsange from the effects of high-
powesed errant baams.

Operating Exparience

LAMPF has been operating at high intensity for
wore then five yaars, with average currents j-adually
\.imbing from 300 uA 1o early 1978 to perfods of 700 uA
opsration in late 1982, A high intensity beas test was
carried out sucressfully at 1200 yA in February 1983,
Bean availadility has besn close to 90X during r-ceut
production runs. The yearly operating time. which is
sharply depsndent upon budgetary strength as well ae
sajor maintensnce needs, will fall off{ to well bdelow
3000 h of high~inteneity research in 1983 after sevaral
years in the 3400 h range. 1In & typical year about 60
ouclesr ecience exporiments are carried out by about
430 scientists, wost of whom are members of univeraity
research teams. The experimentsl arecss can serve 10 to
12 simultaneous experiments, aexclusive of pulsed
peutron experiments at the WNR facility. The record of
LAMPF's high intensity opavation tu date is presentad
in 't'u 5.

"‘- 3.

LANPY Righ Intessity Operation

After reaching production currents of 500 uA
several 7yeurs ago, LAMPF's wsanagesant chose to
emphasize high relisbility and research output instead
of incressed intensity. Target cell and beas stdp
components that were sarginal are being replaced or
upgraded as beam schedules aud resources permit. The
normal production current for the pnear future 1s
expacted to be 700 to 900 uA.

Through the develupment of imcressingly advanced
resote handling techniques, sad through the prasctice of
good staff discipline, it has been possible to hold
radiation exposures t. ~aintenance personnel to limits
that have not increaseu during ths past six years--a
period when hardware activation bas incresased an order
of magnitude.

LAMPF’s basic schedule has bewen changed to o
format of long running periods (~6 months) altsrnating
with loag shutdowns durirg the 1982-1985 period. Such
8 achedule 3llows lengthy major improveaments to be
carried out, and also results in sume economy of
operation through the reduction of tune-up snd checkout
periods. In a major facility upgrade that required a
full remote handling spproach, LAMPF's A-2 target cell
was completely rebuilt during the 1983 long shutdown.
This will be followed by the replacement of the A-l
target cell in 1984 and & major revision of the beam
stop facility 4o 1985.

Neutron Facilities at LAMPF

Aithough s ®ajo: resesrch program utilizing
spallation neutrons 1is hssed at the Weapous Neutron
BRessarch Pacility (WNR), descrided slesevhera in thess
proceedings, there exists st LAMPF additional
opportunity for reslizing a spallation nsutron flux.
At present, at the beam stop are~ (Target Station A-6),
it 1s possible to !lpl.nca samples in a neutron flux of
a1l x 163 w2723 Line of sight spertures are
available st 5° and 135° relative to the direct proton
beam. MNautroas, 8¢ well as protons, pions, and other
secondaries, ave geunarated ss the incident proton beam
(~745 MeV at 300~700 yA) 4interacts with isotope
production targets and finmally with the bsam stop.
These facilities bavi been used for a limited number of
radiation dasage/effacts studies, as well ass for
pautron flux and ¢Jertrus messurements.

Now, a major upgrade of the beaw etop eres is in
progress. This «f.ort hss practical application for
LAMPF: 4dmproved environment for besmline diagnostice,
improved shielding, thte eliminstion of cracks to
capture activatad gas; rvemote handling and shielded
transport of vradioactive waterial, and rapid
repair/replacemsnt of components or experimental
hardvare.

A oav facility for both direct proton and neutron
rediatior eaffects studies, dmproved Zacility for
high=-speed ("raddit") and ultra=high-speed ("gau=jet")
isotope identification, and access for additional
sxperiment initistives 4n puclear and s0iid state
phyeics, will be provided at ths upgraded beamstop
area.

All penetraticns {nto the maw target chambar are
vertical shield pluge that oeupport individual
experimsnts or beas line components. A basic deeign
criterion 10 that all services, imcluding cooling weter
and contruls meeded for equipment and experiment, be
carried with the oshieldad 1iamsertios plug for the
componsat that they service. All counectfous will be
sade at the top of the shield plug. The line-of-sight
capability hes beecn retaiced.

The mev design 1is shown ip echematic fotm in
Pig. 6. Randling ead eubseuent traneport of
radicactive materisl is accomplished by employing @
remotely-operated bottom—entry shielded cask, shown
schematically in Pig. 7.
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As an aid in the design of this facility, Monte
Carlo calculations (2) using the Monte Carlo Code for
the Transport of heutrons and Protons (MCNP) and the
High Energy Transport Ccde (RETC) were done to give an
eetimate of the expected neutron and secondary particle
flux and spectrum at all locations in chis fecility.
These results Jere used to design :he placement of
water-cooled shielding.

Fig. 8 shovs an example of the results of the
calculation. This histogram pradicts the neutron fiux
and epectrum adjacent the sucond isotope productiva
target, This locstion was found to bave the maximua
neutron. flux in the facility, wccoruing to the
calculation. Here, with LMPF at 1000 uA, the
1ntt.rnt’d qno%trzn flux wae calculated to be
~5 u 1017 a¥ 71,15 Notice that subatartial numbers of
high enargy (>20 MeV) neutrons will be availabls.
Twelve independent panetrations into this ueutron area
will be available.

ld:“d
i
10y Y e
i
‘3‘.___ : WL'N L \J -
t 4 ldéq . NMJ\I""T) SRV
& N
ko by
g O’ °
g E
10‘-5
3

10’ "_’:"'V—‘_‘m"""w—'vw—?ww———'—'—'—— -
107 10° 100 100 107 107 w10 0
ENERLY (MEy

Fig. 8. Neutron flux and spectrum near the second
Isotope Production String.r calculated

with MCNP and HETC.

Plans call for the completion of this facility in
spring 1985. Several experiments nave been identified,
including a sy~tematic study of materisls intended for
the German spallation neutron source (SNQ) target
wheel.

References

1. R. J. Macek, "Operating Experience with the Meson
Factories,"” invited talk at the ICANS V, Workshop

on HRigh-Intensity Accelerators and Compressor
Rings, Karlsruhe, (June 25-26, 1981).

2. C. D. Bowman, "Status Report on WNR/PSR, "’
presented at the opening session of this
conference.

3. H. A. O’Brien, A. E. Ogard, and P, M. Grant, "The

LASL Medical Radioisotope Research Program: An
Overview of LAMPF and the Isotope Production
Facility," Medical Cyclotrons in Nuclear Medicine,
pp 16-22, Published as part of the series on
Progress in Nuclear Medicine by S. Krager, Basel,
215’55.

4. R. J. Macek, D, L. Grinham, and R. D Werback,
“Sadiation Resistant Beam Components at LAMPF,"
Proceedings of this Conference.

S. D. L. Grisham and J. E. Lambert, "Remote Handling
at LAMPF," Proceedings of this Conference.

6. D. L. Grisham and J. E. Lambert, "Water-Cooled
Tazget Bor Dusign at LAMPF," IEEE Transsctions on
Nuclear Science, Vol. N§-30, No. 4, (August 1983).

7. D, L. Grisham and J. ¥. Lamberc, "Water~Cooled
Mean Line Components at LAMPF," 1EEE Transactions
on Nuclear Science, Vol. NS-28, No. 3, (June
1981).

8. R. D. Brown and D. L. Grisham, "Graphite Targets
at LAMPF," IEEE Transactions on Nuclear Science,
Vol. NS-30, No. 4, (Auguet 1983).

9. R. D. Brown and D. L. Grisham, "Design and
Operation Water--Cooled Pyzolytic Graphite Targets
at LaMPF," IEEE Transactions on Nuclear Science,
Vol. N6~78, No. 3, (June 1981).



10.

11.

12.

L. Agnew, T. S. Baldwin, D. L. Grisham, R. C.
Holmberg, J. E. Lambert, L. O. Lindquist, R. D.

Reiswig, and L, L. Thorm, IEEE Transactions on
Nuclear Science, Vol. NS-26, 4143-4145 (June
1979),

E. W. Hoffman, et al., ‘'"High Intensity Beam

Profile Monitoy for the LAMPF Primary Beam Lines,"
IEEE Traossactions on Nuclear Sciepce, Vol. NS-26,
No. 3, pp 3420-2, (1979).

R. J. Macek, et al., "LAMPF Primary Beam Line
Protection System," IEEE Transactions on RNuclear
Science. Vol. NS-26, No. 3 pp 4137-9, (1979).

13.

14.

D. W. Barr and S. S. Gilwore, "Neutron Dosimetry
at LAMPF Radliation Effects Facility," Los Alaans
National Laloratory internal memorandum, (1979).

D. R. Davideon, W. F. Sommer, J. N. Bradhury, R.
E. Prael, and R. C. Little, "Characterization of
the LAMPF Beamstop Arca Radiation Environuent,"
Los Alamos National Laboratory report, LA-UR-83-33
(1983). Submitted to Third Topical Meetinz on
Pgnign Materials, Albuquerque, NM, (September
1983).



