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1. INTRODUCTION.

A large heavy liquid bubble chamber is a convenient instrument for an
attempt to detect reactions induced by high energy neutrinos produced by the C.P.S.
Such an experiment involves a major effort in time and expenditure and its planning
must be supported by a detailed study of the physical layout, thewpractical problems
involved in the erection of the shielding, the finénéiai implications and the

effect on the general nuclear physics programme for the C.P.S.

This report proposes an experimental arrangement 6f our 500 1 heavy
liquid bubble chamber in its assembly region in the South Hall and presents a
study of the problems menticned above. The general shielding considerations of a
previous report (PS/Int.EA 60-10) are completed with estimates of the intensity
Yof possibly confusing background. from neutrinos penetrating the shielding after
Amultiple scattering. A detailed arrangement of the different shielding materials
is worked out on the basis of information from the C.P.S. Machine Group and on
criteria of availability, cost and erection facilities. The space requirements
of the equipment around the chamber are studied and floor loading problems are

investigated.

Tentative estimates of cost and time schedules, inClu&ing auxiliary

tests for the preparation of the experiment, are presented.
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5. SHTELDING CALCULATIONS.

2.1. lMuon shield.
The calculations presented in this chapter are based on the layout
shown in Figs. 1,2 and 3. A detailed discussion of those diagrams is given in

chapter 3.

- The shielding in the direct line of sight'target-a'bubble chamber must
have such a thickness, that no muons can reach the chamber. Therefore the cutoff
momen tum l> ot the muons must be slightly ‘above 20 GeV/c and we have“chdsen‘EO.S
GeV/c as a design figure for the shielding layout. an extrapolation of Fig,'2.9,4
in Rossi's book'2 shows, that this corresponds to a total shielding thickness
of 10'500 g/cm2 of steel. The same Tigure is valid for béryte, since this is
mainly bariumsulfate so that it has roughly the same 7 as steel. The bubble
chamber magnet itself is equivalent to 500 g/cmg. This leaves then tor the muon
shield a thickness of 28.5 m. The latter figure should be considered accurate
td pérhaps 10 o/o and within these limits it will have to be adjusted by direct
experimentation. If the thickness of 28.5 m would not be sufficient one could
either place some extra baryte blocks a.ainst the end wall of the decay tunnel,

or lower the energy of the P.5. by some 5 o/o to 10 o/o.

2.2. woources of background.

The particles which could produce spurious events, similar to neutrino
reactions, are neutrons with energies above a few hundreds MeV. The absorption

514 as

length of steel or baryte ror high energy nucleons has been measured
140 g/cmZ. For an attenuation by a factor of 10 one therefore necds 93 cm of
baryte or 42 cm of steel. The attenuation in the direct line of sight target -
bubble chamber is about 10“309 so that essentially no neutrons will pass through

the muon shield in the same direction as the neutrinos.
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The confusing background comes from particles, which have been scattered
throuéh the side walls or through the roofs of the decay tunnel and of the shielding
. bridge. Such particles can bc scattercd once or several times more against the walls
or roof of the South'Hall, so that they can enter the bubble chamber from above or
ffpm the side, where the shielding thickness is much smaller, The main difficulty

of the shiélding design is to make-a reliasble estimate of this background.

In general it will be possible to eliminate spurious events on the basis

of kinematics. Any V = type event such as produced in the reactions

Y+n —3 pFeo

Y+n —s p+ u_

must be consistent with a direction of the incoming neutrino, which is known within
50 mrad. These 50 mrad represent only a fraction 2 x 10 4 of the total solid angle

4 n and therefore this should be a very strong rejection criterion, since most
background neutrons will srobably come from above and from the sides. In view of

the very small number of neutrino events to be expected, however, the neutron back-
ground should be made as low as is practically possible, in order to meke the ident-

ification of neutrino events unambiguous.

2.%5. Flux of backeround particles entering the South Hall,

The flux of secondaries cmitted from the target and hitting the shielding
walls can be cstimated with the help of Hagedorn's 5) curves. In all calculations 3
which follow we shall assume, that 3. x lOll protons per pulse interact in the targét,
and all background fluxes will be given per pulse..Let us first calculate, in order
to demonstrate the method, the flux of particles entering the South Hall through
the wall KL of the decay tuniel which has a thickness of 3 m baryte. This wall is
hit by abbut 2 x lOlO secondaries. These are mainly pions and nucleons in roughly

equal numbers with an average cnergy of about 6 GeV. The fraction of the particles

with energies above 10 GeV is 3 o/o.
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We now assume, that such a secondary particle interacts in some
“representative point Il in the side wall, and estimate the probability, that in
‘this interaction an energetic particle is produccd in a direction, whose projection
*on “the hori ontal plane makes an angle o, with the linc target bubble chamber. For
this we -can usc o curve, given by Kalbach et a1.6), wiiich shdws the numbef of lightly
ionising sécondaries from nuclear st;rsipér unit interval of projecfed angle a,
for 6.2 GeV protons in emulsion. The lightly ionising particles produced at large
angles will be mainly pions, whereas: the neutron background in the bubble chamber
will be mainly produced by nucleons. The sverage and maximum kinetic energy in the
c.m.s8. of the nucleons as predicted by the statistical model7zs smaller than that
of the piong, so thet the engular distribution in the laborztory system of the
nucleons will have a sironger peaking in the forward direction then.that of the
pions. From the data given by Cork et al. 8) it follows that the éngular distrib-
ution of the elastically scattered nucleons, which have the highcst Cnergy, is
much more peaked in the forward direction than the curve given by Kalbach et al.,
so that the -latter can be considered as o pessimistic cstimete. Normalising this

curve ‘to a total of 3 secondaries p.r reaction, we obtein the following particle

fluxes:
interval © | 5% - 15°] 15° = 25°| 25° - 35° | 350 . 45°| 45° - 55°| 550 65°
of « '
h
particle 10 N , ‘
, ?lux 107 4 x 107 2 x 10° 107 4 x 108 10°

The attenuation in the wall KL is found by measuring the thickness of
baryte the particles have td traverse. In this way we find for the intensity of
terttary particles entering the South Hall which sre produced in single interactions

in the part of the wall KL adjacent to the decay tuuncl, the fol owing figures :
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interva C :

TRl 50 L 15% | 15° < 25%) 25% - 35° | 35% - 45° | 45° - 55° | 55° - 65°
h :

particle 107 0.2 2x10° | 3x10 10* 10*

flux

The average energy of these particles is of the order of 1 GeV to 2 GeV.

9)

a history of more than one nuclear interaction in the wall KL. However thesec

kThey ére accompanied by a 10 times higher flux of degraded particles which have
degraded particles have a lower encrgy. as will be shown below, at least one more
large angle scattering is required for a porticle to cnter the bubble chamber.from
the sides Therefore these degraded particles will not have suffieient Gﬁérgy to
simulete a neutrino cvent and we cen neglect single scatterings over angles, larger
than 60° in the wall KL. Not only ts the scattering probability small, but also

the energy of the outgoing particle is so low that it falls in the category of

degraded particles.

The roof of thc decay tunnel is equivalent to 4.4 m of normal concrete
and is hit by sbout 2 x lOlO‘secondaries. However the part of the roof of the
shielding bridge above the P.S. ring itself has a thickness of only 1.8 m of normal
concrete. Fortunately a good part of it is hidden behind the yoke of uwnit 5, but |
c¢ven so it is hit by about 4 x lOlO secondaries. Therefore we shall assume, that
a 1.6 m thick laycr of normal concretc blocks is placed on top of the shielding
bridge. In the same way as for the wall KL we can cstimatc the flux of energetic
tertiary particles from single interactions in the roof in various directions,
whos¢ projection on a vertical plone mekes an anglo o with the line target.-

bubble chambér. This gives the following figures:

el R |
IRl s i 15%15% - 25%) 2% - 3% 35° - 45° | 4% - 55° | 55° - 65°
v

fiux through -8 > 3 3' 3
roof of decay| 10 0.5 2 x 10 3 x 10 5 x 10 5x 10
tunnel

flux through

roof of PS 4 x 10 4 2 x 102 104 2 x 105 2 X 105 lO5

ring




. It is obvious that the roof of the P.3. ring is by far thc strongest

source of background radiation. We thercfore assume, th.t a lead roof, some 40 cm

'”””thiok~isw§lacgd‘abovo straight scction 5 and along the front side of unit 5, in

such a way that it shields cOm@ibtely the thin part of the F.S. roof from the

dircct radiation coming from the target. This would reduce the flux of particles

passing through the ¥S roof by an additional factor 10. In that cass, the total

flux, passing through both roofs, is

Iterval ) 59 15% |15° - 25% | 25% - 35% | 35% - 45° | 45% - 55° | 557 - 65°
v

flux < ,

- through 4% 107 20 107 2 ¢ 107 3 x 10% > x 10%

roofs ' : e

N

The flux of background particlcs,. passing through other parts of the
P.S. shielding can beuncglccted‘éompared with the sources of béckground considered

- _above.

2.4. Shielding around thc bubble chamber.

This shielding has becn kept rather thin, in order to kecp the space
~requirements down and the floor ioading within acccptable limitsu‘The'North side
of the bubble chamber is well shielded by a large ecarth bank, Whiie the flux of
“neutrons coming from the back is cértainly small. Most of the background will
‘therefore come through the South wall and the roof of the bubble chamﬁer blockhousea.
We now draw a number of lines through the South wall and roof, passing fbrough
the centrc of thc bubble chamber and meking anglcs Bh in the horizontal plane
and BV in the vertical plane with the line target = bub?lo chamber. The atten-
uation factors in these -directions, taking into account the bubble chamber magnet,

are given in the following table. o Co
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8 10° | 20° 30° 40° 50° | 60°| 70° | &0° 90° 100° | 110°
attenuation _
oo 107221 107 | 42107 107 |5x107° | 1074 ] 1077 | 22107 | 31077 | 3x107 | 3x10™
horizontal
plane
attenuvation
o 10710 %100 5x10‘6 5x10“6 51072 | 1074 | 2x10™% | 221207 | 22207 | 2x120™% | 231074
vertical
plane

2.5. JInergy degrading in scattering.

From the data given above, it follows that particles must be ecattered

over at least 300 in the walls of the decay tunnel or roof and wust enter the

bubble chamber at angles B in excess of 400 in order to have a sufficient probabil~
ity to pass through the shielding. Scatterings over large angles give a large
reduction in energy. Experimental data or theoretical calculations on the enecrgy
spectra for large angle scattering are practically non existent. In order to get

some idea of the situation, we have therefore calculated the kinetic energy of a
nucleon which is clastically scattered through an angle 4ﬁ in thc lab. system in

an elastic nucleon-nucleon collision. These data, for various cnergics of the primary

nucleon are given in the following tablc
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kip. energy of
rimery mueleony o4 ooy | 6 Gev 2 GV 1 GeV 0.4 GeV
Wﬁ lab Nf\\\\\\\

0° 24.0 GeV | 6.0 GV 2.0 GoV 1.0 GeV | 0.40 GeV
10° 17.6 5.4 1.9. 1.0 0.38
20° 8.6 3.9 1.6 0.8 0.35
50° 4.8 2.6 1.2 0.7 0.28
40° 2.4 1.6 0.8 0.5 0.21
50° 1.0 0.9 0.5 0.3 0.15
60° 0.7 0.45 0.3 0.2 0.08
70° 0.2 0.20 0.1 0.1 0.03
80° 0.1 0.05 0.03 0.02 0




Any sccondarles whlch arc produced in a reaction or nuclecons whlch are‘
scattcrod in an 1nblastlc colllslon will ha e lowur cnergics than those given in
Mtho tablc. Thls then Justlflbs our prav1ous assumption that all bartlclcs entering
| the oouth Hall 1n dlrectlonswhlch mmﬁc angles larger than 60° with thc line target-

bubble cndmbur, can be nogloctod.

2.6. Neutron flux in thc bubblc chamber.

Using the data given in the previous paragraphs we have calculated the

neutron flux in the bubble chamber under the following assumptions.

1. Tﬁé average encrgy of the particles entering the South Hall through
the P.S. bhleldlng llQS in theirange of 1 GeV to 2 GeV. The maximum
energy in casc of clastic scatterlng in the target and in the P.S.
Shloldlng 1s taken as 6 GeV, the flux of partlclus with onergles

above 6 GLV being less than 0.1 o/o of ' the total.

2. Only elastic nucleon~nucleon collisions arce considered in the South

Hall since by inclastic collisions the energy is too. much degraded.
3. ' One half of all nucléar interactions is taken ns elastic.

4. To calculate the angular distribution of the clastically scattercd
nucleons in thce laboratory system, the distribution is taken as

isotropic in the c.m.s. This is probably rather pessimistic.

5.  The maximum angles over which nuclecons can be scattered without too
much energy degradation are ' ‘

. for single scatterings 70O

v._“ double,. M. 100° (O,gﬁ 500 + 500 + 50 or 60 +40))

"otriple o 120° (e.g. 50° + 30° + 40°)

ac

6. "Baékground'originating‘in the roof of the P.S. shielding only ﬁassos
‘through thé roof of the bubble chamber, whilc background from %he
* wall KL only passes through the side wall of the bubble chamber.
7 In ithe vertical plane scattering occurs against the roof and air
molecules (skyéhine), while in the horizontael plane the walls and

floor are the main sources of scetterings.
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8. Reasonable solid angles, which take somewhat into account the geometry
of the South Hall have been used to calculate the geometrical factors

which enter into the scattering probsbilities.

In this way we find the following numbers of neutrons with energies above
a few hundreds MeV, (per 5XlOll protons interacting in the target) which enter thc

bubble chamber from the side and from above

from the side from above
. . =9 =6

from single scattering 10 2 x 10
) -5 ' -5

from double scattering 5x 10 5x 10
. . -5 o =b

from triple scattering 3 x 10 3 x 10

The maximum energy of the neutrons, assuming that all interactions in the
target and in the shielding are elastic scatterings, lies in the range from 0.8 GeV

to 1 GeV.
Regarding the relative magnitudes of the figures given in the table the

following comments can be made. The background intensity from single scatterings in
the horizontal plane is very low, since these particles must pass through part of
the muon shield which has been extended somewhat to the South. For double scatter-
ings both plancs are roughly equivalent, while for the triply scattered particles,
which can enter the blockhouse for values of f wup to 900, the attenuation is

10 x less in the horizontal plenc than in the vertical planc.

In general the geometrical factors decrease for higher order scatterings
but it allows the neutrons to enter the bubble chamber more from the side, where
the shielding thickness is smaller. Therefore the intensity of triply scattered
neutrons is still comparable to that of double scattered ones. Since, however,
the triply scattered ncutrons can already enter the bubble chamber through the
weakest part of the shielding the background from fourfold scattered neutrons can

be neglected compared with the figurcs given above.
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In the course of this calculation = number of assumptions had to be
made and in gencral we have tried to remain somewhat on the conscrvative side in our
estimates. By using the same assumptions cverywhere it has beén possible to compare
in a realistic way the rclative merits of various amounts of shiclding in differcnt
placcs. Moreover it eppears very encouraging that the total ealculated number of

4

background ncutrons per pulse in the bubble chamber is of the order of 10 .
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3.  PROPOSED SHIELDING LAYOUT.

%.l. Genceral comments.

The disposition of lurge amounts of shiclding around the bubble chamber
end in the South Hall raiscs a number of practical problems which are mainly rel-
ated to the structure of the building(availlablec space and floor loading limits

and to existing facilitics (handling).

Tho concentration of a load of 6000 tons in the vicinity of the C.FP.S.
might raisc somec concern as to the danger of a local sagging of the ground, but
it looks improbable that the rcgion of the molasse, which carries the supporting
pillers of the C.P.S., will be much affected. In fact the Survey Section of the
Machine Group estimates that the pillars would not sag more.than 0.8 mm. The
induced tilt of the neighbouring wall of the South Hell and the displacement of the

crane rail will not be serious, according to the architects.

The specific floor loading of a 5 m layer-of baryte concrete of density
3.6 is 18.0 tons/m? which is very near the nominal allowed figure of 20 tons/mZ.
In regions where steel‘or‘lead would be used the above figure is exceeded. In this
respect speoiai attehtion must be paid to the side walls of the decay tunnel, the
bubble chamber blockhouse and the frec passages, whcrc the load of thick roofs
is supported. ThlS applies particularly to the places where these walls are in the
vicinity or on top of floor trenches. The present proposal has been worked out on
the basis of the floor spccifications guaranteed by the architects. However, the
maximum nominal floor loading is exceeded by 45 o/o under the supports of the block-

house roof.

Floor trenches represent a weak point in the shielding: their filling

with bags of baryte sand may have to be envisaged at places.

Since the relevant quantity for this shielding is the total mass of
material on each particular path of possible access to the chamber, the choice
of the shielding material is determined mostly by considerations of economy,
availability and floor loading. Therefore wherever space and mechanical strength
allowed it, normal concrete has been preferred to baryte concrete ahd.this, in

turn, to steel and lead.

PS/2053



- 1% =

The layouts discussed in sections 3.2 and 3.3. consider the requirements
of the heavy liquid chamber operation. The possibilityFand'impliCations of én,_?;

additional counter arrangement are considercd in scction 3.4.

. 3.2.__Layout in the South Hall.

The: general layout is shown in Fig. 1. The shielding can be divided into

2 number of parts which will be discussed’ separately.

a) Separating wall inside the rihg.

The experiments which are presently in progress ot ﬁho C.P.3. meinly
usé high cnergy beams from target 1 and 2. Therefore a substantial fraction of the
shielding at beam height in the region EF of the C.1'.3. shielding wall has been |
removed and large collimators have been made for these beams. When not in use'these
collimators are closed rather supcriicially by placing lead blocks in ffbnt of them.
It is doubtful, that this situation would give sufficient shielding for the neutrino
experiment. On the other hand ‘it must be casy t0 open the collimators in order to

change over quickly from a ncutrino run to othcr experiments

During a neutrino run we plan to monitor the bubble chamber at regular
intervals of time by sending a beaw of charged particles through it, which comcs
from target 1 or 2 and is deflected by the bending magnet BM2 into the bubble
chamber. The collimator for this beam in thc region EF of the C.P.S. shielding"
wall could be closed or openecd quickly with & lead block actuated by an hydraulic
jack. We . also hope, that it will be possible to devisc vrocedures for simultanebus

machine utilisation by using two targets flipping at different times during the

accelerating cycle.

It is proposed therefore to build a shiclding wall, 1.6 m thick and
3.2 m high, inside the C.P.S. ring, along the South side of thc pion decay path

to shield the region EF as wuch as possible from dircect radiation from target 5.

b) Additional roof shiclding.

It has becn shown in chapter 2, that the roof is by far the weakest
part of the C.P. S. shiclding. It is proposed, thereforc, to place an additional
layér of concretc blocks on top of the shielding bridge and to build a lead roof

above straight section 5.
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As shown in Fig. 1 the concrcte blocks on top of the shiclding bridge

have a thickness of 1.6 m and a total weight of about 1000 tons.

If such a load wcre evenly distributed over the total area of the shield=
ing brideeit would remain well within the permissible loading specified by the
architect. Since it is mainly concentrated on the south half of the shielding
bridge, some further studics are being made, in order to investigate its practical

implications.

The lead roof above straight section 5 would have a thickness of 50 cm
and would extend a long part of the front side of unit 5. Its weight is estimated

of the order of 15 tons to 20 tons.

Since the construction of the lead roof above straight section 5 will
make the region around the tarset rather inaccessible, onc could possibly wait
with installing it, until actual measurements with the bubble chamber have given
more definite data about the intensity of the background passing through the

C.P.S. TOOT.

c) The decay tunncl.

A cross section of the decay tunnel is shown in Fig. 2. Its South
wall KL is 3 m thick and can be made of the baryte blocks which are removed from
the main C.P.S. shielding, Its roof outside the C.P.S. shielding bridge consists
of 4 m of concrete. This is supported by a layer of 3 m long steel beams, which
are already availablc in CERN. The concrete roof should stick out about.ﬁﬁ cin
beyond the wall KL in the South direction in order to give everywhere around the
decay tunnel an equivalent shielding thickness of at least 3 m of baryte. qu the

ame reason the shaded areas must be filled with smell or specially éast baryte

blocks..

A practical problem is, that the lérge triangular supports for the rail.s
of the 20 ton cranes, which are fixed to the shielding bridge, must be built
into thc roof of the decay tunnel. This will complicate the handling of the
larger shielding blocks and will also require a substantial quentity of small

blocks.
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d) The muon shield.

The shielding in the direct line of sight between the end face of the
decay tunnel and the bubble chamber must have a thickness of at least 10 Kg/om2
to stop all muons. To keep its thickness within reasonable limits it must be made
of baryte, but since the floor is made of concrete, it does not help much to place
baryte more than 0.5 m out of the direct line of sight between decay tunncl andlf
bubble chamber. The last 5 m in front of the bubble chamber should be made of baryte
up to the meximum height of 4.8 m, in order to give increased shielding against

the background passing through the roof of the shiclding bridge.

The height of the muon shield near the decay tunnel is 6.5 m, and
in the region covered by the 20 ton cranes, 4.8 m. This allows the 20 ton cranes
to pass over it. However about half of the muon siield is under an overchanging
roof in the South Hall and another part is near the walls outside the range of the
crane hooks. Therefore about three quérters of the muon shield must be put in

position without using a crane.

The cable trenches in the South Hall necd special attention. as
shown in ¥Fig. 1 the standard blocks can practically always be arranged in such a
way) that the cable trenches arc spanned by large blocks, so that no special‘sfeel
covers are required for them. However, the cable trenches under the shiélding wall
and the East-West cable trenches under the muon shield must be filled as much as

possible with shielding material.

“In order to monitor the correct operation of the bubble chamber, it
is desirable to send at regular intervals of time a pulse of charged particles
through it. Therefore it is planned, to install in the muon shield a small collim-
ator (along the linc AA'), that can be opened or closed within a few scconds. This
could be done by using a pipe with a diameter of a fow cm, filled with mercury,

or by using some kind of pneumatically or hydraulically operated shutter system.

2.2.  Sources of background.

The particles which could produce spurious events, similar to neutrino
reactions, arec ncutrons with cnergics above a few hundreds MeV. The absorption .
length of stcel or baryte for high energy nucleons has been measured 504 as
140 g/cmz. For an attenuation by a factor of 10 one therefore nceds 93 cm of
baryte or 42 cm of steel., The attenuation in the direct line of sight target -
bubble chamber is about lOaBO, g0 that essentially no neutrons will pass through

the muon shield in the same direction as the neutrinos.
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The layout presented in fig. 3 tokes into account only the space occupied
by some essential parts of the equipment 2nd by their operators. It was assumed
-that working space for urgent repairs and maintenance, & dork corner for camera
loading and for development of test film, a2 table for quick scanning and some
10 cupboards of tools, instruments and spares, covering =ltogether about 40 m2,
could be made &vailable in the immediate vicinity; (partly in a temporary shack
on the road, and partly in the E.P. bubble chamber region). Special emergency
arrangements have beun considered to cope with space requirements for unloading
and stocking shiclding materials, like the long steel beams and the baryte blocks

of the roof,which have to be removed for handling the chamber with the crane.

The insgide length(lO.ZO m) =nd height (3.20 m) of the blockhouse are
detcrmined by the minimum speace requirements of the bubble chamber in the magnet.
hccess to the magﬁét coils ond to the main nitrogen conncctions, and major mainten-

ance operations of the chamber rcquire partial removal of the roof.

The inside width is adequate for the chamber, the temperature control
system, which can operate properly only at that position, and the flash H.T.
supply.

" The position of the back wall is also determined by the necedsity of

keeping awsy from the longitudinal trenches.

The thickness of all walls is 1.60 m: for the front wall this figure
is not relevant, on account of the large amount of shielding in front of it, but it
is convenient to fill thc space between the supports of the crone. On the North
side the thickness of the earth bank, 6 m high, provides ad.quate shielding. On -
the South side, it would be possible to increase the shielding thickness by placing

an array of baryte blocks in the E.D. area.

The roof ccnsists of a layer of steel beams 40 cm thick, 8 m long, which
support 2 layers of 80 cm and 40 cm thick baryte blocks respectively. The
replacement of the baryte blocks by stecl could be considered if floor loading
and finance Wouid allow it. The addition of another layer of 40 cm baryte blocks
would make it impossible to open part of the roof without opening a way out on one

side and taking the parts removed awey from the area,
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A special crane hook will be nceded to make full use of the available
free height. a difficult problem is tine one of covering the: region along the north
wall, where a passage must bc left on the trench in front of the electiical switch-
boards..The-roof in that region could congist of a fixed layer of 3 m long steel-
bars, unaccessible to the crane, supported on one side by & steel framec close to

the north wall, and resting on the long stecl beams on the other side.

In both cases an additional load is put on the first part of the shiélding
wall (pillars 1 and 2 in fig. 3). Appendix &4 contains detailed calculations of

floor loading.

The magnet cooling watecr, the nitrogen ducts, the propane piping system
and pressure equalizing system, and a2 number of control cables would pass through
suitably oriented ducts in the back wall. The magnet d.c. supply cables would

penetrate under the front wall.

Easy access and free space must be left on all sides of the chamber and
especially in front, for camera handling and observation, and in the back for
maintenance of the valvesand replacement of the flashes. The placé for an operator
is foreseen in front of the cameras. The passage on the north side provides

access to the electric switchboards beyond the gus-tight wall-as well.

It is important that the ercction of thc blockhouse does not require

to remove the chamber or major parts of the system.

In the layout fig. 3 some distance is left between the chamber and the
front wall, to make erection casier. For the same purpose, the 3 m long rails in
front and the 1 m long rails in the back of the chamber system can be temporarily

reimoved.

Until completion of the wcst‘shielding wall, an unloading area 3 m
wide and 6 m long in front of the door can be kept frec by displacing light
cquipment only. Two thirds of this arca arc covcred by the 20 ton crane. Some
30 tons of stecl becms ¢ be stored temporarily on top of the shielding wall

on the south side without exceeding floor loading limits.
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%04, Implications of an additional counter arrangement.

Apart from the CERN heavy liguid bubble chamber gfoup there is a CERN
counter group that plans to teke part in the neutrino search with a large hodoscope
type counter, which is at present under construction. We have therefore investigatec
how both experimental arrangements could be combined most conveniently in the very
limited available space and propdsé the layout of Fig. 4 as the most suitable

solution.

The hodoscope counter is placed in o tunnel through the muon shield..
About 4 m of baryte is left between the bubble chamber and the counter tunnel
In this way the shielding of both detectors agminst background neutrons is
practically independent. For certain repairs on the bubble chember the use of
the crane is required, so that part of the roof of the blockhouse must be removed
to provide access for the crane hook. In such cases the background conditions
in the counter tunnel remain unchanged and the neutrino search could continue with
the hodoscope counter alone. at the position indicated in fig. 4 the. hodoscope
counter is under the hook of the 20 ton crane of the South Hall. This would be
very convenient during its assembly, since its total weight is estimated as 50

tons.

The space left opsn in Fig. 4 for the counter is 4.8 m wide, 2.8 m high
and 3.2 m deep. It has access from the South through an 0.8 m wide tunnel in the
muon shield and on the North side from the bubble chamber area through the tunnel

along the electrical switchboards.

In this layout the E.P. bubble chamber could remain in its present
position. A small part of the E.P. area would be required for optical facilities and
novable . equipment of the CERN bubble chamber group, but the E.P. bubble chamber
could remain in operation condition and could continuc to participate in the

C.P.S. nuclear physics programme during 1961.

Since the counter must also be shielded against wuons, the decay tunnel
becomes about 6 m, that is 15 o/o, shorter. It wou.d just extend over the total
thickness of the C.F.3. shielding wall under the shielding bridge, but would not
extend into the South Hall. Under thesc conditions all shielding blocks can be
oriented in the Hast -~ West direction, which would very much simplify the
erection of the part of the muon shield agoinst the shielding bridge.
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The necessary independence of the two detectors, combinéd with a
minimum of distumbance to the E.F. bubble chamber could hardly be obtained
in a different way. It has been suggested that the counter could be placed behind
the bubble chamber and thg bubble chamber blockhouse extended to cover also the
counter. However in such an arrangement the problems of floor loading and space
disffibution could not be solved without drastic provisions, such as reinforcing
of trench walls and complete evacuation of the space presently occupied by the

E.P. bubble chamber.

It would also be necessary to take unloading space for shielding elements
and equipment in the &.P. area and the dividing wall would have to be demolished.
The whole system for distribution of nitrogen and propane would be placed in the
E.P. area, together with storage, servicing end meintenance facilties. Space

in the same area should be found also for auxiliary electronics of the counter group.

Obviously it would not be possible for the counter group to have aacess
to the chamber erection area before satisfactory chamber testing end transfer

of the operating equipment into the neighbcuring area.
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4,  PINANCIAL IMPLICATIONS AND TENTATIVE FROGRAMME.

4.1.

Shiclding material.

The total shieclding requirements corresponding to the layout in Fig. 1,

are as follows :

a)

Shielding in the South Hall

Normal concrete : 3500 tons, of which at least 3/4 couid be blocks
of maximum stendard size i.e. 2.4 x 1.6 x 16 m

Baryte concrete 3 3000 tons, of which at least 3/4 could be blocks
of meximum standard size i.c. 2.4 x 1.6 x 0.8 m3

A small percentage of special blocks to fill holes and corners is

nceded too.

Steel 100 tons of 3.00 x 0.22 x 0.07 m3 beams
Blockhouse

Baryte concrete : 1050 tons, of which 240 tons are the largest
standard blocks, 650 tons must be blocks of 1.6 x 0.8 x 0.8 m3

and about 160 tons must be blocks of 1.6 x 0.8 x 0;4 m3

An extra 250 tons of packed stecl should be kept as a rescrve to
improve roof shielding ‘

Steel 280 tons in beams, 8 m long and 0.4 m thick.

50 tons in beams of 3.00 x 0,15 x 0.07 m3,

According to infommation supylied by the PS5 Machine Group, an adequate

stock of blocks of ordinary concrcte and of 3 m stecl bcams is available, and some

2000 tons of baryte concrete might be taken with great effort from the existing

stock by the end of the year.

The remaining 2000 tons of baryte concrete might be produced at a rate

of 100 tons a week starting from December 60 by an increase of the block meking

facilities which the M.G. considers to be reasonable.

I'rom preliminary investigations carried cut by the Machine Group, a

delivery time from 4 to 6 months should be expeccted for the long steel beams of

the blockhouse roof.
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A computation of costs based on price estimates given by the Machine
Group appears in the following table. The cost of all baryte blocks and steel
beams is counted since the oncs token from stock will have to be replaced. However,
this cost should not be considered strictly as a charge due to the ncutrino
experiment, since the shielding elements will remain afterwards permanently in the

stock of the F.3. machine for other experiments.

Price of baryte blocks 4000 t at 150 Fr./t 6001000 Fr.
Frice of steel beams 280 t at 700 Fr./t 200'000 Fr.
Total 800'000 Fr.

The accomodetion of a counter team as shown in fig. 4, would of course
require some additional shielding. The only significant item would be the steel
beams for the roof of the counter house. For a covered surface of 20 m2 their

total weight would be about 80 tons.

4,2, Erection and exporimental tests.

The existence of part of the shielding material in CERN stocks would
allow erection to be started at thc earliest dete compatible with the exporimental

programe of the P.S. machine.

With the cxpected increase of the production facilitics 2000 extra tons
of baryte blocks could be made by thc end of April 61. There secems to be =
reasonable probability that the long stecl beams could be delivered by that date
too., According to these estimates, materials would be available for completion of

the shielding arrangement during the month of May.

The decay tunnel can be constructed only during a long shutdown, since

a large number of the blocks under the prestressed bridge must be rearranged.

It would be useful to do this installation, which does not depend on
external deliveries, at an early date. Some delay would result from the combin-
ation with other important works to be performed on the machinc, such as the
installation of the ejection cavities, for which present forecasts indicate May

as the most probable time.

PS/2053



-i22 =

The use of target5 for thé neutrino run necessitates the removal of the
sextupole and octupole lcnses in straight section 5. In order to allow background
studies it would be important to have this done at the carliest machine shutdown

next Deccmber.

For the some reason it would be useful to have the separating wall inside
the ring tunnel erected as soon as possible. However this work too may have to be

timed with the machine shutdown for gection installation.

The CERN propane bubble chamber will undergo systematic tests and
engineering runs during a few months and it is hoped to be ready for scientific
work in March or April. The blockhouse in the bubble chamber area, for which
medium size baryte blocks and long steel beams are required, should be erected

at that timc.

In order to tecst the regular opcration of the chamber and to study its
performance, some beam of charged particles will be sent through it during the
cnginecring runs. A 2 metre bending magnet (BM 2 in fig. 1) will deflect into
the chamber a becam of positive or negative particles wup to 2 GeV/c,emitt@d by a
target in straight section 1. This beam would not interfere with any of the existing

ones and would pass along the outside of most of the neutrino shielding.

It has been suggested by F. Krienen that a systcmatic study of the
background before crection of the blockhouse would be useful. Krienen considers
that the thickness of its roof and walls can be decided from tho number of neutron
events and their angular distribution. This work could be done conveniently with

the bubble chamber during its enginccring runs.

Por such runs, targcet 5 should be uscd, whilc all collimators and obvious
weak points around the machine should be closed. It is cstimated that some
10 hours of opcration would provide sufficient information. Obviously this study
should bc specially interesting after the construction of the neutrino channel.

It would also provide a useful training to the identification of spurious events.
A g p
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: It would be convenient to start the crection of the shielding in the
South Hall from the. regions along the North wall, and along the gas-tight partition
where it would not interfere with any existing beam. The rcgion initially occupied
by the CERN cloud chamber should be kept free as long as possible.
~ During erection of this shiclding thc observation of p  meson background

in the chamber shall be used te adjust the total thickness of the muon shield.

B. de Raad
L. Resegotti

/fv

Distribution : (open)
- Directorate
Parametcr Committee.

PBC Group
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APPENDIX A

et v

Floor loading around the propanc chamber bleckhouse.

s . . . 2
The floor spccifications allow a distributed load of 20 tons/m
evérywhere and a point load of 20 tons in a2 circlc of 20 cu diametcr in the

2
centre of an arca of 1 m .

In the case of the edge of a shiclding wall or pillar supporting the
roof, this speccification 2allows to assume that an empty strip some 50 cm wide
in front of the edgc can be counted as part of the load sharing area (provided,

of coursc, it does not fall on 2 trench).

Since the wall itself will shere the edgce roof load on a width of 1 m
at least at is base, the calculations of floor loading can be made by adding
all loads from roof and walls on cach square of 1 m2 ncar the edge and considering
2
then shared by 1.5 m of floor, .
The calculated loads correspond to the layout in fig. 3.

1. Side walls :

Lcad per metre length of 1 m wide $trip at the edge

a) Steel beams 8m long 0.4 m high, 4.0 x 1 X 0.4 x 7.8 = 12.5 t/m

b) Baryte cover 1.2 m high, 4.0 x 1 x 1.2 x 3.6 = 17.3 t/m
c) Baryte wall 3.2 m high &and side blocks

3.2x1x1lx36= 11.2 t/m

= 2.2 t/m

1.2 x0.5x1x 3.6

Total ¢ 12.5 + 17.3 + 11.2 + 2.2 = 43.2 t/m

Equivalent specific load ﬁ34§’= 28.8 t/m?

n
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2. Pillar 2

a) Onc quarter of the load of 6.4 m of passage cover. The passage

is 1 m wide.

Stecl boams 'i; X 6.4 x 1. x 0,15 x 7.8 = 1.9 %
Baryte %’ x 6.4 x 1. x0.8x 3.6 = 4.6 %
b) Half thelload of 6.4 m of roof span
Steel beams %‘ x 6.4 x 1. x 0.4 x 7.8 = 10 t
1
Baryte 5 X 6.4 x 1. x 0.8 x 3.6 = 9.21
é) Baryte pillar 3.2 x 1. x 1.x 3.6 = 11.5 ¢t

Total 1.9 + 4.6 + 10 + 9.2 + 11.5 = 37.2 %

* Bguivalent specific load '§ZL§ = 31 t/m2

PS/2053



- v

REFERENCES

]

1. F. Krienen,- R. Salmeron asnd J. Steinberger, PS/Int. Lk 60-10, Sept. 1960

2. B. Rossi, "High energy particles', Prentice - Hall Inc. 1952

3. A. Ashmore, G. Cocconi - A.N. Diddens and A.M. Wetherell, 5.C, Int. Rep. 60-11.
4.  M.G.N. Hine, PS/Int. MG 60-52

5. J. von Behr and R. Hagedorn, CERN 60-20, May 1960

6.  R.i. Kalbaech, J.J. Lord and C.H. Tsao, - Phys. Rev. 113 (1959) 325

T R. Hagedorn Il Nuovo Cimento, Serie X, 15 (1960) 246

8. B. Cork, W.A. Wentzel and C.W. Causey, rhys. Rev. 107 (1957) 859

9. B.J. Moyer, Conference on the shielding of high cnergy accelcrators IID=-T7545,
p. 96

PS/2053



/ section rectiligne
straight_section of orbit

Mote LES ANGLES SONT_INDIQUES EN GRADES
LES DIMENSIONS EN METRES

ALL ANGLES SHOWN ARE GIVEN IN GRADES (400G toaturn)
DIMENSIONS ARE GIVEN IN METRES

/ Coordonnées et angles des sections
rectilignes  de Corbite
2 , |Coordinates and angle of straight 7
/ section of orbit .
’

[Points] X Y o

' |m100]49.967 553 | 11.181 694 | 33. 0467
m1_|44.037053 | 8.00 212 | 29. 04467 73591
"Im2 [97.940 441 | 5.219 206 | 25. 0467 o /.m
m3 [32.327 706 | 3.153 827 | 21. 0i67 ] |

!

’ m4 26,592 583 | 1.385 066 | 17. 04467
| mS | 20.757 725 |~0.020 087 | 13. O4467
|
il

10,16256 L)

m6 [14.153 202 [-1.155 218 | 9. 0467
([m7 | 7.495 293 [-1.917 109 | 5. 04467
m8 | 1.500486 |[-2.204 032 | 1. 04k67
(M9 [-4.500 518 |-2.113 973 [-2. 95533
m10~-410.484 013 |- 1.647 286 |~6. 95533

/ T~

N iy i B | S

7,92678 ¢

overhanging roof

e ' W i

T/\Layer of concriete blocks
| f t i bri
/ on top of sh r{ng ridge

limit of
cranehlook

,..
RN \NANY ’

rails and supports
20 iton cranes

@
I

V777 Baryte LAYOUT FOR THE NEUTRINO SEARCH —— |'='-" '.:'al i
WITH THE H BLE CHAMBER
[IExisting shielding RN Concrete Im EAVY LIQUID BUB HAMB =

HALL SUD | CERN-PS

SIS.R/2070 o g

I Small baryte blocks z =
e — + Fig1

B Led L o : — : ]




s

- Steel

G,

Baryte

NN

Concrete

N

Small baryte blocks

Existing shielding

10 20

Itam Mo, reaq. ! Deascriplio Matarial Patlarn Observaiions
Pos, Nb. de p. ! Malidre Modale

REAL

2 112

d 13 i 3 l Scala

i SECTION BB of Fig-1 weie | CERN-
2 THROUGH DECAY TUNNEL GENEVE
7 | 7 ‘ Maodificafions E Signatures

518 S i Il FarCus

e B = R




SIS.R/2071

——
Hook //'/ﬂ/gr 220 | —ﬁf max 5.40 - /7‘%:;;/ Z/use
barge il [T T ]
/ | | e
TT T 11 1136 Beey [6edris] | SDIx[a30 1 34
| baryte

WAWA\ -
NN\

| Hgok limit 130,

130
| r 17
800 390+~
[ [
[ baryfe
[}
steel beams %‘E
o

Servicing
Borrack

NN\
NN
N
N
N
Y
7
7
7
v

NN

NN

=3l

AN

NN

N
I NN N
"N
|\
3 230 o
\ 020 L ote | N
: \ N \\\:.\\\
1 7 Zzlz | |
R |
; N t
i H g: H
. <! I
s , N T
§ oiooo : mbgf \
E IoJi_ | Ubb/gcﬁ ‘
Cali I
| ]
3 | '
S : | !
\% . [ \ | = ,//J
% \: — Hydragen chamber
! - compartment
| i T
§ S !
| |
N } .
Gt T . 7%, s IS
ot e B0
! " g
IR
— i :\; . g
frlter
,/Qmﬂfg...._._ﬂ,’;ﬁmzi’[ %4 .Wq_f_/r_/fg Letch I T
Ef;/”ﬂ E
[ [ []

Access to lnac and fo charmber

100

E _l

Area of £P compressor

Bench

Spores

Shelf /%r/g/pi

Servicing  Barrack

lln.;t I/ﬂs/. ih/s |7ao[s |bo/5 13,00/951500/?5|5pare4

skelf for lorge
Spaores

tg.3

uscrphions l e | T Ghvorvavoms
CERN-
GENEVE




NN IL

/ section rectiligne_de Uorbite ‘

[ y straight _section of orbit ! Y
/ | |

_________ i Note LES ANGLES SONT INDIQUES EN GRADES
I i ’ LES DIMENSIONS EN METRES
—— ! \ ALL ANGLES SHOWN ARE GIVEN N GRADES (4006 toaturn)
. o ' ] l DIMENSIONS ARE GIVEN IN METRES
—— et

[ S I o —
. |Coordinates and angle of straight Ra—L - -

section of orbit T — .
1 Points X Y X T
"M 100 {49.967553 | 11.181 694 | 33. 04467
‘ m1_|44.037053 | 8.061 212 | 9. 04L67 7,359%

m2 [37.940 441 | 5.279 205 | 25. 0467 8o e 353256
‘ m3 [32.327 706 | 3.153 827 | 2. 0Lk67 fr29253 / \"W‘O‘]gjs" 286585 |

M4 26,592 583 | 1.385 066 | 17. 04467 B e 29917,
] m5 | 20.757 725 |-0.020 087 | 13. 0k67

m6  [14.153 202 [-1,155 218 | 9. 04467

m7 | 7.495 293 [=1.917 103 | 5. 04L67
| [m8 7. 500 486 |-2. 20, 032 | 7. 0uds7
[m3_ |-4.500518 |-2.113 973 |-2. 95533
| [m10-~H10.484 013 [~ 1.647 286 |=6. 95533

overhanging roof

l 38m  high L

)

OREORIONE

7 \ \i P
|| _#7< Tayer of concreté blocks
% on top of shiefj' g bridge
H il
il i ‘

i . v / 7
77 s
1[5 Tbeam fransport terminds], 5@(

limit of
crane hook

g rails and supports
20 ton cranes

for N -
counter b \ T\ - T
e o 1N // .
' AT
[ N T~ ‘ -
bubl Lé«/cF\amber .
{ N /f\ : test eam/(‘Z'_GéV c)
i - ‘
.
P mercury __ I
i/( collima{op"" I
gl
s /// '
— = ____4,__ |

6.24

|
J
|
|

\

__6.50

SIS. R/2072

SIS I GGG
c ol \ X
L s.soef\— | 0 J. ST

®
-

] existing shielding

s ‘,//
.,=%{7”/’;%%%\/%j7//

6.

)

27

7

-

Wﬂm{gm’m s
U

7///,,,,,

50

|

1

® ® ®

R U - b 830 ,;
— steel

V77 baryte

RN concrete

NY small baryte blocks

Llead

am e ] s s

Layout for neutrino search
with bubble chamber and
counters

6.24

_Smae
s

Fig 4

=TER = ’::: ::"«‘ =
E"' =i _-—-S‘LD ‘1;?]; CEaREwE.VES






