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SUMMARY

The muon background in the neutrino block=
house was studied in detail, using telescopes of
large liquid scintillation counters, registering
the arrival time of muons relative to the PS bunch
phase and scanning the flux by means of moveable
plastic counters. The counter measurements were
substantiated by observing the muon <tracks in
large area spark chambers. The muons were found
to penetrate through the concrete shielding adja-
cent to the ring side of the central iron plug.
Strengthening parts of this weak region by 2.4 m
of iron reduced the intensity of the most direc-

tional muons by a factor of 4.
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1. INTRODUCLION

Qur background measurements have been made in the follow-

ing three runs:

Date = | No. Shifts Techniques Employed
Run 1 . July 61 | 10 ~ 1liquid counters and time=
| of=flight
Run 2 August 61 | 1 1liquid counters. . -
Rﬁnkj December 61v 2 _ liquid counters, plastic

counters and spark cham-

bers.

Run 1 was done together with the Wilson chamber, and
with the CERN and the EP bubble chambers, running in parallel.
On this run only one or two shifts have been used for the detailed
study of the charged background. - - More shielding was piled up in

front of a suspected weak region:for run 2 and 3.

In sectlon 2 results are glven of the tlme-of-fllght
neasurements by which it was establlohcd that the oharbed back-
ground particles were coming alonﬂ a craJerory not too different
from the line-of=sight to the PS-target, The liquid counter

measurements are described in section 3. A comparison of these
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measurements, which were made. in all the three runs, allowed us
to estimate the effectiveness of the ‘additional shielding. - In
sections 4 and 5 our measurements made with plastic counters and

spark chambers are described. -

5. TIME-OF-FLIGHT

The time—of%afrival of background particles with respect
to the phase of the proton bunches was measured‘in run 1. For a
description of the method see Ref, 1. The results are plotted in
Fig. 1 together with 2 calibration measurement made at a PS energy
of 27 GeV where muons can penetrate along the 6° line (cut=off
20.5 GeV muon energy). A measurement of the cosmic-fay background
is included as well, showing, as can be expected a flat distribu-

tion.

The width of tﬁe peak observed at 24 GeV corresponds well
to the length of thé éirculating proton bunohes1>° This showé that
the background particles come in along a well defined trajectory#

As demonstrated by the approximate equalitj of the respective peak -
positions, the trajectories at 24 and 27 GeV are approximately the
samé.. If one attributes the ® 2 nsec earlier rise-at 27 GeV %o
muons tra&elling élong the 6°+=line, one concludes that the back=-
ground trajectory is on the average = 60 cm longer than the line-
of =sight. This cOrfesponds to a maximum laberal deviation of = L m
Which checks well with the muon flux measurements described below.
In fact they show that muons created under small angles travers the
neutrino shielding to the left of the iron plug in the region marked
X, in Fig. 2. The shielding thickness is only 25-m of baryte 1.5 m
to the left of the 6° line,.which corresponds to a cut=off energy

- of 175 GéV and the multiple scattering of muons is sufficlently large
(average scattering angle 50 mrad for 22.5 initial energy) in order

to allow part of them to reach the detector area.
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3. LIQUID COUNTER TELESCOPE '

~ The set—up (Flg. ) consisted of a ffont counter F of
2.4 x 4 m®, three back-counters Y and one mobile counter X of .

s 1% 1,8 m? eéch,,and a directional Eerenkov counter C of 2.4 x
1,6 m®, In'run 1 and 2 the total F-counter was useéd, in run 3
ohly the left half of the F-counter (left when looking towards
the target). In run 3 the moblle counter, X, was used in coin=~

cldence w1th all or w1th one of the Y-oounters in the baok.

Our results are given in Tables, I, IT and IIT. ._The
values in Table I were obtained under.shielding conditions des=
cribed in.Ref. 2 for run 4. . The values of Table II were obtained
after extendlng the concrete shleldlng inside the ring, as indicated
in Flg. 2 and the values of Table II with some addltlonal iron

plaoed in front equally 1ndloated in Fig. 2,

A comparison between Tables I, II and II shows the re-'
duction of counting rates, obtained for all the measured counter
combinations, by strengthening the shielding to the left of the
6° line, In this way, e.g. our most directional coiﬁoidenceg

(Y,,F)z were reduced by a factor of A.

For better locaiizaﬁion of the résidual particle flux
e have moved the X-counter in a plane normal to the 6° line and
measured coincidences with one of the Y=counters in the back,
The values obtained for different positions and machine energies
are blotted in Pig. 4, The .maxima 6btained seem to be pointing -

in the direetion of the weak spotb.

The location of the intensity maximum seems o be energy
dépendent,;moving away from the 6° line as the PS energy decreases.
' This behaviour is probably'due to a combination of varicus causes
‘ és;fdf“éxample,‘the initial'enérgy distribution of the muons and
f%éfyiﬁg"amount of shielding provided by thg'EP bubble chamber in

front.
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The dependance of the particle flux on machine energy
is plotted in Fig. 5. The particle flux is reducéd by approxi-‘r
matély a factor of ten when decreasing the machine energy by 3 GeV,
At a PS energy of 20 GeV we are very near or already at éosmic-réy
level, This behaviour was already observed in our pfevious”back-

- .2
ground runs ).

L4 FLUX MEASUREMENTS'WITH‘PLASTIC COUNTERS

The arrangement of plastic counters is indicated‘in )
Fig. 3.~ An iron asbsorber, 2.5 cm thick, was placed between two
scintillators (100 x 40 cm®, 1 om thick) in coincidence, The

absorber thickness corresponds to an energy cut-off of 60-MeV,:

The flux was scanned in a plane perpendicular to the
6° line, in the same way as in the liquid counter measﬁréments
(section 2).  The results which are plotted in Fié. 6 look quite
similar o Fig., L4 obtained with the liquid counter telescope.
"The same shifting of the meximum can also be observeds The
"countingirates given in Table IV are somewhat higher than those
obtained with liquid counters (Table III) if one normalizes to
the same counting area. ° This can however easily be explained
by the' larger éolid angle acceptanoe_*l The values of Table IV
have also been plotted in Fig. 5 from which the same energy de-

pendence can be observed as in the case of the liquid counters.

5. OBSERVATIONS MADE WITH SPARK CHAMBERS

Several spark chambers were set up behind the Y-countefs’
~in run 3. The arrangement was centred on the 6? line and con=-
sisted of a 4 gap brass chamber, a 4 gap iron chamber and two:Z
‘gap alﬁmihium chambers. The plate thickness in all the chambers
was 0.5 em. A paraffin oil Cerenkov counter of the‘non4dir¢ctional
ty@e, placed between the brasé and the aluminium chambers”prbﬁided

the trigger (see Fig. 3).

*) as well as by the kdgher effective energy cut=off,
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The results are summerized in Table V. At 27 and
2l GeV nearly all the dbserved traoks are confined within an
angle of * 30° from the horlaontal. Already at 21 GeV the
angular dlstrlbutlon of thefracks becomes consistent with the
cosmic~ray distribution, The tracks do not interact in the
‘ehambers*and have no appreciable scattering showing that we have

indeed been measuring essentially muonse -

é CONGLUSIONS | S o a
The present measurements confirm the results of the

previous onesz), namely that the intehsity of background muons

was much hlgher than anticipated, and that it varied otrongLy |
with CPS energy. Noreover, the weak spot was found through
Wthh the muons oould penetrate.v Tt was the concrete region

' between'the central iron plug and the CPS rlng.

The present measurements remove the apparent discrepancy
between our early counter n"easuremen't'd and the findings of the
Eoole Polytechnlque bubble chamber group? who observed almost no
muon baokground at all.- The bubble chamber was still essentially
in the shadow of" the central plug.

, » Although our measurements are not &1rectly appllcable
'to Che next stage of the neutrino experiment with the external

target and the magnetlc horn, they teach us several things:

1s . One should av01d a central iron shleld of small 1ateral
exten51on, surrounded by concrete, because muons ea51ly g0

around 1t

*) The same experience was made by the Columbia-Brookhaven

© group4/. Their iron shielding was meant to be good at AGS

_,energies > 20 GeV,  They had the same trouble with the "0° ~
beam" as described in the present report, and on top of that
serious difficulties with muons sneaking in on top and through
- the floor. = As a result they were forced to run at 15 GeV,
which was not’ essential for the one=-or-two-neutrino questlon,
but & serious drawback in the. search for the intermediate
boson.
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It is;dangerqus to think of background as coming in straight
lines from the target. In.our case the dangeroué muons,
because of the deflection in the stray fleld, came from a
virtual target shifted appreolably towards the inside of the

I'll'lgt

At 2L GeV CPS energy a cut=off .energy of 17.5 GeV, combined.

with a scattering around 80 mrad is by no means safe.

The - background muons were concentrated around the medium plane,

i.es floor and roof were (relatively) safe.

From this one may draw the following practical con=

clusions:.

1o

2.

Yo

. commended by Lindenbaum ’.

Rather than having iron oonoentrated on the line=-of- 31ght
to the target with soft reglons around, one should make a
sandwich structure, where the iron covers a large solid angle.

and the concrete is behind it. This was also strongly re-

5)

Virtual and ~parasistic targets, at p031t10no quite dlfferent _
from the real target, can never be av01ded Consequently
one has to shield against all reglons which may ooncelvably

act as targets, (which is an almost impossible task).

“The'only safe thing was to have a cut—off energybbigger than

the foreseen CPS energy of 24 GeV in all directions. As
thls meets with technical difficulties, one should at least
take care that for cut=offs < 20 GeV the conceivable tra-

‘Jectorles 1nvolve scattering angles >> 100 mrad.

The‘viftual absence of floor and bottom muons is easily

explalned by the aperture limiting coils and magnet struc-

~“tures close to the target, whlch absorbed a large part of

the plons befoee_they'were able to deday. As these stru-

75 otures will e absent with the external target, one has to

4215/NP/ih
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which leaves only the desired decay cone of * 40 mrad opens
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The funnel should be flared to the outside such that the
more distant parts of it are not seen from the target.
This would depress the probability of forming parasitic

targets eppreciably.,

Finally it should be emphasized that a shielding at
the required level of safety can really not be calculated. The
past experience with neutrino shieldings on both sides of the
Atlantic has been far from being brilliant. With the 2 up sec
burst from the ejected beam the neutrino spark chambera) will be

paralysed if more than 1 muon per pulse transverse it. This

~is simply due to the faot'that the sensitive time is of the order

of 1 usec, and the well known "robbing effect" of non-coincident
tracks would make the efficient observation of v-~events impossible,
(For compensation actual stray muons might easily look like v=-

events. ) The only sound conclusion then is to play safe.
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TABLE IV

Counting Rates of Plastic Counters o
(Rates Per 1000 Bursts - Gate Length 1.5 msec)

.PS.Energy/GeV‘: : Coinoidencé Rate

27 . 1240 + 160

oh 240 . 70

21 ' - 12 2.6
Cosmics ' 18 .0.7

i+ 0+

I+

TABLE V

Spark Chamber Observations

Per cent of Tracks

PS Energy/GeV | Gate Length Inclined to the

Horizontal
0% 30° | > 30°
27 1.5 ms 9% 8%
2l 0.5 ms 85% 15%
21 1.5 ms 19% 81%
20 "~ 1.5 ms G 16% 84%
Cosmics - - 17% 83%
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Figure Captions

Time-of -flight spectra of muons from target 5, of

charged background and of cosmic rays.

Shielding layout for runs 1, 2 and 3.

Note: X is lower.

Counter set up in the neutrino block=-house. The
plastic counter, cdunters X and N and the spark chamber

have been added only for run 3.

Directional dependence of background as measured with

the liquid counter telescope (XY-coincidences).

Energy dependence of u flux as delivered by a coincidence
between counters Y and the C-counter. The curve ob=

tained with the plastic . counter has also been plotted,

Lateral dependence of background as measured with

plastic counters.
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