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THE DQWNSTit_EATv1 B~~l~-STOP AND TARGET-·i~QX FOR~E N11JTRIUO A.REA 

Ray Stefanski 

Introduction: 
February i 9 7 4 

For many of the experiments approved for the Neutrino 

Area, a beam-stop is required at the downstrea~ end of the de

cay tunnel. Since beam-stop requirements differ between ex

petin.ents, provision must be made for access to, and removal of, 

the bea~-stop. Furthermore, adequate shielding must be pro
vided for the access enclosure (Enclosure 100) as well ns for 
the area outside of the berm. These requirements suggest the 

use of a target-box in this area to house the beam-stop and 
haclron shielding: Since the requirements in this area are 

analogous to those of the Front End Enclosure,of the Meson 

Area, a similar solution was adopted to help expedite the 

development of the Neutrino Area. 
The downstream target-box \Till operate under a variety 

of conditions. For the initial experiment scheduled for t~e 
Neutrino Lab- the narrow-band neutrino beam- orily a very low· 
power beam-stop is required at the end of the decay tunnel. The 
r.mon and hadron bea!!ls will also run at that time and will re
quire collirnators in the target-box. The broad-band neutrino 

experiments will run later and will require a high power (0.5 
r.rwatt) beam-stop in the target-box, and neutron shieldine for 
enclo.sure 100. The TJuon polarization experi:!!lent of proposal 

48 '::ill require a special variable density target in the tc.rget
box. Some monopole exposures may be done in this area and may 
require special targets. Bea~ stops, hadron shielding and 

beam mon~toring equipment will be loaced into the target-box 
for each set of experiments.by means of a rigging procedure. 
This report contains detail~d specifications and design crr

teria for the downstream target-box,· the loads it will houoe 
for the currently anticipated runnin.~ cond.i tions, and the 

I 
loading procedures for the ta~get-box. 
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T<"'1rget-Box: 

The dovmstream target...:box . in the Neutrino Area is simi

lar to the· ·target-box used in the Meson Area~ but with fo~r 
essential differences: (1) The Neutrino Area target-box is 
24 feet long and its internal dii:!ensions are 40" X 4on~ (2) 
no provision need be made for accurate alignment of the load 
in the target-box; (3 )the target-box should be vacu11.rn tight 
for pressures of 10 microns; ( 4) the .target-box will not have a 

caisson support but will sit on a bed of heavy concrete. A 

schematic diagra'n of the target-box is shown in Fi-gure 1. 

The target-box .must be long enough to acco~.modate neu
t~on shielding to keep the level of induced radioactivit~ 
in enclosure 100 at a tolerable level. 

The beam-stop, which is about 5 feet long. constitutes 
the front part of the neutron shield. It is backed up by 
steel to complete the neutron shielding. Calculations indi
cate that 10 feet of iron shielding.would be needed to keep 
the level of neutron radiation in this enclosure at 20 mrem/hour 
during beam operation1. Since this: is a minimum requirement 
the target-box is made 20 feet long to accommodate a maximum 

o:f 20 feet of neutron.shielding2 • In additiont a four-foot 
extension is required for access to electrical~ water and vac
uum systems, making the total length of the target-box 24 feet. 
In the initial contract, DUSAF agreed to ~rovide the first 20'-
6" ·of target· box, while· the last J' -6 11 are to be provia·e·a by 

NAL. 

The internal dimensions of the target-box are deter
mined by the necessity to house a load that will shield the 
~ntire ·face ·Of ·_the· decay p·ipe. ·· Si:aee the ·decay 'Pipe is ·]611 

in diameter, this would indicate that the target box should . 
be at leaot 36" aqua.re.. In~ addition, however,. proyision must 

' . 
be made for a one-inch clearance for. the load on all four sides. 
(In the Meson Area the target1box requires a 2" clearance at 
the top to allow for positioning and ali~"!lent of the lond 

I -
I 

after it ia in the box. The npplicution in the Neutrino Area 
does not require positioning of the load - the wheels and 
undercarriage of the load remain in th~ box during operation -
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and therefore only a one-inch clearance is required.) Thus 
the target box is made 4011 X 40", and the load 39" X 39", so 
that ·the one-·inch opa:ce ·between ·the load and. the walls .of t.he 
box is ~asked by the earth berm: Since the beam has little 
divergence at this end of' the decay pipe, particles can enter 
the space only after passing through a considerable amount of 

earth. The earth mask is also used to protect cast steel 

wheels and other elements that cannot withstand direct exposure 

to the beam. 

The entire load, which includes bea:?J.-stop, neutron.shield, 
beam monitors, •..vheels 

box during operation. 
gous to the shielding 

and undercarriage, remains in the target 

Its operation ~.nd. function are analo

cars used in the other target-boxes. No 
provision need be made to align the load when it is in the 
target-box. 

The target-box wil;t operate at a. 10-micron vacuum-the same 
vacuum as in ~he decay pipe - to 
avoid the need of a tnree-f oot vacuum window between the target-
box and decay pipe: r:Taintenance for a vacuum window of this 
type would be difficult because of its inaccessibility. 

Indeed, the vacuum in the decay-pipe will be achieved by 

pumping on the downstream end of the target-box. As a con
sequence, access to the target-box requires breaking vacuum 
in the decay-pipe. A twenty-four-hour pump-down time is re
quired for the decay-pipe, but this should not appreciably 
hinder the. operut-.i-0n .. of.. ·the .a:uea~ Access· :to. the ,t.a.rget-box 

should be required only inf'requently. In adnition, maintaining 

the vacuum in the ~ecay-pipe through a thin window would con

stitute a safety hazard to personnel worlcing in the enclosure 

and ~t.the ta~g~t ~ox. 
A vacuum door will be required for the target-box and 

it will need a fairly good seal. Bec~use of the high radiation 
levels in thic ~rea, rrn inorg2nic m~terinl such ~s indium is 
suggested for the sealant. The door would be clamped into 
place and the vacuum would provide the necessary force to 

~aintnin the seal. 
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Figure 2 shows an elevation view of the front ena of the 
target-box. The recessed area in front nf the box is used as 
a sump to collect radioacti'Ve W!J."!X!t' that might escape iri ihe 
event of a water-line rupture~ Heat exchangers for the beam
stop should be located near this area to make use of the sarne 

sump. This v:ould have the advantage of limiting the area in 

which radioactive water is used. When loading the target

box, the recess mu2t be filled to provide support for the 
four-foot extension of the target box. This support can be 
removed once the load is in pl~ce. 

The target-box rests on a bed o:f heavy concrete, vrhich 
serves as additional hadron shielding for enclosure 100. 
In. contrast to the Meson Area, caissons are not provided to 
support the target-box. The target-box will be allowed to 

settle along with the decay-pipe and the upstream target-box. 
The downstrea'!".1. target-box also differs from the ~Ireson 

Area design in that it will not need a thin steel vacuum 
jacket around it. 

All of the other features of the target-box are the same 
as in the l!eson Area. 30" -gauge, 40-pound rails are provided 
in the floor of the box: They offer the easiest means of 
steering the load into :place. The inner 3n steel wall of the 
box is water-cooled: The water is circulated on the outer sur
f.ace of the wall. Tvrn feet of iron bloons are provided around 
the outside· of t·he box a:nd ·serve ·as •transveT'se· hadron shieJ:ding~· 
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Loading Procedures - .Enclosure 100: 

The target-box is designed to accept loads o:f twenty 
feet i:r1 length and seventy tone in weight. The enclosure is 
made large enough to allow the load to be brought into the 
target-box by means of rigging procedures or by use of a. :fork 

lift. 
The procedure for loading the tareet box can be outlined 

a and 13. 
with the help of figures 3 and 4/ A. twenty foot long bedplate 
is first brought in and aligned with the target-box. The bed
plate is set on jacks and maneuvered into place. It is essen
tial at this point that the rails of the target-box line up 
with the rails on the bedplate. The beaD-stop can then be brought 
into place by means of a for le lift. (The beam-stop is not radio
active when loaded into the target-box.) The iron neutron 
shield is then brought in and mounted on the bedplate. The 
shield is tied to the beam-stop and the entire loaa is winched 

into the target-box. The bedplate is then removed and the 
vacuum door is put into place. 

In removing the load from the tarset-box, additional pre
c~utions. must be taken because the load will be radioactive. 

The procedure ber"ins by rer.i.oving the vacuum door. The bedplate 
is then mounted into position. The neutron shield is discon

nected from the beam-stop and removed from the target-box. 
The door to the target-box should now be covered by a thin 
leaa shieta, while the neutrot.t sn:i.e:td is removed from the 
enclosure. Then ::::. one-inch-tt.ick lead shroud is Y.!l.ounted 
on the bedplate ~.nd the bea'"::-stop is removed from the target
box and pUi; into the shroud. The bec.m-sto"9 with its shroud 
in then removed .• ~rom the .. enclo~urE!·~ by a remote-contr.0lled fork 
lift. The bedpl~te can then be removed from the enclosure. 

Disconnecting the ber~n-ston from the neutron shield 

vvhile in the tr~rget-box re~uires a special procedure. The 
beam stop is connected to ~he shield by means of two steel 
c~bles thnt ~re threaded throu~h holes in the bottom of the 

· and 4a and b. 
shiela ns shov1n in figures 9a and b/ The cc.bles a.re tied to 
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the shield nt the back. Disconnect is 

then accomplished-from the rear of the shield nnd the· cables 
refile.in in the targGt-box 'Nhen the shield is removed. The cables 
are used to move the beam-stop m:..t of the target-box. 

In the event that an excessive force ic required to re
move the load from the target-box, an emergency 100-ton eye 
hook has been provided at the downstream end of the enclosure. 
From this point a winch and cable could be used to supply a 

100-ton pull on the load. Thus, if a wheel bearing or axle on 
the load should fail due to exposure to the beam~ the load 

could be dragged out of the target-box. Even in e.n extreT<e 
case where the load might become wedged into the target-box, 
sufficient· force could be supplied to free it. 

An alternate procedure for removing the load from the 
enclosure would be to winch the entire load - beam-stop, shroud, 
hadron shield and bedplate - out through the entrance of the 
enclosure. For this purpose, the bedplate would be mounted 
on brass bearings. The load would be winched out and onto tha 
bedplate. A winch and cables would be used to slide .the load 
out of the enclosure. A wooden carriage would be mounted against 
the wall of the enciosure to help remove the load. 
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Beam-stous anJ Targets: 
(A) Initial JJoti.d for the Taraet-Box 

During the ini ti·e.l ·operation of the -area the primary. 

user will be the narrow-band neutrino experiment. The main 
beaT!l-stop for thiB experiment will be located in the upstream 
target-box and, therefore, the downstream target-box need 
handle only a negligible amount of thermal power (less than 
10 watts) for the experiment. About one absorption :mean free 

path of material will be req_uired for shielding:· This is equi
valent to about s·ix inches of iron. Two ports muct be left 
open in the shielding: One at the beam· axis for the muon beam 
and another 14t11 to one side for the hadron beam. Both :ports 

are 2" vertical by 4" horizontal. 
(B) The High Power Beam-stop 

The high power beam-stop will be used to absorb full beam 

power. Its design requires consideration of (l)the amount of 
material needed to absorb the beam power, (2) 
energy deposition within the material, (3)mechanical stresses, 

(4)distribution of cooling water, (5)type of reaterinl used 

to absorb beam power and (6)the flow characteristics of wo.ter 
within the beam-stop. We will consider each of these points 
in the following paragraphs, and, also, we will suggest a 
beam-stop design based on a simple model. 

The amount of material needed to absorb the beam power 
is t.abulated in. T1:·-21.8 ::;..nd the results are ~iven :in figure 5 
Fro::!. the grnph it is clear that about eight absorption mean 
I,ree paths of mP.terial nre ren_uired. This is equivalent to 

aoo~t five feet of coµner. 
The energy disposition in the bea~ stop is not unifo~ 

but peaks at about 1. 5 absorpt·ia·n mean :rree paths· within the 

material. 1'hio c:::u1 be seen in figure 6 which gives energy 

deposition in all.l"'":'inum as calculatedi by" lronte Carro technl.ques 3• 

Also, the ra.dit=i.l distribution of energy becomes flatter as 

the shower develops within the !'!l.aterial, as can be seen in the .... 
figure.;. Therefore, the coolti.ng rcc::ui -rem en ts c.re TT' Ost strin-
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gent in the :first four r.i.ea..'rl free paths of r.-;nteri.:i.l. 

Tb,e '.te!!lperature rise in .the beam-ston will d_epend .on the 
duration of the spill and the size of the beam spot. For. a 
long spill the cooling \':ater. can moderate the temperature 
rise. Also, a larger spot size will reBul t in lmver temper

atures in the stopper 1 since the energy density deposited 
in the material would be less. For bubble ccamber neutrino 
runs, \Ve anticipate a short spill but a large s9ot size (given 
a 1 mm-mrad emittance at the target, the spot should be about 
sixteen inches in diameter at the end of the decay tunnel). 

For experiment 48 or for monopole exposures, the spot size at· 
the beam-stop will be about 2" in diameter with a long spill. 

As the temperature within the be&u-stop increases, large 
stresses can develop due to the radial temperature differential 
in the beam-stop. (The hot metal along the beam axis tries to 

expand but is constrained by the cold metal on the outside of 
the beam-stop.) The expansion is constrained in ~no dimensions 
and therefore the stress is given by 

._f = 2 a( Y ~T 
where o( = coefficient of linear expansion 

'( =Young's modulus of the material 

A-r= increase in temperature 
_i /AT is given in Table I for copper, aluminum and. iron, 

and compared to the Yield Pnint of each T'letal. Since we anti
cipate tempera~u.re incre~Ges near loo0c., it is clear that, if 

a solid bloc~:.. of T7letal were uned for the benm-sto:p, defornmtion 

of the :metal v:culd occur. (As we will show later, because 

aluminum will 'tend to run at lower temperatures, these stresses 
would not be as severe if alurriinum ·w·e·re u·sed a.s the beam-stop 

materirJ..l.) ·rhi:-;:; could lee.d to breaks or failure in water P.aths 
cau:8inc leaks \?i'thin the stopper·; These large stresses can 

be avoided, however, if the h;:.ated met2.l is given room to ex
pand. For this reason, we favor conatructing the beum stop 
out of ~egnentu of rods rather than out of a solid block of 
metal. Llore will be said on this later. 

(1) 
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A simple model can be used to estimate the required proxi
mity of cooling water to the a e°'1osi ted heat ··.i th"in -:he beam.

atop. In figure 1 v1re ·consider therea.l enerc:y depo8i ted u.ni

formly within a cylinder of radius a and of length L. The out
::;iide surface of a cylinder of· radius b is naintained 2.t a tem
perature Tb. If energy- is being deposited into the cylinder 
of radius a at a rate S (cal/cm3sec) then: 

(~ ~ SV - .2TTL~B_ (T-T1:1) <2> 
, _. C" C t-> I a. ) 

where Q = energy flow per unit volume to surface b 
V:= volume of cylinder a 

L = length of cylinder a 
k = thermal conductivity of metal 

.· T = temperature at surface a • 

Subs ti tu ting Q .:: f c. V .f:.lI 
CJL,t 

where ~ = density of metal 
c = specific heat of metal 
and solving for T: 

T ~ Tb t -~} ( 1 - e- -1/i) 

where t
6 

= duration of spill, 

~ -::: -~ a.1· ~ ( b/Gl ). 
~..,."' 

If the spill is continuous the metal will reach an equi-

librium temperature . S ~ _ . l. { '9/(1.) -r: ; l1;1 t ---- ~ 1 (? r ... . -. 1o 
where p = beam power. 

.c. .f Q JT !.:. :..f;. ;· 

It'or t greater than tq the mctc::.l cool::: to a temperature given by: 

r - ~ t :~ ( ~ t ~I;:: - I ) .J - f I~ .1 I ·· I b c: s '-- c ,,r Z ,. s: • 

Va.lues of ·r for copper~ alUI!linum and iron are .given in Table II. 
-From the table, ~ve can estimate roughly that since a ~" beam 

spot is the sma.llest 2ntici::_J:.:ted in thi::i areF:., water coolin_g 

lines ·should be within 4'' •of the beam axis cp2.rt to achieve· cooling 

times of about 2 seconds for copper. 
For a short opill, the iexponential in Eq.4 can be expanded 

in e. Taylor series Wc~ich give~ 
'S~+ -,:: rib t .. (. j' 

( 31 

(4a) 

(4b) 

(6) 
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Since s -:: tvEr 
V .fs ; 

where N = number of' protons 

E = p proton energy 

v = volume of cylinder a, 

then r =Tb f- ST ( ·flfs ) £. )· <:. /f ~ 0 - - J 
where ~T-= /V 1:;. (> 

cf v 
f 

Therefore, if the duration of thet;pill is su:fficiently 

short relative to . ~ the temperature rise per pulse is indepen
dent of' spi11. duration. For a 4 11 -diameter copper cylinder, 

(7) 

30" long, a bubble chamber pulse of 5 X l013 p:r-otons of 500 GeV energy 
of a two-inch spot size would give a temperature increase of 

were 
140° C. if the energ:,~- I uniforT'.lly deposited. If non-uniform 
energy deposition is taken into account the temperature rise 
would be about 300°c. For a four-inch beam spot the temperature 
rise is about 75°c. We would anticipate designing a beam-stop 
that would acco·mmodate a four-inch spot size for a short spill 
at full· beam power. For a long spill, this same beam-stop 

could accommodate a two-inch spot size if it were made of copper. 
The water flow required to cool the bea~'-stop can be cal

culated from conservation of energy and is given by the formula 

F :: -~~ 9 p 
c..j AT 

where F = rate of water flow in gal/min 
c = specific heat of water = l{ca11°o.gm) 

.f = density of water = l gm/c:r:J.3 

AT= temper~tu.re rise of water in °c. 
P = beam power in kwatts 

There±·ore, to keep the •hater temperature at 40°0. the water 
:Ulow v1ould have to be 48 gal/nin if the full beam power of .500 

KN were ·being dum.:ped into -the beam· stop.; This assumes that 

all of the \"later is being u~ed efficiently to cool the heated 
areas in the bear:t stop. 'fhis is soldon the case in practice 
and nddi tional •;:a ter r::ua t be 1;upplioJ to co:-J.pen<::at8. 

Aluminum cJid copper :.::re -t;-,e ni o:::~t eui table r-:etr.lo for 

(8) 
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beam-stop absorber. 1.r.etals with lmver therM.s.l conductivity 
requ.ire a la.rger surfac·e-to-volu."D.e ratic to allow sufficient 
cooling •. .Iron, for example, -would· run at about the same tem

perature as copper, but would be about ten times as hard to 
cool: The specific heat and ·density of iron are nearly the 
same·as for copper, but its thermal conductivity is about ten 

times less. Lighter metals are inappropriate, since they 
would require that the beam-stop be very long to absorb the 
beam pmver. 

The advantages of aluminum are that it would operate at 
a low temperature and that it would become less radioactive 

than heavier metals. The use o:f copper, however, since it is 
a ·relatively dense metal, results in a short beam-stop and 
therefore requires less room in the target-box. 

To demonstrate that alurainum would operate at a lower 
temperature than copper, consider equation 7 .. Since the pro
duct $V would be nearly the same for both copper and alumin'Ulll 
we can say 

6Ti~ L : C.c.w -::: O. l/ l/ 
a Tew CAL 

(Here we have ignored the fact that the radiation length in 

aluminum .is much larger than in copper; therefore, the product 
r v is in fact much larger for aluminum and would result 

in a lower ratio than that given by this equation.) 

Gopper i.s easier to c:oGl. but not by an appreciable .. fac.tor .. 

equation 4b, "1.!AL == CAL . ..fAt.. __ ,g,, .... _ 
·L'c. u C ' ...... Jc..w -KA" -· /, J 

Frotl 

'..!:hus, aluminum would take 1.3 times longer to cool than copper. 

To summarize, aluminum would operate at appre.ciably lower tem
p.e·1·0.tures than cop"?er, while its cooling properties would not 
be grossly different. Alu~inum has the further advantage that 
it 'Nill run at a lower specific activity than copper. A major 
difficulty with an aluminum be<?..:-r.-stop, hmvever, is that it 
would be 2.5 times longer tha:n a co0ner bean-stop. 

~\ sugr;ested dee ign for d oea.m-si;op is given in figure 8. 
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The beam stop is mo.de 39" X 39" to completely shield the face 
of the decay-pipe. The beam power is dis~:ipated only in the 
inner 1811 X lb" of the stopper. To avoid the develonJ"lent of 

large stresses, the stopper is made out of 2 11 diar.ieter rods: 
This loosely packed configuration gives the metal c.mple room 
to expand and thereby avoids the development of large stresses. 
The packing fraction for the confiiSiuration is 9lfo. The down-

. stream end of the stopper can be m~de of iron: The energy 

deposition is down by about a factor of a hundred as suggested 

by figure 6. The front end of the beam-stop is made of copper. 
Aluminum can be used-but the length of the front end would 

increase by a factor of 2.5. Care must be taken to measure 
and control the pH value of the water to avoid corrosion of 
the metals. 

The rods are staggered in the transverse direction to 
force the water to flow in a zig-zag pattern across the face 

of the beam stop. 
A major objection to this beaM stop design is that it 

holds a large amount of water (25 gallons). This could lead 
to problems in the event of a breal<::. in a water line o.nd it 

would be desirable to reduce the need for water in the beam

stop. · 
The conductance of the beam stop is very low requiring 

only 0.35 PSI gauge :pressure to achieve a water flow of 100 

gal/min. 
To avoid the formation of a thin fil!Ii on the surface of 

the rods, which would reduce the cooling capacity of the water, 
the Reynolds nU!!!ber for flow bet7;-een the rods 8houla be made 
fairly large. A calcull~tion for -+:he configuration in figure 8 

gives a Reynolds number of. 22,000..4. Because of the unusual 
geor2etry, h0'\7ever, the calculation is not totally reliable • 

• 
However, spoil~rs can be. aaacd be:t\·.reen the rods, if. needed to 

brea.l:: up the vra ter flow. 
Two ports must be included in the beam-stop to acco!'.'.ll'l;adate 

the muon 2.nd rmdron beams. 3bth ports r.re 3" vertical b:y 5" 
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horizontal. '.ehe center of the muon bea-:1. port is 1011 off beam 
center while the l1adron beam port is 14-<~ 11 off 2.xj.s.. The beam 

ports are shown in figure.9. The neutron shield directly be
hind the bearn-stop will have three :ports each 2 11 X 4" as shown 
in figure 9. The same neutron shield car can be used with a 
variety of different bean stops. Any port that isn't in use 
can be plugged with a 2 11 X 4" iron bc.r. The beams coming out 
of the porto must be monitored so that the beam ce.n be turned 
off if too t1Uch of the prirr'ary beam 'io getting throu{;h the ports. 

The position of the beam incident on the stop'.,'er must be 

carefully monitored during operation. rt ere the beam to stray 
significantly off the beam-stop axis, it could da:r.iage the steel 
parts of the stopper. The monitoring system must be able to 
turn off the beaI!l when it strays. Water temperature should 
also be monitored end the beam turned off when the tenperatu.re 
becomes excessive. 

The wheels for the stopper were ~hosen to be eight inches 

in diameter to allow them to be masked by the earth be~. 

The wheels are made of cast steel and are not water-cooled. 
If they were exposed directly to the beam, they could be damaged. 

The radius of the wheel should be fairly large, however, to 

mini~ize the pull needed to move the bec.m-stop. Water lines 
to the beam-stop should also be masked by the earth berm. 
The position of wheels and water lines is shown in figure 9. 

The beaY".1-stop should be positioned as far for.vard in 
the target-box as possible to allow· room for the neutron shield 
car directly behind it and to take r:-~axirr'.um c:.dv:J.ntage of the 

shielding~rovided by the iron walle of the box. 
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(C) Vnriable Density Target: 
J\. special variable density bear-:-stop or t8.Tget will be 

provided· by NAL for experiment 48. A :preliminary, design of 
the target has been done by BHL. An isometric of this beam
stop is shown in figure 10. .It consists of three targets that 
can be moved into the beam by means of a cable. The targets 

are all made of copper but differ in their relative density. 
Each is made of cells of one-inch slabs of copper sepnrated 
by 1/32" for water, as shown in the inset. In the shortest 
target, the cells have no separation bet\veen them; in. the inter
mediate-sized target. the cells are 2 11 apart; and in the long

est ta.rget, the cells are 4 11 apart. Thus, the effective. target 
density differs· by a factor of three. 
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Sum-iary: 
J.,fost of. the target-box design is complete 'P:nd is being 

carried out by DUSAF.. Detailed· design work must still be done· 
on the vacuum door, the vacuUI!l. feed-through water connectors 
and electrical connections in the target-box. The loading pro

cedures for the target· box have also been vrorlrnd out. They 
will vary depending· on the load, but will be done essentially 

as a rigging operation. 
A rough design of the beam-stop has been carried out, 

but further detailed design work ~ust be done. Design speci
fications have been given in this report. 

A preliminary design of a variable density target haa been 
carried out at BNL, and further design and construction will 

be done at NAL. 
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TABLE I 

d-... y Yo1_ Yield Point 
(oc-1) PSI PSI/°C PSI 

Cu 1.4 x lo-5 1.6 x 107 420 5000 
Al 2.4 x io-5 l x 107 480 5000 
Fe 1.2 x 10-5 2.8 x 107 672 30 000 

{) 

d '": d-.. y LJ -r 
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TABLE II 

c .f 
(:/) ;; 2 . 5" c,,.. ... .'~ (See Fig.7 for 

'V, ' - ) def ini ti on o:f p k 
.. ..._.-- I \ r;; -: :; c. ,-,,1 c 2. R.. a and b) 

Cu .094 8.96 .92 .458 1.99 sec 

Al .212 2.7 .48 .596 ~.58 sec 

Fe .11 7.86 .11 3. 93 17.03 sec 
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