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This report revises the report AR/Int. SG/62-10/Rev. The revision is 

made necessary due to the anticipated increase in the CPS intensity if a 

200 MeV linac is to be built as a new injector for the CPS. At the same 

time, this report includes the effects on the shielding due to the tentative 

fixation of machine structure, of some relevant dimensions of the ISR tunnel 

and of the ground level on which the ISR will be constructed. 

The proposed intersecting storage rings (ISR) (de Raad 1963) r;iake it 

possible to perform simultaneously 8 different colliding-bean experiments. 

In addition they can be used to provide d.c. beams of secundary particles 

by slowly spilling out the injected protons in between successive pulses 

from the CPS. The nost flexible experi@ental nrea would therefore be a 

large annular hall around the ISR, with inner and outer radii of, say, 

120 m and 180 m respectively. The ISR would then be shielded with side 

walls made of concrete blocks and a roof made of concrete beams that could 

l;le rearranged so as to suit any specific experiment. Unfortunately such a 

lay-out requires huge amounts of concrete and is very expensive. 

Since, per unit volune, earth shielding is about a factor 30 cheaper 

than ordinary concrete, one should try to use as 1�mch earth as possible for 

shielding purposes. Burying the ISR in an underground tunnel ie- the.r:iost 

effective way of achieving this. This solution is in fact iriposed by th� 

quality of the ground of the site on which the ISR have to be built, 

Studies (Soletanche, 1964) of the strncture of the underground have shown 

that the highest level acceptablo for the tunnel floor is at 443 min order 

to be on stable snndstone along ths whole circumference of the ISR. The 

lowest level of the ground surface e.round the nachine is at about 449 n, 

while the highest level is at 462 n. A tunnel of 6 n height will therefore 

have at most its roof on the level of the norr,ml ground surface. 
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On the other hand, tho problem of access to the colliding beam areas 

has led to the proposal of an excavated road on the 443 m level on the in­

side of and about concentric with the ISR tunnel as shown in fig. 1. In 

spi tE! of the fact that earth shielding for the :::,ide wal]s cannot slope down 

faster than at a rate of 1 : 2.5 for st&bility reasons, which implies an 

ee.rth volume of 3.5 tim�:s that of a concrete shield, earth shielding remains 

the only economical proposal. This reasoning also applies to the shielding 

of the colliding beam experimental halls, of which the sizes have been 

tentatively fixed at a length of 70 m and a width of 25 m for the intersec­

tion points where the ISR beams go towards the inside, at a leng.th of 50 m 

. and a width of 25 m for the points where the beams go towards the outside, 

and with a height inside tho halls of 13 min both cases. 

There are only two cases where an argument can be made in favour of a 

wall and roof shielding consisting of concrete blocks. The first one is a 

demountable tun.nel section at an intersection point, which allows the con­

struction of a colliding beam hall, the size and shape of which can be 

decided in the future, without an extensive shut-down period for the ISR. 

This case will not be treated further in this report. The other case, which 

will be considered here, is that of a demountable shielding around the part 

of the ISR to be used for statiunary target operation, the whole overcoupled 

by part of an experimental hall of 50 x 200 m for the use of secondary 

beams. 

In estimating the required E,hi8lding thicknesses, we shall whenever 

possible extrapolate from the existing information about the radiation level 

around thE:: CPS instead of basing ourselves on less roliable theoretical cal­

culations. Moasurements have beE::n made by tho CERN Health PhysicR Group 

in order to survey the radiation hazards around the CPS. Although these 

measurernenh, have perhaps not the desired accuracy for our purpose and more 
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extended measurements will have to be made, they offer already thG most re­

liable starting point for estimating the requirt3d shielding thiqknesses 

against nuclear radiation. For the muon background estimates based on the 

k..."lown pion production spectra are madeo 

2. Biological Requirements 

We shall base the shielding design on biologic1c,l requirements �nd 

assume that any detector which needs ,?- lower background has its own special 

shielding. The maximum permissible dose (mpd) for radiation workers is 

2.5 mrem/hr (Rossi 1957). 

When a beam of strongly interacting high energy particles passes 

through a concr0te shield its intensity decr0ases by absorption, but after 

a few·mean free paths each surviving primary particle is accompanied by a 

large number of lower energy particles, 2ost of which are neutrons from nu­

clear stars and other processes and the biological effects are mainly due 

to these degraded particles. 'l'he degraded radia·tion emerging from a thick 

shield usually consists of a mixture of fast neutrons, slow neutrons and 

y-rayse 

Measurements m::.de by the CERN Heu. 1th Pby:::;ics Group (Baarli, 1964 a) 

indicate the followine; radiation compo.si tion in rem-·dose outside the CPS 

shielding whi.ch is ,:Ebcut indopendcn t i0)' 1�hioldin 1,;:_ thickness [:nd t:"trgot _ lc1.c:-1 tion, 
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Only the number of fast neutrons will be considered in our calculations and 

it will be assumed that the mpd corresponds to a neutron doserate of 

1 mrem/hr. The latter figure is equive1.lent to 7 fast neutrons /cm
2 

sec. 

( . ) �) Rossi, 1957. This conservative assumption seems justified as the cal-

culations will be mainly based on the neutron measurements made by the 

proton recoil counter and long counter which are only sensitive to the 

neutron energy range of (0.1 - 14) MeV (Baarli, 1964 b). 

An important part of the background in our case consists of fast 

muons. We therefore also note (Lindenbaum 1961), that loV'.'em/hr corresponds 
2 

to 9 minimum ionizing particles/cm sec. 

In calculating shielding thickness we shall aim at the mpd on top of 

the roof, where people do not normally work and 0.1 of the mpd in the work­

ing areas at both sides of the ISR. Wra believe that .this last figure pro­

vides an adequate safety fe,ctor etg,,inst possible errors in our results due 

to uncertainties in the parqmeters which enter into the calculation. 

Sources of Background Radiation 

The shielding design should be based on the intensities which might 

be reached with the CPS in 6 years from now, in order to avoid expensive 

additi9ns to the shielding after the first period of operation of the ISR • 

. ,..-. 
·· 

1 The readers who wish to compare this report with AR/Int. SG/62-10/Rev. 
will find that in the previous report calculations were based on an mpd of 
2 mrem/hr for fast neutrons. Thia docc not reflect a change of policy 
however, since the measured number of neutrons in the (0.1 - 14) MeV inter= 

val was in that case arbitrarily multiplied by a factor of two to account 
for the higher energy neutrons. In view of the new information about tho 
radiation composition, the authors preferred the formulation given above. 
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The maximum intensity which one might hope to reach with the CPS with tho 

present 50 MeV linac as injector is 

12 N = 2 x 10 · protons/pulse. 
a 

This is about 2.5 times the present CPS intensity. If the 50 MeV linac is 

to be replaced by one of 200 MeV, as is seriously being considered at presen� 

the CPS intensity could go up by another factor of five to 

N = 1013 protons/pulse, a 

The maximum current expected to be st�,cked in each of the ISR is 

N 4 x 1014 protons(= 20 Amp). 
s 

For the purpose of estimating the shiEJlding thickness however, we shall 

assume a maximum stacked currEmt of 

N = 4 x 10
15 protons (= 200 Amp). s 

In spite of this last assumption it will be shown that the required shielding 

thickness is not determined by the colliding beam experiments but by the use 

of the ISR to provide d.c. beams of s0condary particles for the orthodox way 

of oxpc,rimentation. The shielding calculation for this last case will be 

based on the injection of 1013 protons per pulse into the ISR. 

For the purpose of shielding calculations we assume a pressure of 10 
-8 

mm Hg in the ISR. The beam lifetime is then 1.2 x 105 sec 33 h and the 

number of protons lost from each SR is 3 x 10
10 

protons/sec. The radiation 

from a point target is smeared out over some 40 m along the ISR circumference 

of 940 m. Therefore the beam loss from both ISR due to gas scattering gives 

close behind t:he shielding wall about the same background as a point source 
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Lindenbaum (1961) reports that when the Cosmot�on 

prot�ns/sec at 3.0 GeV, with barrier shielding, but 

withr rut roof shie sky shina radiation level was already 3 I mrem;hr 

which is slightly abovo the IDJ)d. It appears therefore that even under quite 

ideal condi ticms tho ISR are not such clean dovice[:i as one might think at 

first sight. 

Supposc: that the l,oam in the ISR i.s renov,1ed after· 24 hours, 'I1he in-• 

jected. beam must pass as close as possj_blo to the vacuum chamber wall in 

order to use effectively the total horizontal aperture. Moreover one may 
· 1 7 �5 ° / 

F t f' t RH' 1
" t d . t l ' sp:1 .1., say, c:. Jo o:L he protons ..:ram he . .c bucr:e uring s ·acKing. 

:B7inally tho surviving bu\m after hours must be disposed. of befo:te a 

fresh beam can bu stacked. We shr<Ll bo somewhat generous and assume that 

during all these r;1ani1mla tiorn:; each ISR is allowed to spill out 10 ° / o at 

any place around its circumfenmce, This gives an extra source strength 
9 

/ of 9 x 10 protons sec. 

Al though we may Hssumtc' that normally one ccrn dispose of the beam in a 

well shielded. pl8.ce, j_t might occasionally hanxm that the beam is lost 

somewhere e1so bofore it cm, b1:; , due to some rdnor accid.ont ) like 

vacuum or magnet trouble, The2e troubles are 1ikely to be associated with 

an experimental 2ct-up in the interaction region, so that the beams of both 

ISR would. be lost at approximn 

large instantaneous racl:l.ati.on 1e,reJ... Let us e.ssume that the total dose 

received. by a per,,on working behind the shielding at that mome:nt can be 

treated as if it had been accu1m1lated over a period of 4 weeks with 40 

working ho1irs 'per week. This then corresponds to a source strength of 

14 X 10 _; protonsLsec. 

_10 
Adding up we find a tota1 equivalent source strength of 2.6 x lU 

protons/sec for the case of colliding beam experimentation witb the ISR. 
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One might argue that these estimates are somewhat exaggerated regarding 

stored proton intensity and prevailing pressure. However, if the ISR are 

used for 25 GeV experiments the interaction rate in the target is about 

•� x 1012 �rotons/sec. A 3°/o · t t l ( 40 � � _ spill-au a any pace or over some m 

len�th) due to injection and targetting together would correspond to a source 
�1 strength of 101. protons/sec. A total spill-out of about 70 °/o over the 

whoh1 circumference f the r:iachine is not excessive since the proposed ver­

tical aperture of the ISR is only 52 mL'l instead of 70 mm for the CPS. This 

reduces tho number of multiple traversals through a target, and thus the 

target efficiency, and increases the beam loss. 

On the other hand, it is expected that the machine contamination will pre­

vent the continuous use of internal targets at the maximum intensity fore­

seen. This will make icperative the use of iast or slo� ejected beams in 

some 80 °/o of the non-colliding beam experiments, and the internal beam 

loss may be expBctud to bo reduced to at most 20 °/o under those conditions. 

We see that the- required shielding thickness is determined by station­

ary target operation, in spite of the somewhat generous beam loss assump­

tions for the case when the ISR are used for colliding beam experiments. 

The beam loss estimates outside the target region would be about the same 

for both situations if the use of the 200 MeV linac was not taken into con­

sideration. 

The average beam loss near the injectors under normal working conditions 

should of course be small compared to that in the targets. However, during 

the starting up process when the initial attemps are being made to circulate 

the beam, it is possible that most of the beam might get lost in the injector 

region, so that it looks desirable to shield it for the full beam intensity. 
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For shielding design we shall take a source strength o f  

101 1  protons/sec 

3 x 1012 
protons/sec 

everywhere around the tunnel 

in the region of  the target and the injectors , 

Shielding €,ganist Strongly Interacting ]?articles 

Measurements have been made by the CERN Health Physics Group of  the 

background on top of  the CPS tunnel at 7 . 5 m above an uranium target o per-
11 a ting in str•:iight section 82 . The beam intensity was 4 . 1  x 10 protons 

per burst at 5 sec . intervals , with a proton energy of 26 GeV . The fast 

neutron level had a maximum value of  16 neutrons/cm sec right above the 

target and gradually decreased to half this value at about 20 m downstream 

of  the target . Other measurements , with o ther target materials and at 

different positions , give similar results. Qualitatively one can explain 

this behaviour by noting that although most of the secondaries are produced 

at small angles to  the primary beam , they are partially shielded by the 

steel of the CPS magnet and hit the roo f  under such small angles, that 

their effective path in it  is several times the perpendicular thickness. 

Geibel et al (1963) have made a theoretical estimate of  the target 

efficiency by a Monte Carlo procedure. Their results indicate that values 

as high as 70 °/o can be expected in case of beryllium targets and up to 

40 °/o for copper targets . No absolute experimental values are reported 

1y them however .  Neale (196 2 )  has analyzed the data for some CPS external 

beams and found that with beryllium targe ts the effic iency lie s between 

25 and 40 °/o if the elastic proton-proton scattering is inc luded . 
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Targets with larger Z have more coulomb sea ttering and thereforo tc,r'1d 

to have a lower efficiency. We shall assume thF.t in the measurement 

reported above the targe t efficiency was 2 5  °/o ,  This then gives 

8 neutrons/cm
2 

on the tunnel roof  per 10
10 interacting protons/sec . 

In the following we shall express all shielding thicknesses as equi­

valent thicknes s  in concrete , The roof thickness of the CPS tunnel is 40 cm 

of concrete ( 2 . 4  g/cm3 ) plus 3 . 2 m earth ( 1 . 7  g/cm3 ) which is equivalent 

to 2 . 66  m concrete. The radiation level on the tunn8l roof then is 20 fast 
� 10 

neutron/cmL sec .  for a source of 2 . 5  x 10 protons/sec . , which is about 

three times the mpd. 

It  might be argued , that on to p of the roof  a neutron flux large r than 

the mpd would be allowed , since access to the roof can be restricted or 

forbidden when the ISR operate . However , it is well known that the neutrons 

are scattered back from the air and give rise to a general background 

radiation (skyshine ) which is approximately inversely proportional to the 

distance from .the source (Lindenbaum 1961 ) .  The radiation level allowed 

for the general population is about 44 times smaller than the mpd for 

radiation workers.  Therefore we consider it advisable that the neutron 

flux on top of the roof does not exceed the mpd . Moreover , it is difficult 

to add roof shielding at a later stage , since thG roof strength would not 

be sufficient . Also for this reason we consider it advisable to be s ome­

what on the conservative side in the choice . of the roof thicknes s .  

Since the preliminary accepted height for the ISR beam tunnel is 6 m 

against 4 . 5  m for the CPS , the ISR tunnel width 15 m agains t 6 m for the 

CPS and since we anticipate a thicker shielding for the ISR than for the 

present CPS , we shall calculate the roof and inner side wall shielding 

fer 9lwsen rn.diation dos e  : · t 10 - r1 dist'lnce fro:,i the. bea; 'c  • ev ,crywhere around 

the tunnel while this 
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dis tanc e will be taken 1 2 m for the target and injec tor regions. The dif-
. 2 

ferent dis tances from tho beam are accounted for by the inverso r law , 

where r is the dis tance to the s ource. 

Hence , we allow a level of 7 neutrons/cm
2 

sec. on top of tlw roof . 

The mean free path in concrete for removal ,of nuclear particles around 

l GeV such as are produced at large angles is 130 g/cm
2 • .  Sta:r; ting from the 

measurements of the Health Physics Group we then find a roof  thicknes s  of 
11 

/ 3 . 7  m concrete for a s ource of  10 pro tons sec. and 

3 x 101 2 
pro tons/sec. 

5. 3 m for a source of  

The inside wall of the shielding is  exposed to radiation in much the 

same way as thG roof . To reduce the backgrbund to 0 . 7  neutron/er/ sec . 

we need 4 .q m concre te for a source of 

for a source of 3 x 10
1 2  

protons/sec . 

11 
/ 10 protons sec . and 6 . 6  m concrete 

For the outside wall the situation is quite different� The average 

in.elas ticity of high energy c o llisions is not more than 50 °/o so that 

quite often the primary pro ton retains mos t of its en,ergy . The average 

transverse momentum of the secondaries  is about 400 MeV/c , Then there are 

the elas tically scattered pro tons and the high energy neutrons which are 

s trongly peaked in the forward direc tions . The maj ority . of the se high 

energy secondaries produced at  small angles will hit the outside shielding 

wall , which mus t therefore be thicker than the roof and the inner wall . 

Accurate calculations are difficul t in this case, but it will be shown 

below that the thickness of the outside shielding wall is mainly deter­

mined by the moons . We shall therefore res tric t ourselves to an approxi­

mate pessimis tic calculation of the thickness  required for the outside 

shielding wall to reduce the fas t neutron level to 0. 1 of the mpd . For 

the moment we shall neglect the effec t of the magnet yokes .  
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Lo t us assume that half of the energy of the primary proton is carried 

a":my by high cmcrgy secondaries which are contained in a cone with half 

opening angle 2 ° and that the o ther half is distributed over low-energy sec­

ond·aries produced at  much larger angles , up to 90° . The . latter half is taken 

care of by the s ame shielding thickni:: s s  £:os we had found for tho inner ,\fall ,  

so  that we only cons ider the forward c one . We assume the geome try s hown in 

Fig. 3 ., Each high ene:cgy s econdary of the forward cone develops a nuclear 

cascade in the shielding walL If e,11 degre,ded particles  went in the forward 

direction , their effective path in tho concret," would be very long . We take 

for the removal the mean free path at these high energies in concrete � ' 

170 g/cm.
2 

and assume a fas t neutron build-up factor 100 per 25 GeV proton . 

Finally , we assume that the nuclear cascade in the concrete forms a uniformly 

filled cone with half opening angle 30° . To reduce the fast neutron back­

ground to :  o- : 7 neutron/ cm
2 

s ec , , we then need a concrete thicknes s  of  6 .'3. for 

a source strength of 101 1  protons/sec . and 7 . 6 m -for a s ource of 3 x 101 2 

pro tons/sec . 

Shielding against M_yJlli.§. 

The mean free path for decay of c, re-meson is 55  p metres ,  whero p is 

the momentum in GeV/c . A 10 GeV/c n-meson has a 1 . 8  
o

/o probability to decay 

in a flight path of 10 m ,  s o  th,1t the high cnorgy muon flux is , roughly speak-

ing, a few per cent of the high energy n:-meson flux. However , the muons are 

no t absorbed by nuclear interactions but are only slowed down due to energy 

loss by :!.onisation , Only those muons are suppressed , whos o  range is smaller 

than the shielding thickness . 

The energy spectra of n-mes ons produced by 25 GoV pro tons are reasonably 

well  known ( Baker et al . , 1961 , Diddens et al . ,  196 2 ,  Cocconi 1961 ) .  For the 
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given 11-meson momentum p the muon momentum p has approximately an equal TT µ 
probability to have any value in between 0 . 57 p and p . We shall as sume 

'It n 

therefore that the momentum of all muons is 0 . 79 times the momentum of the 

parent n-mE., son .  The momentum of the muon in the rest  fro.me of the re-meson 

is about 30 MeV/c so  that in the h,boratory sys tem the muon has essentially 

the same direc tion as the n-meson ,  The angular distribution of the n-mes ons 

is strongly peaked in the forward direc tion. The mos t refllistic figure for 

a shielding design is the muon flux , averaged over a suitaoly chosen area. 

We have therefore integrated the n-meson spectra over all angles and calcul­

ated the total number of muons , per interac ting pro ton , whose momentum ex-

ceeds a value p assuming a n-meson decay path of 10 m .  The result is 
min ' 

shown in Fig . 2 .  

The high energy muons are produced approximately tangentially to the 

ISR, s o  that they only influence the shie lding thickness on the outside of 

the ISR .  The attenuation of the muons depends s trongly on tho geome try of 

the shielding and the ISR magne ts . If the ISR beam lE:vel will be on 444 . 5 m 

there will essentially be only a muon problem in the hall for secondary 

beams from stationary target operatiun . Since tho lowest surface ground 

level encountered around the ISR is about 449 m (the highest about 462 m ) , 

all muons will be stopped in tho surrounding earth . We shall therefore 

treat only the case of the secondary beam hall where a demountable shielding 

of concre te blocks i�round thu ma.chine .is forese€m. The lay-out is shown in 

We want to de termine the shielding thickn0ss necessary to. reduce the 
2 

muon flux to 2 . 5  muons/cm sec . , i . e .  0 . 1 of the mpd , behind the shielding 

·wall  at a dis tance of 50 m from t}10 targe t .  For s implic i ty ·we assun1e that 

all muons come from the intornnl targe t .  For all calcul2.tions in this 

section we shall make the following assumptions : 
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The number of interacting protons is  3 x l p0r  s ec ,  Half of 

thE:, TI-mesons are absorbed in the vacuum chamber wall or coll ima• ­

to rs close to the po int of produc tion , so  tha t they do not c ontri­

bute to the muon flvx . 

b) The average flight path of the n--mesons is 10 mo We average -�he 

total number of mi.:;.ons as derived f:rom Fig , 2 over a cone with a 

half opening angle of 50 mrad and neglect the detailed influence 

of the magnet stray field , 

c) We consider all negative muons and only 50 °/o of the positive 

muons , since roughly half of the 12, tter will be de fleeted inward 

by the downstream magnet uni ts and conse�uently strike the side 

walls under small angles , which increases proportionally their 

path length inside the shielding , and are  moreover sme1:1.red out 

over a large length of the shielding wall . 

d )  The average momentum loss o f  the nuons in collimators , beam traa .. 

sport ,  downstream magnet yokes 1 e tc is 3 GeV/c . The equivalent 

of  2 . 1  m of steEil is nee ded  for this ene rgy loss, if we assume 
dE 2 
-- == 1 . 8 MeV per g/cm dx 

Under those  conditions the total nu,11ber  of  muons of onE1 s ign per inter -

acting pro ton wi th D ) u for 10 m decay 1x, th of  the n-mesons h8,S to be � IJ. 7 � min 
smaller than 1 .7 x 10- . Ext�apolating the trend of Fig , 2 ve estimate 1 

that all · muons with momentum smRller than 15  GeV have to be sto pped . Allow­

ing for an energy los s of 3 GeV in the targrJ t  arcn1 9 th,3 shielding in the 

forward direction hns to be suffic ient to stop 12  GeV/ c muons , which corro- -
3 2 3 s ponds to 6 . 7  x 10 g/cm L e .  8 , 5 5 m of  steel  (p : 7 , 8 g/crn ) or 19 . 0  m of 

"2; 

barytes ( p  : 3 , 5  g/cmJ ) .  I t  is obviously advantageous to place the shielding 

11 th t . t . d . t' , t' . t· o 0 d · t · wa so a l provi es m,::cxir:mm pa n .L ong n in he irec i ,:,n .  On the 

other hand , if a 5 tons crane is required in the target area as in the 
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o ther parts  o f  tho ISR tunne l ,  i t s  shielding has to be c ons truc ted as a 

c ont inuation of  that tunne L Wi th tho shi e lding lay--out as shown in 1'1ig .. 3 

a wall thickne s s  of  7 . 6  m o f  baryto is suffic ient f o r  the require d path 

1 ' h . .,_h o
0 d . t . eng0 " in L e  .ire c ion . I t  may bo n o ted that thi s  thickne s s  provide s 

I 2 40 removal mean freG pa ths ( 11,  rv 1 '70 g1 cB ) for. the high ene rgy s trongly 

inte rac t ing par t i c l e s  in the fo rward direc tion . 

For muons which o riginate ups tream from the targe t we as sume a point 

s ourc e fJ trength o f  10 1 1  int e rac ting pro tons and calcula t e  the shielding 

thicknes s  at  60 m from tho s ourc e ,, l1he o ther c o ndi tions remaining the 

s 1:1me we calculate a path 10":mgth of 14 , 3 m 01 b ",ryte along tho appro priate 

o
0 produc tion dire c tion . Por this a shielding 'iral l thickne s s  o f  5 " 85 m v :i' 

baryte i s  roquirod , Hovreve r ,  a de 1:; reas e o f  boarr1 l o s s  in this region by 

appropriately plac e d  beam c a tchers in the ISR c ould be a t tempted . Mo reove r , 

s pac e  requirer:ients in the ISR tunnel ups tream from the targe t may be J_e ;::, 3  

s trignent s o  tha t s ome add i t ional bn.ry t ,,l shi e lding c ould be provi ded. ne ar 

to the ISR inner arc s traigh t  s e c t i ons in o rder to IJrevent pion decay and 

to s low down muon s . A wal l  thickness  of 5 m of ba:r:yte is therefore pro-· 

pos e d  for the longe s t  part o f  tho out s ide shi e lding wal l . 

The thickrn, s s  o f  the in..'1.c➔r wall i s  cho s en as 4 .  5 m of  b aryte a�1d 

that o f  the roof as 5 . 3  m o f  conc r e te s :Lnc e thoy afil de t e rmine d by the 

attenua tion of tho nuc lear c a s c ade as tre a t e d  in s e c tion 4 ,  Tho cho i c o  o f  

baryte as shielding LJ.aterial for  the s iz e  wal l s  wrrn mad8 on s pac0 c on­

s iderations , C o s t c ons idoraticns c ould s t i l l  l ead to the cho i c e  of an 

equivalent thic kne s s  in c onc r e te for a l arg0 part  of the s hie lding wal l  in 

the ha11 f o r  s e c ondary bemr, experir:icnts o �-:'ho fac t .that this shielding is 

demoun table allows its adaptntion to the ac tual 'beam int ens i t i e s :Lnj e c t e d  

i n  to the ISR a t  a given moment . 
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6 . Conclusions 

The following tabl9 summarizes the shie lding thicknesses  for tho 

inner wall and the roof c alculated in the previous sections 

strength 101 1  protons/sec . 3 X 1012 protons/s ec . 

shielding e3,rth I concre.te baryte earth 
I 

concre te baryte 

J 

Roof 
�ut, 5. 2 3 . 7  2. 5 7 . 5  m 5 . 3 3 . 6 

10 
m m m m m 

Ill. frGm :i!IOJJ..J:'Oli, 

Inside wall�� 6. 9 i 4. 9 3 . 4 m 9 . 2 6 . 5 4 . 5 
a:t 12 m i m m ill m 

m fPom sour0O 1 I 

Outside wall .l ('I l 0 G G  section 5 .  ... 

For the outside wall  no figures are nentioned s ince the tunnel floor  is 

at  least 6 m below the l owest ground surfac e level, by which automatically 

an adequate  earth shielding is  provided .  This is not the c ase for the 

secondary beam hall. Here the shi elding thickness is determined by tho 

required attenuation of the muon flux , as it always is for the outside wall 

for our primary pro ton ene rgies . An estiBato fo r tho shielding thickness 

· .dapted to this particular situation is given in s ec tion 5 while the lay-.out 

is shown in Fig. 3 .  

As the thickness estimate for the ,outside and inside shielding walls 

is based on 0 . 1 mpd b ehind the wall in the expe rioental area and on a max­

imum CPS intensity which might be a fac tor 2 higher than realistically can 

be hoped for ,  wo have a safety fac t or of 20 against errors resulting from 

the uncertainties in thG experimental data fo r thG parameters on which thG 

calcualtion is based .  It  is our o pinion that this safety  fac tor is suffi­

cient , but not exaggerated. Better data about the effectiveness of the CPS 

shielding could lead to sooe reduction in this safe ty fac tor ,  thereby . 

PS/3 987 
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reducing the required s hielding thicknesses . The accuracy of the es timate 

for the thickness of the outside wall is limited by the dependence of  th,J 

muon flux on the lay-out of c ollimators , beam transport etc in the target 

area. 

The critical evaluation of t he calcualtion fo r the roof  shie lding is 

c omplicated by the requi rement to have the mpd for the gene ral population 

at the boundary of the CERN s i  to . This dose  in 1nre1:1/hr is  44 x sm.aller than 

that for radiation workers ; I t  is  difficult to make a re liable es timate for 

the dose  at larger dis tances which is determined by the sky s hine radiation, 

but pre liminary · e stimates s how that · this condition is met for the propos ed 

s hie lding . More extensive me asurements on the CPS radiation level  at l arger 

dis tances c ould s erve as a we lcome guide on this point however.  
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