NP/1403

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

NP Internal Report 61=5
Internal Circulation Only
Not for Publication

COUNTING RATE IN THE PLANNED EXPERIMENT
T0 DETECT NEUTRINO INDUCED REACTIONS.

by

G. von Dardel

SUMMARY

The number of neutrino events to be expected per ton
of material at an angle of 6° from an internal target in a short
straight section in the PS has been calculated. The same
assumptions about the plon spectrum and theoretical cross=-
sections, were made as in a previous report1). However, in
eddition the limitations in vertical aperture introduced by the
coils of the next magnet unit and the angle between the pions
and the neutrinos were taken into account. It is found that
these effects reduce the expected counting rate by an order of
magnitude. For present operating conditions the expectéd rate

is about 0.01 neutrino events of each kind in a 500 kg heavy

- 1iquid bubble chamber per day of operation. It is concluded

that the experiment is not feasible under these conditions with
present machine intensity and with detectors containing only a

few tons of matter.
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_ The theoretical interest in the interactions of high
eneféy*ﬁéﬁfrinés;”cohhebﬁed*ﬁi%ﬁiﬁhe'péésibie existence of an
Intornodiate vector boson and-thé identity of neutrinos emitted in

“eenjunéfioﬁ”withlelectrons*and*muOnSy-has prompted:the preparation
of extensive neutrino experiments using theb25’GeV§CERN Proton

Synchrotron as an intense neutrino source.

i In e previous ihvestigation’) the expécted counting .
rats’ per ton ‘Of mateérial was calculated-un&erWCertein{simpliinﬁé‘
“assumptlons and’ found to be of “the order of 1 event per ton per
dey, in’ agreement Wlth ‘an earlier-cstimate’ by‘Bernardlnl Slnce
the’ avaliable prdpane bubble' ‘charbers -could be' filled with 0475..
and 0.45 tons‘of”freon respectlvely,~and'51nceHfon,menywofzpbge:
problems a smali‘number of events would be sufficient, the experi-
ment seemed promising. A counter assembly was also made incor=-

porating several tons of lead end using a triggered expansion

cloud chamber to observe the neutrino induced interactions., -

“* These ‘three deteétérs4ﬁréﬁinstalled’on~a:lipe'atgaqﬁﬁ
angle of 6° from-a target in the short-straight section Hiand.sur-

rounded by about 4000 tons of concrete for shielding. The closest )

'%Tidemector, thé Heolé Pontechnlque ‘bubble chamber, is at a dlstance
5150 metres from this" target. e
Pions produced in the target will decay over a 20'm
'mflength 1n31de the macHine tunnel; before: they and their muon decay
nfproducts are absorbed in 27 nétrés ofconerete :shielding in front
of the bubble chamber. T B R e

'g;

;"WA%;tﬁe chﬁéeﬁ'eﬁgle %ﬁeiﬁiehs"Willfpassfthrough&the:

Pri glng‘fleld of ‘the” nékt négnet ‘uhit. in the: machlne and suffer
deflection and focusing or defocusing. Negative pionsiwill. be
deflected awey from the detectors, which will therefore respond to

the neutrino decay product of positive pions.
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For positive pions the frirging field of the next
magnet is focusing in the horizontal direction and defocusing in

the vertical direction.

The focusing and defocusing action of the fringing

- field will cause a net increase in the flux of pions dlrected to=-

-wards the detectors, an effect which was taken into account in the

1
previous calculations ‘e

The extent to which the pion flux will iﬁcrease'ﬁiil

be limited by the existence of apertures near the target but at

thet:early stage such details could not be con31dered. ~ As the

plonfbeam decays, produclng a neutrino beam, the transverse momen-

- tum cf the neutrinos will to some extent destroy the orlglnal

focusing.s . This effect was also neglected in the original estl-

mates, but will be included in the present calculations.

COLLIMATION AND FOCUSING

The present calculations a’m at getting an upper limit

+to the number of events, and the necessary approximations and

_assumptions will therefore be meade optimistically.

- 0f the. three neutrlno detectors 1nvolved 1n the experl-"

ment, we will only consider the Ecole Pblytechnlque chamber whlch

has the most favourable position.

The horlzontal defocu51ng of the frlnglng field causes

“z.the beam: to diverge horlzontally and glves a reductlon of the pion

flux density at the detectors at the dﬂstance L by a factor AH’

which can be determined from the formura, pel1 of ref.l. and the

- graphs corresponding to straight section 5. It is assumed that

.-there are no obstructions which 1limit the beanm in the horizontal

direction,
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The vertical aperture of the ‘bean leav1ng the fringing
field is limited by the distanceg'about 15 cm, between the coils.of -
magnet 5, which are thick enough to absorb most of the pions emitted

at larger angles,b'Since the beam leaves the voluﬁe between the

‘coils at a distance of 2.5 m from.the target, the Vertical half

angle W is 30 mrad. If the pions did not decay or were absorbed
they Would "illuminate" a horjzontal band of height W °L, in the
plane of the detector, assuming no vertical focusing indreases the

pion flux at the detéotoru

The focusing effeot in the vertical direction redees the
width of this band by a factor l/A and by the enhancement factor Ay.
This factor can be estimated from the horizontal defocusing factor AH
and the formula 3

ATt =2 - ant ()

v

which is obtained if the fringing field is approximated by a thin
quadrupole lens. The result of this simple formula agrees well
with more laborious calculations of the vertical motion of particles

in the fringing field.

KR cin table I is given, as a function of the momentum.
(column l) the horizontal and vertical enhancement factor and their

product (columns 2, 3 and 4).

PRODUCTION SPECTRUM

For the:production spectrum, I have used the predictlons
of Hagedorn for proton~proton 0011151onu,-oorrected for the fact
that different momenta correspond to different productlon angles,
due to'the fringing field.: These values were kindly supplied to

me by Dr. Salmeron. They are given in column 5 of table I.

Some brief‘remark_about the validity of this theoretical

spectrﬁm will be made in the conclusion.
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EFFECT OF THE TRANSVERSE MOMENTUM OF THE NEUTRINOS

Consider the flux of reutrinos in the median plane at
the detector from piomns decaying at an angle @ in the rest system
of the plon Wlth the pion dlrectlon as polar axis. The laboratory

neutrino momentum is given by
p, =P .0.215 (1+ cos @) (2)
9 .
where p i1s the pion momentum. The laboratory angle, @ , between the

pion and neutrino directions is given by

.® - p l+cos@* ' (5)

where uc = 0.14 GeV/c.
A1l laboratory angles"éré gssumed to be small.

Assume that the pion decay occurs at a distance Ll in .
front of the detector. The centre of the detector plane will re-

ceive neutrinos from the decay o»f pions, which, if they had notb

e decnyed, would have traversed the
/4 \ detcctor plane on a circle of radius @1y

around fhe centre (see fig. 1). Since

- P // : cach pion gives one neutrino, the flux
A A 7 T . . .
v %j;mj<’ //’ ,; density of neutrinos 18 equal to the
G . average flux density of pions along the
N%w\ - ;; 3 __,.w"'-‘ d « . ~ . .
Fig. 1 R circumference of the circle, which is

the flux dénsity in the 11luminated band multiplied by the fraction o
of the circle which lies inside the bands I

2 ! et ) < 6L

=g arcsin (¥,L/ AVOIﬁL)lf OLq

§<.4>

FlE rlE

, on,

In the following calculations we have used for the ratio

a =1 : if

Ll/L its average value 0.8.

(



To get the rate of neutrlno events, we should nultiply
by the cross-section o (p\)) for an event of type i. Integration
over all decay angles ol ylelds the'”effectlve cross-section"s

. 1 +1
Oéff(P)“= 5 .j‘ d(cos®* ). 0 e O (pv ) ‘ (5)

-1

which differs from the definition in ref. 1 by the factor o,
%
which veries with © as given by Bgs. (3) and (4), and depends on

the geometry of the system as well as on the elementary cross-sections.

The integrand of Eq.(6) is shown in fig. 2 as a function

of cos O

The effective cross-sections have been calculated by
numerical integration of Eq. (5), using Simpson's formula with -
10 intervals in cos 0*. The result is given in column 6 of table I.
The effective cross-sections calculated in this way are considerably
smaller than the cross-sections assumed in the previous report. The
reduction is particularly large for momenta where the vertical en-
hancement factor is large and the beam thus Well oolllmated, but is
small at hlgh momenta where the focus1ng is unlmportant and the decay

angles small,

RIS L
e frrd

v s e
DTN Bt N

V. CALCULATION OF THE RA'TZE*GF’" NEUTRINO EVENTS
With the redeflnltlon of the effectlvevneutrlno cross-

sectlon glven in the previous section we.-can calculate’ the rate

by the same formulas as the prev1ous authors..

R = mnens I, QN% ZJ[ o}pf(P) (1-6 s': >A (p) apaw dp

; (6)




where 1

m . is the efficiency of the detector, egg;,'fraction of

chamber volume useful for analysis
n. is the target efficiency
ns is proportion of the useful machine time

. I_ is number of circulating protons per pulse of the

~machine
Q is theoretical number of machine pulses per day
N is Avogadro's number
w 1s total mass of the detectér sensitive volume

L is distance target-detector.

Column 7 in Table I gives the decay probability .
(1 = exp(- s/p ) where s is the length of the decay volume, 201n
A the. mean decay length, 55 m, for 1 GeV/c pions.

The value of the integrand is. glven 1n column 8.
_ Integration over pion momentum by Simpson's formula glves a neutrlno
evenit ‘rédte of 0,032 per day, which is more than an order of magnitude

less thén the previous estimate. I have used the same parameters:

Ninans = 1/3
Ip = 3ei 0kt protoﬁs per burst
Q = 29000 Dbursts per day

w = 0.75 ton .

c .:.:"\__v iy
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VI, DISCUSSION

When applied to the case of the Ecole Polytechnique chamber
(useful weight of O.4 ton) and the present beam intensity of 241041
protons per burst, one is led to an event rate of about 0.01 per day
of machine operation, or one event every 8 months at the present

schedule of 75 hours per week,

Since some of the other effects, such as finite target size
and asberrations of the fringing field have been neglected even this

figure may be somewhat optimistic.,

The calculations are based on the Hagedorn predictions and
on & target efficiency of about 1/2., Recent measurements on the pion
fluxz) under conditions similar to those of the neutrino experiment
indicate a production which is lower by a factor 1.5. This is easily
explained as due to the reduction in going from a free proton inter-
action to the bound proton interaction, and to the anguler distribution
which seems to be more peaked than predicted., A detailed comparison

is made difficult by the focusing effect of the fringing field.

The measurements do not show a pronounced peak at a momentum when
the target is focused on the detector, and this may be taken as an
indication that the aberrations of the fringing field smear out the

focusing effects.

Tt would seem from the present estimate that the experi-
ment will only be feasible with a drastic increase in machine intensity
or complete rethinking of the detector and beam problem., The
present calculations show that the enhancement due to focusing of the
pions in the fringing field is almost useless since it is compen-
sated by the divergence in the neutrino decay angles., A stronger
beam with larger aperture can only be made in a long straight section
at an angle large enough not to be limited in aperture by the coil
of the next magnet. It would need a chusing device, such as the
magnetic horn proposed by van der MeerAj, able to accept a large
solid angle. An improvement by perhaps a factor of 10 could be
achieved., The external beam seems however better indicated for this

magnetic horn.
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