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SUMMARY = -

" A comparison is medé Dettwsen two ‘spark chamber

- counter set-ups for ‘the detebtion and measurément of =
i neutrino-produced ‘electrons.” ‘Oné’ is an ‘assembly of
- thick<plate spark chambers triggéré&"by“sciﬁtiilétidn o
‘counter's; the othér is & sendwich of flat lead per-
~"chlorate éereﬁkQQ:counters'With thin-platé sperk =~ =
" chaiibérs in between. = ‘The first set-up measuresthe

"' electron energy by sampling of thé shower, the second =

one by totel absorption. It is:bOnc1uded‘théﬁitﬁei
totel absorptich method is three to four times &s ac=
curateas the sampling., = Some technical ddtails are
given on an effective 10-ton %otal absorption set-up.
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I, INTRODUCTION

One of the first questions one hopes to answer in a
high-energy neutrino experiment is: whether there are two kinds
of neutrinos or whether there is only one1). If the neutrinos

from pion decay are different from the neutrinos emitted in

Vin o pHy 1)
but not inverse § decay
vin > p+e . (2)

If there is only one sort of neutrino, the two reactions occur

with compareble probability.

Because, in principle, the question can be decided on
the basis of one clear event of type (2), a heavy liquid bubble
chamber seemed to be partlcularly suited for this purpose . The
counter arrangements considered so far’ *) concentrated instead on
a systematic study of the muon reaction (1)«  Unfortunately, as
was p01nted out by von Dardel s With the present neutrino fluxes
it would take qulte & long. time until one could hope to see a
neutrino event appearing. in one of the available bubble_chambers

f X 0.5 tons Weight.' It seems Worth while, therefore, to con-
sider a multl-ton detector capable of detectlng and identifying
the electrons from reaction (2) with. hlvh efficiency. The dif-
ficulty is that one expects electrons to show up even when reac-

tion (2) is.forbidden, because of the inelastic process .
ven > p+yu +7° Co v (3)

(and similar reactions).

For our neutrino energies the contribution from gll inelastic
channels is estimated to be = 50% of the elastic channels). For
reaction (3) alone one therefore expects X 15% of the elastic
channel (1) [or (2)]. . If one has a sample of neutrino events
of types (1) and (3) one could think of excluding process (2) on
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II.

..statistical grounds., even if some of the observed .events would be

_compatible with.(2). However, the statistical argument is ques-

tionable for two reasons.

i)’ The expected rate of events is low [‘around 0,05 per “ton,
“‘elastic channel and day, with the présent fluxes £ One

is therefore subject to large fluctuations.

ii) The argument rests on the supposition that the cross-sections
for (1) and'(Z)“afe‘equal. This may not: be true, because
apart from kinematical corrections (which are indeed small)
there may be a sizeable contributlon of 1ndefed pseudoscalar

1nteract10n in (1) which is m1551ng in (2)

: It is therefore essential that the dlstlnctlon between
(2) and (3) (or other confusable reactions) is possible for each

event.

It is the pu4pose of this report to investigate the
possibilities of measuring neutrlno—produced electrons as ac~
curately as possible (Section iI). In conclusion, a 10-ton set-up
is proposed which measures the energy of electrons eround 500 MeV
by total absorption in a series of flat lead-perchlorate counters

with an expected accuracy of % 10% (Section III).

SHOWER SAMPLING OR TOTAL ABSORPTION°

. .Because: of - the detailed 1nformat*qn wanted about each

- event, a;puregcgunter set-up is not sufficient.. . .Instead, one has

{0 use..a- hodoscope in combination with the counters,.. At present,
the most convenient one seems to be a spark chamber. counter com-

blnatlon .. - There are two-fundamentally different types. .

“"A. The detector mass is concentrated in the chamber;’ the coun-
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“ters serve"eﬁly for triggering. This is'the’cdnstFuction
“adopted in‘Bfookheven7'::‘Sub-unitS'of ~ 107 Al-platess 2.5 em

thick, are each followed by a pair of thin plastic counters.,

*) For a discussion, how to tell neutrino events from background,
see Ref. 3).
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- Bs The detector mass is concentrated in the counters which -mea-

sure the dissipated energy. The thin-walled spark chambers
serve only as a hodoscopes For the experiment under con-
sideration the counter substance must have short radiation
.length; high_density is desirable. Concentrated lead-

perchlorate solution fulfils these requirements:

n = D.4) o/om3

~ LU B/ Vi s

Xo = 43 cm (=11.3 g/em?),
B 21.9. MeV,

erit”
With an arrangement of type A one determines the elec-
tron energy by sampling: if the shower propagates in x-direction

one measures. thé electron multiplicity n, in discrete steps x;

-given by the plate thickness d. The electron energy B, is then

inferred from the total multiplicity

N = % ne(xi), x, =x, =4d

according to

Eo = €N
with a calibration constant ¢ (which is best determined experi-
mentally).

This method has been applied in cloud chamberss’g) with
the result that around 500 MeV the E, of a single event can be

£
- determined with an error around BQ% ). Basically the same method

- was used with counter set-ups by Frisch and co-workers at Mrt'°

and by Hyems' group" at CERN. Their arrangements consisted of
alternating metal plates and plastic scintillators.. The only dif-
ference is that instead of measuring n (x ) directly, they deter-

mine the total energy loss of the charged particles present at a

_ thlckness x5 (Whlch glves at least the same amount of information

*) "Error" in this report means throughout: mean square
(= "standard") deviation of & single measurement from
_the true value.
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- gnergies ranging from soime hundred MeV

‘asicounting the number of tracks).” The Tesponse of these set-ups

to'monoenergéticheleotrons?SEOWS'epprOXimately the same large fluc-

tuations as were observed in the cloudchambers (see Fig. 1).

‘Qualitatively this is easy t6 understand: because a large fraction

of -the shower energy is absorbed in the plates, a small fluctuation
it this emount means & very latge one in’the smell fraction which is
actually observed. A quantative interpretation of the measurements
on the basis of existing shower theories still seéms to encounter
some -difficulties. | SR

With an arrangement of type B, shower fluctuefiohs ere

avoided altogether because, in principle, the total energy is ab-

- sorbed -and measured in the counters. What one measures, in fact,

is the total path-length of electrons giving Serenkov light. It

i$ well known -that good linearity and energy resolution can be

. achieved with total absorption Serenkov counters for electron

12-14). 5)‘

up to many GeV1

The eoouracy with which the energy of a single electron

can be measured is limited by two effects:

i) 1loss ofAbert of the shower, either because some particles es=

cape or they are absorbed 1n materlal outside fhe counters,

ii) statlstlcal fluctuations in the number of photoelectrons
.ejected by the Serenkov light.

For a’ detector of the proposed size of 45 x 35 x 25 X§

.escape losses are negllglble. Only 20% of the total mass 1s not
“viewed by photo-tubes, which makes fluctuatlons from the shower
'development small. The main uncertelnty therefore come s from ;
' photoelectron statlstlcs. The expeoted accuracy as a functlon A

m:of eléctron energy Eo is glven 1n Flg. j for an idesal counter, _

whloh is defined by 1o shower loss and 1OQ% light collectlon., In
celculating the total electron path, use was made of Burmeister’ s °)
observation that in lead 80% of ‘the total electron track length- L

is produced -which one “Would expect actording to shower theory ap-

- . proximation B.(nemely L =.Bo/Ecpit,)e Another 10% were subtracted iin
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order to account for the lower efficiency for Cerenkov light produc~
tion towards the.end of:tnenelectronS'paths, A Cerenkov light out-

put of 200 useful guanta per cm was assumed, and a photo-cathode ef-

.ficiency of 7%. A more realistic resolution curve is also plotted
in Fig. 1. It refers to the conditions expected for the set-up
- proposed.in Section III: 20% shower loss and 30% light collection.

The resolution of some existing total sgbsorption counters is shown
for comparison. The measured mean square deviations lie well above
even the "realistic! curve, mainly because of the insufficient coun=-

ter sizes,

The experimental data on the different arrangements depen-

~.ding on shower sampling are somewhat confusing.- In general, they

do not even show..the. 1/E, - dependence one would nafvely expect, and

the practically energy-independent resolution of the counter.of

Pugh et al.ié) is indicativehof_sone systematic instrumental effect.
if one takes an "uncritical" average over the data, one would con-
clude that at an electron energy around 500 MeV the proposed large

total absorptlon set-up is about 3 to L times better.

The 1ncreased accuracy of the electron energy measurement
is the only advantage which a type B constructlon has over & type A
one. The measurement of the electron emission angle is in both
cases limited by shower fluctuations to an- accuracy around * 10° As
far as the muon reaction (1) 15'concerned' both arrangements are
comparably good.‘ Arrangement A will, in general, ‘be slightly
superlor 1n the range measurement of stopped muons, because usually
the plate thlckness in type A will be smaller than the counter thlck-
ness in type B. However, thls advantage is purely academlc, because
in an arrangement permlttlng the study of the electron productlon the
muons Would leave the detector in the maJorlty of cases.‘, The com~
parlson between the ‘arrangements of types A and B can. be summarlzed

1n tWO sentences.

1) Both set-ups detect (but do not measure) neutrino-produced

muons with comparable efficiency and reliability..

ii) For the measurement of nettrino-produced electrons, arrangement
B is ~ 3 to 4 times better than A, thereby also making the re-

jection of confusing reactions more reliable,




ITII. A 10-TON TOTAL ABSORPTION: CERENKOV
COUNTER WITH SPARK CHAMBER HODOSCOPE

An arrangement which can Ye constructed in about half a
year's time is sketched in Fig. 2. It is meant to fit into the
already existing anticoincidence counter houses) (not drawn), al-
though minor modifications in the arrangement of* side- and 'back-
counters will be necessary. The following technical details may

g & A LAV o ke - Lo~ '

be worth mentioning.

1. The counter unlts

. These con31st of Plex;glass boxes with out51de dlmen31ons
160 X 100 x 18 cm Wlth a wall thickness of 3 em. Four 5" photo-
tubes 54 AVP are mounted on the upper 100 x 18 cm?® surface, four
further ones on the;bottom surface,Aso_as to leave both sides un-
_obstructed. The light collection depends meinly on total reflec-
tion; Al-foil loosely wrapped around the boxes glves a further
geiﬁ: Taklng previously measured data on 11ght collectlon in non-
directional water ﬁerenkov counters, one estimates a 11ght collec-
:tlon between 40 and BQ% for the counter descrlbed° Beéause of the
absorptlon in the 1ead-perchlorate solutlon, e more reallstlc'”
value is =~ 30%. The containers are mounted in steel frames which
are placed in one iron trough sufficiently large to take the llquld

from all counters in case of breakage.:

2. Spark chamber units

They will be made according to the recommendations%cf
the: "Neutrino Spark Chamber Committee™: units made of 3 Al plates,
0. 5 mm. thlck, with 1 cm gaps in between, and an area of again. - \
1e 60 X 1 .00 m? . anh unit will be separately sealed and fllled
with. ges (presumabyy argon + organic vapour). . The: units: can be.
arranged in any suitable way., It is felt that two units, should.

go in front of each counter.

e $otai and- useful weight
indiféne combined unit (= 1 counter + two spark chamber units)

contains:
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450 kg P (cfo, ), - solution
100 kg Plexiglass
120 kg Aluminium

670 kg in total

20 units therefore give 13.4 to total weight, which leads to

10 tons useful weight under the assumption of 75% efficiency.

L. Geometry and photography

_ _ The most convenient geometry seems to be an arrangement
where two units stand side by side, forming a detector of ~ 3 n?
';ehsitive area. ' This is very:advantageous for avoiding particle
losses to.ﬁhe sides. - Packing counters and spark chambers closely
" together (but allowing 2 cm spacing per unit), the whole sandwich
gets 2,80 m long..

It is proposed to photograph both sides of the sandwich
separately from behind, over mirrors placed under x~ 45° to the
axis. As the high brilliancy of the sparks permits the use of a
small aperture (say f£/16) the differences in optical.path length

. present no serious.problem., There is nothing, in principle,
-against photographing both sides by one optical system p;aoed on
the centre line. However,.the increased width of the arrahgement

would lead to some trouble with the available spaces

5¢ Cost estimate

oy The total cost of the proposed set-up is as follows:

9000 kg lead~perchlorate solutlon at SF 13,50 = SF 121,500.~~

20 Plexiglass containerSwmm. &t SF 3000.,-- = SF  60,000,-=
160 photomultipliers 54 AVP...... . &t SF' 400s=- = SF 64,000, ==
LO spark chamber UNitsS..csicesssss. }u at SF 800.-- = SF 32,000,~--
Electronics for spark chamber trigger ' ' ‘ |

(£51IMALEA )uveerruersrnmnssssrsrsrorssorssssarserassasessssossnsasssesses wvessoseresaes SF 20,000,=--

Optical system (estimated) ...cwscssmsssmiomsines & SF 22,5004 ==

Total = SF 320,000,--
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6)

. This may'be -compsred with a cost estimate by Gaillard’
for a total (not effective’) “10-ton spark chamber of type A which

is triggered by pairs of plastlc counters:

32 m® of plastic SCi1ti 11840 ummeemmrn SF 100,000 .=~
6l photomulbiplierSecsmcsssosesssarsessnsnens SF 20,0004 -~
Aluminium plates..eccssscossess seveseronrane weSF 50,000,-~
Plexiglass frames.eessesese sonessasranssasece +SF 10,000,~~
FElectronics for triggering.ssee. v SE 20,000,~~
OPELCSuitirscsossossosassassoncsssocarsansocren reeassnsesnensSF 20,000 ¢ =~

" Total = = SF 220,000,--

6. Remarks on the method of measurement

Although the general method of measurement in the CERN
neutrino counter expernment has been outlined prev1ously ), it may
be useful to summarize briefly how the information is obtained and

which cross checks can be made.

The neutrino-trigger is a single count (corresponding to
e 6 cm path length of a relativistic particle) in any of the lead-
perchlorate counters which is in anticoincidence with the surroun-
ding NO-counters. This relatively loose signature is feasible be-
cause the Cerenkov counters are insensitive to neutron background

which is a problem in scintillation counters., This signal

a) triggers an socilloscope on which the pulses from all YES~- and

NO-counters are displayed;

b) gates a linear adder which adds together the pulses from the

lead~-perchlorate counters;

c) gates a kicksorter which prints out the time=-of -flight of the
event”) (relative to the PS bunch phase);

~d) fires all spark chamber units.

a) provides a check for b), and d) is an independent con-
1
trol of a) and b), From the range of a 500 MeV shower ° ), one

judges that a typical event would involve 2-3 counters and 2 four-gap
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spark: :ohambers; . Thé. probability that the-shower is absérbed in
one- counter is’ 20%. " The "case that the shower is absorbed in >
one spark chamber without' firing-at.least one counter:is practi- =’

cally excluded.. . . ...
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. Figure captions

Fige 1

- Expected resolution of an ideal'total absorption

lead-perchlorate counter, and -of a real one, which

has 2Q7 shower losses and 30% llght collection.

For comparlson, “the measured error 1s ‘given- for

12—15)

several total absorptlon Cerenkov counters: N

11
sampllng counters ’_ ), and cloud chamber measure=—

9
ments ’

'Schematlcs of the proposed lead-perchlorate coun-

ter spark chamber set-up of effectlvely 10 tons.'

A second optical system, identical to the one shown

on the left, has to be 1mag1ned on the rlght—hand

side.
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