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-SUMMARY

The charged particle background present in the

" Wisutrino blockhouse" has been studied with several

'large-area scintillation and Cerenkov counter set-

(""ﬁﬁé}Jand under various shielding and PS conditions.

" Most of the backgroUndMSeemsjto be due to muons which

46 not come along the line of sight from target .5,

" bat rather penetrateé through weak parts ¢f the neu-.
trino shielding on the side of this line.: The back- -
ground increases strongly with PS energy. Approxi-:
‘mately the same enérgy ‘dependence has been:found,

' in ‘s separate experiment, for -the flux of muons

"6éﬁébie“6f penetrating 23,5 m of heavy concrete.

Geneva - July; 1961,
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RESULTS OF THE FIRST
NEUTRINO COUNTER BACKGROUND RUNS

INTRODUCTION RN P

The neutriﬁd?bountervbackgfcuﬁd:fuﬁgitdbk place on the
following dates: ' .
Run 4 : 613 Fehruary 1961 (12 shifts)
Runm 2%) :+ 1416 April 1961  ( 8 shifts)

Run 3 @ 20-21 May 1961 ( 2 shifts)
Run 4 ¢ 2 =5 June 1961 (11 shifts).

The measurements were done in the north-west cornmer of the PS South
Hall under various shielding conditions (see Section II). Using a
relatively .small counter arrangement. (see Section III), it was
checked in Run, 1 that the counters work satisﬁagtpri%yuﬁgpd-that

the method of measurement foreseen fpr4the;negtrinQnguptgn'expefi-
ment1) is practicablew Muon -fluxes were. measured at various PS
energies .and pehind;different shielding.thicknesses (gee.?igs, 7 and
8). A systematiq study of~the,chargeq,partiple,bapkgrppn@ was
started. . It was continued With-basiqally,jhe'same,§et7q&,;but bet-
ter shielding cqnditions,;duringﬁggn 2, ;Thehqounteyrappangement
was considerably enlarged fqr4Rups_§_apid4,,in,order}tg,incorporate
the multipl@tg,qloud;phamben,AFJWéhénclngﬁsome_of the .counter data
in the present.ggpqyt&pu;Thg‘fing; ;ep§pﬁLonJRun L will be issued

as soon as the scanping of cloud.qﬁambep_piqtpreﬁ is ﬁinished2 « The
mein results on the background as seen by the counters are summarized
in Figs. 9 and 10 and in Tables I-V.

SHIELDING CONDITIONS

Run 1 took place.underneath the overhenging roof, in the

position which at present'{s occupied by “the Beole Polytechnique

\bubble chamber (Fig. 1), The main shielding wall between the PS

*) Run 2 was done by parasiting on the background run of the Ecole
Polytechnique bubble chamber.



“ring and South Hall was still intact. A wall of heavy concrete

" ‘was put in front of the counters., - Its thicknesss was increased

during the run from initially 4.80 m to 11.2 m (up to-a height
of 80 em the full thickness was in place all the time). The side

- shielding was only provisional. It was 4 m high, but did not

join to the overhanging roof, thereby leaving a gap open which
was ~ 1 m at the front and several metres at the rear part of the

overhanging roof, where it joined the "Chinese wall'.

During Run 2, major parts of the final shielding were

already in place (Fig. 2). The recess in the main shielding wall

. was made and closed with the L.32 m thick iron plug (except for

] "_IIi.
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the 112 em? muon channel, which could be closed by three times 1 m
of Pb mounted on moveable chariots ). The counters were in their
final -position, and the. surrounding blockhouse was practically

finished.

For Run 3 additional- shielding was added (indicated in
black in Fig. 3). - Most of it was placed inside the ring, in
particular around magnet No. 10 from where neutron background was

found to émergs. by the Ecole Polytechnique bubble chamber‘groupz).

For Run 4 a few more concrete blocks were added mear the

"weak corner" of the shielding wall between the PS ring and South

-Hell (marked A in Fig. 3).

COUNTER ARRANGEMENTS

_ The set-up used in Run 1 was the so-called "short sand-
.chh" (Flg. 4), consisting of two liquid sclntlllatlon YES-counters,
Yy and ¥,, behind 30 and 35 cm Pb, respectlvely, followec by another
5 em Pb and a directional water Cerenkov counter C. The area of
the YES-counters was 1.6 x 0.8 m®, the area of the Cerenkov counter

#* S, .
1.8 x 1,2 n? ), These counters were protected by a Ted'x 244 m?

*) Accidentally only the upper half of this counter was connected
to the coincidence circuit.



~:FRONT-counter F.and a TOP=counter T, which was 16 X 4v6 m%+in the
horizontal and 1«1 % 1,0 m® .in- the~inclined: part.. . There :was a
.20 -em Fe-roof between YES-sandwich &nd TOP-counter.. - Some informa-
an e bion abouﬁ*chargedfpartiCJGS"eoming»frbmvthe;sides,waS‘provided by
two ‘plastic counters (1.0 x 0.5 m® and 0.7 x 0.7 n®) on the.left-
hand;side,~and'onerscintillatiOn'tank:1£6 x: 048 m%- on “the:right-hand

'sideu)1

" In gggégzthe arfaﬁgeﬁent waswbaSidally'ﬁheheeme;{eXcept

" that the final side anticoineidence counters of 1.6 x 2.4 m® area
were now in place,-and that some of. the counters sterted- to leak.

~ Therefore, ‘only one YES-counter was used behind 40 cm.Pb (Fig. 5),
-~ and on the average only two-thirds of the counter units composing
the FRONT; LEFT- and RIGHT-counters were working. - - The Cerenkov
counter instead was now 100% effective. The TOP-counter.of now

146 x 2.4 m® was working all the time.

For Run 3 a new arrangement was.set up which could trigger
the. cloud chamber (Fig. 6). The FRONT-counter is now 2.k x 4.0 m?,
% the side’ counters have the same size as in Run 2. Systematic
" measurements were only made with the :Cerenkov . counter- Gy (2¢x 146 m?)
_end the scintillation counters Y, (3.0 x 1. 8 m2) as YES-counters.

... . The TOP-counter of 4.0 x 4 0 m was not yet in place.J

The geometry in Run L4 was practically the ‘same as in Run 3.
The TOP-counter was in operation, and also the acditional YES-counters
of Y = 1.0 x 1.8 m ) Due to the better mechanlcal constructlon

.. LR
of the new counters no breakdown has oocurred up’ ) now.  Also, the

and CR,Y were used (sen51t1ve areas of 3 b

r“ytrans1stor1zed electronlcs used w1th the new set-;p proved very

" rellable and stable. o ':'

g

IV, RESULTS OF RUN 1

1. Muon fluxes from target 5

‘?TA ﬁueh‘ﬁbdﬁe 1 GeV When transver51ng tfuzshort sandw1ch

would cause a triple 001n01dence (Y1 Y. C)°. This c01n01dence rate

*) "Right" and "left" as seen when facing target M. 5.
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was measured as a function of PS energy at a fixed total shielding

* thickness of 23.5 m heavy concrete (which, together with the de=-

téctor threshold, gives a momentum cut-off at 17.7 GeV/c). 50 um
Be and 25 um Al were used as targets. The result is giﬁen-in
Fig. 7 Dbetween 18 and 23 GeV the muon fluxes rise by azfacfor

of ~ 3 per GeV energy increase, and somewhat less fast for the
higher energies. The Be to Al ratio is consistent with 2,0 at
all energies where measurements were done, except the higheét one
(27.8 GeV) where it is only 1,5, The point marked KSS in Fig. 7
refers to a-.calculation by Krienen, Salmeron and Steinberger4 done
on the basis .of a statistical pion spectrum as given by von Behr
and«Hagedorns). Magnetic effects and multiple scattering were not

considered in the calculation.

Another measurement was made with Be at a fixed'PS.énergy

"of ‘2443 GeV during the time when more shielding was piled up in
" front of the counters, Up to a cut-off momentum of = 20,5‘GéV the

" muon flux folléws quite closely to what is expected from the statis-

tical spectrum (Fig. 8)., Yet the good agreement with the calcula~-
tion of .Krienen et al.*’ must be con31dered as accidental: in fact,
one does not get muons from plons orlglnally emltted under ~ 6° from

the target but rather mostly negatlve muons f£rom negatlve plons

.emitted under small angles Wthh are bent outward by the PS frlnglng

~field ).

The measured curve does-not show the expected sharp cut-

. off at ~ 21 GeV/c,  This is a strong indication that, at these big

‘shleldlng thlcknesses, one measures charged particles Wthh do not

'hcome straight from target 5. -

"2, "Neutrino"-triggers as a.function of. shielding thickness

Simultaneously with thé'muon'fluxes,the rates of "neutrino-
like" anticoincidences, F(Y¥y Yz C)®, were measured. They follow the

measured. charged.particle fluxes quite closely (Fig. 9), indicating

“nothlng but the 1neff1c1enoy of the ant1001n01dence system. ’ This
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- Anefficiency is only in part due to the electronics;the main ‘con=-
“tribution -comes from particles which missed the -sensitive ‘parts of
. the FRONT-counter F. The levelling-off of the observed rates at
high shielding thicknesses shows again that one measures particles

whiéh do not come directly from target 5.

3, Analysis of background by display of counter pulses -

v As soon as the antieoincidehce'rEte was loWer than 1 per
burst, the pulses from all ‘the counters w1th sultable delays between
p‘them were dlsplayed on an 0301lloscope and photographed, u51ng the
"neutrlno-llke" ant1c01ncldence as a trlgger. In fhls.Way the elec~
tronlcal ‘ 1nefflclency can be determlnod directly by comparlng the
number of oscilloscope traces showing NO-counter pulses on thém
“with the number of coincidences registered during the. same time* .
By observing which ones of the NO- and YBS-counters have responded
" t0’ a particular event, & rough hodoscope is realized.  Finally,
' 'the pulsé heights can be used for further discrimination, for. in-

’Wistance between penetratlng particles and showers, - @ .

_ The hodoscoplc 1nformat10n obtalnable from the dlsplay
depends on the trlgger 31gnature chosen, t1e one trlggers with an

| ant1001ncldencc AQ A.z...An(YC)2 the fraction ¢ traces show1ng a

"‘partlcular NO-counter AK on them is proportlonal “to' the flux of
particles through this counter [and causing a double 001n01dence

“(YC)?] time's the inefficiency of this :counter to.close the anti-

" coincidence circuit. " -Although care was.‘taken to ensure:equal over-
all ggin for &1l ‘the NO-counters, occasionally slight differences
of the anticoincidence efficiencies were observed fior different:
counters., Unbiased data on the distribution of charged background
particlés can be ‘obtained by choosing only combinations of YES-

counter pulses as a trigger.

,*) It was found to be (3 * 0.5) %107 for voth, triples F(¥y Y. C)?

' and doubles F(Y1 Y. C)?, when the muon flux was of the order:of
10 per m® and burst. It was worse during the later stages of
Run 1 and in Run 2, mainly because of changes in the biases, etc.
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e -Depression of :cosmic-—ray background

"nThe first systematic-background study; using the display,

was made with the completed shielding (muon cut-off momentum 21.3 GeV/c)

... and a long radiation burst (gate length 50 msec). The trigger was

1896/NP/kw

(¥ Y2 €)Y, deee, 8 double coincidence between any of the three

.-YES-counters in enticoincidence with the FRONT-counter F.

There ‘was & ‘prondunced difference between cosmic-ray back-

"-ground. and background from the PS: ¢osmic rays prcduced mainly

coincidences between the two scintillators (Y, Y. )?, whereas with

. the FS operating at 24 GeV a high fraction of coincidences (Y. C)?

. was found; too.- In order to depress the cosmic-ray background,
the radiation burst length was shortened to some msec by éxchanging
the thin targets against ones of ~ 1 mm thigkness. It was éhecked

that counters and electronics worked well with the short burst, and

*
that the rate. of accidertal coincidences was still negligible ‘.

The results with the short burst are given in Table I,

- The differenceé between tne PS background and cosmic rays is striking.
- .- _‘ : . . - L . .. et * .

" The "'PS background particies come from ‘the forward direction (in

“tHe Tooseé  sénse “that angles up to x 30° with respect to *the v-direction

©afe “still acoepted). MNost of them are presumably muons which missed

the FRONT-counter (and therefore Y,), but still hit Y, and C.

5. Backgroupd under different PS conditions

In order to get more.information about the machine back=-

. ground, the :PS energy and the Sarget material were'variedg The

-results, as given in Table I, reveal the following properties of

background:

a) The already-mentioned diredﬁnnalitycﬁ’the PS background at
. 24 GeV. . This is demonstrated by the high fraction of (Y2 C)?
- coincidences, amongst the "gocd triggers", as well as by the high
- efficiency of the FRONT-counter as compared,td all the other”

_NO-counters. .

*) The contrary was erroneously stated by one of us (H.F.) in a |
preliminary discussion of the results on 23 February, 1961 (see
document NP/765/EB).
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b) The comparison between Be.and.Al at. 24 .GeV . gives the seme factor
- of 2 already found in the high-energy tail of the muon spectrum
- (Figs 7). '

“¢)  The background depends strongly on the. PS energy: between.24 and

“19 @GeV the coincidence raté- goes down by & factor.of 22 for Be.
At the sa@me time, the directionality is lost and the Be-Al difference
vanishes. In fact, the goincidence rate at 19 GeV is not signi-
ficantly different from cosmic-ray leyel.v_ Surprisingly enqugh,

- : there seems to be -a definite PS effect in the anticoincidence rate.

d) The single cdunting?rétes*perﬁﬁurstVére given in Taeble II. Also
‘they show e pronounced energy dependence.  (Care must be taken
7 in the comparison, as fludtuations in PS. intensity could not be
" . corrected for because of lack of & convenient monitor.) When
~the PS is on, the counting rate in the practically unshielded
 scintillation counter Y; is significantly higher than the one in
the well-protected counter Yy, This indicates the presence of
..-a non-directional, soft radiation, as it was already found in &
preliminapy radiation survey in the South,Hall? «. .The low coun~
. .ting rate in the éerenkov counter would be consistent with the

assumption that most of these background particles are .neutrons.

RESULTS OF RUN 2

Because of the changes in geometry and electronics,. the

‘data of this run are not directly comparable to:the ones of Run 1.

Howsver, for the (Y C)? ratesy the conditions were not too.different
and a comparison of these would "indicate a depression of background

by approximately an order of magnitude.

"The main emphasis ‘during this run was on.triggering the

'aiSPIQy'by“a‘very loose trigger, namely, singles from either.Y or C

“i(or‘both), or antisingles (ive., singles in .anticoincidencé-with the

1896/NP/kw

NO=counter's ). - The intention was o get en unbiased distribution of

the particle directions.,  Actually, the singles rates given in




- imgble  IIT  still contein a-bias: - the discrimination level 'was set

" a%-high as to exclude practically particles under normel- incidence,
gdmitting only inclined onés, - -As a résult, the absolute counting

e rates areAtoowloW,-and'the“fractionaof particles coming from the

-sides is again an upper limit rather than the true value.

VI. RESULTS OF RUNS 3 AND h

, _ Run. 3 was.a short. . pre-run in order to check if. one can
trigger the,cloud chamber at. reasonable rates. The chamber was
not yet Worklng. The countlng rates obtained with the TOP=-counter

,t m1351ng and u51ng only "the YES-counters CB and YB in the back of the
cloud chamber are glven in Table IV. "No oscllloscope traces were
; photographed. ) The trlgger rate 1s still approx1mately a factor of

5 too hlgh for the chamber.

In order to depress the . trlgger rate further, the follow1ng

.changes were made between Runs 3 and L3

a) the gaps in the FRONT-counter were closed 40 a large extent by
placing a rectangular scintillation counter 2. x 0.8 m? in
front of the vertical gap in the counter, and four_tuhees30'cm_ﬁ

and 90 cm long across the horizontal gaps;

?,b) some more concrete blooks were added in the South Hall near the
oorner.marked»(A) (Fige 3)..
" “The third change was that due to a-breakdown of the “excita-
tion of the PS magnets. As a consequence ' '

c) the PS ran at 22.2 GeV max1mum.“

A1 three ohanges together brought -the trlgger rate down
by a factor of 10. There is llttle doubt that the main effect came
from the reduoed PS energy.

‘ With the improved ERONT—oounter the ant1001ncldence effi-
Lciency'aga%hstfmach}ne,baokgroundvle_arouhd 98%- “Against ooemlc rays

..it_isvless:bepageevpartﬁof the counters arevstanding outside .the
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‘anticoincidence house. In fact, cosmic rays constatutedrthe maln

«‘background: during this run (see Taeble V). This was due in part to

. thei loose logies emplcyed:¢~in order to ensure. maximum detectlon ef -
and of all sclntlllatlon YES-counters were. respectlvely added to-
gether and then mixed into a (Y C)® coincidence. This gives a
factor of 10 more than (Y B)Z alone, because one also counts now
cosmic-ray particles travelling x normal to the 6" 11ne, and av01d1ng
the NO-counters. By demanding separate coincidences (CB )2,
(C Y;) s and (C Y4)2 thls effect can sasily be av01ded.-n:

: The relevant countlng rate, therefore, is A(C )2 "The
__result 1s qulte promlslng, in partlcular at 20 GeV where the “machine
.__effect, whlch 1ncldentally only shows up 1n the back counters, ‘has
virtually dlsappeared. Because the cosmlc-ray background was so
1mportant this time also & pulse helght crlterlon was 1mposed for
an évent to bé "neutrino-like™: the pulse height in: C (Y ) must
not exceed two (three) times the most probable value for a trans-

- versing single particle.

vIT. cONCLUSIONS - i oo e

The measurenentsjhatelreveaied é“%aifiy'séfohg charged
‘;particle;background'even’after”the shielding foreseen for the nsu-
trino experiment had been completed. @ It seems 'that most of these
{5 particles are-muons. Most of. the so-called "meutrino-like" trig-
gers registered by the -counters.-(if . not all of them) are.actually
due to charged particles which have mlssed the ant1001nc1dence
counters. Only at 19 GeV PS energy there ‘seems to he an indica-

Lﬁ'tlon of a less tr1v1al “sort of ‘background (seevTableﬁI)

Most of the background}partlcles come Wlthln f”'a30°'from
.the 6° 11ne to target 5. Yet they do not come dlrectly along this
.illne.' ‘This is cleax from-the amount of -shielding placed on this

"ine: 1% corresponds “£6 ‘e muon momentum cut-off x 215 GeV/c. Ex-
;per1menta11y, ‘1t has Been found that above a cut-off of.x 20 GeV/c
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the background rate becomes independent of the amount of shielding
in the line of sight to target 5. The conclusion is then that the
_ background particles go around the main part of the neutrino shield-

#
ing, rather than through it ).

The background -shows a pronounced increase with the PS
energy. The data are summaerized in Fig. 10. Only the counting
rates from the same run are strictly comparable,‘because?gedmetry
and electronics changed from rﬁn to run. One finds the same trend
in all runs and for all trigger signatures. It coincides with the
PS energy dependence of the muon flux which was given in more de-

teil in Figo 60

The present background study is only the very first step
in the neutrino counter experiment. The muon background was.so
high that at 24 GeV it overshadowed all other background g@fects
completely. The only definite indicatibn of another typé_of.PS
background was found at 19_GeV** . It remains to pe‘séén Whét
sorts of background will show up, as soon as the weak spbt'(X) in

the present shielding has been closed.

Some ‘practical conclusions can already be drawn from the
present measurements:

A neutrino experiment with counters alone would bé ex-
tremely hard. One. has to .combine them with a track-showing device.
A’ flast one, like. a spark chamber, can presumably .be triggered by
‘singls counters, thereby achieving high detection efficiency. A
slow de&ice, like the -cloud chamber, instead reguires.quite restric-
tive signatures., A good anticoincidence efficiency .is essential
in both cases. It is felt that the 98% achieved for scintillator-
Cerenkov coincidences are close.to the practical limit ottainable
with the present method of constructing the large NO~counters from

smaller standard units.

#) Since this report was written, strong evidence has Yeen accumu-
lated during Run 5 (14 =17.7.61) that the muons penmstrate through
the point marked X in Fig. 3. They reach the counters af'ter de~-
flection by multiple scattering but miss Lagarrigue's bubble chamber.

**) More systematic measurements at this energy would have been desir=-
able, but they were not permitted by the bubble chamber groups . . .
which ran in perallel. L
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for

' Atiother conclusion may be drawn sbout the PS energy to

! Yo ‘chosén for the neutrino experiments. It hrs been realized already

"“’that “the ‘neutrino flux per sec has a. max1mum at 21 GeVi one loses a

factor of 1.3 in going from 24 to 21- GeV ’ ) ‘but gains a ‘factor of

1.5 from :the enhanced repetition rate. . The present measurements

...seem ko indicate that, as far as the signal-to-noise ratio is con-

.~cerned, -an even lower PS energy might be still more. advantageous.

ACKNOWLEDGEMENTS

The authois are indebted to the PS machine group under

the direction of P, Germain for their ‘outstanding collaboration

‘during the runs. They acknowledge in ‘particular the excellent

job done by Dr. Bonaudi and his staff with instellation &nd shield-
ing, by Wr. Krdwerath and his crew with the-transpors, and by

“Dp; Sluyters with the targets. ' ~“Much hélp and guidénce was Pro-

vided by the "Neutrino Committee", with Profeéssor Berhardini -and

.. Dry Hine:as chairmen,and Drs. Krienen.and.Sslmeron as co-ordinators.

The support from Professor Preiswerk and the .co-operation. of

_Dr. Asfbury and the cloud chamber group 1s grc,efully acknowledged.

- We wish to thank our technicians Mr. Doughty and Mr,. cﬁfgensen, and

1896/NP/kwm

their helpers, who worked extremely effieciently and ggry,qftepxpp

. to the limits of itheir powers, Mr. :Cucenti® who confributed essen-

- tiel parts of the electronics, and .Dr. -A. Ghani whe assisted during

the last two-runs.

Ty R 1



1896 /NP /kw

1)

3)

L)

6)

7)

9)

-13 =

REFERENCES

H. Faissner, NP Internal Report 61-6'(1961).

Counter Cloud Chamber Collaboration, NP Internal Report
~(in preparation).

Results of the background pre-runs of the Ecole Polytechnique
Freon Bubble Chamber (several Internal Reports ).

F. Krienen, R.A. Salmeron and J. Steinberger, PS/Int.
EA 60-10 (1960).

J. von Behr and R. Hagedorn, CERN Report 60-20 (1960).

This was first pointed out by J. Geibel (private communication)
and later checked by Lagarrigue's bubble chamber group
[see Ref. 3)].

H, Faissner, B.D. Hyams and W.A. Love, Preliminary Radiation
Survey for the Neutrino Experiment, May-June 1960
(unpublished ).

G+ von Dardel, R. Mermod, K. Winter, G. Weber and M. Vivargent,
Measurements of the charged pion spectrum (private com=~
munication).

M. Fidecaro, G. Finocchiaro, G. Gatti, G. Giacomelli,
W.C. Middelkoop and T. Yamagata, Measurements of the
y-spectra from the decay of 7°'s (private communication).



- -

Table Ia

Coincidence rates in Run 1.

(A1l rates per 1000 bursts;
protons in all the tables.)
four columns were read directly from the scalers. The rele-

1 burst = 2 x 10! circulating
The rates given in the first

vant anticoincidence rate, given in the last column, was
determined from the oscilloscope traces.
enle:]s:' Target | Gate | (Y4Y20)2 FTR (1,Y.0)° FTR PTIR C *)
(GeVg)y & 112 (Y, Y,C)% | V1t (1,7,8)% | (¥4Y20)?
243 Al 3 ms 760+ 20 | 148 + 10 - - L3 = 5
2443 Be 10 ms | 156050 | 304 * 20 | - - 100 + 13
24 .3 Be 50 ms - - 420+ 30 6 * 3 -
19.0 Al 5 ms 81+10| 33 = L4 - - 16 = 4
19.0 Be 5 ms 68 * 20 & L4 - - 27 * 5
Cosmiecs 5 ms 67 21 18 £ 111.920.04 | 0e23+ 0,01} 13 = 1
Table Ib
Analysis of oscilloscope traces. ..
(Gate length 3 msec, target aluminium )
. Counter combina-
PS . Anticounter percem.:age of % of tions for v-like
Trigger total number of triggers .
energy L v=like events (%)
(GeV) signature ¥) | events 2 2
F|lT | L |R|C (1,Y2)% | (¥28)
24,5 | FTR(Y,Y.8)% | 53 L |45 ]5.5 31 8 86
19.0 | FTR(Y,Y.8)* | 17 319 |27 141 73 27
Cosmies | FTR(Y,¥.C)* | 11 2 | 2 [2.5]3 48,5 81y 12
Cosmies | FTR(Y,Y2C)* | 23 |0.5]0.512 |63 11 - -

*) Cp is a signal from the "bad" side of the Cerenkov counter, i.e., from
the phototubes looking at particles entering the set-up from behind.

#%) There is no significant difference when beryllium is used.
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Table II

Single counting rates in Run 1

(per 1000 bursts)

PS
energy | Target | Gate ¢ Y, Y Y,/¥; | Remarks
(GeV) *)
24 Al 5 3ms | 2750* 4,00 9800 * 700 | 25300 £ 1100 2.58 -
24 Al b 3 ms | 4150 L50 | 12200+ 800 | L1050 * 1430 3.35 -
2L Be 5 10 ms | 5100+ 500 | 18750+ 970 | 48750 £ 1560 2.60 -
1 Be 5 | 5 3970+ 360 | 2530+ 290 | 4400*390 | 1.75 Low
9 2. ns - = - * intensity
19 Al 5 5 ms | 2900 % 310 6730+ 470 | 29000+ 1000 4430 -
Cosmics 3 ms | 20407 256&,3 318+ 3 1.4 -

*) The number behind the target material refers to the straight
' section in which the target was placed. .
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Table IV

Counting rates in Run 3 (per 1000 bursts). The
target was Be. A stands for anticoincidence
with F,L, and R.

4896 /NP /kw

enle:.igy Target | Gate (CBYB ) (1505 )? Z\:(YBCB )

(GeV)

2442 5 1 ms 9050 =+ 70| 970 * 20 119 %

2L.,2 10 1 ms | 22600 + 210 | 314 = 25 236 * 22

22 2 1 ms - 130 * 13 70 £ 10
Cosmics 1 ms| 6500 £ 301|165 = 0.1 13.1 £ 0.1
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FIGURE CAPTIONS

Fig, 1 Shielding conditions in Run 1. The part hatched-

inclined to the left was added during the run.
Fige 2 : The shielding during Run 2.

Fige 3 Shielding during Runs 3 and 4. The parts added

after Run 2 are drawn in black. Suspected weak

points are indicated with the letters A, B, C and X.

Fig. 4 The short sandwich as used in Run 1. The small

phototubes on the front side of the Cerenkov coun-
ter C exclude particles entering the set-up from be-
hind. (This signal is denoted by Cb in the tables.)

Fige 5 The short sandwich as used in Run 2.

The counter~controlled cloud chamber as used in
Run 4« (In Run 3 the TOP-counter and the two

side Cerenkov counters, CL and CR’ were missing.)

Figo 6

e

Fige 7 H Muon fluxes as a function of PS ensrgy at a fixed
shielding thickness corresponding to a momentum
cut-off at 17.7 GeV/c., (1 burst = 2,1x10"" cir-
culating protons in Figs. 7-9.)

Fig. 8

: Muon fluxes at 24.3 GeV PS energy as a function of
shielding thickness.
Fig. 9 ¢ "Neutrino-like" triggers FT(Y,; Y, C)® as a function

of shielding thickness,. The curve labelled "expected

muon flux" refers to the calculation of Ref. 4).

Fig.10 Background as function of PS energy.
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